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Abstract

Purpose This is the first study to systematically evaluate the diagnostic accuracy of intraoperative specimen radiography on
margin level and its potential to reduce second surgeries in patients treated with neoadjuvant chemotherapy.

Methods This retrospective study included 174 cases receiving breast conserving surgery (BCS) after neoadjuvant chemo-
therapy (NACT) of primary breast cancer. Conventional specimen radiography (CSR) was performed to assess potential
margin infiltration and recommend an intraoperative re-excision of any radiologically positive margin. The histological
workup of the specimen served as gold standard for the evaluation of the accuracy of CSR and the potential reduction of
second surgeries by CSR-guided re-excisions.

Results 1044 margins were assessed. Of 47 (4.5%) histopathological positive margins, CSR identified 9 correctly (true posi-
tive). 38 infiltrated margins were missed (false negative). This resulted in a sensitivity of 19.2%, a specificity of 89.2%, a
positive predictive value (PPV) of 7.7%, and a negative predictive value (NPV) of 95.9%. The rate of secondary procedures
was reduced from 23 to 16 with a number needed to treat (NNT) of CSR-guided intraoperative re-excisions of 25.

In the subgroup of patients with cCR, the prevalence of positive margins was 10/510 (2.0%), PPV was 1.9%, and the NNT
was 85.

Conclusion Positive margins after NACT are rare and CSR has only a low sensitivity to detect them. Thus, the rate of sec-
ondary surgeries cannot be significantly reduced by recommending targeted re-excisions, especially in cases with cCR. In
summary, CSR after NACT is inadequate for intraoperative margin assessment but remains useful to document removal of
the biopsy site clip.

Keywords Breast cancer - Breast conserving therapy - Surgical margins - Intraoperative re-excision - Specimen
radiography - Neoadjuvant chemotherapy

Abbreviations PMR:  Positive margin rate
BCS: Breast conserving surgery PPV: Positive predictive value
cCR: Clinical complete response

CL: Confidence interval

CSR:  Conventional Specimen Radiography Introduction
NACT: Neoadjuvant chemotherapy
NNT:  Number needed to treat
NPV: Negative predictive value

pCR: Pathological complete response

In the past decades, breast conserving surgery (BCS) has
become the standard surgical approach for early breast
cancer, and leads to equal [1, 2] or superior [3, 4] overall
survival compared to mastectomy. Neoadjuvant chemother-
apy (NACT) is the standard approach for high-risk cancer
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patients and can lead to a significant reduction of tumor
mass. Often this allows a further reduction of the extent of
breast surgeries, which contributes to an improvement of
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the esthetic outcome and patient satisfaction [5-7] as well
as a higher quality of life [8, 9] and a reduced risk of post-
operative complications. The surgeon should try to remove
as little healthy tissue as possible while avoiding tumor-infil-
trated (positive) resection margins, which are a risk factor for
local recurrence [10]. Conventional specimen radiography
(CSR) using mammography in two orthogonal orientations
is used to assess the margin status and recommend intraop-
erative re-excision if necessary. Ideally, this leads to tumor
free resection margins and can help to avoid a secondary
re-excision. The proportion of patients who actually benefit
from CSR depends on the prevalence of initially positive
margins. Thanks to more frequent administration and more
effective systemic treatment options, an increasing number
of patients achieve a pathological complete response (pCR)
after NACT [14]. Thus, the prevalence of initially positive
margins is expected to be lower in patients after NACT and
the use of CSR seems questionable in the postneoadjuvant
setting [15].

Materials and methods

This study was approved by the ethics committee of the
University’s Medical Faculty under file number S-468/2016.

Patient population

Patients treated at the Breast Unit with BCS after NACT
of invasive breast cancer between January 2014 and
December 2015 were included consecutively in the anal-
ysis. Cases that did not receive CSR (n=57), mostly for

reasons of palpability, or did not receive NACT (n=471)
were excluded from further analysis. For subgroup analy-
sis, patients” response to NACT was classified as clinical
complete response (cCR; defined as the absence of evidence
of residual tumor in clinical examination, ultrasound, and
mammography after NACT) and non-cCR (Fig. 1).

Conventional specimen radiography and surgical
procedure

Preoperative wire-localization using ultrasound or ste-
reotactic guidance was performed and controlled by
mammography.

The specimen orientation was marked by sutures of dif-
ferent lengths according to institutional standard operating
procedures. CSR was performed in the breast unit using
Mammomat Inspiration (Siemens AG, Erlangen, Germany)
with 1.4 X direct magnification in two orthogonal views
without compression. One of six physicians with more than
ten years of experience in diagnostic mammography and
CSR evaluated the position of the target lesion and its rela-
tion to the resection margins. Clinical history and previous
images were available to the radiologist. If any of the mar-
gins appeared to be infiltrated, the radiologist advised the
surgeon to perform an intraoperative re-excision of the same
orientation.

The pathologic workup of the specimen and the re-exci-
sions was the gold standard for the evaluation of the diag-
nostic accuracy of CSR. According to the national guideline
at the time of data collection (2014-2015), a positive margin
was defined as < 1 mm in invasive carcinoma and <2 mm in
ductal carcinoma in situ (DCIS) [16], defining the indication

Fig. 1 Flow diagram of patient
population 702 BCS
in 2014 and 2015
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for re-excision. According to the guideline of 2017, a clear
margin was defined as “no ink on tumor” [17] (Fig. 2).

Statistical analysis

Descriptive analyses were performed using IBM SPSS Sta-
tistics Version 26, (Armong, NY, USA). Sensitivity and
specificity of CSR was calculated along with 95% confi-
dence intervals using SAS 9.4 WIN (Cary, NC, USA). One
sided Chi-square-test was used to assess the level of signifi-
cance of the differences in sensitivity and specificity among
the subgroups. P-values are not adjusted for multiplicity and
must be interpreted descriptively.

The primary endpoint was the NNT to avoid a second
surgery by CSR-guided intraoperative resections.

Results
174 patients received BCS after NACT and were included in

this analysis (Table 1). For each primary resection specimen,
six margins were assessed (1044 in total).

Feera

4

Fig.2 Example of a conventional two-view specimen radiograph of
a cCR patient. Marking wire and clipmarker are visible in the former
tumor bed (a). In the twofold magnification of CSR, residual micro-
calcifications with insufficient margin width in the dorsal direction
are visible, so re-excision was recommended in this direction (b). In
contrast, the pathological workup showed a pCR (false positive CSR).
The arrow indicates residual microcalcifications reaching the caudal
margin

85 Patients (48.9%) had a clinical complete response
(cCR), whereas 89 (51.1%) had no cCR. In 82 cases (47.1%),
NACT resulted in a pCR (ypTO).

Histopathological margin infiltration
by orientations

The histopathological workup of the main specimen (with-
out re-excisions), showed an infiltration of 47 (4.5%) mar-
gins. The cranial and dorsal orientation most frequently
showed margin involvement (14 positive margins, 1.3%).

Margin assessment by CSR

In total, 1044 margins were analyzed with CSR (Table 2), of
which 117 (11.2%) were radiologically positive. Nine (0.9%)
were histologically and radiologically positive (true posi-
tive CSR). Based on the correct identification by CSR, these
margins could be re-resected in the same surgery, potentially
reaching a final negative margin state in the same surgery.

108 (10.3%) histopathologically clear margins were
falsely assessed as positive by CSR. In these cases, healthy
tissue was re-resected unnecessarily if the surgeon followed
the recommendation for re-excision.

Of 927 radiologically negative margins, 38 (4.1%) were
histologically infiltrated (false negative CSR). In these cases,
no recommendation for re-excision was given based on CSR
and the final margin status in the first surgery was positive
(unless the surgeon performed a re-excision based on gross-
inspection), resulting in the necessity for a second surgery.

Comparison of margin assessment between cCR
and non-cCR patients

Regarding all 1044 margins, CSR had a sensitivity of 19.2%,
specificity of 89.2%, PPV of 7.7%, and NPV of 95.9%.

In the subgroup of cCR patients, the prevalence of his-
tologically positive margins was 10 of 510 (2.0%). One of
these margins was correctly diagnosed as radiologically
positive (true positive CSR, 10.0%). In contrast, 51 of 500
histologically negative margins (10.2%) were false positive
in CSR.

Compared to the non-cCR patients, there was no relevant
difference in specificity (89.8% versus 88.5%, p=0.542).
Sensitivity (10.0% versus 21.6%, p=0.660) and PPV (1.9%
versus 12.3%, p=0.076) were lower in the cCR subgroup,
but the differences were not statistically significant.

Intraoperative re-excisions and final positive margin
status on case level

In 95 (54.6%) patients, at least one intraoperative re-excision
was performed (Table 3). In 79 (83.2%) cases, this turned
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Table 1 Patient and tumor

L Number of patients (n=174) (percentages in brackets)
characteristics
Age
Mean 51.4(12.2)
Range 24 to 82
Ethnicity not systematically assessed, mostly European
Cup size
A 5(2.9)
B 46 (26.4)
C 26 (14.9)
D 14 (8.0)
E 2(1.1)
F 1 (0.6)
Unknown 80 (45.4)
Menopausal status
Premenopausal 62 (35.6)
Menopausal 22 (12.6)
Postmenopausal 90 (51.7)
Breast density (ACR)
A 11 (6.3)
B 82 (47.1)
C 61 (35.1)
D 20 (11.5)
Target structure for lesion marking
Clip marker 158 (90.8)
Clip marker detected in CSR 154 (97.4)
Microcalcifications 16 (9.2)
Radiographic presentation of the tumor
Only mass 126
Mass with microcalcifications 16
Only microcalcifications 2
MRI performed
Before and after NACT 18 (10.3)
Only before NACT 68 (39.1)
Only after NACT 5(2.8)
Remission status
cCR 85 (48.9)
With pCR (%) 58 (68.2)
Non-cCR 89 (51.1)
With pCR (%) 25(28.1)
Final T-stadium (ypT)
0 82 (47.1)
is 11 (6.3)
1 62 (35.6)
— Imic 1(0.6)
—1la 19 (10.9)
-1b 14 (8.0)
—1lc 28 (16.1)
2 17 (9.8)
3 1 (0.6)
4 _

Median specimen weight

Primary resection 38.0 g (range 5; 268)
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Table 1 (continued) Number of patients

(n=174) (percentages in brackets)

Re-resection

7.6 g (range 1; 41)

Histologically Infiltrated margins by orientation

Total
Medial
Lateral
Kranial
Kaudal
Ventral
Dorsal

47 (4.5)
3(0.3)
3(0.3)
14 (1.3)
9(0.9)
4(0.4)
14 (1.3)

cCR clinical complete response, pCR pathological complete response

Table 2 Evaluation of Conventional Specimen Radiography on a margin level for the whole and for patients with clinical complete response ver-

sus no clinical complete response

Overall cohort

Clinical complete response

No clinical complete response  Total—no. (%)

(cCR) (non-cCR)

CSR positive ~ CSR negative CSR positive CSR negative CSR positive CSR negative —
Reference test positive™ 9 38 1 9 8 29 -
Reference test negative** 108 889 51 449 57 440 -
Total—no. (%) 1044 (100%) 510 (100%) 534 (100%) -

(95% CI) (95% CI) (95% CI) p-value*#*
Sensitivity—% (95% CI)  19.2% (9.2-33.3%) 10.0% (0.3-44.5%) 21.6% (9.8-382%)  0.660
Specificity—% (95% CI)  89.2% (87.1-91.0%) 89.8% (86.8-92.3%) 88.5% (85.4-91.2%) 0.542
PPV—% (95% CI) 7.7% (3.6-14.1) 1.9% (0.1-10.3%) 12.3% (5.5-22.8%)  0.076
NPV—% (95% CI) 95.9% (944-97.1%) 98.0% (96.3-99.1%) 93.8% (91.2-95.8) 0.001
Margin conversion 15 (1.4%) 1 0.2%) 14 (2.6%)
through CSR—no. (%)

NNT 70 510 38

¢CR clinical complete response, CSR Conventional Specimen Radiography, NACT neoadjuvant chemotherapy, NNT number needed to treat,
NPV negative predictive value, PMR positive margin rate, PPV positive predictive value

*Tumor infiltrated margin in histopathologic evaluation of the surgical specimen

**No tumor infiltrated margin in histopathologic evaluation of the surgical specimen

*#*For clinical complete response versus no clinical complete response

out to be unnecessary, because all margins were histopatho-
logically negative. In 16 (9.2%) cases, margin infiltration
was confirmed in histopathological examination. In 6 (3.4%)
cases, all histologically infiltrated margins were correctly
identified by CSR. In the remaining 10 (5.7%) cases, at least
one histologically infiltrated margin was missed by CSR.
Through intraoperative re-excisions, the number of infil-
trated margins could be reduced from initially 47 (4.5%) to
32 (3.1%).

Detection of clip markers by CSR

154 of 158 (97.4%) clip markers used for preoperative locali-
zation were detected in CSR. In three of the six remaining
cases, the marker was preoperatively found to be dislocated
(by 10 mm, 10 mm, and 14 mm, respectively) and was

therefore not directly targeted with the wire marking. In one
case, the clip marker was detected neither in CSR nor in a
postsurgical control mammography (therefore, the clip must
have been removed during the surgery without noticing by
the surgeon), and in one case it was identified macroscopi-
cally by the surgeon and removed before CSR. In 16 cases,
no clip marker had been applied because microcalcifications
were used for wire localization of the target lesion.

Effect of CSR-guided resections on secondary
procedures

In the whole cohort, 23 patients would have required further
surgery if no margin assessment and no re-excisions had
been carried out. Through intraoperative re-excisions based
on CSR together with the gross assessment by the surgeon,
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Table 3 It shows the effect of CSR-guided re-resections on the final margin status and reduction of secondary surgeries on case level

Overall cohort

cCR after NACT

Non-cCR after NACT

Number of cases
Initial PMR
True positive
False positive
True negative
False negative
Sensitivity
Specificity
PPV

NPV

Final PMR

Conversion of margin status through CSR

NNT for conversion of margin status through CSR

Secondary surgeries

Number of secondary surgeries avoided through CSR

NNT to avoid secondary surgeries through CSR

174 (100%)

25 (14.3%)

13 (7.5%)

62 (35.6%)

87 (50.0%)

12 (6.9%)

52.0% (31.3-72.2%)
58.4% (50.0-66.4%)
17.3% (9.6-27.8%)
87.9% (79.8-93.6%)
17 (9.8%)

8 (4.6%)

22

16 (9.2%)

7 (4%)

25

85 (100%)

7 (8.2%)

3(3.5%)

33 (38.8%)

45 (52.9%)

4 (4.7%)

42.9% (9.9-81.6%)
57.7% (46.0-68.8%)
8.3% (1.8-22.5%)
91.8% (80.4-97.7%)
6 (7.1%)

1(1.1%)

85

6 (7.1%)

1(1.1%)

85

89 (100%)

18 (20.2%)

10 (11.2%)

29 (32.6%)

42 (47.2%)

8 (9.0%)

55.6% (30.8-78.5%)
59.2% (46.8-70.7%)
25.6% (13.0-42.1%)
84.0% (70.9-92.8%)
11 (12.4%)

7 (7.9%)

13

10 (11.2%)

6 (6.7%)

15

cCR clinical complete response, CSR Conventional Specimen Radiography, NACT neoadjuvant chemotherapy, NNT number needed to treat,

PMR positive margin rate in histology

clear margins were reached in 16 patients in the primary
surgery. Thus, the rate of secondary procedures was reduced
by 30.4%, resulting in a NNT of 25. In the cCR subgroup,
the rate of secondary surgeries was reduced by 14.3% from
seven to six patients by CSR-guided re-excisions. This trans-
lates to a NNT of 85 in the cCR subgroup.

Comparison with the efficacy of CSR in a cohort
of patients without NACT

In Table 4, we compare the results to the previously pub-
lished data from a cohort without NACT from the same
breast unit. On the margin level, we found a similar speci-
ficity (86.8%, versus 89.8%, p=0.055), but a significantly
lower sensitivity (19.2%) in the NACT cohort compared to
the non-NACT cohort (36.8%; p=0.012). The PPV is much
lower after NACT than in the non-NACT cohort (7.7% vs.
25.6%; p= <0.001).

Discussion

There are numerous studies on the use of CSR, but com-
parability of the results is limited, mostly because the
accuracy of CSR is not evaluated on a margin level [12,
18-21]. A meta-analysis by Versteegden et al. reported a
large range of sensitivity from 22 to 77%, specificity from
51 to 100%, and PPV from 51 to 100%, due to a large clini-
cal and methodological diversity with low comparability
of the studies [22]. While some studies [23-25], including
a recent review by Gray et al. [26], indicate that CSR is
not able to reduce the rate of positive margins and hence,
the reoperation rate, Ciccarelli et al. and Chagpar et al.
describe a reduction of the rate of second surgeries from
31to21% [12] and 37.8% to 28.9% [13].

The diagnostic accuracy of CSR in the present study
including only patients after NACT was comparable to

Table 4 Analysis of CSR in
Patients with and without
NACT on margin level

No NACT?* NACT p-value
Total margins (n=2826) (95% CI) (n=1044) (95% CI)
Infiltrated margins 310 (11.0%) 47 (4.5%)
Sensitivity 36.8% (31.4-42.2%) 19.1%  (9.2-33.3%) 0.012%*
Specificity 86.8% (85.5-88.1%) 89.2%  (87.1-91.0%) 0.055*
Positive predictive value (PPV) 25.6% (21.6-29.7%) 77%  (3.6-14.1%) <0.001*
Negative predictive value (NPV) 91.8% (90.7-92.9%) 95.9%  (94.4-97.1%) <0.001*

CI confidence interval, NACT neoadjuvant chemotherapy

#data from a previously published analysis[11]
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the results reported in the literature for non-selected
cohorts, with sensitivity and specificity of 19.2% and
89.2%, respectively. However, the prevalence of initially
positive margins was low in the overall cohort (n =47,
4.5%) and even lower in the cCR cohort (n=10, 2.0%).
Consequently, only a few patients could potentially benefit
from intraoperative re-excisions led by CSR. Accordingly,
the NNT were 25 in all NACT patients and 85 in the cCR
subgroup. This means that 84 of 85 patients with a cCR
would not benefit from CSR, while one second surgery
could be avoided. Whether this is an acceptable rate, has
to be discussed from a patient-based, clinical perspective.
Listening to our patients’ voice has gained more impor-
tance during the past years and should be considered as
the tipping point in such controversial risk—benefit evalu-
ations [28].

In cases with positive margin status, a secondary re-
excision will be recommended to eliminate residual dis-
ease. Yet, some patients might decline a second surgery
and thus do not achieve a finally negative margin. In this
constellation, an intraoperative re-excision could have a
relevant positive impact on oncologic safety.

Avoiding a second surgery also means a psychological
advantage for the patients, and no second general anesthe-
sia is needed. Lastly, esthetic outcome tends to be worse
if two surgeries are necessary for definite treatment [29].

False positives

The false positive rate of all assessed margins was 10.3%,
which could lead to the unnecessary removal of healthy
tissue if the recommendation for an intraoperative re-
excision was followed. The impact of the re-excision on
the esthetic outcome depends on the relation between the
removed tissue and the breast size. [5, 30] The median
specimen weight of the re-excisions in our study was 7.6 g
(range 1; 41). In patients with small breasts, even minimal
re-excisions with unnecessary removal of tissue could have
a relevant effect on the esthetic outcome.

One explanation for the high false positive rate might
be that in unclear cases the radiologist might intuitively
tend to report a positive than a negative margin for maxi-
mum oncologic safety. In addition, there is no consensus
on which radiological margin width should result in a rec-
ommendation for re-excision.

The shrinkage of the surgical specimen upon resection
described as “pancake phenomenon” by Graham et al.
results in apparently smaller safety margins and can con-
tribute to a false positive margin assessment. Inadequate
compression of the specimen during CSR can also lead to
a distortion of the tumor-margin-relation [31].

Finally, a large part of the lesion can be necrotic or
fibrotic due tumor regression after NACT, which can falsely
appear like residual tumor [32, 33, 36].

Comparison of cCR versus non-cCR cases

One would expect a very low prevalence of positive margins
in patients with a cCR, since many of these will have no
residual tumor. In our analysis, we found only 10/510 (2.0%)
positive margins in the cCR cohort, compared to 37/534
(6.9%) in the non-cCR cases. As a result, the NNT of 85 to
avoid one second surgery on case level is very high in the
cCR group, versus 15 in the non-cCR group. In fact, when
costs and risks of CSR-guided re-resections are balanced,
CSR does not seem to be an appropriate tool for margin
assessment in cCR patients. Apart from margin assessment,
CSR is also used to test if the biopsy site clip was removed
with the specimen as a real-time confirmation that surgery
was performed in the correct localization of the tumor bed
[27]. For this indication, CSR was very reliable in our analy-
sis, since 154 or 97.4% of 158 clip markers were detected
in CSR.

Limitations

Since this is a retrospective study, no change of clinical prac-
tice can be recommended based on the results. Although we
assessed 1044 margins, the power of the statistical analysis
is limited by the low prevalence of positive margins espe-
cially in the cCR subgroup.

One limitation in the study design is that re-excisions
could be performed not only based on the recommenda-
tion of CSR but also on the subjective assessment of the
surgeons (e.g., according to their clinical impression after
gross inspection of the specimen and palpation of the opera-
tion site). In future studies, the surgeon should be asked to
document systematically what influenced their decision to
perform a re-excision (recommendation from CSR versus
subjective decision).

According to the current clinical standard in our unit,
CSR was performed as standard digital mammography.
Some authors argue that using tomosynthesis for margin
assessment retrieves better results with a higher sensitiv-
ity [38, 39]. The potential benefit of tomosynthesis versus
mammography is larger in patients with high breast den-
sity leading to a decreased diagnostic accuracy of CSR
mammography.

An important source of error is the orientation and mark-
ing of the specimen. In the literature, rates of disorientation
up to 31.1%, are reported, particularly in small specimens
[40]. At our clinic, there is clear instruction for a standard-
ized marking of the specimen orientation, which should help
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to reduce the error rate. Still, depending on size, form, and
texture of the specimen, a clear marking can be challenging.

Due to the low prevalence of positive margins in the
whole cohort, we did not perform a subgroup analysis by
tumor biology. However, tumor subtypes differ regarding
the patterns of tumor regression, which leads to heterogene-
ous radiological appearances. It seems likely that this also
influences the accuracy of CSR. In future studies with suf-
ficient sample size for subgroup analyses, tumor biological
subtypes should be considered.

Conclusion

The prevalence of initially positive margins after NACT
and the sensitivity of CSR to detect them are low. A large
proportion of patients might be overtreated by CSR-guided
re-excisions. Balancing the benefit of a few spared second
surgeries in relation to the much more frequent unnecessary
or even harmful re-excisions after CSR, the use of CSR as a
margin assessment tool cannot be generally recommended
after NACT, particularly if a cCR was reached. Yet, CSR
remains useful to document removal of the clip marker in
the target lesion.
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