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Introduction

Breast cancer is the second most common cause of cancer-related mortality in women worldwide, with a lifetime risk of approximately 12% 
(1). Tumor size is one of the main prognostic factors in breast cancer and is reported to correlate with lymph node involvement, tumor grade, 
and overall survival rate (2). Tumor size is also a factor assessed to determine treatment plans: breast conservation, mastectomy, or neoadjuvant 
chemotherapy (3). 

Accordingly, precise estimation of tumor size is of utmost importance for planning a therapeutic strategy, and the main imaging modalities are 
mammogram (MGM), ultrasound (US), and magnetic resonance imaging (MRI). Each of these modalities has certain strengths and weaknesses 
in breast tumor evaluation. For instance, MGM is superior in identifying malignant calcifications; however, the obscurity of the margins and 
magnification variability limits the accuracy of measurements by this method (4). The sensitivity of MGM to detect malignant lesions in younger 
patients with dense breast tissue is also reported to be poor (5, 6). As for US, its ability to measure tumors in multiple planes is a great strength 
that enables a skilled operator to make measurements of its largest dimension (7). However, one main limitation of US is that it is highly operator 
dependent (8). MRI also offers the merit of multiplanar imaging along with a higher accuracy in assessing multicentric and multifocal lesions 
(9, 10); however, MRI has been reported to overestimate tumor size (9, 11), and the extent of background parenchymal enhancement (BPE) 
affects its accuracy (12).

In this regard, studies have assessed the accuracy of tumor size estimation by MGM and US (11, 13-15), and compared their measurements 
with those by MRI (10, 16, 17). In comparing US and MGM, some studies have reported that US has a higher accuracy than MGM (7, 11, 
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Objective: This study aimed to provide further evidence on the accuracy of tumor size estimates and influencing factors.
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their MRIs.
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15, 18), whereas others found the opposite (13, 14, 19). Among the 
studies that compared all three modalities, some reported MRI to have 
a higher accuracy (16, 20), whereas others found that MGM was more 
accurate (21, 22).

Considering the variability of the findings of the current literature 
on this subject, this study was designed to provide further evidence 
regarding the accuracy of MGM, US, and MRI in estimating breast 
tumor size by evaluating their concordance with the pathologically 
determined size of the surgical specimen and the effects of various 
factors on the accuracy of their measurements.

Study design 

In this cross-sectional study, the target population included patients 
with a biopsy-proven diagnosis of breast cancer [Breast Imaging 
Reporting and Data System (BI-RADS) VI] (23), who were referred 
to Laleh Hospital in Tehran to obtain a preoperative MRI between 
2015 and 2016. Indications for preoperative MRI in these patients 
included the following:

•	 Screening for presence of multifocal or multicentric lesions within 
the ipsilateral breast, for instance, in patients with invasive lobular 
carcinoma (ILC)

•	 Screening for involvement of the contralateral breast, for example, 
in patients with ductal carcinoma in situ (DCIS)

•	 Providing a more accurate evaluation of patients with dense breast 
composition, for example, candidates for breast-conserving surgery 
(BCS).

Patients who received neoadjuvant chemotherapy and subjects with 
gaps of longer than 1 month between their breast biopsy and MRI 
were excluded.

Based on these inclusion and exclusion criteria, eligible subjects were 
recruited through a convenience sampling method. All participants 
underwent ultrasonography and MRI, and their MGMs were also 
reevaluated. A breast specialist radiologist with more than 10 years of 
experience in the field performed the US assessment and evaluated the 
MGMs and MRIs of all patients. 

Magnetic resonance imaging

Breast MRI was conducted using a dedicated surface breast coil of a 
Siemens Avanto 1.5 Tesla MRI scanner (Siemens Healthcare, Erlangen, 
Germany) with the patient lying in a prone position. Standard 
sequences were obtained, including an axial turbo inversion recovery 
magnitude (TR/TE 5600/59 ms; a flip angle of 142°; viewfield of 340 
mm; matrix size of 314×320; slice thickness of 4 mm; acquisition time 
of 2 min and 55 s), an axial nonfat suppressed T1-weighted flash 3D 
(TR/TE 8.6/4.7; a flip angle of 20°; viewfield of 340 mm; matrix size 
of 323×448; slice thickness of 1 mm; acquisition time of 1 min and 
45 s), and axial T1-weighted flash 3D pre-contrast and post-contrast 
sequences (TR/TE 6/1.69 ms; a flip angle of 10°; viewfield of 340 mm; 
matrix size of 342×384; slice thickness of 1.6 mm; acquisition time 
of 7 min and 36 s). Six post-contrast dynamic sequences with 55-s 
intervals starting at 20 s were obtained. Intravenous administration 
of 0.1 mmol/L gadopentetate dimeglumine (Magnevist, Bayer, 
Germany) was used as the contrast in this protocol. T1 contrast-
enhanced subtraction images were used for visual evaluation and 
categorization of BPE into four levels, namely, minimal, mild, 
moderate, and marked, based on the fifth edition of BI-RADS criteria 

(24). Lesions were classified into three groups according to their MRI 
image appearance including mass lesions, non-mass enhancements, 
and mass lesions with non-mass components. The maximum diameter 
of the tumor was measured on the second subtraction post-contrast 
sequences and recorded in millimeters.

Ultrasonography

The same radiologist, who was blinded to the MRI results, performed 
US assessment using a digital ultrasound scanner (Phillips iU22 
Manufactured by Philips Ultrasound Bothell-Everett Highway Bothell, 
WA 98021-8431 USA) equipped with a 6–14 Megahertz linear probe. 
The size of the tumor was determined at its greatest dimension and 
recorded for statistical analyses.

Mammography

Patients’ MGMs obtained using full-field digital mammography unit 
were reevaluated in both the craniocaudal and mediolateral-oblique 
views. Patients were categorized into three groups, namely, mass, 
microcalcification, and distortion, based on the main characteristic 
of their lesions on MGMs. The maximum size of the lesion was also 
measured on the images and recorded in millimeters.

Histopathological assessments

The final pathology of the tumor and its grade were recorded on the 
basis of post-surgical evaluations. Standard immunohistochemical 
methods were used to determine the positivity of the tumor 
for estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), and Ki-67 protein level. 
Based on the results of these assessments, ER-positive, PR-positive, 
and HER2-negative tumors were classified as luminal A molecular 
subtype, whereas ER-positive, PR-positive, and either HER2-
positive or high Ki-67 level lesions were categorized as luminal B 
(25). HER2 overexpression was also defined as the specimen positive 
for HER2 >30% of invasive tumor cells (3+) but negative for both 
ER and PR. Finally, the pathologic tumor size was also measured by 
a breast pathologist, and the greatest lesion diameter was recorded in 
millimeters for analyses.

Statistical analysis

All analyses were conducted using SPSS software for Windows, 
version 22 (IBM Corp, Armonk, NY, USA) (26). Primary descriptive 
statistics of the study were reported as frequency distribution, mean, 
and standard deviation. Concordance between the measurements 
made by each of the three imaging modalities with the pathologically 
determined tumor size was evaluated using a cut-off point of 5 mm 
according to previous studies (27-30). 

The effects of various factors were evaluated on the accuracy of 
tumor size measurement using the three imaging techniques. To 
evaluate the correlation between qualitative variables, chi-squared 
and Fisher’s Exact tests were used as needed. To determine the 
independent risk factors for discordance between measurements, 
multivariate logistic regression analysis was performed. The variables 
found to be significantly correlated with the discordance of the 
measurements in univariate analysis were included in the regression 
models. A p-value of less than 0.05 was considered statistically 
significant in all analyses.

Ethical considerations

The objectives and methods of the study were thoroughly explained 
to the patients, and informed written consent was obtained from 
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all subjects willing to participate in the study. They were reassured 
that their inclusion in the survey would not affect their treatment 
in any way and that they could withdraw from the study at any 
time. Data gathered from patients were considered confidential and 
used anonymously, and only the main researchers had access to the 
information. The study protocol was evaluated and approved by 
the Institutional Review Board of the Tehran University of Medical 
Sciences.

Results

Descriptive statistics

A total of 86 breast cancer patients were recruited to participate in the 
study, of which 10 received neoadjuvant chemotherapy before surgical 
resection of the tumor and were subsequently excluded. Data from 
76 patients with 84 lesions in their breasts were analyzed in the study. 
Descriptive statistics for variables of interest are presented in Table 1. 

Most participants (67.9%) underwent BCS and 27 (32.1%) 
mastectomy. The most common pathology type in these patients was a 
combination of DCIS and invasive ductal carcinoma (IDC) (42.9%); 
27 (32.1%) lesions were reported to be IDC, 16 (19.0%) ILC, and 4 
(4.8%) DCIS alone.

Based on the results of immunohistochemical assessments, HER2 
overexpression was reported in 12 cases (14.3%), and 16 (19.0%) were 
found to be triple negative, and the molecular subtype was luminal A 
in 24 lesions (28.6%) and luminal B in 33 (39.3%). 

As for the findings of imaging modalities, no particular lesions were 
observed in 13 MGMs (15.5%). The lesion was visualized as a mass 
in 46 MGMs (54.8%) and as distortion in 16 (19.0%), whereas 
microcalcifications were observed in nine MGMs (10.7%). Breast 
composition in most cases (51.2%) was reported as C, whereas 
in 22 (26.2%), 16 (19.0%), and 3 (3.6%) cases were D, B, and A, 
respectively. However, the lesion was visualized as a mass in 74 
(88.1%) of the evaluated MRIs, non-mass enhancement in 3 (3.6%), 
and both mass lesions and non-mass components in 7 (8.3%). Based 
on the MRIs of these cases, BPE was also reported to be minimal in 
2 (2.4%), mild in 24 (28.6%), moderate in 29 (34.5%), and marked 
in 29 (34.5%). 

Table 2 presents the overall statistics of the measurements of the 
three imaging modalities and pathological assessments. According 
to these findings, MGM measurements were concordant with 
pathologically determined tumor sizes in 54 lesions (64.3%). Among 
the 30 (35.7%) discordant cases, underestimation (70.0%) was more 
prevalent than overestimation (30.0%). As for the US, the estimates 
were concordant with the gold standard in 64 cases (76.2%), with 
80% of the discordant measurements being underestimates and 20% 
overestimates. The highest concordance rate was observed in MRI-
based estimates (82.1%) with only 15 cases showing discordance, 
which is composed of underestimates in three cases (20%) and 
overestimates in 12 (80.0%).

Analytical statistics

The correlation between the accuracy of tumor size measurements 
by each of the three imaging modalities was evaluated for all 
variables included in the study. Accordingly, Tables 3, 4, and 
5 present the results of these analyses for MGM, US, and MRI, 
respectively. 

Table 1. Descriptive statistics of evaluated variables 
in the study

Variables Frequency (%)

Age group (years)

<50 62 (73.8)

≥50 22 (26.2)

Positive family history 15 (17.9)

Palpability

Non-palpable 20 (23.8)

Palpable 64 (76.2)

Surgical management

BCS 57 (67.9)

Mastectomy 27 (32.1)

Pathology

DCIS 4 (4.8)

IDC 27 (32.1)

DCIS + IDC 36 (42.9)

ILC 16 (19.0)

Other 1 (1.2)

Grade

I 9 (10.7)

II 52 (61.9)

III 23 (27.4)

Locality

Single lesion 55 (65.5)

Multifocal 27 (32.1)

Multicentric 2 (2.4)

Histopathological assessments

ER positive 57 (67.9)

PR positive 57 (67.9)

HER2 positive 22 (26.2)

HER2 overexpression 12 (14.3)

Triple negative 16 (19.0)

Luminal A 24 (28.6)

Luminal B 33 (39.3)

Appearance on MGM

Mass 46 (64.8)

Microcalcification 9 (12.7)

Distortion 16 (22.5)

Breast composition on MGM

A 3 (3.6)

B 16 (19.0)

C 43 (51.2)

D 22 (26.2)
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As can be seen, none of the included variables were significantly 
correlated with the type of discordance between MGM and 
pathological measurements. Univariate analyses showed that the 
surgical management type (p=0.002), tumor pathology (p=0.007), 
and lesion locality (p=0.006) were significantly correlated with the 
accuracy of MGM measurements. Subsequently, these variables were 
included in a regression model, and the results of which showed that 
tumor size estimates via MGM in patients that underwent mastectomy 
were more likely to be discordant with the pathological measurements 
compared with that in subjects who underwent BCS [p=0.025; odds 
ratio (OR): 4.3; 95% confidence interval (CI): 1.2–15.4]. 

As presented in Table 4, univariate analysis found that surgical 
management type (p<0.001) and lesion pathology (p=0.039) were 
significantly correlated with the accuracy of US. A regression model 
including these two variables showed that tumor size estimation via US 
in cases that underwent mastectomy was more likely to be discordant 
with the pathological measurements compared with that in patients 
who underwent BCS (p=0.006; OR: 5.7; 95% CI: 1.7–19.3).

According to the results presented in Table 5, underestimation 
of tumor size by MRI was more prevalent in patients with HER2 
overexpression (p=0.024). Univariate analysis found that MRI 
enhancement type (p<0.001) was significantly correlated with 
MRI accuracy. The surgical management type also had a borderline 
p-value of 0.053, and both of these variables were included in the 
regression model. This analysis showed that tumor size estimates 
in patients whose MRIs showed either non-mass enhancement 
(p=0.030; OR: 17.2; 95% CI: 1.3–225.9) or mass lesion with 
non-mass enhancement (p=0.001; OR: 51.0; 95% CI: 5.0–518.4) 
were more likely to be discordant with pathological measurements 
compared with that in cases with only mass lesions on their MRIs 
(Figures 1 and 2).

Discussion and Conclusion

This study provided further evidence on the accuracy of MGM, US, and 
MRI in estimating breast tumor size by evaluating their concordance 
with the gold standard of pathological measurements of the surgical 
specimen. We also investigated the effects of various factors on the 

accuracy of their measurements, including histology type, molecular 
subtypes, breast density, BI-RADS type of enhancement, and BPE.

Statistical analysis of data gathered from 84 lesions in 76 breast 
cancer patients found that the rates of concordance with the gold 
standard were 64.3%, 76.2%, and 82.1% for MGM, US, and MRI 
measurements, respectively. The proportion of discordant cases that 
were reported to be an overestimation of the actual tumor size was 
30% for MGM, 20% for US, and 80.0% for MRI.    

As mentioned, many studies have evaluated the accuracy of tumor 
size estimates from these three imaging modalities with contradictory 
results. For instance, some studies have reported US to be more 
accurate than MGM (7, 11, 15, 18), whereas others have reported 
the opposite (13, 14, 21, 31). Boetes et al. (20) analyzed histologic 
results and imaging findings of 61 tumors in 60 women who had 
mastectomies and reported MRI to have the highest accuracy among 
the three imaging modalities, with MGM and US underestimating 
tumor sizes by 14% and 18%, respectively. Meanwhile, Gruber et 
al. (21) analyzed data from 121 patients with primary breast cancer 
and reported that US significantly underestimated tumor size. The 
study further revealed that MRI overestimated lesion dimensions, 
but the differences were not significant, whereas MGM showed the 
most accurate measurements with no significant difference with 
histological sizing (21). In a more extensive survey conducted on 

Figure 1. Non-mass enhancement. Magnetic resonance imaging of 
non-mass enhancement in a 30-year-old patient with invasive ductal 
carcinoma and extensive ductal carcinoma in situ component. The non-
mass enhancement measured 76 mm along the maximum diameter, 
whereas the pathology reported 11 mm invasive component along 
with 55 mm in situ component. MRI inaccurately measured the tumor 
size in this non-mass enhancement

MRI: Magnetic resonance imaging

Table 1. Continued

Variables Frequency (%)

MRI enhancement

Mass 74 (88.1)

Non-mass 3 (3.6)

Mass with non-mass components 7 (8.3)

BPE on MRI

Minimal 2 (2.4)

Mild 24 (28.6)

Moderate 29 (34.5)

Marked 29 (34.5)

BCS: Breast-conserving surgery; DCIS: Ductal carcinoma in situ; IDC: 
Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; ER: Estrogen 
receptor; PR: Progesterone receptor; HER2: Human epidermal growth 
factor receptor 2; MGM: Mammogram; MRI: Magnetic resonance imaging; 
BPE: Background parenchymal enhancement

Table 2. Overall statistics of the measurements 
by the three imaging modalities and pathological 
assessments

Tumor size n Minimum Maximum Mean SD

Pathology 84 5 80 22.29 13.195

MGM 84 0 80 18.87 13.913

US 84 0 80 18.26 10.648

MRI 84 6 84 24.74 16.134

MGM: Mammogram; US: Ultrasound; MRI: Magnetic resonance imaging; 
SD: Standard deviation; n: Number
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6,543 patients with unifocal, unilateral primary breast cancer, Stein 
et al. (32) reported a slightly higher correlation between MGM and 
pathological examination than US (r=0.61 vs 0.60, respectively). 

Further analyses showed that tumor size estimation with either of the 
two imaging modalities of MGM and US in patients who underwent 
mastectomy was more likely to be discordant with pathological 
measurements compared with that in subjects who underwent BCS. 
These findings could be attributed to underestimate tumor size in 

mastectomy specimens by pathology. Just as Rominger et al. (33) 
explained, mastectomy specimens are sliced and evaluated along the 
anatomical axis, not the tumor axis. Accordingly, they suggested taking 
advantage of preoperative MRI for determining the axis, along which 
the tumor should be sliced for pathological evaluations. For MRI, 
owing to its overall higher accuracy for all lesions, the correlation 
between the type of surgical intervention and concordance with the 
gold standard loses its significance, and the pattern of enhancement 
becomes more prominent. In this regard, the analyses showed that 

Figure 2. Concordant mass in magnetic resonance imaging (MRI) and ultrasound (US). A 32-year-old patient with invasive ductal carcinoma 
measuring 22 mm in the pathology (a). US shows an irregular mass measuring 19 mm in the upper inner quadrant of the left breast (b). MRI 
shows lobulated- enhancing mass with 22 mm in the longest dimension. In this patient, MRI and US are in concordance with the pathology

Table 3. Correlation between the evaluated factors in the study with accuracy of tumor size estimation via MGM

Variables
Concordant

(n=54)

Discordant
(n=30)

Pa Pb Pc
Adjusted odds 

ratio
(95% CI)Underestimation

(n=21)
Overestimation

(n=9)

Age group (years)

<50 38 (61.3%) 17 (27.4%) 7 (11.3%)
0.842 0.336

— —

≥50 16 (72.7%) 4 (18.2%) 2 (9.1%) — —

Surgical management

BCS 43 (75.4%) 10 (17.5%) 4 (7.0%)
0.873 0.002

— Reference

Mastectomy 11 (40.7%) 11 (40.7%) 5 (18.5%) 0.025 4.3 (1.2–15.4)

Pathology

DCIS 3 (75.0%) 1 (25.0%) 0 (0.0%)

0.846 0.007

— Reference

IDC 21 (77.8%) 4 (14.8%) 2 (7.4%) 0.938 —

DCIS + IDC 25 (69.4%) 7 (19.4%) 4 (11.1%) 0.593 —

ILC 4 (25.0%) 9 (56.3%) 3 (18.8%) 0.119 —

Other 1 (100.0%) 0 (0.0%) 0 (0.0%) 1.000 —

Locality

Single lesion 41 (74.5%) 11 (20.0%) 3 (5.5%)

0.338 0.006

— Reference

Multifocal 11 (40.7%) 10 (37.0%) 6 (22.2%) 0.302 —

Multicentric 2 (100.0%) 0 (0.0%) 0 (0.0%) 0.999 —

aP of significant difference between underestimation versus overestimation by chi-square test and as needed Fisher’s Exact test, bP of significant difference 
between concordant versus discordant by chi-square test and as needed Fisher’s Exact test, cP of significant difference between concordant versus 
discordant by multivariable logistic regression.

MGM: Mammogram; CI: Confidence interval; BCS: Breast-conserving surgery; DCIS: Ductal carcinoma in situ; IDC: Invasive ductal carcinoma; ILC: Invasive 
lobular carcinoma; n: Number

p-values in bold was considered statistically significant
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tumor size estimation in patients whose MRIs presented with either 
non-mass enhancement or mass lesion with non-mass enhancement 
was more likely to be discordant with the pathological measurements 
compared with that in cases with only mass lesion on their MRIs.

Rominger et al. (33) also found that the only factor that significantly 
predicts discordance between MRI and histological measurements is 
non-mass enhancement of the lesion. Their findings were congruent 
with the results of this study; however, in our study, the number of 
non-mass enhancement and mass lesions with non-mass enhancement 
was limited.

In another study, Baek et al. (34) showed that HER2 overexpression 
along with BPE could affect the accuracy of measurements using MRI; 
however, the most important factor that contributed to the discordance 
of MRI measurements with that of the pathological evaluations is the 
BI-RADS enhancement type. Our study also showed that HER2 
overexpression is related to the underestimation of tumor size in MRI 
(p=0.024), but the most significant attributing factor was the lesion 
enhancement type (mass vs non-mass). 

Previous studies have reported that MGM and US tend to 
underestimate the size of ILCs. In our series, 19% of the lesions were 
diagnosed as ILC, and the rates of concordance for US and MGM were 
50% and 25%, respectively, whereas MRI provided a concordance 
rate of 68%. Therefore, congruent with previous studies, our results 
showed that MRI is more accurate for tumor size measurement in ILC 
subtype lesions, and the accuracy of this modality is less affected by the 
histopathological subtype (21, 35).

Overall, despite the higher accuracy of MRI compared with that 
of US and MGM in estimating breast tumor sizes, the high cost, 
higher overestimation rate, and limited availability have prevented 
widespread application of this imaging modality in standard 
practice. In this regard, it seems that MRI should be reserved for 
specific subject groups categorized as high risk by the American 
Cancer Society. Caution should be practiced in interpreting 
data obtained from subjects whose MRIs present with non-mass 
enhancement, since tumor size could be overestimated by MRI in 
these subgroups.  

Although the limited sample population included in this survey could 
have affected the results of our analyses, the specific setting of this study 
enabled us to gather information from the three imaging modalities 
in all our subjects, which minimized missing data in the analyses. 
Reevaluation of the patients’ MGMs along with their USs and MRIs 
by a single breast specialist radiologist with extensive experience in the 
field decreased interobserver variability to its minimum; however, this 
is noted as a limitation because of the possibility of intraobserver error. 
Further investigations are required to determine the factors associated 
with tumor size estimation discordance via imaging modalities with 
pathological measurements. 

In conclusion, MRI was more accurate than US and MGM in 
estimating breast tumor size with concordance rates of 82.1%, 76.2%, 
and 64.3% respectively, but it had the highest overestimation rate 
(80%) among the three modalities. Thus, caution should be practiced 
in interpreting data obtained from subjects whose MRIs present with 
non-mass enhancement or mass lesion with non-mass.

Table 4. Correlation between the evaluated factors in the study with accuracy of tumor size estimation via 
US

Variables
Concordant

(n=64)

Discordant
(n=20)

Pa Pb Pc Adjusted odds ratio
(95% CI)

Underestimation
(n=16)

Overestimation
(n=4)

Age group (years)

<50 45 (72.6%) 15 (24.2%) 2 (3.2%)
0.028 0.192

— —

≥50 19 (86.4%) 1 (4.5%) 2 (9.1%) — —

Surgical management

BCS 50 (87.7%) 5 (8.8%) 2 (3.5%)
0.482 <0.001 0.006

Reference

Mastectomy 14 (51.9%) 11 (40.7%) 2 (7.4%) 5.7 (1.7–19.3)

Pathology

DCIS 2 (50.0%) 2 (50.0%) 0 (0.0%)

0.866 0.039

0.151
Reference

IDC 23 (85.2%) 3 (11.1%) 1 (3.7%) —

DCIS + IDC 30 (83.3%) 5 (13.9%) 1 (2.8%) 0.358 —

ILC 8 (50.0%) 6 (37.5%) 2 (12.5%) 0.843 —

Other 1 (100.0%) 0 (0.0%) 0 (0.0%) 1.000 —

aP of significant difference between underestimation versus overestimation by chi-square test and as needed Fisher’s Exact test, bP of significant difference 
between concordant versus discordant by chi-square test and as needed Fisher’s Exact test, cP of significant difference between concordant versus 
discordant by multivariable logistic regression.

US: Ultrasound; CI: Confidence interval; BCS: Breast-conserving surgery; DCIS: Ductal carcinoma in situ; IDC: Invasive ductal carcinoma; ILC: Invasive lobular 
carcinoma; n: Number

p-values in bold was considered statistically significant
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Key Points

•	 MRI is the most accurate imaging technique in estimating breast 
tumor size.

•	 MRI is more accurate for tumor size measurement in ILC subtype 
lesions.

•	 HER2 overexpression is related to underestimation of tumor size in 
MRI.
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Table 5. Correlation between the evaluated factors in the study with accuracy of tumor size estimation via 
MRI

Variables
Concordant

(n=69)

Discordant
(n=15)

Pa Pb Pc
Adjusted odds 

ratio
(95% CI)Underestimation

(n=3)
Overestimation

(n=12)

Age group (years)

<50 49 (79.0%) 2 (3.2%) 11 (17.7%)
0.255 0.211

— —

≥50 20 (90.9%) 1 (4.5%) 1 (4.5%) — —

Surgical management

BCS 50 (87.7%) 1 (1.8%) 6 (10.5%)
0.605 0.053 0.697

Reference

Mastectomy 19 (70.4%) 2 (7.4%) 6 (22.2%) —

Histopathological findings

ER positive 48 (84.2%) 1 (1.8%) 8 (14.0%) 0.292 0.472 — —

PR positive 48 (84.2%) 1 (1.8%) 8 (14.0%) 0.292 0.472 — —

HER2 positive 18 (81.8%) 2 (9.1%) 2 (9.1%) 0.080 0.963 — —

HER2 overexpression 9 (75.0%) 2 (16.7%) 1 (8.3%) 0.024 0.485 — —

Triple negative 13 (81.3%) 0 (0.0%) 3 (18.8%) 0.333 0.917 — —

Luminal A 21 (87.5%) 1 (4.2%) 2 (8.3%) 0.519 0.417 — —

Luminal B 27 (81.8%) 0 (0.0%) 6 (18.2%) 0.114 0.950 — —

MRI enhancement

Mass 67 (90.5%) 2 (2.7%) 5 (6.8%)

0.650 <0.001

0.030

Reference

Non-mass 1 (33.3%) 0 (0.0%) 2 (66.7%)
17.2

(1.3–225.9)

Mass + non-mass 1 (14.3%) 1 (14.3%) 5 (71.4%) 0.001
51.0

(5.0–518.4)

BPE on MRI

Minimal 2 (100.0%) 0 (0.0%) 0 (0.0%)

0.788 0.639

— —

Mild 21 (87.5%) 1 (4.2%) 2 (8.3%) — —

Moderate 24 (82.8%) 1 (3.4%) 4 (13.8%) — —

Marked 22 (75.9%) 1 (3.4%) 6 (20.7%) — —

aP of significant difference between underestimation versus overestimation by chi-square test and as needed Fisher’s Exact test, bP of significant difference 
between concordant versus discordant by chi-square test and as needed Fisher’s Exact test, cP of significant difference between concordant versus 
discordant by multivariable logistic regression.

MRI: Magnetic resonance imaging; CI: Confidence interval; BCS: Breast-conserving surgery; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human 
epidermal growth factor receptor 2; BPE: Background parenchymal enhancement; n: Number

p-values in bold was considered statistically significant
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