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Abstract

In the United Kingdom since the late 1990s there has been both a shortage of and falling level in recruitment of breast radiologists/radiographers. Specimen
radiography is a widely used intra-operative adjunct to aid margin assessment in patients undergoing wide local excision for early stage breast cancer.

Aim: This study looks to determine accuracy and congruence of radiological intra-operative margin assessment by surgeon and consultant radiographer against the
gold standard of histological assessment.

Method: Prospective assessment of specimen margins for all wide local excisions performed between June 2015 and June 2017 by a single breast surgeon in the UK.
Specimen radiographs were independently assessed by a consultant radiographer and surgeon for adequacy of margins and compared to histological assessment.

Result: Both surgeon and consultant radiographer had an equal sensitivity of 33%, and specificity of 63% versus 73%. Negative predictive values were 89.2 (surgeon)
vs 90.5 (radiographer). There was fair agreement between surgeon and radiographer (kappa= 0.252).

Discussion: The accuracy of margin assessment by the radiologist in this study is similar to current literature. There is agreement between surgeon and radiographer
and a high negative predictive value observed for both in x-ray interpretation suggesting equivalence of assessment and high confidence in evaluating negative margins.
With the current UK trend of increasing radiology specific breast disease workload and recruitment deficit, a surgeon margin assessment only of the specimen x-ray
may more optimally utilise radiology time without compromising re-operation rates.

Introduction

Breast conserving surgery (BCS) is a safe, effective and widespread
treatment for the management of early stage breast cancers [1-3]. The
purpose of BCS is to remove the cancer with an effective margin* whilst
maintaining the cosmetic appearance of the breast [5,6]. For control of
local recurrence, excision with clear margins has established importance
[7]. Local recurrence has also been shown to impact on overall survival
with the Early Breast Cancer Triallists’ Collaborative Group concluding
that avoiding four local recurrences prevents one breast cancer related
death when other causes of death are excluded [8,9].

The UK National Health Service (NHS) breast screening
programme, by detecting cancers early in their natural history, often
identify clinically impalpable lesions [10-11]. This presents unique
challenges to the surgeon particularly in intra-operative assessment
of adequacy of excision. Radiologically positioned wire guidance and
ultrasound marking are established interventions to aid the surgeon
in localizing clinically impalpable lesions [12-16]. Different modalities
have been employed to subsequently assess intra-operative adequacy of
excision margins. Specimen mammography is one assessment modality,
which has been found to be useful but not always reliable for detecting
margin involvement [17-19]. The literature shows some variation with
negative predictive values as low as 32% and sensitivity up to 62% for
radiologically detecting tumour at the margins [20]. A specimen X-ray,
which correctly interpreted as identifying a clear or close/involved
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margin intra-operatively allows the surgeon to undertake where
necessary a margin cavity shave at the same operation to increase the
chance of a histologically clear margin at the first operation.

The Royal College of Radiologists (RCR) has recently reported that
there is a “looming workforce crisis facing breast cancer screening and
diagnostic services” in the NHS [21]. According to a recent RCR survey
shortages are so common that almost one in 10 (8%) consultant posts
in NHS breast radiology services are unfilled and a quarter of breast
cancer screening programme units operate with just one or two breast
radiologists [22,23].

This is not a recent phenomenon and this shortage in specialist
breast radiologists in recent years has prompted the emergence of
consultant radiographers to maintain double reading and perform tasks
to an equivalent competency as breast radiologists [24]. The ability of
the radiographer to identify abnormalities on screening mammograms
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has been demonstrated in several studies [25]. When compared to
radiologists the radiographers have higher false positive rates, but
similar sensitivity [26-28]. Furthermore, trained radiographers have
been shown to perform as well in the clinical setting [29].

In our institution specimen mammography is employed intra-
operatively to guide adequacy of excision margins. The mammogram is
reviewed by the operating surgeon intra-operatively but not routinely by
a consultant breast radiologist/radiographer although it is subsequently
reported on postoperatively.

This study looks to determine the accuracy of intra-operative
radiological margins assessment by surgeon and radiologist against
the gold standard histological assessment. We also aim to evaluate the
effectiveness of intra-operative radiological assessment for achieving
clear margin resections of breast tumors at first operation.

Method

All patients requiring BCS for invasive or pre-invasive breast
disease performed by a single oncoplastic breast surgeon within the
breast surgery department of the Royal Wolverhampton Hospitals NHS
trust between June 2015 and June 2017 were recruited. Each excised
breast lesion was orientated by sutures and titanium clips to identify the
superior, medial and lateral aspects as shown in Figure 1.

For each case, a single view intra-operative specimen mammogram
was performed using a Faxitron (Biovision, 24 inch 3.7Mp high
resolution monitor) and commented upon by the operating surgeon as
shown in Figure 2.

The mammogram was independently commented upon by a single
dedicated consultant breast radiographer postoperatively. The surgeon
or consultant radiographer commented on any one or multiple margins
as being clear, or close/involved, based on the intraoperative radiological
image. The consultant radiographer read the images on a 30-inch Barco
Monitor (6Mp resolution). Standard surgical practice was for further
margin cavity shaves where the specimen x-ray was interpreted as close
or involved. Where any defect was left following surgical excision, as
necessary patients had breast parenchyma mobilization to close those
defects. Oncoplastic techniques were therefore employed to ensure
cosmetic satisfaction in all cases.

Figure 1. Breast Specimen orientated with sutures
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Figure 2. Single view specimen mammogram

The standard for a clear margin according to local protocol is equal
to or greater than 1mm as reported following histological assessment.
Data was collected on histological type, size and grade of tumour and
the outcome of whether further adjuvant treatment and/or surgery
was recommended following discussion at the multidisciplinary
meeting. Data was also collected on whether further cavity excisions
were performed by the surgeon following intra-operative radiological
assessment and the subsequent histological assessment of those cavity
excisions independently of the original excision.

Ethical approval

As a survey of practice where institution standard patient treatment
pathways were adhered to following consultation with local ethics
committee no formal ethical approval was required for this study.

Result

59 consecutive patients operated on by a single breast surgeon were
recruited. Lesions were either palpable (n=36) or localised with the aid
of radiologically placed wire guidance (n=23).

Table 1 details the breast disease treated in this series.

Figure 3 shows the agreement of surgeon and radiologist assessment
of margins with the histological assessment.

The results identified surgeon and radiological sensitivity of 33.33%
(CI 4.33-77.72% for both). Surgeon specificity was 63.46% (CI 48.96-
76.38) versus a radiologist specificity of 73.08% (CI 58.98-84.43). The
surgeon positive predictive value (PPV) was 9.52% (CI 3.11 - 25.65%)
and negative predictive value (NPV) 89.19% (CI of 81.88-93.78%).
Radiologist PPV was 12.50% (CI 4.06-32.54%) and NPV 90.48% (CI
of 84.05-94.48%).

Agreement of surgeon and radiologist with histological assessment
was calculated using Cohen’s kappa coefficient. Surgeon agreement
with histological assessment was found to be k= -0.015(no agreement)
and radiologist k=0.0367(slight agreement). The agreement between
surgeon and radiologist assessment was calculated to be k=0.252 (fair
agreement). The agreement between surgeon and radiographer though
from a patient perspective is most important. The poor agreement seen
between surgeon and radiographer to histological assessment can be
largely attributed to the low positive predictive value of each of these
clinicians. However, it is the negative predictive value that most impacts
patient care as it will directly relate to the need for a second operation.
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Table 1. Prevalence of the breast disease treated

Histology No. of patients
DCIS ALONE 1
High grade 1
INVASIVE 56
Ductal 21
Ductal + DCIS 22
Ductal + papillary 1
Lobular 7
Lobular +LCIS 1
Lobular + DCIS 1
Mucinous 2
Metaplastic 1
Benign lesion 2
Papilloma 1
Adenomyoepithelioma 1

Surgical assessment of margin involvement in
comparison to histogical assessment

19
— — L

Surg + Hist +

33

Surg + Hist - Surg - Hist + Surg -Hist -

Radiological assessment of margin involvement
in comparison to histogical assessment

38

14
9
: 1 =
e

Rad + Hist+

Rad + Hist - Rad - Hist + Rad - Hist -

Figure 3. Surgeon and Radiologist Assessment against Histological assessment (Figure 3a Surgical assessment; figure 3b radiological assessment).

The surgeon and radiographer had a high negative predictive value
of margin assessment and so rightly did not advocate further margin
cavity shaves at first operation and also correctly predicted a clear
margin so avoiding a second operation.

22 patients in this study (37.3%) underwent further margin cavity
shaves at first operation following surgeon assessment of specimen
radiography. 2 of these patients had histologically close margins from
the initial excision specimen. Of the 37 patients whose radiological
margins had been assessed as clear by the surgeon 3 needed a second
surgery for excision of margins (1 DCIS at margin, 2 invasive). Out of
the 16 patients assessed as close/involved by the consultant radiographer
1 patient needed further surgery for margins. The 42 patients the
consultant radiographer had judged as clear all had clear margins and
did not need any further surgery.

In the cohort of patients who required further surgery for involved
margins, only 1 was identified to have involved margins on specimen
radiography by the radiologist but not the surgeon.

Discussion

The results of this study show that there is fair congruence between
the assessment of the surgeon and the radiographer in interpretation
of the specimen x-ray. In our unit the reported sensitivity of specimen
x-ray margin assessment by both surgeon and radiographer is lower
than the literature (33% vs 62%). However, in this study wide confidence
intervals are seen for sensitivity due to the low event rate. The negative
predictive value in our unit of this assessment is very high (surgeon 89%,
radiographer 90%). This may be of most importance in clinical practice
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to ensure adequacy of margins and avoidance of repeat operations. This
observation shows that there can be a very high clinician confidence
of accuracy where the specimen x-ray is interpreted as showing clear
margins.

For surgeon decision making this may be regarded as the most
important conclusion from a specimen x-ray as an intraoperative test
to assess margin adequacy. Where specimen x-ray reported either by a
surgeon or radiologist/radiographer intra-operatively suggests close or
involved margins a surgeon will subsequently take further margin cavity
shaves at the first operation. This may increase the likelihood of clear
margins on histological assessment with minimal patient morbidity
even if that assessment of close/involved margins may be inaccurate.
2/22 patients were saved a re-operation due to this practice. However, if
a margin is assessed as clear on specimen x-ray then no further cavity
shaves are taken. So here if the test is interpreted incorrectly as negative
then the opportunity to take shaves and therefore reduce the likelihood
of a second surgery is missed.

Obtaining a specimen radiograph requires a greater use of resources
including radiology equipment and radiologist/radiographer time. This
study shows that a surgeon assessment of a specimen radiograph has a
very high negative predictive value and with acceptable agreement to a
radiologist/radiographer assessment.

The use of cabinet x-ray systems, such as Faxitron, which is utilized
in our unit, is observed in many breast units for intraoperative specimen
radiography. Such systems will avoid the need for the specimen to be
transported to the radiology department for assessment and then
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the delay for a radiologist/radiographer report to be undertaken and
communicated to the operating surgeon.

The UK has real challenges with the recruitment, retention and
necessary capacity of breast radiologists and radiographers to deliver a
breast service. The reporting of specimen x-rays is often then omitted
from the routine workload of the radiologists to prioritise the need of
this expertise. Although our study shows that radiologist interpretation
of intra-operative specimen x-rays can improve specificity (63.46%
vs 73.08%) and positive (9.5 vs 12.5%) and negative (89.2 vs 90.5%)
predictive values we argue that clinically this is not significant regarding
intraoperative decision making and avoiding repeat operations.

Specimen radiography has been shown to increase the complete
excision rate at the initial operation [29] [21]and so reduce the need
for breast cancer patients to undergo potentially avoidable repeat
operations. In this study, 1 re-excision could have been avoided if breast
radiology reporting had been accessible intra-operatively.

This study shows that the radiologist margin assessment in our
institution of specimen radiography is comparable with the reported
literature. The current literature offers no comparison with surgeon
assessment of specimen radiography. The Kappa coefficient in our
study of 0.25 showed a fair level of agreement between surgeon and
radiologist. Previous studies showed that tumour grade, type and
size did not influence margin assessment [30-31]. In this study, such
conclusions could not be drawn due to the size of the patient cohort and
the low positive margin rate.

The single surgeon series reviewed in this study reflects a practice
with a low margin positivity rate (5.08%) compared to the national
trend of approximately 20% [32]. Undertaking this study for surgeons
with a higher margin positivity rate and closer to the national average
may allow for greater statistical analysis of a difference between surgeon
and radiologist specimen x-ray interpretation. Such a study may be
considered to ensure non-inferiority between surgeon and radiologist
specimen x-ray when the event rate of positive margins is greater.

Conclusion

The accuracy of radiological assessment of involved margins in this
study is comparable to that of current literature. There is fair agreement
between surgeon and radiologist interpretation of specimen x-ray
for assessment of resection margins. The negative predictive value of
margin assessment is very high between surgeon and radiologist. It
has been argued that this outcome from this diagnostic test is the most
clinically important in reducing re-operation rates.

The use of specimen X-ray reduces the rate of re-operations for
positive resection margins. It can be recommended that surgeon
assessment alone of the specimen is satisfactory and equivalent
to radiological assessment in achieving this outcome. There is an
increasing burden and reducing human resource within breast
radiology departments in the UK. Omitting the need of the radiologist
and radiology department by the use of cabinet x-ray systems and
surgeon only specimen x-ray assessment can provide one solution to
addressing this challenge without compromising patient care.
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