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ABSTRACT

Introduction. Breast-conserving therapy is the standard of
care for early-stage breast cancer. In the era of multi-
modality therapy, the debate on the value of revision
surgery for compromised margins continues, and high re-
excision rates persist despite updated guidelines. Our study
sought to identify the local re-excision rate for compro-
mised margins after lumpectomy, and identify predictors of
residual disease at re-excision.

Methods. This population-based retrospective cohort
study included women with breast cancer who underwent a
lumpectomy between 2009 and 2012 in Manitoba, with
close (< 2 mm) or positive margins that led to re-excision.
Patient demographics and tumor characteristics were
identified through provincial cancer registries and chart re-
views. For patients with invasive cancer, the six anatomical
margins were reported for margin status, width, and
pathology type at the margin.

Results. Of the 2494 patients identified, 556 women
underwent re-excision, yielding a re-excision rate of
22.29%. Of our 311 patients with invasive cancer who
underwent re-excision, 62.7% had residual disease identi-
fied on revision. On univariable analysis, the size and grade
of the invasive component, nodal stage, and the number of
positive margins were associated with residual disease on
re-excision (p < 0.05). With the exception of nodal stage,
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the same variables remained statistically significant on
multivariable analysis.

Conclusions. Our results suggest that even in the absence
of ‘no ink on tumor’, the cancer size and grade in
lumpectomy specimens are high-risk factors for residual
disease, and this subgroup of patients may benefit from re-
excision. Long-term follow-up of this cohort is required to
determine their risk of recurrence after adjuvant treatment.

Breast-conserving therapy (BCT) has been the standard
of care for early-stage invasive breast cancer for many
years. It is estimated that 20-60% of women who undergo
BCT require additional breast surgery due to positive or
inadequate margins after the initial lumpectomy.'™ Previ-
ous lack of consensus on what constitutes adequate
negative margins in BCT has led to variability in practice
between centers and surgical oncologists.* Unfortunately,
this controversy has resulted in increased rates of re-exci-
sion, as well as increased costs, risk of complications,
stress to the patient, poor cosmetic outcome, and the delay
of necessary adjuvant treatment.'”

Current literature has extensively examined breast can-
cer recurrence rates in relation to resection margin
width.'" A 2014 meta-analysis by Houssami et al.
specifically assessed the evidence on surgical margins for
BCT in the era of multidisciplinary therapy.'' The study
confirmed that while negative margins reduced the odds of
local recurrence, increasing the width of the resection
margin was not associated with reduced recurrence rates.
Later that year, the Society of Surgical Oncology (SSO)
developed consensus guidelines for BCT, including margin
recommendations, based on the 2014 meta-analysis. The
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guidelines definitively recommended the use of ‘no ink on
tumor’ as the standard margin for adequate resection of
invasive breast cancer.'

Although endorsed by the American Society of Clinical
Oncology (ASCO), flexibility in the application of these
guidelines was advocated given their basis lies in the
analysis of retrospective studies where heterogeneous
definitions of close margins and significant selection bias
limit the strength of the evidence.'? The decision whether
or not to re-excise compromised margins should be made
in a multidisciplinary fashion, and each individual patient’s
clinical and pathologic features should guide the decision
to perform re-excision in selected patients.'* A recent
update of the 2014 meta-analysis by Houssami et al. was
presented in December 2017 and cast doubt on the rec-
ommendation made by the SSO of ‘no ink on tumor’."” The
updated analysis added more studies, with a total of 55,302
patients. This study failed to confirm that ‘no ink on tumor’
is optimal. The crude rates of local recurrence decreased as
margin distance increased: 7.2% for patients with margins
< 2 mm, 3.6% for margins 2-5 mm (3.6%), and 3.2% for
margins > 5 mm (p < 0.001 for each). Therefore, it is
reasonable to hypothesize that with wider margins, we
clear the remaining residual disease, leading to less
recurrence. Consequently, predictors of residual disease or
lack thereof should be identified to help rationalize the
need for re-excision.

The objective of our study was to identify the local rate
of re-excision for compromised margins after lumpectomy,
and to identify characteristics on initial operation that are
predictive of finding residual tumor on re-excision
pathology. Such characteristics may help clinicians direct
the need for re-excision, even in the absence of ink on the
margin.

METHODS

Our study was a retrospective cohort analysis of all
women in Manitoba diagnosed with invasive or non-inva-
sive breast cancer who underwent a lumpectomy between
January 2009 and December 2012, with a resultant close
(< 2 mm) or positive margin that led to a re-excision
procedure. Patients were identified through the Manitoba
Cancer Registry (MCR), a population-based registry cov-
ering a province of approximately 1.32 million. The MCR
contains information regarding all Manitobans diagnosed
with cancer since 1956 and has among the highest levels of
completeness for cancer reporting databases in North
America.'®'” Charts were reviewed after obtaining the
required ethical approval.

Patient characteristics were obtained from the MCR, and
cancer staging was determined according to the American
Joint Committee on Cancer (AJCC) guidelines. For
assessment of re-excision rate and predictors of residual
cancer, we excluded patients with missing or incomplete
data (patients without a pathology report for their first and/
or second surgery), rare histological subtypes (including
phyllodes), and patients who received neoadjuvant or
adjuvant treatment prior to or between surgeries. Routine
pathological data were identified from pathology reports
for patients with mammary carcinomas. Each of the six
anatomical margins was reported for margin status, margin
width (if close), and pathology type found at that margin. A
close margin was defined as a margin width < 2 mm.
Synoptic reporting of breast cancer specimens gives details
of any margins < 2 mm. In cases where multiple foci of
cancer were apparent, the largest size and highest grade
were reported.

For analysis of the impact of tumor size, we chose the
intermediate size (0 to < 10 mm) as our reference group.
Breast tumors that are < 1 cm in size are likely to be non-
palpable, and thus are more likely to be excised via a
needle localization procedure. When compared with
excising a small but palpable tumor, this technique could
carry a higher rate of positive margins as the intraoperative
assessment of the adequacy of surgical resection by the
surgeon is more difficult. On the other hand, larger tumors
tend towards positive margins based on their tendency to
have more diffuse, stellate or multifocal growth patterns,
and may also be associated with a more extensive in situ
component.'* As such, small palpable lesions are likely to
have the lowest risk of residual disease, and served best as
the reference group for size.

Univariable and multivariable logistic regression anal-
yses were conducted using variables of interest identified
through a literature review of the significant factors asso-
ciated with residual disease. Cramer’s V was used as a
post-test to determine strengths of association between the
chosen variables (after Chi-square has determined signifi-
cance), in order to avoid having variables that are highly
related in the model.'® In our final multivariable model, no
associations between the variables of interest were identi-
fied. A sensitivity analysis was conducted to confirm our
complete case analysis. Rather than excluding the cases
with missing or unknown grade, we included an ‘unknown’
category for grade in the multivariable model, which
reached the same conclusions as the model without this
category, thus confirming our multivariable model. p-val-
ues < 0.05 were considered statistically significant. All
statistical analyses were conducted using SAS software
(SAS Institute, Inc., Cary, NC, USA).
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RESULTS
Re-excision Rate

From 2009 to 2012, 4010 cases of breast cancer were
identified in Manitoba, including 3523 patients with a
diagnosis of invasive cancer and 487 patients with in situ
only disease. A total of 2494 women underwent a
lumpectomy as their initial breast cancer surgery, and 556
of those patients underwent a re-excision within 1 year of
their original operation (426 patients with invasive disease
and 130 with in situ only disease). This resulted in a
lumpectomy re-excision rate of 22.29% (Fig. 1).

Study Cohort Description

Overall, 426 patients with a diagnosis of invasive breast
cancer who underwent re-excision within 1 year of the
original lumpectomy were identified. After excluding
patients with missing or incomplete data, rare histological
subtypes, and those who received neoadjuvant or adjuvant
treatment prior to or between surgeries, the final analyses
of rates and predictors of residual disease were performed
on 311 patients. The frequencies of common tumor char-
acteristics following initial surgical resection are
summarized in Table 1.

Rate of Residual Cancer

Residual disease was identified in re-excision specimens
in 195 patients of the 311 included in the study cohort
(62.7%). In relation to the procedure type performed at the
time of revision surgery, 50% of the lumpectomy patients
(96/192) and 83% of the mastectomy patients (99/119) had

Re-excision Rate for Lumpectomy for Breast
Cancer in Manitoba between 2009-2012

Number of Women
who had a
Second Surgery

(n=556)

Total Number of
Women who had a
Lumpectomy
(n=2494)

Re-excision
Rate = 22.29%

FIG. 1 Re-excision rate (within 1 year of primary surgery) for
lumpectomy patients diagnosed with breast cancer in Manitoba
between 2009 and 2012

evidence of residual disease on re-excision pathology
(Fig. 2).

Statistical Analysis

Univariable logistic regression was conducted on clini-
cal and pathological characteristics noted in the study
cohort following the primary surgery. Our analysis identi-
fied four variables associated with the presence of residual
disease at the time of second surgery: the size of the
invasive component; nodal stage; grade of invasive com-
ponent; and the number of positive margins (invasive or
non-invasive). The results are reported in Table 2. With the
exception of nodal stage, the same variables remained
statistically significant in the multivariable logistic
regression model. Molecular classification based on estro-
gen receptor 2 (ER2), progesterone receptor 2 (PR2) and
human epidermal growth factor receptor 2 (HER2) was
also studied but did not show a statistically significant
correlation with the status of residual disease.

DISCUSSION
Re-excision Rate

In our study cohort, the overall re-excision rate within
1 year of the primary lumpectomy procedure was 22.29%.
This is consistent with the lower end of the recently pub-
lished rates in the meta-analysis by Houssami et al., which
reported a re-excision rate of 22-56% across the 17 studies
included."!

Manitoba’s low rate of re-excision, which continues to
be the lowest in Canada, can be explained by some key
clinical factors.'® First, the majority of breast cancer sur-
gery in Manitoba is performed by surgeons involved with
The Breast Health Centre, a comprehensive provincial
program. Extensive clinical experience combined with
higher operative volumes undoubtedly leads to improved
surgical technique, and may result in decreased positive
margin rates.”” Second, it is important to recognize that not
all compromised margins are re-excised. Patient choice and
poor fitness for revision surgery are two common reasons
margin re-excision does not occur. Third, Manitoba has a
relatively high mastectomy rate, as well as the highest rate
of breast reconstruction in Canada, most of which is
completed in an immediate fashion.'” The relative ease
with which patients can access a mastectomy with con-
current reconstruction may encourage its use when a
surgeon feels a lumpectomy may result in an increased risk
of positive margins. This potential for selection bias of
lumpectomy candidates may affect both the re-excision
rates and the rate of residual disease in our population.
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TABLE _1 Clinical ar}d. Pathological characteristics at first surgery Residual disease at second surgery
pathological characteristics
following primary surgery for No Yes
invasive breast cancer
n % n %
Age, years
<50 20 6.43 49 15.76
> 50 96 30.87 146 46.95
ER2 status
Negative 15 4.82 38 12.22
Positive 101 32.48 157 50.48
HER?2 status
Negative 104 33.44 160 51.45
Positive 12 3.86 35 11.25
Size of invasive component, mm
0to<10 24 7.72 39 12.54
10 to < 20 48 1543 44 14.15
> 20 44 14.15 112 36.01
Pathology type at the margin
Invasive only 17 5.47 24 7.72
Invasive and non-invasive 99 31.83 171 54.98
Nodal stage
Negative—NO and NO, 79 25.40 110 35.37
Positive 37 11.90 85 27.33
Grade of invasive component
I 42 13.50 38 12.22
1I 43 13.83 99 31.83
1 31 9.97 58 18.65
Number of positive margins—invasive and non-invasive
0 39 12.54 50 16.08
1 61 19.61 67 21.54
>2 16 5.14 78 25.08
Number of positive margins—invasive
0 50 16.08 87 27.97
1 58 18.65 60 19.29
>2 8 2.57 48 1543
Number of positive margins—non-invasive
0 97 31.19 138 44.37
1 19 6.11 35 11.25
>2 0 0.00 22 7.07

ER estrogen receptor, HER2 human epidermal growth factor receptor

Rate and Predictors of Residual Cancer

Overall, 62.7% of the cases in our final cohort (195/311)
who underwent a second operation showed evidence of
residual disease on their final pathology report. These
results are consistent with the literature, which reports a
rate of residual disease found on re-excision specimens of
between 21 and 77%."-'%-21=24

The recent recommendations by the SSO in 2014 on
margins after lumpectomy produced positive impacts. For
example, Merrill et al. showed that the new resection
margin guidelines would have reduced their reoperation
rate for BCT by half;21 however, residual disease was still
present in a significant number of patients who would not
have been recommended re-excision under the new
guidelines.”' In addition, a recent economic analysis has
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Residual Disease vs Type of Second Surgery
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100 96 96
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40

20

Number of Invasive Breast Cancer Cases

Lumpectomy

M Residual Disease

99

Mastectomy

No Residual Disease

FIG. 2 Rates of residual disease, subdivided by revision operation

(lumpectomy vs. mastectomy)

TABLE 2 Univariable and
multivariable analyses of factors
on primary operative pathology
predicting residual disease on
revision surgery pathology

also shown a substantial cost savings to the Canadian
healthcare system if surgeons practice to this guideline.”

An updated meta-analysis of the 2014 work by Hous-
sami et al. was presented in 2017 and included a larger
number of studies (38 vs. 33), with a total of 55,302
patients, and more rigorous inclusion criteria.'> This
updated meta-analysis showed that rates of local recurrence
decreased as the margin distance increased. These results
question the SSO recommendations and establish the
observation that with wider clear margins there is less
recurrence, which could be explained by reducing the
chance of residual disease by having a wider resection
margin.

Patient age, the presence of multiple positive margins,®
27

tumor multifocality,23’26 clinical tumor size, nodal
Univariable results for characteristics at first surgery Multivariable results
OR 95% CLs p-value  OR 95% CLs p-value

Age, years

< 50 (ref) 1.00 - - -

> 50 062 035 1.11 0.1074
ER2 status

Negative (ref) 1.00 - - -

Positive 061 032 117 0.1396
HER?2 status

Negative (ref) 1.00 - - -

Positive 190 094 382 0.0735
Size of invasive component, mm

10 to < 20 (ref) 1.00 - - - 1.00 - - -

0to <10 1.77 092 341  0.0855 1.87 093 374 0.0791

> 20 278 1.62 475  0.0002 217 122 387 0.0084
Pathology type at margin

Invasive only (ref) 1.00 - - -

Invasive and non-invasive 122 063 239 0.5544
Nodal stage

Negative—NO and NO_, (ref) 1.00 - - -

Positive 1.65 1.02 267 0.0419
Grade of invasive component

I (ref) 1.00 - - - 1.00 - - -

1I 255 144 448 0.0012 228 124 419  0.0081

1 207 1.11 384 0.0213 2.16  1.10 422  0.0246
Number of positive invasive and non-invasive margins

0 (ref) 1.00 - - - 1.00 - - -

1 0.86 050 148 05772 078 044 138 0.3885

>2 380 192 752  0.0001 3.01 146  6.19 0.0028

OR odds ratio, CL confidence limit, ER2 estrogen receptor 2, HER2 human epidermal growth factor

receptor 2
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status,?® and the presence of extensive intraductal subtype
present at the margin'®** are factors previously associated
with residual disease after breast conservation surgery
(BCS). Our study tried to identify predictors of residual
disease after lumpectomy for invasive breast cancer
(Table 2) so that patients with a high risk of residual dis-
ease may be considered for re-excision, even in the case of
‘no ink on tumor’.

First, we identified a statistically significant association
between the number of positive margins on the initial
surgical specimen and the presence of residual tumor on
reoperation. Two or more positive margins, invasive or
non-invasive pathology, were more likely to yield residual
disease on re-excision (odds ratio [OR] 3.01; p = 0.0028),
a finding consistent with previous reports in the litera-
ture.” It has previously been shown that there is a linear
association between positive margins and residual disease;
with each additional margin involved, the risk of residual
disease on re-excision increases.® In essence, the number of
close or positive margins acts as a surrogate for the extent
of the tumor burden.

Second, the size of the invasive tumor component
identified at first surgery was also found to be a statistically
significant predictor of residual disease. Invasive tumor
size > 20 mm had greater odds of residual disease com-
pared with tumors < 20 mm (OR 2.17, p = 0.0084). As
early as 1993, it was reported that clinical tumor size may
predict residual disease in a re-excision specimen.”’* A
more recent study has shown pathologic tumor size to be
associated with compromised margins.>> Our study is the
first to identify pathologic primary tumor size as a strong
predictor of residual disease on re-excision.

Finally, our research is the first to show that grade II or
IIT invasive breast cancer on primary tumor pathology is
associated with an increased likelihood of identifying
residual tumor in patients undergoing re-excision for pos-
itive margins. Much of the literature on BCT and breast
cancer recurrence has included tumor grade in the assess-
ment of pathology characteristics associated with positive
margins or residual tumor; however, previous studies have
been less discerning with their inclusion criteria, including
in their analysis in situ only cases and cases with unde-
termined margins.>** By excluding patients with ductal
carcinoma in situ or undocumented margins, we were able
to increase the homogeneity of our cohort, thus enhancing
the validity of our results.

In this manner, we feel our data support the SSO/
American Society for Radiation Oncology (ASTRO)
guideline on margin re-excision, in that a negative margin
is generally adequate but must be cautiously viewed in
concert with other factors, such as tumor size and grade, as
presented in our study. Any exercise that better delineates
who does or does not require further surgery is certainly to

the benefit of our patients. Moving forward, we would like
to identify predictors of the absence of residual disease
even in the presence of a positive margin. In this way, a
subgroup of patients may be saved an unnecessary opera-
tion. We would also like to assess if predictors of residual
disease could also be linked to local recurrence on long-
term follow-up.

Study Limitations

Missing patient data is a common concern in retro-
spective studies. Our relatively small sample size may also
limit the strength of our results. The variability of margin
reporting is another common issue seen in breast cancer
surgery research; however, with the advent of synoptic
reporting, consistency in pathology reports continues to
improve. Our time frame for re-excision within 1 year of
the initial lumpectomy procedure was chosen to include
those who received adjuvant chemotherapy and/or radia-
tion before undergoing re-excision in our analysis of the
rate of re-excision in the province. This 1-year re-excision
cut-off could potentially introduce bias by including tumor
recurrence as re-excision. Finally, this work represents a
single institutional experience.

CONCLUSIONS

With new updated meta-analysis data casting doubt on
the strength of the SSO guidance for margins after
lumpectomy, it is important to identify predictors of
residual disease so that a rational decision could be made
on who will benefit from re-excision. Our study has shown
that predictors of residual disease after primary BCS
include not only the number of positive margins but also
the size and grade of invasive cancer.
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