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Abstract. A positive resection margin is one of the most 
significant risk factors for local breast cancer recurrence 
following breast-conserving surgery (BCS). Intraoperative 
specimen mammography (SMMG) is routinely used to evaluate 
the surgical margin at our institution. The aim of the present 
study was to assess the adequacy of SMMG for margin assess-
ment. The patient cohort included 174 women who underwent 
BCS in 2006. The sensitivity and specificity of SMMG were 
assessed by comparing the margins assessed by histological and 
radiological methods. It was also examined whether the rate 
of positive histological margins was decreased by re‑excision 
following SMMG evaluation. A total of 23 false-negatives and 
6 false-positives were determined by SMMG. The sensitivity 
and specificity of SMMG margin assessment for patients with 
primary breast cancer were 20.6 and 94.6%, respectively. The 
positive predictive value was 50% and the negative predictive 
value was 82.2%. A subgroup analysis revealed that the sensi-
tivity and specificity of SMMG in cases with ductal carcinoma 
in situ (DCIS) were higher compared with those in invasive 
ductal carcinoma. Furthermore, the positive histological margin 
rate was not affected by re‑excision. Although the general 
usefulness of intraoperative SMMG was not proven, this proce-
dure may be useful in specific cases, particularly those with 
DCIS and those diagnosed by stereotactic biopsy. A prospective 
study with exact criteria and a standard procedure is required.

Introduction

The standard surgical treatments for breast cancer are 
breast‑conserving surgery (BCS) and mastectomy. The essen-
tial purpose of BCS is to completely remove the cancer while 

maintaining the cosmetic appearance of the breast, which is 
important to the patients. Previous studies have reported that 
BCS followed by radiation had a similar outcome to that of 
mastectomy in terms of mortality rate (1‑5). However, a positive 
margin and young age (<53-55) are significant risk factors for 
ipsilateral breast tumor recurrence (IBTR) (6‑8). Moreover, a 
meta‑analysis by the Early Breast Cancer Trialists' Collaborative 
Group showed that local recurrence affected survival rate (9). 
Recently, Moran et al (10) reported that the American Society 
of Radiation Oncology consensus guideline uses the results of 
a meta‑analysis of margin width and IBTR. This guideline also 
indicated the optimal criteria for determining margin width in 
BCS. However, despite numerous previous studies, the criteria 
for intraoperative margin assessment in BCS have yet to be 
established. At our institution, intraoperative specimen digital 
mammography (SMMG) is used to assess the resection margins 
in all cases of BCS. The aim of the present study was to evaluate 
the usefulness of SMMG for achieving margin-free resection of 
breast tumors.

Patients and methods

Patients. A retrospective study of the medical records, patho-
logical diagnosis and re-evaluation by SMMG of 426 breast 
cancer patients who underwent BCS at the Aichi Cancer Center 
Hospital (Nagoya, Japan) between January and December, 2006 
was performed. All the patients had undergone MMG, ultra-
sonography (US) and magnetic resonance imaging (MRI) 
preoperatively. When the lesion was small and localized, BCS 
was suggested as an option to the patient. During the study 
period, a total of 174 patients underwent BCS. The surgical 
procedures were performed by 5 certified breast surgeons. 
SMMG was performed using the digital mammography unit 
Senographe 2000DTM (GE Healthcare Japan Corp., Tokyo, 
Japan), which had a pixel size of 100 µm. The display monitor 
had a resolution of 5 megapixels.

The study protocol was approved by our Institutional Review 
Board and written informed consent was obtained from all the 
patients.

Surgical procedure. BCS was performed concomitantly with 
sentinel lymph node biopsy or axillary lymph node dissection 
in all the patients. When scheduled, sentinel lymph node biopsy 
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was performed at the beginning of the surgical procedure. 
Preoperative localization of the lesion was performed on the 
day prior to surgery by MMG, US and MRI. For non‑palpable 
tumors and those undetectable by US, resection relied on 
hookwire-guided localization. Any localization detected by 
US was marked directly on the skin. For all patients, BCS was 
performed with at least a 2-cm margin around the tumor. The 
pectoral fascia was resected. When the lesions were very close 
to the overlying skin, the skin was also resected.

The MMG device was placed in the room adjacent to the 
operating room where the resected specimen was collected and 
SMMG was performed. Images were immediately captured and 
stored in the hospital diagnostic imaging system. The surgeon 
quickly reviewed the digital images to assess the completeness 
of resection. If the resection was considered by the surgeon to 
be close to the margin, a re‑excision was performed intraop-
eratively. The surgeon then assessed whether re‑excision was 
complete. Intraoperative histological margin assessment was 
generally not performed.

SMMG evaluation. Two surgeons independently evaluated 
the SMMG findings. The classification of the radiographic 
evaluation of the resection margin was as follows: i) Negative, 
no cancer detected <10 mm from the margin; ii) close, cancer 
detected within 5 mm from the margin; iii) positive, cancer 
detected <5 mm from the margin; and iv) lesion undetected by 
SMMG. The results of the two surgeons were collectively clas-
sified as positive or negative. When the two evaluations did not 
agree, the more severe evaluation was selected (Table I).

Histopathological evaluation. The surgical specimens were 
prepared for histological analysis. The resected tissues were 
fixed in an adjustable mould (11). The tissue fixed using this 
method retains its polyhedral shape and pathologists are able 
to evaluate all aspects of the 5-mm blocks by hematoxylin and 
eosin staining. Using this procedure, all the surfaces of the 
specimen may be evaluated, i.e., using the perpendicular inked 
method and the tangential shaved method (12,13). The margins 
were measured grossly and microscopically by determining the 
presence of cancer cells at a fixed distance from the cut edge. 
The distance between the margin of the tumor and the edge of 
the specimen was measured by the pathologists. A clear margin 
was defined as >5 mm. These criteria also apply to �������������ductal carci-
noma in situ (DCIS).

The diagnostic reliability of SMMG was evaluated by compar-
ison with radiographic and histological diagnoses. Furthermore, 
it was also determined whether the rate of margin positivity was 
decreased by re‑excision based on SMMG evaluation.

Results

Patient characteristics. A total of 174 women who underwent 
BCS were reviewed. The mean age was 54.7 years (range, 
26‑84  years). The median tumor size was 1.6  cm (range, 
0‑4.5 cm) and 132 of the masses were palpable (75.9%). The 
MMG findings revealed that 51 patients had microcalcifications 
(29.3%). The histopathological diagnosis of the patients was as 
follows: DCIS, n=32 (18%); invasive ductal carcinoma (IDC), 
n=121 (69%); invasive lobular carcinoma, n=10 (6%); and others, 
n=11 (6%) (Table II).

Association between histological margin status and re‑exci‑
sion. The association between the histological margin status 
and re‑excision is shown in Fig. 1. Re‑excision was performed 
intraoperatively in 24 cases following positive margin iden-
tification by SMMG. Of these 24 cases, 5 (20.8%) still had 
positive margins following re‑excision. However, 150 cases 
did not undergo re‑excision and 30 of those cases had positive 
margins.

On radiological evaluation, 17 cases (10%) had a positive 
margin, 146 cases (84%) had a negative margin and 11 cases 
(6%) had undetected lesions. Histological evaluation of the 
margins revealed 35 positive (20%) and 139 negative (80%) 
cases. The intraoperative re‑excision cases were excluded from 
this analysis, as they did not undergo a second SMMG and the 
histological margin status was definitively determined after 

Table I. Evaluation of intraoperative specimen mammography 
by two clinicians.

Clinician A	 Clinician B	 Final evaluation

Positive	 Close	 Positive
Positive	 Negative	 Positive
Positive	 Undetected	 Positive
Close	 Close	 Positive
Close	 Undetected	 Positive
Close	 Negative	 Negative
Negative	 Undetected	 Negative

Table II. Radiological and pathological patient characteristics 
(n=174).

Characteristics	 n (%)

Age (years)
  <50	 113 (65)
  ≥50	   61 (35)
Palpability
  Non‑palpable	   42 (24)
  Palpable	 132 (76)
Tumor stage
  T1	   97 (56)
  T2	   42 (24)
  T3‑4	     3 (2)
Mammographic image
  Calcifications only	   18 (10)
  Calcifications + others	   33 (19)
  Others	 110 (63)
  None	   13 (8)
Histology
  Invasive ductual carcinoma	 121 (70)
  Invasive lobular carcinoma	   10 (6)
  Ductal carcinoma in situ	   32 (18)
  Others	   11 (6)
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the first excision. Moreover, the lesions that were not detected 
by SMMG were also excluded.

Association between SMMG and histopathological findings. 
Finally, a total of 141 cases were analyzed and the association 
between SMMG and histopathological findings was evaluated 
(Table III). A total of 23 false‑negatives and 6 false-positives 
were identified. The sensitivity and specificity of SMMG 
margin assessment for primary breast cancer were 20.6 and 
94.6%, respectively. The positive predictive value was 50% 
and the negative predictive value was 82.2%.

Subgroup analysis. Finally, a subgroup analysis was performed 
(Table IV). The number of true positive cases was four in the micro-
calcification group, five in the non-palpable group, one in group of 
patients aged ≥50 years and two in the IDC group. The sensitivity 
and specificity for patients exhibiting microcalcifications (n=37 
after exclusion of 24 cases with intraoperative re-excision and of 
nine cases in which intra-operative SMMG did not display lesions) 
were 44.4 and 89.2%, for patients aged ≥50 years they were 6.6 
and 94.7%, and for patients with non‑palpable lesions they were 
50 and 91.6%, respectively. Following histopathological classifi-
cation of all the cases, the sensitivity and specificity of SMMG for 
IDC were 10 and 95.1%, and for DCIS they were 75 and 100%, 
respectively. Local recurrence only developed in 2 cases over a 
median follow-up of 5.4 years; both cases had negative margins 
in the primary operation.

Discussion

When performing BCS, the main objective is to obtain clear 
resection margins, as a positive margin presents a major risk 
of local relapse (14,15). Intraoperative margin assessment in 
BCS is crucial in order to avoid secondary surgery. The rates 
of positive margins on the first attempt of BCS or lumpectomy 
have been reported to be as high as 55‑68% in the USA (16,17). 
Despite significant improvements in breast imaging, the rate of 
positive margins remains high.

SMMG is convenient, easy and cost‑effective, and has been 
used for margin assessment in our institution. Several studies 
have demonstrated that intraoperative margin assessment using 
frozen sections of the surgical specimen is useful (12,18‑20). 
However, histological intraoperative margin assessment may be 
associated with prolonged operative time and requires patho-
logical expertise.

Bathla et al  (21) reported that 99% of the patients ulti-
mately deemed as BCS candidates underwent successful breast 
conservation. In that study, 14.7% of the patients underwent 
BCS as the secondary surgery (21). In the present study, only 
1 patient (0.5%) underwent BCS as a second surgical interven-
tion, while several patients opted for mastectomy as the second 
surgery. The efficacy of bidirectional SMMG was previously 
reported (21,22). In the present study, however, SMMG was not 
performed in two directions, as the BCS procedure involved 
columnar resection between the skin and the pectoralis fascia, 

Figure 1. Association between histological margin status and re‑excision. 
BCS, breast‑conserving surgery. Hist P, positive histological margin; Hist N, 
negative histological margin.

Table III. SMMG results and histological findings.

	 Margin by histology (n)
	‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑
Margin by imaging	 Positive	 Negative	 Total (n)

Positive (n)	 6	 6	 12
Negative (n)	 23	 106	 129
Total (n)	 29	 112	 141

Intraoperative re‑excision cases and lesions undetected on SMMG 
were excluded. SMMG, specimen mammography.

Table IV. Sensitivity and specificity of each subgroup.

	 Imaging (n)	 Histology (n)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Positive	 Negative	 Positive	 Negative	 Sensitivity (%)	 Specificity (%)

Calcifications (n=37)	 7	 30	   9	 28	 44.4	 89.2
Non‑palpable (n=34)	 7	 27	 10	 24	 50.0	 91.6
Age ≥50 years (n=91)	 5	 86	 15	 76	 6.6	 94.7
Histology
  IDC (n=103)	 6	 97	 20	 83	 10.0	 95.1
  DCIS (n=22)	 3	 19	   4	 18	 75.0	 100.0

IDC, invasive ductual carcinoma; DCIS, ductal carcinoma in situ.
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rather than a spherical resection, which is common in western 
countries.

Intraoperative SMMG was not proven to be useful in the 
present study. There are two possible explanations: First, a 
simple comparison between the pathological results and SMMG 
findings was performed with the aim of determining whether 
the resection margins may be reliably evaluated by SMMG. 
However, as shown in Table  III, the sensitivity of SMMG 
was very low, particularly for patients aged ≥50 years (6.6%). 
Although it was hypothesized that the density of the breast 
affected the evaluation by SMMG, this hypothesis was proven 
to be false by these results. In fact, in certain cases a lesion 
was detected by SMMG that was not detected on preopera-
tive MMG. Furthermore, the majority of the cases in which a 
lesion was undetectable, were those of patients aged ≥50 years. 
In other subgroups, e.g. patients with microcalcifications or 
non‑palpable lesions, the sensitivity of SMMG was also low, 
whereas the sensitivity in DCIS cases (n=22) was marginally 
high at 75% and the positive predictive value was 100%. This 
result was also unexpected, but it may not be reliable due to 
the small number of cases. Second, the margin‑positive rate in 
patients undergoing re‑excision was 20.8% and in those without 
re‑excision 20.0% (Fig. 1). Thus, the margin-positive rate could 
not be reduced despite re-excision based on SMMG, suggesting 
that SMMG was not useful.

Of note, in the 6 cases in which breast cancer was diagnosed 
by stereotactic biopsy, the histopathological results were in 
complete accord with the SMMG findings, indicating that 
SMMG is likely useful in such cases.

However, the present study had certain limitations. First, 
24 cases with re‑excision were excluded from the evaluation of 
histology and radiology findings. The final resection margin and 
histopathological results could not be compared, since not all of 
the re‑excision cases underwent a second SMMG. Second, there 
were no exact criteria for the identification of positive margins 
on radiological examination. To overcome these limitations, a 
prospective study with strictly defined criteria and a standard 
procedure is required to determine the usefulness of SMMG.

In conclusion, the usefulness of intraoperative SMMG was 
not proven in this study. However, this procedure is likely to be 
useful in selected cases, particularly those with DCIS.
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