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Abstract
Purpose To explore the ability of intraoperative specimen radiography (SR) to correctly identify positive margins in patients 
receiving breast conserving surgery (BCS). To assess whether the reoperation rate can be reduced by using this method.
Methods This retrospective study included 470 consecutive cases receiving BCS due to a primarily diagnosed breast cancer. 
SR was carried out in two planes, assessing the specimen regarding the presence of the lesion and its relation to all margins. 
If indicated, re-excision of selective orientations was advised. Under consideration of gross inspection and the SR-findings, 
it was up to the surgeon whether to perform re-resections. The recommendations for re-excision were, separately for each 
orientation, compared to the histopathological results, serving as gold standard.
Results Intraoperative SR was performed in 470 cases, thus 2820 margins were assessed. Of those, 2510 (89.0%) were nega-
tive and 310 (11.0%) positive. SR identified 2179 (77.3%) margins correctly as negative, whereas 331 (11.7%) clear margins 
were misjudged as positive. Of 310 infiltrated margins, SR identified 114 (4.0%) correctly, whereas 196 (7.0%) infiltrated 
margins were missed. This resulted in a sensitivity/specificity of 36.8%/86.8% and PPV/NPV of 25.6%/91.8%. Through 
targeted re-resections positive margins could be reduced by 31.0% [310 to 214 (7.6%)]. On case level, the rate of secondary 
procedures could be reduced by 37.0% [from 162 to 102 (21.7%)].
Conclusions SR is a helpful tool to identify infiltrated margins and to reduce the rate of secondary surgeries by recommend-
ing targeted re-excisions of according orientations in order to obtain a final negative margin status.
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Introduction

Due to the introduction of comprehensive mammography 
screening programs, malignant breast lesions are more likely 
to be detected early at an impalpable stage. The therapy of 
choice for most of these cases is breast conserving therapy 
(BCT), defined as the combination of breast conserving sur-
gery (BCS) and adjuvant irradiation. Although significantly 
less tissue is removed, overall survival has been described 
as equal [1, 2] or superior [3, 4] in comparison to mastec-
tomy. Furthermore, BCT is related to a higher quality of 
life [5, 6], a reduced risk of postoperative complications, 
and an improved body image [7], as well as a better patient 
satisfaction with the aesthetic outcome [8]. It is well known 
that higher specimen weight is one of the main risk factors 
for poor aesthetic outcome [9–11]. Consequently, improved 
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aesthetical outcome is characterized by lower resected speci-
men weight [9].

An important complication of BCS are positive (= infil-
trated) resection margins, a known prognostic factor for local 
recurrence [12, 13]. Hence, the goal of the primary surgery 
is to obtain tumor-free margins adhering to oncologic prin-
ciples while resecting as little tissue as possible to reach 
an ideal aesthetic outcome. To achieve this, intraoperative 
margin assessment tools are used to identify infiltrated mar-
gins within the primary procedure, so immediate re-resec-
tions can be performed to obtain a final clear margin status 
and to prevent secondary re-resections, which increase the 
risk of poor satisfaction regarding the aesthetic result [14]. 
Whereas there are multiple techniques of intraoperative mar-
gin assessment, e.g., intraoperative ultrasound [15], breast 
imprint and scrape cytology [16], frozen section analysis 
[17] or MarginProbe [18], all employed with varying results, 
specimen radiography (SR) using two plane mammography 
and/or ultrasound is the widely used standard method. This 
study’s aim is to explore how accurately SR is able to assess 
all six of the specimens’ margins and if patients benefit of its 
use and the subsequent targeted re-resections as performed 
in our center.

Materials and methods

This study was approved by the ethics committee of Heidel-
berg University’s medical faculty.

Patient population

A total of 702 primary breast conserving surgeries (BCS) 
in 671 consecutive patients were performed due to a histo-
logically confirmed malignant breast lesion between January 
2014 and December 2015 at the Heidelberg University breast 
unit. Several patients had either bilateral (n = 23) or multi-
centric breast cancers (n = 8) and in this respect two lesions 
that were treated with BCS. Cases that did not receive SR 
(n = 57), mostly for reasons of palpability, were excluded 
from further analysis, as well as 175 patients who received 
neoadjuvant therapy. Accordingly, 470 two-view specimen 
radiographs form the basis of this retrospective consecutive 
analysis. Considered were all histological subtypes including 
ductal carcinoma in situ (DCIS), disregarding their palpabil-
ity, tumor size, or execution of preoperative localization.

Specimen radiography and surgical procedure

Preoperatively, patients generally underwent ultrasound- 
or mammography-guided wire localization. Reasons for 
renunciation were close localization to the skin and/or 

good palpability. The position of the wire was controlled 
by mammography.

In the operating room, the tumorous tissue was excised 
and immediately marked by sutures on three surfaces (cra-
nial, medial, and lateral) to ensure orientation. The spec-
imens were then sent to the breast unit where they were 
oriented and positioned on the mammography plate, the 
simplified illustration of which is shown in Fig. 1.

Using Mammomat Inspiration (Siemens AG, Erlangen, 
Germany) with 1.4 × direct magnification, the first radio-
graphs were generated. The specimens were then rotated 90 
degrees to obtain the second view (Fig. 2). The specimen 
radiographs were, in comparison to the preoperative mam-
mogram, reviewed by an experienced examiner concerning 
the presence of the malignant lesion and its relation to the 
resection margins. A margin was considered positive if the 
malignant lesion seemed to infiltrate the margin. In the event 
of poor visibility, ACUSON S2000 or S3000 ultrasound unit 
(SIEMENS Medical Solutions, Mountain View, CA, US), 
18 MHz devices, were available for additional sonographic 
examination. A recommendation for re-excision of the 
according orientation was given directly to the surgeon if the 
examiner considered one or more of the resection margins 
to be infiltrated. It was up to the surgeon’s discretion if an 
extension of excision was to be performed. It shall be noted 
that not only SR but also the surgeon’s clinical impression 
after gross inspection served as a margin assessment tool 
and may have led to re-resections during the primary surgery 
even if SR did not recommend further excision. After the 
procedure, all specimens were sent to pathology for histo-
logical assessment, functioning as reference standard.

The pathologic staging included gross and microscopic 
inspection of all resection margins. According to the AJCC 
Cancer Staging Manual, the presence or absence of resid-
ual tumor was classified as R0 (No residual tumor), R1 
(Microscopic residual tumor), R2 (Macroscopic residual 
tumor), or RX (Presence of residual tumor cannot be 
assessed) [19]. All margins with an assessment other than 

Fig. 1  Simplified exemplification of a specimen’s orientation and 
directions
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R0 were handled as positive. At the time of interest, R0 
was defined as margin width ≥ 1 mm in invasive cancer 
and ≥ 2 mm in DCIS [20]. The pathologists were unaware 
of SR-findings. All examiners had access to clinical infor-
mation concerning the respective patient.

To evaluate the diagnostic reliability, the SR-report 
was compared to the histopathological assessment of the 

specimen’s initial margins. Positive final resection margins 
set the indication for further surgical therapy.

Statistical analysis

Statistical analysis was carried out in co-operation with an 
independent statistician using the validated software SPSS 

Fig. 2  Example of a two-view specimen radiograph with sufficient margin width in all directions

Fig. 3  Flow diagram for study 
population and SR results
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Statistics Version 24. Descriptive analyses were performed 
to assess patient and tumor characteristics. The diagnostic 
performance of SR was evaluated by calculating sensitiv-
ity and specificity along with 95% confidence intervals. In 
addition, the positive and negative predictive values are 
based on the observed sample prevalence. We also provide 
the number needed to treat (NNT) using histological assess-
ment findings as reference. The Chi-square test was used to 
assess differences in the the distribution of categorical vari-
ables. P values are not adjusted for multiplicity and must be 
interpreted descriptively.

Results

Patient and tumor characteristics

Mean age was 60.2 years (SD 10.9). Of all 470 lesions, 417 
(88.7%) cancers were invasive, 53 (11.3%) in situ carci-
noma without invasive component (Table 1). Mean tumor 
size including DCIS expansion was 18.5 mm (SD 11, range 
1–80 mm).

Preoperative wire localization

423 (90%) lesions were preoperatively wire-marked: 358 
guided by ultrasound, 61 by mammography, and 4 using 
both methods. 47 (10%) cases did not receive preoperative 
wire localization due to palpability.

Histopathological examination

Before the performance of targeted re-resections, a total of 
310 (11.0%) margins showed infiltration in the histopatho-
logical examination.

This translates to 167 patients (35.5%) on case level. Con-
sidering patient and tumor characteristics, the main risk fac-
tor for initial margin infiltration was a larger tumor size of 
310 infiltrated margins, 69 (22.3%) were located in cranial, 
whereas the other directions ranged from 44 (14.2%, ventral) 
to 51 (16.5%, lateral).

SR

SR was performed in all 470 cases. Therefore, 2820 mar-
gins were considered (Fig. 3). 445 (15.8%) margins were 
radiologically positive. Thereof, 114 (4.0%) were assessed 
correctly (true positive) (Table 2). Medial and lateral orien-
tations showed the highest rate of true positive identifica-
tion with 46.0% and 45.1%, followed by cranial and cau-
dal orientations with 37.7% and 36.7%. Ventral and dorsal 
orientations displayed the lowest true positive-rates (31.8% 
and 21.3%). These correctly identified that margins had the 
potential to go from initially infiltrated to finally negative if 
re-resections were carried out adequately.

The remaining 331 (11.7%) margins were falsely assessed 
as infiltrated (false positive), which translates to 132 (28.1%) 
patients on case level (Table 2). In these cases, healthy tis-
sue was resected unnecessarily if the surgeon followed the 

Table 1  Patient and tumor 
characteristics

characteristics all (n = 470) initial R0 (n = 303) initial R + (n = 167)

Age
 Mean 60.2 (SD 10.9) 60.3 (SD 10.7) 59.9 (SD 11.4)
 Range 26 to 94 26 to 94 32 to 88
 Premenopausal 83 (17.7%) 48 (15.8%) 35 (21.0%)
 Menopausal 27 (5.7%) 17 (5.6%) 10 (6.0%)
 Postmenopausal 360 (76.6%) 238 (78.5%) 122 (73.1%)

pT
 T0 1 (0.2%) 1 (0.3%) –
 Tis 55 (11.7%) 32 (10.6%) 23 (13.8%)
 T1 279 (59.4%) 198 (65.4%) 81 (48.5%)
  T1mic − 1 (0.2%) – − 1 (0.6%)
  T1a − 15 (3.2%) − 7 (2.3%) − 8 (4.8%)
  T1b − 74 (15.7%) − 56 (18.5%) − 18 (10.8%)
  T1c − 189 (40.2%) − 135 (44.6%) − 54 (32.3%)

 T2 134 (28.5%) 72 (23.8%) 62 (37.1%)
 T3 1 (0.2%) – 1 (0.6%)
 T4 – – –

Histology
 In situ 53 (11.3%) 32 (10.6%) 21 (12.6%)
 Invasive 417 (88.7%) 271 (89.4%) 146 (87.4%)
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recommendation for re-resection. For these patients SR was 
disadvantageous.

Of 2375 (84.2%) radiologically negative margins, 
2179 (77.3%) were assessed correctly (true negative). 
196 (7.0%) were histologically infiltrated (false nega-
tive) (Table 2). If not autonomously re-resected by the 
surgeon, these margins were finally positive which set the 
indication for further therapy. These two groups of patients 
had neither a benefit nor a disadvantage by the use of SR.

This results in a sensitivity of 36.8%, a specificity of 
86.8%, a PPV of 25.6%, and a NPV of 91.8% (Table 3).

Targeted re‑excisions

In total, 431 targeted re-excisions in 291 cases were per-
formed within the primary surgery. In 89.7% of those cases 
only one or two targeted re-excisions were additionally 
excised (frequencies as listed in Table 4). On average, 1.5 
re-resections per patient who are receiving re-excision 
were performed. Pathology documented the re-resection 
weight in 187 of 291 cases. The mean weight additionally 
excised was 12.3 g (SD 12.1, range 1 to 101 g).

Of all recommended re-resections, re-excision of the 
ventral and dorsal orientation were refused most fre-
quently, because in the case of maximal surgery up to the 
fascia respectively the skin, surgery was considered con-
cluded even if margins were histopathologically positive. 
These cases might wrongfully be registered as “false nega-
tive re-resections”.

Final positive margin rate

After consideration of the re-excision-specimens, the final 
histopathological result was conducted. The number of 
initially infiltrated margins could be reduced from 310 
(11.0%) to 214 (7.6%), i.e., by 30.6% with an absolute risk 
reduction of 3.4%. This results in a NNT of 30 margins 
needed to be analyzed and treated to convert one initially 
positive margin into finally negative.

On case level, 162 (34.5%) patients would have required 
further surgery in the hypothetical case where no margin 
assessment and no re-resections would have been carried 
out. Therefore, SR in addition to gross assessment by 
the surgeon reduced the rate of secondary procedures by 
37.0% (from 162 to 102 (21.7%)).

Secondary procedures

102 cases (21.7%), consisting of 100 cases with a final posi-
tive margin status and 2 cases with satellite lesions in pathol-
ogy, required further surgical therapy to obtain negative mar-
gins; 84 breast conserving and 15 secondary mastectomies 
were conducted. Three patients were operated in another 
center. Seven cases required a third procedure, five of these 
were secondary mastectomies. In one case, four surgeries 
were necessary to excise the malignant tissue completely.

Discussion

SR has been explored in several studies [21–25]. However, 
to our knowledge, this study is first to assess margins sepa-
rately. We believe it is necessary to go on a margin level to 
analyze SR accurately if targeted re-excisions are performed. 
Otherwise, if a specimen with a radiologically positive mar-
gin status proves to show infiltration in histopathology, the 
SR-finding might be labeled “true positive,” although orien-
tations of radiological and histological involvement diverge.

Even though SR has been an established tool of intraop-
erative margin assessment for more than two decades, study 

Table 2  SR and histological assessment on margin level

TP  true positive, FP false positive, TN  true negative, FN false nega-
tive

SR Pathology

Positive Negative Total

Positive 114 (4.0%, TP) 331 (11.7%, FP) 445 (15.8%)
Negative 196 (7.0%, FN) 2179 (77.3%, TN) 2375 (84.2%)
Total 310 (11.0%) 2510 (89.0%) 2820 (100%)

Table 3  Analysis of SR on margin level

Variable Value (%) 95% Confi-
dence Interval 
(%)

Sensitivity 36.8 31.4–42.2
Specificity 86.8 85.5–88.1
Positive predictive value 25.6 21.6–29.7
Negative predictive value 91.8 90.7–92.9

Table 4  Number of re-excisions per case

Number of re-excisions per case Number of cases

1 188 (64.6%)
2 73 (25.1%)
3 24 (8.2%)
4 5 (1.7%)
5 1 (0.3%)

291



430 Breast Cancer Research and Treatment (2020) 179:425–433

1 3

comparability is low. A recent meta-analysis by Versteegden 
et al. demonstrated the weaknesses of the existing studies. 
Sensitivity/specificity and PPV/NPV ranged from 22 to 
77%/51 to 100% and 53 to 100%/32 to 95%, respectively 
[26]. This divergence is based on diverse study structures 
with varying definitions of key parameters, presenting a 
challenge in terms of comparison. Prospectively, important 
steps to generate comparable studies would be an agreement 
on a consistent definition of a safe margin width, currently 
ranging from “no tumor on ink” [27, 28] to > 5 mm [22], and 
the determination on statistical parameters to be calculated, 
e.g., the number needed to treat.

Multiple studies [29–31], including a recent review by 
Gray et al. [32], indicate that SR is not able to reduce the 
rate of positive margins and hence, the reoperation rate. 
Hisada et al. stated that their PMR (positive margin rate) 
was not affected by re-resections as advised by digital SR 
[22]. Bimston et al. stated that only 1.8% of patients ben-
efited from its use [33]. Reasons for those results might be 
the renunciation of a second view in most of these studies.

In our study however, we noticed a reduction of infiltrated 
margins from 11 to 4%, translating to a reduction of second-
ary procedures from 34.5 to 21.7% on case level. This is 
concordant with Ciccarelli et al. and Chagpar et al., who 
reported a reduction of second surgeries, with their PMR 
ranging from 31 to 21% [24] and 37.8 to 28.9%, respectively 
[34]. McCormick et al. stated a reduction from 12 to 5% 
[21], indicating a generous primary resection as their PMR 
was remarkably low. It shall be noted that in our study not 
only SR but also the surgeon’s clinical impression set the 
indication for re-excision, limiting this study as it caused dif-
ficulty in assessing the respective impact on the reduction of 
second surgeries due to the retrospective nature of this study.

Moreover, we report a high specificity and NPV of 
86.8%/91.8%. These results are influenced by a high major-
ity of initially clear margins (89%). Naz et al. explored 
the ability of SR to predict complete local excision and 
reported a sensitivity/specificity of 80.7%/81% [35]. Hence, 
SR is a sensitive tool to provide intraoperative assurance 
of complete excision, which pathology can only achieve 
postoperatively.

Specimen orientation

The low sensitivity and PPV of 36.8% and 25.6% are likely 
to be influenced by errors of orientation and the difficulty of 
adequate specimen-handling. Schmachtenberg et al. stated 
incorrect orientations in as many as 16.9% of all cases with 
correctly diagnosed margin involvement [23]. Molina et al. 
reported an overall disorientation rate of 31.1%, which espe-
cially affected lower volume specimens [36].

A false orientation of the specimen can have serious 
implications, e.g., re-excision of a false orientation and a 
remaining positive margin status, putting the patient at risk 
for local recurrence. Finally, the orientation by pathology is 
used as gold standard, although it may deviate from the orig-
inal anatomical position. Regarding the assessment divided 
by orientation, it is noticeable that there seems to be a divi-
sion in pairs: medial–lateral and cranial-caudal. This is likely 
to be attributed by the fact that if an error of orientation 
occurs, the corresponding direction will also be affected. 
Prevention and improvements should be made through an 
immediate and careful marking, as well as great diligence in 
handling the specimen in the following processes.

False positives

In our study, we report a high rate of 11.7% false positively 
assessed margins. If re-resected, these patients suffered a 
disadvantage as healthy tissue was unnecessarily excised. 
Ota et al. found similar results with a radiological PMR of 
47% versus a true positive margin rate of 5.8% [27]. How-
ever, this study is limited by a low case count of 17 patients. 
The pancake phenomenon as stated by Graham et al. pro-
vides possible explanation. They found an average loss of 
the specimen’s height and mean volume after excision of 
46% and 30%, resulting in flattened tissue in which malig-
nant tissue might appear falsely close to the resection mar-
gin, generating false positive findings. Furthermore, SR uses 
compression which enhances the effect [37]. Clingan et al. 
stated that undue specimen compression is common in rou-
tine SR and results in potential margin distortion, although 
it is unnecessary for successful image generation [38]. In the 
future, efforts should be made to avoid specimen alteration 
e.g., by fixation methods and renunciation of compression 
that causes alteration.

We found that the advantage of identifying infiltrated 
margins outweighs the disadvantage of false positive re-
resections in this setting, as targeted re-excisions are usu-
ally of very limited volume, particularly in comparison to 
the cavity shave re-excisions [39, 40]. The median weight 
additionally excised as documented in 187 cases was 12.3 g, 
which presumably had only a minor effect on the aesthetic 
result.

Radiological margin width

To obtain an ideal aesthetic outcome, we removed a mini-
mal amount of tissue. Therefore, margins tend to be nar-
row and are only considered radiologically positive if the 
tumor seems to infiltrate the edge. The viewer assesses the 
specimen without carrying out measurements; this requires 
high-level expertise and good communication between the 
mammographer and the surgeon. In the future, measuring 
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of margin distances could be performed to generate more 
comprehensible results and to achieve comparability.

Studies indicate that a certain radiological margin width 
is a predictive factor for a positive margin status. Recom-
mendations, as to how wide a radiological margin should 
be in order to obtain a clear histopathological margin range 
from 4 to 10 mm in DCIS and 0 to 5 mm in all other can-
cers [23, 25, 41]. Mazouni et al. stated furthermore that a 
higher threshold value correlated with higher SR-sensitivity 
(radiological cut off 1 mm—sensitivity: 33%; 5 mm—50%; 
10 mm—75%) [25].

Cavity shave margins

Cavity shave margins are a similar approach in the sense 
that a higher volume of resected tissue correlates with a 
lower risk of final infiltration and therefore local recur-
rence. Huston et al. reported a secondary procedure rate 
of 17.7% after cavity shaving in comparison to 32.5% 
after selective re-resection of 1–3 margins [40]. Chagpar 
et al. stated in their prospective randomized trial that they 
could reduce the initial PMR in the shave group from 36 to 
19%, while the no-shave group, in which patients received 
standard-protocol BCS including intraoperative margin 
assessment, had a final PMR of 34% [39].

The renunciation of selectivity such as systematic or 
cavity shave resections are accompanied by the resection 
of more tissue-volume [39, 40] and consequently a less 
ideal aesthetic result, although in their study Chagpar et al. 
claimed that there was no decrement of patient-perceived 
cosmeses [39]. This could be due to the usual unfamiliar-
ity of patients with the aesthetic results of BCS and the 
missing basis for comparison. Brands-Appeldoorn et al. 
showed that the agreement on aesthetic outcomes after 
BCS between patients and professionals was only moder-
ate [42], Al-Ghazal et al. even noted in a review that many 
studies have shown that patients tend to evaluate the aes-
thetic outcome more positively than health care providers 
[43]. As cosmesis and quality of life after BCT are closely 
linked, efforts should be made to assess the aesthetic out-
come thoroughly.

It could be argued that the increased excised volume 
within the primary procedure and the subsequent effect on 
cosmesis is less severe than a potential secondary inter-
vention, if margin control is not as effective. Gibson et al. 
explored the local recurrence rate after cavity shaving 
versus targeted re-resectioning after the histopathological 
assessment and concluded that ink-directed re-excision of 
specimens with an initial positive margin status minimized 
the amount of tissue removed without increasing the inci-
dence of local recurrence and is therefore the preferable 
method [44]. This shows that if exerted correctly, selective 

re-resections are a safe method regarding long-term local 
control.

The complete excision of the tumor must be the goal of 
BSC. It is clear; the more tissue removed, the lower the 
risk of remaining malignant tissue—but at what cost for 
the patient? Current guidelines demonstrate the tendency 
towards more narrow margins. SR as an intraoperative 
tool can function as a safety net, enabling to operate as 
sparingly as possible. We believe the objective of future 
efforts should be to improve intraoperative margin control 
as opposed to go back to more radical and invasive meth-
ods at the expense of patients.

Limitations

The limitations include the retrospective nature of this 
study. Furthermore, the impact of gross inspection by the 
surgeon as implemented can, if not documented precisely, 
be elusive and difficult to differentiate from SR on case 
level, which may lead to distortions in the assessment of 
SR. In our study, we included all histological types. To 
assess specific diagnostic accuracy, a distinction between 
tumor histologies should be performed.

Conclusions

SR is a helpful tool to support the approach of tissue-
sparing surgery. It provides intraoperative assurance and is 
able to prevent secondary procedures by identifying infil-
trated margins and recommends selective re-excisions. It 
shall be noted that SR is prone to sources of error such as 
specimen orientation and handling, resulting in false posi-
tive findings and consequently aesthetic and economic dis-
advantages. In order to use SR effectively, efforts should 
be made to minimize those sources of error, so the number 
of patients benefitting from its use will increase. In the 
future, prospective studies and long-term follow-up data 
are necessary to further examine the benefit of intraopera-
tive re-excision guided by SR, specifically for each tumor 
histology.
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