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Abstract 
Objective: To determine the effectiveness of specimen mammography in breast conserving surgery cases with 
respect to reduction in margin positivity rate, and to see whether the rate of secondary surgeries is decreased by 
intra-operative excision based on specimen mammography evaluation. 
Method: The retrospective study was conducted at the Shaukat Khanum Memorial Cancer Hospital and Research 
Centre, Lahore, Pakistan, and comprised data from January 2018 to December 2019 related to all female breast 
cancer patients who underwent mastectomy or breast conserving surgery with the involvement of specimen 
mammography. Sensitivity, specificity, positive predictive value and negative predictive value of specimen 
mammography were calculated. Data was analysed using SPSS 20. 
Results: Of the 226 patients initially assessed, 65(28.7%) were excluded, and the final sample comprised 161(71.2%) 
women with mean age 46.71±10.47 years. The sensitivity, specificity, positive predictive value and negative 
predictive value of specimen mammography for the sample were 65.8%, 80.8%, 54% and 87.3%, respectively. 
Performing specimen mammography for intra-operative margin assessment in 12 patients was likely to spare one 
patient from re-excision. 
Conclusion: Intra-operative specimen mammography was found to be a reliable tool for assessing margin status. 
Key Words: Breast cancer, Specimen mammography, Breast conservation surgery, Margin positivity. 
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Introduction 
From the key clinical trials that established the equality of 
breast conservation surgery (BCS) with mastectomy in 
terms of survival decades ago, to the recent cohort 
studies showing even BCS supremacy, the paradigm shift 
from mastectomy to BCS in early-stage breast cancer has 
the force of literature behind it1-5. Although less invasive, 
BCS is associated with the risk of positive surgical margins, 
which, in turn, leads to an increased risk of local 
recurrence as well as repeat surgery and subsequent 
waste of healthcare resources along with patient 
dissatisfaction6. Since one of the most important 
prerequisites for BCS is adequacy of margin excision, the 
need of intra-operative margin assessment cannot be 
denied6,7. Different radiological and pathological intra-
operative margin evaluation tools are being used 
worldwide to avoid the need of secondary surgery, the 
more common among them being specimen 

mammography (SMG), magnetic resonance imaging 
(MRI), ultrasound (US), and frozen section and touch 
cytology8-10. The definition of an optimum negative 
margin width for both invasive as well as in situ cancer 
had remained a matter of considerable debate since long 
till the publication of consensus guidelines on margins by 
the Society of Surgical Oncology (SSO) and the American 
Society of Radiation Oncology (ASTRO) in 2014 and 
201611, 12. 

The current study was planned to determine the 
effectiveness of SMG in BCS cases with respect to 
reduction in margin positivity rate, and to see whether the 
rate of secondary surgeries is decreased by intra-
operative excision based on SMG evaluation. 

Materials and Methods 
The retrospective study was conducted at the Shaukat 
Khanum Memorial Cancer Hospital and Research Centre 
(SKMCH&RC), Lahore, Pakistan, and comprised data from 
January 2018 to December 2019 related to all female 
patients with breast cancer, both invasive and in situ, who 
underwent mastectomy or BCS, either upfront and post-
neoadjuvant chemotherapy (NACT), with the 
involvement of SMG. Data of those who underwent 
mastectomy or BCS without SMG was excluded. After 
approval from the institutional ethics review board, the 
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data was retrieved using the Hospital Information System 
(HIS). 

In patients planned for BCS following NACT, metallic clips 
were placed prior to NACT. After completion of NACT, 
wire-localisation of non-palpable lesions / micro 
calcifications was done with a hooked wire under US or 
mammographic guidance. Wire-localisation was also 
done in patients with impalpable lesions who were 
scheduled for upfront surgery. If the lesion was detectable 
by US and was superficial, direct skin marking of the lesion 
was done instead of wire-localisation.  BCS was performed 
with at least 1cm gross margin around the tumour or wire 
in case of occult lesions. Direction-oriented specimens 
were sent to the mammography unit where specimen 
radiograph was obtained. If mass, calcification, wire or clip 
was found close to the margin on visual analysis of 
specimen X-ray by the surgical team, further resection 
was performed. The final mammogram report was based 
on analysis by two radiologists. On histopathology, “no 
tumour on ink” was taken as negative margin, tumour on 
ink as positive margin, and within 1mm from the inked 
margin as close margin for both invasive and in situ 
cancer. SMG evaluation done by two surgeons was 
compared independently with the radiologist’s and final 
histopathology reports. 

Data was analysed using SPSS 20. Mean ± standard 
deviation were used to express quantitative data, 
whereas frequencies and percentages were used for 
qualitative data. The association of explanatory variables 
in relation to true negative (TN), false negative (FN), true 
positive (TP) and false positive (FP) status was determined 
using chi-square test or fisher’s exact test. Sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) of SMG were calculated using 2x2 
tables generated though chi-square or fisher’s exact test. 
P≤0.05 was considered significant. 

Results 
Of the 226 patients initially assessed, 65(28.7%) were 
excluded, and the final sample comprised 161(71.2%) 
women with mean age 46.71±10.47 years. Clinic and 
pathological tumour characteristics of all the cases 
included were noted (Table 1). 
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Table-1: Demographic and clinic-pathological data. 
 
Characteristics                                               Frequency  (n)                            Percentages  
 
Age (years) 
Up to 40                                                                             42                                                   26.1 
Above 40                                                                          119                                                  73.9 
Focality                                                                                

Unifocal                                                                             129                                                  80.1 
Multifocal                                                                           32                                                   19.9 
IInitial tumour size (mm)                                          
T1                                                                                         41                                                   25.5 
T2                                                                                        114                                                  70.8 
T3                                                                                         01                                                    0.6 
Tis                                                                                         04                                                    2.5 
Tx                                                                                          01                                                    0.6 
Nodal status                                                                      
Positive                                                                               76                                                   47.2 
Negative                                                                             80                                                   49.7 
Not applicable                                                                  05                                                    3.1 
ER status                                                                              
Positive                                                                              125                                                  77.6 
Negative                                                                             36                                                   22.4 
PR status                                                                             
Positive                                                                              101                                                  62.7 
Negative                                                                             60                                                   37.3 
HER2 neu status                                                              
Positive                                                                               35                                                   21.8 
Negative                                                                            126                                                  78.2 
Histopathology                                                                
IDC                                                                                        71                                                   44.1 
IDC+DCIS                                                                           69                                                   42.9 
ILC                                                                                        14                                                    8.7 
DCIS                                                                                     07                                                    4.3 
Grade                                                                                   
I                                                                                             02                                                    1.2 
II                                                                                           109                                                  67.7 
III                                                                                           43                                                   26.7 
Not applicable                                                                  07                                                    4.3 
Chemotherapy                                                                 
Adjuvant                                                                            33                                                   20.5 
Neo adjuvant                                                                   128                                                  79.5 
Pre-operative tumour localization method 
Ultrasound marking                                                        06                                                    3.7 
Ultrasound guided wire localization                         90                                                   55.9 
Stereotactic wire localization                                      65                                                   40.4 
Margin status on histopathology                          
R0                                                                                        126                                                  78.3 
R0 (close)                                                                           18                                                   11.2 
R1                                                                                         17                                                   10.6 
Re-excision                                                                        
Yes                                                                                        14                                                  8.6% 
No                                                                                          3                                                          
Per-operative extra margin excision                  
Yes                                                                                        32                                                   19.9          
No                                                                                        129                                                  80.1 
Per-operative extra margin histopathology (n=32)                                            
Tumour present                                                               09                                                   28.1 
No tumour                                                                         23                                                   71.9 

T1: Tumour 20mm or less, T2; Tumour 21-50mm, T3: Tumour >50mm, Tis: Tumour in 
situ, Tx: Tumour size undetermined, ER: Oestrogen receptor, PR: Progesterone receptor, 
HER 2 neu: Human epidermal growth factor receptor 2, IDC: Invasive ductal carcinoma, 
ILC: Invasive lobular carcinoma, DCIS: Ductal carcinoma in situ, R0: Margin not involved 
micro/macroscopically, R0 (close): Margin close within 1mm of inked margin, R1: 
Margin involved microscopically.Continued on next  Column.... 

Continued from previous Column.... 



The false negative rate (FNR) of SMG for the entire sample 
was 14(8.7%). FNR was highest for invasive lobular 
carcinoma (ILC) 02(14.2%) and ductal carcinoma in situ 
(DCIS) 1(14.2%) cases   (Table 2). 

The sensitivity, specificity, 
PPV and NPV of SMG for the 
entire sample were 65.8%, 
80.8%, 54% and 87.3%, 
respectively. The specificity 
was highest for invasive 
ductal carcinoma (IDC) 
(87.9%), and lowest for ILC 
(60%), while the NPV was 
lowest for patients with 
DCIS (66.6%) (Table 3) 
(Figure 1). 

A total of 32(19.9%) patients 
underwent per-operative 
extra margin excision; 
24(75%) based on SMG 
findings and 8(25%) based 
on surgeon’s suspicion 
without any margin 
involvement on SMG. Out of 
24(75%) subjects who had 
margin involvement on 
SMG, 12(50%) had either 
close/involved margin on 
final histopathology, or 
evidence of cancer in the 

extra margin, and were thus spared from a re-excision 
surgery. Therefore, the number needed to treat (NNT) was 
12, meaning that SMG for intra-operative margin 
assessment in 12 patients was enough to spare 1 patient 
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Table-2: Comparison of specimen mammography (SMG) findings with final histopathology in relation to tumour characteristics. 
 
Variables                         Categories                     True                             False                               True                             False                             Total                                                
                                                                                       Negative                   Negative                      Positive                      Positive                                                                 p-value   
                                                                                            n (%)                            n (%)                              n (%)                            n (%)                             n (%)                                     
 
Whole group                                                           97 (60.2%)                  14 (8.7%)                    27 (16.8%)                 23 (14.3%)                 161 (100%) 
Age (years)                       Above 40                    73 (61.3%)                 13 (10.9%)                   18 (15.1%)                 15 (12.7%)                 119 (100%)                       0.185 
                                               Up to 40                      24 (57.1%)                  01 (2.3%)                    09 (21.4%)                   08 (19%)                    42 (100%) 
Tumour Size (mm)        T1                                  27 (65.8%)                  03 (7.3%)                      04 (9.8%)                  07 (17.1%)                  41 (100%)                         0.189 
                                               T2                                  68 (59.6%)                  10 (8.8%)                    22 (19.3%)                 14 (12.2%)                 114 (100%) 
Nodal Status                    Positive                       45 (59.2%)                 08 (10.5%)                   13 (17.1%)                 10 (13.2%)                  76 (100%)                         0.133 
                                               Negative                     51 (63.7%)                  05 (6.2%)                    13 (16.3%)                 11 (13.8%)                  80 (100%) 
Focality                               Multifocal                   14 (43.8%)                  02 (6.2%)                    11 (34.4%)                 05 (15.6%)                  32 (100%)                          1.00 
                                               Unifocal                      83 (64.3%)                  12 (9.3%)                    16 (12.4%)                   18 (14%)                   129 (100%) 
Chemotherapy                Adjuvant                    17 (51.6%)                   02 (06%)                     07 (21.2%)                 07 (21.2%)                  33 (100%)                         0.557 
                                               Neo adjuvant           80 (62.5%)                  12 (9.4%)                    20 (15.6%)                 16 (12.5%)                 128 (100%) 
Histopathology               IDC                                 51 (71.9%)                  06 (8.5%)                      07 (9.8%)                    07 (9.8%)                    71 (100%)                         0.273 
                                               ILC                                 06 (42.8%)                 02 (14.2%)                   02 (14.2%)                 04 (28.6%)                  14 (100%) 
                                               IDC +DCIS                  38 (55.1%)                  05 (7.2%)                    15 (21.8%)                 11 (15.9%)                  69 (100%) 
                                               DCIS                              02 (28.6%)                 01 (14.2%)                   03 (42.9%)                 01 (14.2%)                  07 (100%) 
Grade                                  I/II                                  72 (64.8%)                  09 (8.2%)                    15 (13.5%)                 15 (13.5%)                 111 (100%)                       0.143 
                                               III                                    23 (53.4%)                  04 (9.4%)                    09 (20.9%)                 07 (16.3%)                  43 (100%) 
Pre op                                 Ultrasound                68 (70.8%)                  07 (7.3%)                    10 (10.4%)                 11 (11.5%)                  96 (100%)                         0.329 
localization method     guided wire localization / 
                                                ultrasound marking                                                  
                                               Stereotactic wire     29 (44.7%)                07 (10.7%)                   17 (26.2%)                 12 (18.4%)                  65 (100%)                                
                                               localization 
 

T1: Tumour 20mm or less, T2; Tumour 21-50mm, IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, DCIS: Ductal carcinoma in situ.

Figure: Specificity, negative predictive value (NPV) and false negative rate (FNR) of specimen mammography (SMG) with respect to histopathology.



from re-excision (Table 4). In contrast, none of the 8(25%) 
patients with normal SMG showed tumour involvement 
on final histopathology. 

There were overall 28(17.4%) patients with close/involved 
margin on SMG, but no extra margin was taken per-
operatively. Of them, 13(46.4%) showed close/involved 
margin on final histopathology (Table 5). 

Discussion 
Various studies support the use of intra-operative SMG in 
BCS for reducing margin positivity, and, thus, the rate of 
second surgeries13,14. On the contrary, Gray et al. 
discouraged SMG as a margin assessment tool15  
Likewise, Versteegden et al. did not recommend the 
routine use of SMG in patients with pure DCIS or in situ 
component in invasive cancer, reporting a wide range in 
the performance characteristics of SMG in their 
systematic review16. Similar diversity has also been 
observed in literature, including the current study, with a 
general trend of low sensitivity and PPV, but an 
acceptable specificity and NPV of SMG9,17-19 (Table 6). 

It has been postulated that lumpectomy margins are 
usually distorted by SMG owing to the so-called “pancake 
phenomenon”, leading to false margin assessment20,21. 
The FNR of SMG is directly proportional to the re-excision 
rate, whereas the false positive rate (FPR) depicts the 
number of unnecessary per-operative excisions resulting 
in poor aesthetic outcomes. The FNR of 8.7% in the 
current study is quite concordant with the results of 
Schaefgen et al. and Funk et al. However, Schaefgen et al. 
demonstrated a higher FPR compared to the current 
study17, 18. The difference might be attributable to the 
diversity in the inclusion criteria and lack of 
standardisation in radiological margin assessment 
between the studies. 

According to the current study, SMG based intra-
operative margin excision reduced the rate of secondary 
surgeries by 7.4%, from 16.1% to 8.6% with an NNT of 12. 
This is comparable with the results of Schaefgen et al. in 
the subgroup of patients with partial response to NACT, 
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Table-5: Comparison of margin status on specimen mammography (SMG) with final 
histopathology. 
 
No. of                        Margin on specimen              Margin on              Extra margin    
patients                         mammography              histopathology      histopathology 
 
03                     Close/ involved                                                Close                             No cancer 
04                     Close/ involved                                         Not involved                Cancer detected 
05                     Close/ involved                                       Close/ involved             Cancer detected 
12                     Close/ involved                                         Not involved                      No cancer 
08                     Not involved (extra margin                  Not involved                      No cancer 
                         taken per-operatively on  
                         surgeons choice) 
13                     Close/involved                                        Close/involved                     No extra  
                                                                                               margin taken 
15                     Close/involved                                          Not involved                       No extra  
                                                                                                                                           margin taken 

Table-3: Comparison of performance characteristics of specimen mammography (SMG) in 
relation to tumour characteristics. 
 
Study                                      Sensitivity                     Specificity                               PPV                                  NPV                
                                                         % (CI)                                % (CI)                                   % (CI)                              % (CI) 
 
Whole group                    65.8(64.5-66.9)             80.8(79.3-81.7)                 54 (53.6-54.9)            87.3(86.5-88.2) 
Age:          
Above 40 year                  58 (57.5-59.3)              82.9 (82.8-83.7)              54.5 (54.5-55.3)          84.8 (84.7-85.8) 
Up to 40 year                     90 (89.9-91.5)                75 (74.7-76.3)                52.9 (52.7-54.9)            96 (95.6-96.5)      
Nodal Status:       
Positive                               61.9 (61.7-63.3)            81.8 (81.8-82.5)              56.5 (55.7-57.4)          84.9 (84.8-85.7) 
Negative                            72.2 (71.7-73.8)            82.2 (81.8-83.6)              54.1 (53.7-55.8)            91 (90.8-91.7)      
Focality:               
Unifocal                              57.1 (56.2-57.9)            82.1 (81.3-83.9)                47 (46.2-47.3)            87.3 (87.2-88.7) 
Multifocal                         84.6 (83.9-85.2)            73.6 (73.8-74.2)              68.7 (68.3-69.7)          87.5 (86.8-88.3)    
Chemotherapy:     
Upfront                               77.7 (76.2-79.8)            70.8 (70.8-72.9)                50 (49.2-51.8)            89.4 (89.8-90.2) 
Post-NAC                           62.5 (61.8-63.7)            83.3 (83.2-84.8)              55.5 (55.8-56.2)          86.9 (86.9-87.8)    
Histopathology:        
DCIS                                       75 (73.2-76.8)              66.6 (64.7-68.9)                75 (73.2-76.8)              66.6 (64-68.3) 
IDC                                        53.8 (52.3-54.8)            87.9 (87.3-88.7)                50 (49.3-51.7)            89.4 (89.2-90.8) 
IDC +DCIS                           75 (74.3-76.7)              77.5 (77.3-78.8)              57.6 (57.7-58.3)          88.3 (88.8-89.2) 
ILC                                           50 (48.2-52.8)                60 (59.3-60.7)                33.3 (32.2-34.8)            75 (74.8-75.3)      
Tumour Size:                
T1                                          57.1 (55.8-58.8)            79.4 (78.7-80.9)              36.3 (35.3-37.8)            90 (89.8-90.2) 
T2                                          68.7 (68.2-69.7)            82.9 (82.8-83.3)              61.1 (60.7-62.8)          87.1 (86.7-87.2) 
 

CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, NAC: Neoadjuvant 
chemotherapy, IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, DCIS: Ductal carcinoma in 
situ, T1: Tumour size 20mm or less, T2; Tumour 21-50mm.

Table-4: Calculation of number needed to treat (NNT). 
 
 
Re-excision rate with SMG-guided per-operative excision.                    14 (16.1%) 
Re-excision rate without SMG.                                                                 14 + 12 = 26 (8.6%) 
Absolute risk with SMG (ART).                                                                        14/161 = 0.08 
Absolute risk without SMG (ARC).                                                                 26/161 = 0.16 
Absolute risk reduction (ARR).                                                    ARC-ART = 0.16-0.08 = 0.08 
NNT                                                                                                                   1/ARR = 1/0.08 =12 
SMG: Specimen mammography. 

Table-6: Comparison of SMG performance characteristics with literature. 
 
Study                                                         Sample       Sensitivity        Specificity            PPV          NPV 
                                                                           size                   %                               %                        %              % 
 
Schaefgen et al. (2022)17                       174                    19.2                          89.2                   7.7            95.9 
Funk et al. (2020) 18                                  470                    36.8                          86.8                  25.6          91.8 
Lin et al. (2020) 19                                      205                    64.8                          94.0                  70.5          92.3 
Pop et al. (2018) 9                                        83                     45.4                          85.2                      -                  - 
Current study                                                161                    65.8                          80.8                    54            87.3 
 

SMG: Specimen mammography.



showing NNT of 1517. Funk et al. reported a 12.7% 
decrease in the secondary procedure rate by using SMG, 
with an NNT of 3018 

There exists a lot of diversity in literature regarding the 
performance characteristics of SMG and their effect on re-
excision rate, with respect to final histopathology. Where 
Versteegden et al. and Laws et al. refuted the efficacy of 
SMG in reducing re-re-excision rate in cases of DCIS, 
Hisada et al. and Koopmansch et al. claimed improved 
margin clearance with SMG in DCIS, owing to its high 
sensitivity and specificity compared to invasive 
cancer16,22-24. However, Lin et al. reported lower sensitivity 
of SMG in margin assessment for DCIS, but comparable 
specificity to invasive cancer, indicating SMG as an 
important margin assessment tool for DCIS19. This is in 
contrast to the current study, which showed low 
specificity and high FNR of SMG for DCIS, indicating 
increased rate of missed lesions and subsequently high 
re-excision rate. On the other hand, SMG was found to be 
have high sensitivity in detecting DCIS.  

Regarding ILC, the current results were concordant with 
those of Lin et al.19, revealing very low sensitivity, 
specificity and a high FNR of SMG owing to subtle 
imaging findings and high intrinsic margin positivity rate 
of ILC22. With respect to timing of chemotherapy, the 
current study, in line with Schaefgen et al.17, noted lower 
sensitivity but higher specificity of SMG in post-NACT 
cases than the upfront surgery group. This is in contrast to 
Lin et al. who showed 100% sensitivity of SMG for post-
NACT patients19. 

The current study has limitations owing to its 
retrospective nature, small sample size and single-centre 
data. Nevertheless, the current study is among a few 
studies using NNT to prove the efficacy of SMG as a tool to 
reduce re-excision rate. Moreover, comparison of the 
performance characteristics of SMG between different 
histopathological subtypes has also added to the 
strength of the study. Multi-centre prospective studies 
with larger sample size are recommended that may also 
measure the distance of tumour on final specimen / 
mammogram. 

Conclusion 
Intra-operative SMG was found to be a reliable tool for 
assessing margin status with a high specificity and NPV. 
SMG was quite effective in preventing secondary 
surgeries for positive margins. Performing SMG for intra-
operative margin assessment in 12 patients was likely to 
spare 1 patient from re-excision. However, reliability of 
SMG as a margin assessment tool was questionable in 
cases of DCIS or ILC 
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