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A B S T R A C T   

Context: Accurate assessment of clinical and pathological tumor stage is crucial for patient treatment and 
prognosis. 
Objective: The aim of this study was to assess the concordance between the tumor size and focality between 
radiological studies and pathology and to evaluate the impact of discrepancies on staging. 
Design: Patients who underwent surgery for invasive breast carcinoma from January 1, 2014, to December 31, 
2015, were identified. 
Results: Three imaging modalities (mammogram, ultrasound and MRI) were compared with gross examination 
and final pathology. 1152 preoperative radiological studies were evaluated for focality and 1019 were evaluated 
for tumor size. For all 3 radiographic modalities, there was a statistically significant difference between the mean 
tumor size on radiology and the final pathology report (mammogram, P  <  .001; ultrasound, P = .004; MRI, 
P  <  .001). In 29% of radiology studies, there was a discrepancy in stage. The error rate for determining focality 
was 28% for mammograms, 27% for ultrasounds, and 29% for MRIs. Tumor size from gross examination cor
related with microscopic tumor size in 57% of cases, but gross examination had 88% concordance with the final 
pathology report in determining focality. 
Conclusion: Our study revealed statistically significant differences in mean tumor size reported across all 3 
imaging modalities when compared to the final pathology report. MRI had the highest error rate, with a ten
dency to overestimate tumor size and number of foci. Among all diagnoses, cases of invasive carcinoma with an 
extensive intraductal component were most prone to discrepancies with imaging.   

1. Introduction 

Efforts to utilize radiographic imaging in the assessment of breast 
cancers date back to 1930, when radiologist Dr. Stafford Warren used 
the traditional fluoroscopic equipment of the time to obtain roentgen
ograms of the breast for 119 patients [1]. This study was the first to 
report the utility of preoperative imaging to discern between benign 
and malignant lesions. Today, technological advances have provided us 
with a variety of imaging modalities, often used in conjunction with one 
other, to assess a tumor's size and focality. 

This multimodal approach, which includes mammography, ultra
sound, and magnetic resonance imaging (MRI) among other modalities 
[2-5], is essential for preoperative clinical staging (cT), determining the 

type of surgery offered to a patient, and assessing the need for neoad
juvant and adjuvant therapies [2-4]. Underestimation of tumor size 
may lead to close or positive surgical margins, whereas overestimation 
may preclude patients from receiving breast-conserving therapy (BCT) 
[6,7]. The estimation of tumor size and focality upon macroscopic gross 
examination is also important, especially when intraoperative gross 
examination is used to assess margin status [8]. 

This study was designed to assess the concordance of tumor size and 
focality as identified by radiological imaging, gross examination, and 
the final pathology report as well as to evaluate how discrepancies may 
potentially impact final tumor staging. 
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2. Materials and methods 

After receiving institutional review board approval, we retro
spectively reviewed the pathology information system (PathNet) to 
identify all patients who underwent surgical breast excision between 
January 1, 2014, and December 31, 2015, at our institution. 

Inclusion criteria included having invasive breast carcinoma diag
nosed via core needle biopsy, surgical excision (lumpectomy or mas
tectomy), no history of recent excision in the same breast, and pre
operative imaging performed at our institution. Exclusion criteria 
included having benign lesions or only carcinoma in situ, receiving 
post-neoadjuvant chemotherapy, and having no preoperative imaging 
performed at our institution. 

For data collection, the imaging reports were reviewed, and the 
tumor size, focality, and cT as recorded in the electronic medical record 
were documented. At the time of the study, mammograms were per
formed using a 2D modality. Not all patients underwent all 3 imaging 
modalities (mammogram, ultrasound, and MRI) preoperatively. In ad
dition, the radiology reports did not uniformly describe the tumor size 
or focality. Therefore, the number of available imaging studies for 
analysis varied between the size and focality groups, and as a result 
tumor focality and size were independently assessed for statistical 
analysis. 

The pathology reports were reviewed, and the tumor size, focality, 
and pathological stage (pT) were recorded. These variables from the 
final pathology report were compared with the various preoperative 
imaging studies and gross description to identify whether discrepancies 
affected the tumor's staging. A concordance numeric value between the 
pathology and radiology results was not used in this study because even 
seemingly insignificant millimeter variations can affect the final pa
thologic tumor stage and potentially change treatment. 

2.1. Tumor size measurement 

Imaging studies were interpreted by radiologists subspecialized in 
breast imaging. For each imaging modality, the largest tumor dimen
sion from the preoperative report was recorded. When discrete masses 
were identified in areas of non-mass enhancement, the discrete mass's 
size was chosen for analysis. 

The gross tumor size was determined by experienced pathologists' 
assistants by measuring all tumors in 3 dimensions using a standard 
ruler. All specimens were examined while fresh during the in
traoperative consultation for margin assessment and x-rayed using 
Faxitron equipment (Tucson, AZ, USA). During intraoperative gross 
evaluation, specimens were oriented and inked according to the sur
geon's designation and sliced at 5 to 10 mm intervals to examine the 
tumor(s)' dimensions, the presence of a biopsy site/clip and localization 
device, and the gross margin status. When discrete areas of induration 
were identified within ill-defined fibrotic areas, the discrete area's size 
was chosen for analysis. During final grossing, all tumors were re
measured in 3 dimensions, extensively sampled, and mapped (Fig. 1). 
The thickness of tissue slices were also provided in the gross descrip
tion. During sign out, the tumor size on the final pathology report was 
determined by correlating the largest contiguous area of invasion with 
the grossing maps provided by pathologists' assistants. The size and 
number of foci on the final pathology report were used as the gold 
standard. 

2.2. Statistical analyses 

Paired Student t-tests and Mann-Whitney tests were performed, and 
the differences in tumor size and focality as identified between all 
imaging modalities, the gross description, and the final pathology re
port were examined. Mean, median, and range for all methods were 
obtained. P ≤ .05 was considered statistically significant. 

All imaging studies had a numerical value for focality, but not all 

imaging studies had a numerical value for size. Imaging studies that 
lacked numerical values for size were excluded from the statistical 
analyses for tumor size and staging. 

3. Results 

A total of 1378 primary breast tumor excisions, including lumpec
tomies, partial mastectomies, and mastectomies, were performed in- 
house during the study period. Four hundred ninety (35.5%) of these 
cases met the inclusion criteria and were included in the study. The 888 
excluded cases included 483 cases from patients without imaging stu
dies performed at our institution, 251 cases from patients who received 
neoadjuvant chemotherapy, and 154 cases from patients with only 
carcinoma in situ on final excision. Histologic diagnoses of the cases 
fulfilling the inclusion criteria are shown in Table 1. The average age of 
the patients in the study was 62 years (range, 24–91 years). 

3.1. Tumor size data 

For the 490 cases included, a total of 1152 imaging studies across all 
3 modalities were reviewed (428 mammograms, 444 ultrasounds, and 
280 MRIs). Of these, 1019 studies were included (335 mammograms, 
412, ultrasounds, and 272 MRIs) because 133 studies did not mention a 
numerical value for tumor size and were therefore excluded. 

3.1.1. Mammography findings 
Three hundred thirty-five mammograms were included (260 mam

mograms of invasive ductal carcinoma [IDC] cases, 4 of IDCs+ invasive 
lobular carcinomas [ILCs], 36 of ILCs, 22 of invasive carcinomas with 
extensive intraductal component [ICs + EIC], and 13 of special-type 
carcinomas). For all tumor types, there was a statistically significant 
difference (P  <  .001) between the mean (2.14 cm) and median 
(1.7 cm) tumor size measured by mammogram (range, 0.3–10.7 cm) 
and the mean (1.73 cm) and median (1.5 cm) tumor size recorded on 
the final pathology report (range, 0.1–10 cm) (Fig. 2A). 

By histologic tumor type, statistical significance between the tumor 
on the mammogram and the final pathology report was reached for 
cases of IDC (P  <  .001) and IC + EIC (P  <  .001) (Table 2). Mam
mography overestimated the tumor size in 145 IDC cases (56%), with 
51 of the 145 overestimated cases (35%) having a difference of 1 cm or 
more. Mammography also overestimated tumor size in 21 IC + EIC 
cases (95%), with 11 of the 21 overestimated cases (52%) having a 
difference of 1 cm or more. 

3.1.2. Ultrasound findings 
Four hundred twelve ultrasounds were included (323 ultrasounds of 

IDC cases, 10 of IDC + ILCs, 43 of ILCs, 19 of ICs + EIC, and 17 of 
special-type carcinomas). For all tumor types, a statistically significant 
difference was reached (P = .004) between the mean (1.64 cm) and 
median (1.4 cm) of tumor sizes measured by ultrasound (range, 
0.2–7.8 cm) and the mean (1.82 cm) and median (1.5 cm) on the final 
pathologic report (range, 0.1–10 cm) (Fig. 2B). 

By tumor type, a statistically significant difference between the 
tumor size on the ultrasound and on the final pathology report was 
reached for cases of IDC (P = .02), ILC (P = .001), and IC + EIC 
(P = .01) (Table 3). Ultrasound underestimated tumor size in 165 IDC 
cases (51%), with 47 of the 165 underestimated cases (28%) having a 
difference of 1 cm or more. Ultrasound also underestimated tumor size 
in 42 ILC cases (98%), with 14 of the 42 underestimated cases (33%) 
having a difference of 1 cm or more. Ultrasound overestimated tumor 
size in 13 (68%) of the IC + EIC cases, with 7 of the 13 cases (54%) 
having a difference of 1 cm or more. 

3.1.3. MRI findings 
Two hundred seventy-two MRI studies were included (196 MRIs of 

IDC cases, 8 of IDC + ILCs, 42 of ILCs, 19 of ICs + EIC, and 7 of special- 
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type carcinomas). For all tumor types, there was a statistically sig
nificant difference (P  <  .001) between the mean (2.87 cm) and 
median (2.1 cm) of the tumor size measured by MRI (range, 0.4–13 cm) 
and the mean (1.90 cm) and median (1.5 cm) of the tumor size recorded 
on the final pathology report (range, 0.1–10 cm), with the MRI over
estimating preoperative tumor size by 3 cm or more in 36 cases (13%) 
(Fig. 2C). 

By tumor type, the difference between the tumor size on the MRI 
and the final pathology report was statistically significant for cases of 
IDC (P  <  .001), ILC (P  <  .002) and IC + EIC (P  <  .001) (Table 4). 
MRI overestimated tumor size in 136 (69%) IDC cases (with 50 of the 
136 overestimated cases [37%] having a difference of 1 cm or more), 32 
(76%) ILC cases (with 17 of the 32 overestimated cases [53%] having a 
difference of 1 cm or more), and 18 (95%) IC + EIC cases (with all 
overestimated cases having a difference of 1 cm or more and 12 of the 
18 overestimated cases [67%] having a difference of 3 cm or more). 

3.1.4. Gross exam findings 
There was a statistically significant difference (P = .003) between 

the mean tumor size in the gross description (2 cm) and in the final 
pathology report (1.8 cm). The difference was statistically significant 
for cases of IDC (P  <  .03) and IC + EIC (P = .004) (Table 5). 

Gross examination results correlated with microscopic tumor size in 
57.4% of cases. Gross examination overestimated tumor size in 116 
cases (24%), including 81 IDC cases (22%), 10 ILC cases (18%), 20 
IC + EIC cases (74%), 2 mixed IDC + ILC cases (17%), and 3 special- 
type carcinoma cases (15%). Furthermore, 39 of the 116 cases (33.6%) 
were overestimated by 1 cm or more. Gross examination under
estimated tumor size in 91 cases (18.6%), including 68 IDC cases (6%), 
14 ILC cases (25%), 2 IC + EIC cases (7%), 3 mixed IDC + ILC cases 
(25%), and 4 special-type carcinoma cases (20%). Additionally, 17 of 
the 91 (18.7%) cases were overestimated by 1 cm or more. 

3.2. Impact of tumor size discrepancy on final staging 

3.2.1. Mammography findings 
Three hundred thirty-five mammogram studies were included, and 

228 (68%) cases had concordance between the tumor stage on the 
mammography and the final pathology report. Thirty-one cases (9.2%) 
were understaged and 76 cases (21.6%) were overstaged using the 
imaging study. A total of 107 cases had discrepancies in staging, re
sulting in an error rate of 31.9%. 

Per tumor subtype, the group with the highest discrepancy rate was 
IC + EIC. Of the 27 IC + EIC cases included in the study, 22 had 
mammograms. In 8 cases (36.4%), concordance in tumor size between 
the imaging study and the final pathology report was reached, whereas 
the additional 14 cases (63.6%) were overstaged on the mammogram 
(Table 6). 

3.2.2. Ultrasound findings 
Four hundred twelve ultrasound studies were included, and 311 

(75.5%) cases had concordance between the tumor stage on ultrasound 
and the final pathology report. A total of 101 cases had discrepancies in 
staging, resulting in an error rate of 24.5%. Of the discordant cases, 63 
(62.3%) were understaged and 38 (37.6%) were overstaged on the 

Fig. 1. Example of a gross diagram of a lumpectomy case 
provided by pathologist assistants after slicing the spe
cimen and taking a Faxitron image. The specimen slices 
are numbered and the tissue block designation is added 
to the diagram. The black circle shows the core needle 
biopsy clip. The colors depict the inks using during in
traoperative gross examination to mark the specimen's 
margins. 
(Image courtesy of Warren Gloria, PA.) 

Table 1 
Microscopic diagnoses of the cases included in the study (n = 490).    

Type of carcinoma Cases, no. (%)  

IDC 375 (76.5) 
ILC 56 (11.4) 
IC + EIC 27 (5.5) 
Mixed IDC and ILC 12 (2.4) 
Invasive mucinous carcinoma 10 (2.0) 
High-grade metaplastic carcinoma 4 (0.8) 
Invasive papillary carcinoma 2 (0.4) 
Invasive secretory carcinoma 1 (0.2) 
Invasive tubular carcinoma 1 (0.2) 
Invasive tubulolobular carcinoma 1 (0.2) 
Low grade adenosquamous carcinoma 1(0.2) 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal 
component; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.  
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imaging. 
Per tumor subtype, the group with the highest discrepancy rate was 

IC + EIC. Of the 27 IC + EIC cases included in the study, 19 had 
ultrasound reports. In 11 cases (57.9%), concordance between the 
imaging study and the final pathology report was reached, whereas 6 
cases were overstaged and 2 cases were understaged by the ultrasound 
(Table 6). 

3.2.3. MRI findings 
Two hundred seventy-two MRI studies were included, and 183 

(67.3%) cases had concordance between the tumor stage on the MRI 
and the final pathology report. A total of 89 cases had discrepancies in 
staging, resulting in an error rate of 32.7%. Twelve cases (13.5%) were 
understaged and 77 cases (86.5%) were overstaged on imaging. 

Per tumor subtype, the group with the highest discrepancy rate was 
again IC + EIC. Of the 27 IC + EIC cases included in the study, 19 had 
preoperative MRI. Six cases (31.6%) were concordant, and the addi
tional 13 cases (68.4%) were overstaged on MRI (Table 6). 

3.2.4. Gross exam findings 
For the total 490 cases, 453 (92.4%) had concordance in the tumor 

stage between the gross description and the final pathology report. A 
total of 37 cases had discrepancies in staging, resulting in an error rate 
of 7.5%. Twenty cases (54.1%) had an underestimated tumor stage and 
17 cases (45.9%) had an overestimated stage based on the gross de
scription. 

Per tumor subtype, the IDC + ILC group had the highest dis
crepancy, with an error rate of 16.7%. Two out of 12 cases (16.6%) had 
tumor size underestimation based on the gross description (Table 6). 

Fig. 2. Box-and-whisker plots showing median and interquartile ranges for tumor size for mammogram (A), ultrasound (B), and MRI (C) vs the final pathology report.  

Table 2 
Tumor size mean based on MG results vs final pathology report (n = 335).       

Diagnosis Samples, no Mean size 
based on MG 
results 

Mean size on 
pathology report 

P value  

IDC  260  2.0165  1.6848  0.0003 
IDC + ILC  4  1.6250  2.8000  0.3424 
ILC  36  1.9139  2.2673  0.8806 
IC + EIC  22  3.9909  0.9432   < 0.0001 
Special-type 

carcinoma  
13  2.2538  2.9523  0.2811 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal com
ponent; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MG, 
mammogram.  

Table 3 
Tumor size mean based on US results vs. final pathology report (n = 412).       

Diagnosis Samples, no. Mean size 
based on US 
results 

Mean size on 
pathology report 

P value  

IDC  323  1.6065  1.7522  0.0191 
IDC + ILC  10  2.1700  2.8900  0.2918 
ILC  43  1.4977  1.8471  0.0011 
IC + EIC  19  1.9579  1.0868  0.0109 
Special-type 

carcinoma  
17  1.9941  2.3235  2.1222 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal com
ponent; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; US, 
ultrasound.  

Table 4 
Tumor size mean based on MRI results vs final pathology report (n = 272).       

Diagnosis Samples, no. Mean size 
based on 
MRI results 

Mean size on 
pathology 
report 

P value  

IDC  196  2.6133  1.7913   < 0.0001 
IDC + ILC  8  3.5875  3.0375  0.6586 
ILC  42  2.9762  2.3250  0.0022 
IC + EIC  19  4.9947  1.1053  0.0002 
Special-type 

carcinomas  
7  2.7857  3.3143  0.4035 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal com
ponent; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MRI, 
magnetic resonance imaging.  

Table 5 
Tumor size mean on gross description vs final pathology report (n = 490).       

Diagnosis Samples, no. Mean size on 
gross 
description 

Mean size on 
pathology 
report 

P value  

IDC  375  1.8  1.7  0.02678 
ILC  56  2.1  2.2  0.60165 
IDC + ILC  12  2.3  3.0  0.19399 
IC with EIC  27  2.7  0.9  0.00043 
Special-type 

carcinoma  
20  2.7  2.6  0.83448 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal com
ponent; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.  
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3.3. Tumor focality data 

For the included 490 cases, all 1152 imaging studies included a 
numerical value for focality and were included (428 mammograms, 444 
ultrasounds, and 280 MRIs). 

3.3.1. Mammography findings 
Four hundred twenty-eight mammograms were included, and 307 

(71.7%) cases had the same number of foci reported on the mammo
gram and the final pathology report. Seventy (16.3%) mammograms 
showed fewer foci and 51 (11.9%) mammograms showed more foci 
than the final pathology report. In our study, assessment of focality on 
mammogram had an error rate of 28.3%. 

3.3.2. Ultrasound findings 
Four hundred forty-four ultrasounds were included, and 323 

(72.7%) cases had the same number of foci reported on the ultrasound 
and the final pathology report. Sixty-four (14.4%) cases showed fewer 
foci and 57 (12.8%) cases showed more foci on the ultrasound than on 
the final pathology report. Assessment of focality based on ultrasound 
results had an error rate of 27.3%. 

3.3.3. MRI findings 
Two hundred eighty MRIs were included, and 199 (71%) cases had 

the same number of foci reported on the MRI and the final pathology 
report. Thirty-three (11.8%) cases showed fewer foci and 48 (17.1%) 
cases showed more foci on the MRI than on the final pathology report. 
Assessment of focality based on MRI had an error rate of 28.9%. 

3.3.4. Gross examination findings 
Four hundred ninety gross descriptions were included, and 432 

(88.2%) had the same number of foci reported on the gross description 
and the final pathology report. Forty-five (9.2%) cases showed fewer 
foci and 13 (2.6%) cases showed more foci on the gross examination 
than on the final pathology report. Assessment of tumor focality on 
gross examination had an error rate of 11.8%. 

4. Discussion 

Tumor size, defined as the largest diameter of the primary breast 
tumor, is second only to lymph node status as an independent prog
nostic factor for patients with invasive breast cancer [1]. In addition, 
tumor size correlates with the presence of nodal metastasis and is one of 
the most important factors to consider when deciding treatment op
tions, such as patient eligibility for BCT. Along with size, tumor focality 
and the presence of an EIC play a significant role in determining the 
surgical therapy of choice and in the ability to obtain negative margins 
with surgery [9-13]. 

Over the years, multiple studies assessing the correlation in patho
logic tumor size between various radiographic modalities have been 
published [6,14-26]. Few studies have also emphasized the importance 
of the correlation between the macroscopic (gross) and the micro
scopically confirmed tumor size for accurate final tumor staging 
[11,12]. To our knowledge, this is the first study to also include tumor 
focality as a parameter for the assessment of radiologic and patholo
gical correlation. 

We found statistically significant differences between the mean 
tumor size in the final pathology report and the results of all 3 radio
graphic modalities for all studied tumor types. Discrepancies affecting 
tumor staging were seen in 29% of the radiographic studies analyzed, 
with MRI having the highest error rate (32.7%), followed by mammo
gram (31.9%) and ultrasound (24.5%). This is clinically significant as it 
has been reported that overestimation of tumor size could lead to de
creased chances of qualifying for or being offered BCT among some 
patients [18,27,28]. 

In our study, the presence of an EIC was the variable most com
monly linked to discrepancies in tumor size and staging between the 
radiographic and pathologic findings. For tumors with an EIC, the 
tumor size was overestimated in 95% of cases on mammogram and MRI 
results and in 54% of cases on ultrasound results. Additionally, 63.6% 
of tumors with an EIC were overstaged on mammogram, 68.4% were 
overstaged on MRI, and 32% were overstaged on ultrasound. In con
cordance with previously published studies [21,25,29,30], preoperative 
imaging in our study overestimated tumor size for cases of IC + EIC by 
more than 1 cm on mammogram and ultrasound and by more than 3 cm 
on MRI. Gross examination also overestimated the tumor size in 74% of 

Table 6 
Comparison by stage between radiographic methods and final pathology report.        

Stage IDC samples, no. (%) ILC samples, no. (%) IDC + ILC samples, no. (%) IC with EIC samples, no. 
(%) 

Special-type carcinoma samples, no. 
(%)  

Changes in stage based on MG vs path report 
Concordant with path report 182 (70) 27 (75) 3 (75) 8 (36.36) 8 (61.53) 
Underestimated 25 (9.62) 5 (13.88) 1 (25) 0 (0) 0 (0) 
Overestimated 53 (20.38) 4 (11.11) 0 (0) 14 (63.63) 5 (38.46) 
Total 260 36 4 22 13  

Changes in stage based on US vs path report 
Concordant with path report 247 (76.47) 35 (81.4) 8 (80) 11 (57.89) 10 (58.82) 
Underestimated 46 (14.24) 8 (18.6) 2 (20) 2 (10.53) 5 (29.41) 
Overestimated 30 (9.29) 0 (0) 0 (0) 6 (31.58) 2 (11.76) 
Total 323 43 10 19 17  

Changes in stage based on MRI vs path report 
Concordant with path report 136 (69.38) 28 (66.66) 6 (75) 6 (31.57) 7 (100) 
Underestimated 9 (4.59) 3 (7.14) 0 (0) 0 (0) 0 (0) 
Overestimated 51 (26.02) 11 (26.19) 2 (25) 13 (68.42) 0 (0) 
Total 196 (100) 42 (100) 8 19 7  

Changes in stage on gross description vs path report 
Concordant with path report 348 (92.8) 54 (96.42) 10 (83.33) 24 (88.89) 17 (85) 
Underestimated 15 (4) 2 (3.57) 2 (16.67) 0 (0) 1 (5) 
Overestimated 12 (3.2) 0 (0) 0 (0) 3 (11.11) 2 (10) 
Total 375 56 12 27 20 

Abbreviations: IC + EIC: invasive carcinoma with extensive intraductal component; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MG, mam
mogram; MRI, magnetic resonance imaging; path, pathology; US, ultrasound.  
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IC + EIC cases, impacting tumor stage in 11.1% of cases. 
An extensive intraductal component is defined as a ductal carci

noma in situ (DCIS) that is a major component of the area of invasive 
carcinoma (approximately 25%) and is also present in the surrounding 
breast tissue. An EIC can also be defined as an extensive DCIS associated 
with an invasive carcinoma that is too small for the DCIS to comprise 
25% of the area [31]. Detection of an EIC preoperatively by radio
graphic methods is clinically important because the presence of an EIC 
is considered an independent risk factor for local recurrence after sur
gery [13]. An EIC is most commonly identified on imaging by the 
presence of microcalcifications on mammography [33] or as a non-mass 
enhancement or nodules adjacent to a mass on MRI [32,33]. 

In our study, the error rate for focality was close to 30% for all 
modalities: 28% for mammogram, 27% for ultrasound, and 29% for 
MRI. There was a tendency to underestimate foci on mammogram and 
ultrasound and to overestimate foci on MRI. MRI has been found to be 
superior to other imaging modalities for identifying if a disease is 
multifocal or multicentric, factors that influence a surgeon's decision of 
whether to pursue BCT [20,21]. 

The benefit of using a breast MRI in the preoperative work-up has 
been the subject of controversy, as some studies have shown that MRI 
has the highest false positive rate for identifying tumor size and focality 
[17,18,23,24]. Behjatnia et al. reported that tumor size on MRI mat
ched histological size in only 3% of cases, underestimated it in 27%, 
and overestimated it in 70%. In their study, MRI underestimated tumor 
size in 60% of ILC cases, overestimated it in 40%, and matched exact 
histologic size in none [12]. The latter findings are in line with our 
study results showing that MRI was the least accurate methodology for 
the estimation of tumor size in cases of ILC (Table 6). 

Carin et al. compared MRI and histological analysis for mastectomy 
specimens and found a sensitivity of 84.7% for the detection of all in
vasive foci, 69% for single foci, and 65.7% for multiple foci. The au
thors concluded that MRI had an excellent positive and negative pre
dictive value for detection of invasive lesions but cautioned that 
interpretation may be affected by the presence of enhancing high-grade 
DCIS and fibrocystic background changes [19]. Haraldsdottir et al. 
studied the use of MRI, mammograms, and ultrasounds in the pre
operative assessment of breast cancer patients and reported that MRI 
under- and overestimated the tumor size by more than 10 mm in 4.6% 
and 7.5% of cases, respectively, and overestimated focality in 8% of 
cases. Although MRI was found to be useful in the diagnosis of con
tralateral and multifocal disease, it showed the highest rate of over
estimation. This led to the authors' conclusion that the routine use of 
MRI in this setting may increase mastectomy rates in a proportion of 
patients [18]. Similarly, Franca et al. found overestimation of the tu
mor's size by MRI in 24% of IC + EIC cases [21]. In another study, 
Grimsby et al. reported that, in addition to an EIC, other factors, such as 
proliferative lesions or lymphovascular invasion, may result in over
estimation of tumor size by MRI [25]. 

Hamza et al. found concordance in tumor size between gross ex
amination and the reported pathologic size in only 56% of cases, with a 
higher proportion of mastectomy specimens being concordant than 
lumpectomy specimens [34]. Behjatnia et al. reported that tumor size 
identified by gross examination matched histological size in 22% of 
cases, underestimated it in 57%, and overestimated it in 22%, and the 
authors advised that random sectioning of lumpectomy specimens in 
invasive breast carcinoma may result in inaccurate tumor staging [12]. 
Similar to Hamza et al., gross examination in our study correlated with 
microscopic tumor size in only 57% of cases. However, the discrepancy 
resulted in changes in tumor stage in just 7.5% of cases. In determining 
focality, we found an 88% rate of concordance between the final pa
thology report and gross examination. 

Some limitations of our study include that conventional 2D mam
mography was used at the time the data were collected. 3D mammo
graphy, which is currently used at our institution, has been proven 
superior for breast cancer detection and characterization [35]. In 

addition, we did not analyze all 3 modalities for each case and could not 
compare their utility for each individual case. Finally, we did not in
vestigate if preoperative overestimation of tumor size resulted in higher 
rates of mastectomy among our patient population. 

5. Conclusion 

In our study, all imaging modalities, as well as gross examination, 
misestimated the tumor size of breast carcinomas. Mammogram and 
MRI tended to overestimate size for all tumor types. Ultrasound tended 
to underestimate tumor size, except for cases of IC + EIC, which it 
tended to overestimate. Gross examination also tended to overestimate 
tumor size; however, a significant impact on final staging was not ob
served. For tumor focality, all 3 imaging modalities had an error rate 
close to 30%, whereas gross examination was concordant with the final 
pathology report in 88% of cases. Similar to previous reports, our study 
underscores the limitations of preoperative radiological evaluation and 
reiterates the importance of careful gross and microscopic tumor ex
amination to determine final tumor stage. 
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