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Abstract

Oncoplastic breast conservation surgery decreases re-excision procedures and produces desired cosmetic results in patients undergoing
breast conservation therapy; however the toxicity of hypofractionated whole breast radiotherapy (HypoRT) has not been previously
described in these patients. In this study, we compared the acute and late toxicity of HypoRT to conventionally fractionated radiotherapy
(ConvRT) in women treated with oncoplastic breast conservation surgery. Women treated with oncoplastic breast conservation surgery
followed by HypoRT or ConvRT from January 2008 through December 2014 were included. Thirty seven patients treated to 38 breasts
were identified. Twenty eight were treated with ConvRT and the remainder with HypoRT. Median follow-up was 15.3 months. Grade =2
acute toxicity was seen in 50% and 10% of the ConvRT and HypoRT patients, respectively (P = 0.0314). Grade 3 acute toxicity was reported
in 2 (7%) patients treated with ConvRT and none with HypoRT. The mean breast volume and treatment position were not associated with
increased acute toxicity. Skin pigmentation was the most commonly reported late adverse event, noted by 57% of the ConvRT and 40% of
the HypoRT patients (P = 0.163). Two (7%) patients treated with ConvRT had lymphedema versus none in HypoRT group. HypoRT is not
associated with increased acute and late toxicity among women treated with oncoplastic breast conservation surgery compared to ConvRT

in our initial clinical experience. HypoRT can be further explored as a treatment option among this patient population.
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Introduction

Breast conserving therapy comprises breast conservation
surgery followed by adjuvant radiotherapy and is standard
of care for women with early stage breast cancer.
Institutional skin toxicity reporting was used during the
treatment and follow-up to score toxicity for each treated
breast [1]. Several randomized trials, with up to 20 years of
follow-up, have confirmed that breast conserving therapy
is equally efficacious as mastectomy with no significant
difference in breast cancer mortality and overall survival
[2, 3]. Traditional breast conservation surgery, consisting
of local excision of the tumor, has evolved significantly over
theyears, trending towards procedures thatallow complete
resection of tumors while preserving cosmesis. Oncoplastic
breast surgery was initially described by Audretsch et al. as
a local tissue rearrangement during breast conservation
surgery [4]. It combines the breast conservation surgery
with techniques of plastic surgery to allow clear resection
margin while preserving the cosmesis, which be challenging
depending on the quadrant of the involved breast. Since
then the term “oncoplastic breast surgery” has been used
broadly and includes various techniques such as simple
glandular flaps, mammoplasties, fasciocutaneous flaps,
or myocutaneous flaps [5-7]. Oncoplastic breast surgery is
indicated in many cases such as a large tumor to breast

size, when conventional surgery opposes major aesthetic
sequelae, potential risk of re-excision due to margin
involvement, extensive DCIS, invasive lobular carcinoma,
multifocal diseases and partial or poor responses to neo-
adjuvant chemotherapy [8].

The objective of adjuvant radiation therapy following
breast conservation surgery is to eradicate any remaining
microscopic  diseases.  Historically,  conventionally
fractionated radiotherapy (ConvRT) has been the most
widely applied radiation scheme which targets the entire
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breast with 1.8-2.0Gy per fraction for a total dose of 45-
50Gy in 25-28 daily fractions [3, 9, 10].

Toxicity outcomes of ConvRT among women treated with
oncoplastic breast conservation surgery has been well
reported [11-14]. Maguire et al. showed that at median
follow-up of 2.9 years only 6% of the 79 patients treated
with oncoplastic breast surgery followed by ConvRT
developed radiation therapy related toxicities [15].

Several large randomized clinical trials with up to 10 year
follow-up data compared the HypoRT with ConvRT after
breast conservation surgery[11, 16-18]. Results from these
trials have shown that disease-free survival and overall
survival outcomes are equivalent for both fractionation
groups. Moreover, short and long term toxicity profiles
were not significantly different between the radiation
regimens. As a result of these studies, evidence-based
guidelines recommend HypoRT for eligible patients [19].
Hypofractionated whole breast radiotherapy (HypoRT)
reduces the duration of treatment with higher dose
fractions by treating the entire breast with 2.5-3.20Gy per
fraction for a total dose of 39-42.5Gy in 13-16 daily fractions
[11, 16-18, 20]. This shorter fractionation schedule has
been adapted in modern practice for patients who are =50
years old, have Stage pT1-2 pNO diseases, did not receive
chemotherapy, and have a radiation dose homogeneity
within £7% in the central axis plane.

Although the incorporation of oncoplastic surgery into
breast conservation therapy decreases re-excision
procedures and produces desired cosmetic results, the
acute and late toxicity of HypoRT has not been previously
described in these patients. Therefore, in this study we
compared toxicity outcomes of HypoRT to ConvRT in
women treated with oncoplastic breast conservation
surgery from a retrospective database. We hypothesized
that acute and late toxicity would not be increased with
HypoRT compared to ConvRT.

Materials and methods

We analyzed a series of patients treated with oncoplastic
breast conservation surgery followed by HypoRT or
ConvRT for early stage breast cancer between January
2008 and December 2014. Inclusion criteria for this study
were pathology results that confirmed a diagnosis of early
stage (Tis-T2 and Nx-1) invasive adenocarcinoma of the
breast or ductal carcinoma in situ (DCIS), adaption of the
oncoplastic techniques into breast conservation surgery,
and planed radiation therapy as a part of the breast
conservation therapy. Pre-surgical evaluation included
mammography, biopsy, and clinical examination. Surgical
management consisted of lumpectomy with sentinel lymph
node evaluation immediately followed by oncoplasty for
women with invasive breast cancer, and lumpectomy with
oncoplasty alone for women with DCIS. Considering that
the term of oncoplasty has been used broadly due to its
various techniques, in this study, we defined it as any
mobilization of the adjacent glandular breast tissue to fill
the excision cavity following tumor removal. The majority
of oncoplastic reconstructions in our institution are staged
after margins are back. Our plastic surgeon defines the
procedures to retain principals of maintaining perfusion

and support of the nipple areolar complex, obliterating
dead space, marking the lumpectomy margins with clips
and modifying various reduction pattern techniques to
redrape breast tissue and maintain proper contour. Our
institutional policy is to offer hypofractionated radiation
as a treatment option for women with DCIS or early stage
invasive breast cancer (Tis-T2, NO) if the radiation boost is
not indicated. Radiation boost to lumpectomy cavity was
recommended for patients 60 years or younger, having
well-defined lumpectomy cavity, and pathologic features
indicating a greater potential benefit, such as a positive
margin of resection.

Radiotherapy planning and delivery

Computed tomography (CT) simulation was completed
following the surgery using a Brilliance BigBore CT scanner
(Philips Healthcare, Andover, MA). Depending on patient
tolerance and anatomy, patient position during simulation
was either supine or prone. For supine position, a C-Qual
breast board (CIVCO Medical Solutions, Orange City,
IA) with an upper alpha cradle was used for positioning,
and if the sternal movement was >0.5 c¢m, respiratory
gating (Varian RPM, Palo Alto, CA) was used. Breast target
volume was defined clinically, using standard anatomic
boundaries. For the prone setup, patients were positioned
using a prone breast board (CDR Systems Inc., Calgary, AB,
Canada) further customized for our institution to allow for
upper and lower cradle indexing.

In order to optimize coverage and homogeneity, breast
plans were created using wedges and large segments or
the forward-planned “field in field” technique described
by Kestin et al. [21]. In the prone position, only large
segments were used for plan optimization to ensure that
potential setup variability would not change the intended
target coverage. The primary planning goal was to ensure
coverage of 95% of the delineated planning target volume
by >95% of the prescribed dose (V95 > 95%). Secondly, plan
optimization was performed to minimize heterogeneity by
limiting the V105 and V110. Dosimetric parameters were
not specifically evaluated at the central axis, rather they
were examined based on dose-volume histograms, and
dose distributions were reviewed on all axial CT slices. Dose
calculations were performed in Pinnacle (Philips Systems,
Andover, MA) using the convolution/superposition
algorithm to correct for tissue heterogeneities. Treatments
were delivered by using a Varian 2100 linear accelerator
(Varian Medical Systems, Palo Alto, CA) with 6 and/or
higher energy (15 or 18MV) photons. The HypoRT dose
was 42.56Gy in 2.66Gy per fraction without a boost to the
lumpectomy cavity. The ConvRT dose was between 46.80
and 50.40Gy in 1.8 to 2.0Gy per fraction with median boost
dose of 14Gy in 2Gy fractions. Boost was used in patients
with close or positive margins, with young age, and in the
setting of intermediate-high risk features, as described per
RTOG 1005 [22].

Data collection and statistical analysis

Data were reviewed from a retrospectively collected,
institutional review board-approved database of patients
and was conducted in accordance with the principles of
the declaration of Helsinki. All patients provided written
informed consent. All data were retrospectively verified
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using the electronic medical records and departmental
radiation oncology charts. The clinical parameters of
interestincludedtumor characteristics, stage, age, radiation
and surgery techniques, treatment time, acute and late
toxicity during radiation and thereafter, and disease
control. Acute toxicities included those that occurred
during radiotherapy and up to 4 weeks after completion of
treatment. The treating radiation oncologist assessed acute
toxicity by using institutional skin toxicity reporting as part
of the standard weekly on treatment visit and in follow-up
examinations [1]. In this skin toxicity report, erythema was
scored as a grade 1 toxicity, dry desquamation was scored
as a grade 2 toxicity, and focal moist desquamation was
scored as a grade 3 toxicity. Treating physicians graded
late toxicities using a four-point scale (0 = none, 1 = mild,
2 = moderate, 3 = severe).

Statistical analyses were performed with the SPSS statistical
software package, version 17.0 (SPSS, Chicago, IL).
Univariate analysis was completed to assess associations
between treatment position, radiation type, breast volume,
and maximum toxicity scores using the t test with unequal
variance and the chi-square test. P-values <0.05 were
considered significant.

Results

Included in this study were 37 women with 38 breasts
treated with oncoplastic conservation surgery between
2008 and 2014. One of the woman had bilateral disease,
consisting of synchronous tumors. Following the surgery,
ConvRT was used for 28 breasts and HypoRT was used for
10 breasts (Table 1). Median follow-up was 15.3 months.
Median lag time between surgery and ConvRT was 49
days (range, 33 to 188 days), and 41 days (range, 26 to 52
days) to HypoRT. Median age was 55 years (range, 29 to
69 years) for the ConvRT group and 63 years (range, 58 to
70 years) for the HypoRT group, indicating a significantly
younger ConvRT group (P = 0.0073). Tumor stage was also
significantly different between groups (P = 0.0058), with
the majority of the ConvRT group consisting of T1 (61%)
and HypoRT with Tis (50%). Furthermore, nodal status was
also significantly different between groups (P = 0.0121),
with predominant NO (71%) in the ConvRT group and equal
numbers of Nx (50%) and NO (50%) in HypoRT group. Two
patients treated with ConvRT had positive margins and
the median margin width was 0.3 cm (range, 0.1 - 1cm).
In HypoRT group all patients had negative margins, with a
median margin width of 0.2 cm (range, 0.04 - 1cm). There
was a significant difference in systemic therapy utilization
between groups (P = 0.0457). Cytotoxic chemotherapy use
was predominant in ConvRT group (64%), with hormonal
therapy utilized in the HypoRT group (70%). Patients in
HypoRT group did not receive chemotherapy. Among the
other parameters of interest, there were no significant
differences in breast volume or lag time between surgery
and radiation in these two groups. In terms of disease
control, there were no documented local or distance
failures in either group.

All patients treated with HypoRT received 42.56Gy in
2.66Gy fractions (Table 2). A boost was not given in the
HypoRT group and regional nodes were not included in the
treatment plan. In the ConvRT group, the median dose to

Table 1 Patient characteristics.

No. treated breasts if applicable

Characteristics
ConvRT HypoRT P value
No. patients 28 10
Age (y) 0.0073*
Median 55 63
Range (29-69) (58-70)
T Stage 0.0058*
Tis 3011 5(50)
T1 17 (61) 3(30)
T2 7(25) 2(20)
T3 1) 0(0)
N Stage 0.0121*
Nx 2(7) 5(50)
NO 20 (71) 5(50)
N1 5(18) 0(0)
N2 103) 0(0)
Breast volume (cm?3) 0.2190
Median 1022.08 907.86
Range (2218187.1016— (391.57 -
.06) 1409.34)
Systemic therapy 0.0457*
None 2(7) 1(10)
Tamoxifen/Al 8(29) 7 (70)
Cytotoxic chemo 18 (64) 0(0)
Lag time (surgery to RT) 0.0741
Median days 49 a1
Range (30-188) (26-52)

Abbreviations: ConvRT = conventionally fractionated radiotherapy; HypoRT
= hypofractionated radiotherapy; *Statistical significant.

the whole breast was 50.4Gy (range, 46 to 50.4Gy) in 1.8Gy
fractions. In this group, 16 breasts received an additional
boost to the lumpectomy cavity, to a median dose of
10Gy (range, 10 to 16Gy). Furthermore, supraclavicular
nodes were radiated with 50.4Gy in 1.8Gy fractions in 9
patients from the ConvRT group. Four patients received
both supraclavicular node radiation and additional boost
to the lumpectomy cavity. In the HypoRT group, 70% of
the patients were treated in supine position and 89% in
the ConvRT group (P = 0.1594). There were no statistically
significant differences in radiation dosimetric parameters
of V95 (P = 0.5142) and V110 (P = 0.5732). However, V105
was significantly increased in ConvRT group (22.5vs 17.87,
P = 0.0266).

Acute skin toxicity was significantly higher among the
conventionally treated patients (P = 0.0314) (Table 3). The
incidence of both grade 2 (dry desquamation) and grade
3 (focal moist desquamation) was significantly higher in
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Table 2 Radiation treatment parameters.

Table 3 Toxicity outcomes (highest grade reported for each patient).

Parameters ConvRT (%) HypoRT (%) P value ConvRT (%) HypoRT (%) P value
Whole breast dose (Gy) NA Acute toxicity outcomes
Median 50.4 42.56 Skin toxicity 0.0314*
Range (46.00-50.40) (42.56-42.56) Grade 1 14 (50) 9(90)
Fraction size (Gy) NA Grade 2 12 (43) 1(10)
1.8 21(75) 0(0) Grade 3 2(7) 0(0)
2 7(35) 0(0) Breast edema 0.5710
2.66 0(0) 10 (100) Grade 0 23(82) 9(90)
Boost dose (Gy) NA Grade 1 5(18) 1(10)
0 12(43) 10(100) Fatigue 0.1483
10 10 (36) 0(0) Mild 16 (57) 3(30)
12 30Mm 0(0) Late toxicity outcomes
14 2(7) 0(0) Skin toxicity 0.1630
16 13) 00 Grade 1 14 (50) 4.(40)
Supraclavicular node dose (cGy) NA Grade 2 207) 0(0)
0 19(68) 00 Subcutaneous tissue toxicity
>0 16 00 Grade 1 3(11) 2 (20) 0.1330
50.4 8(29) 0(0) Lymphedema
Positi
osition Grade 1 2(7) 0(0) NA
Prone 3(11) 3(30) 0.1594*
Abbreviations: ConvRT = conventionally fractionated radiotherapy; HypoRT
Supine 25 (89) 7 (70) = hypofractionated radiotherapy; *Statistical significance.
Dosimetric parameters (Table 4). The association was seen, however, between
Vo5 98.54 98.57 0.5142 maximal acute skin toxicity and radiotherapy techniques
(ConvRT vs HypoRT). The mean breast volume (1012.88cm?)
V105 22.5 17.87 0.0266% experiencing dry and/or focal moist desquamation was not
V110 01 0.2 0.5732 significantly different than the breast volume (1004.89cm?3)

Abbreviations: ConvRT = conventionally fractionated radiotherapy;
HypoRT = hypofractionated radiotherapy; NA = not available; *Statistical
significance.

the ConvRT group, 43% and 7%, respectively, compared to
10% and 0% in HypoRT group. Maximal acute toxicity was
experienced during the treatment in both groups. There
were no reports of pneumonitis and no differences in acute
fatigue or edema. Furthermore, there were no wound
dehiscences in either treatment group. For the subset of
patients treated conventionally with additional boost (n =
16), there were 10 (62%) cases of dry desquamation and 2
(13%) cases of focal moist desquamation. Skin pigmentation
was the most commonly reported late skin toxicity, noted
by 57% of the ConvRT and 40% of the HypoRT patients (P
= 0.163). Two (7%) patients had Grade 2 late skin toxicity
in ConvRT group. Two (7%) patients treated with ConvRT
had mild lymphedema versus none in HypoRT group. Late
subcutaneous toxicity reported as mild fibrosis was not
significantly different the treatment group (P = 0.133).

A univariate analysis indicated that breast volume
and treatment position were not associated with the
development of dry and/or focal moist desquamation

experiencing no maximal acute toxicity (P = 0.626). The
majority of patients (84%) were treated in supine position
and this was not significantly associated with acute toxicity
(P = 0.2238). Dry and/or focal moist desquamation was
seen in a greater number of the conventionally treated
women (93%) compared to women treated with HypoRT
(7%) (P = 0.0263).

Table 4 Association of clinical factors with acute toxicity.

Dry and/or focal No dry and/or focal

. : . ; P value
moist desquamation  moist desquamation

Breastvolume 1088.64 1004.89 0.6260

(mean, cm?)

Treatment

position (% 43.00 57.00 0.2238

Supine)

Radiotherapy

therapy (% 6.70 39.10 0.0263*

HypoRT)

Abbreviations: HypoRT = hypofractionated radiotherapy; *Statistical
significance

Discussion

To the best of our knowledge, this is the first reported
study analyzing the acute and late toxicity outcome of
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HypoRT among women treated with oncoplastic breast
conservation surgery. The results of our study showed that
HypoRT versus ConvRT is not associated with increased
acute and late toxicity in this subset of women treated with
such new emerging surgical techniques.

We report dry and/or focal moist desquamation in 50%
of the patients treated with ConvRT and 10% of patients
treated with HypoRT. There is no prior reported study to
compare our findings from the HypoRT group, and the rate
of acute toxicity in conventionally treated women is not
similar with the only available previous study [23]. In this
recent study, of the 79 patients treated with oncoplastic
breast surgery and postoperative radiation therapy, only
6% of the patients experienced acute toxicity. Conventional
radiation therapy with median dose of 46Gy in 1.8 - 2.0Gy
daily fractionation was given with no additional boost to
the lumpectomy cavity. In our analysis, the treatment
dose was higher (median dose 50.4Gy in 1.8 - 2.0 daily
fractionation) and the majority of the women (70%)
treated with ConvRT also received additional boost to the
lumpectomy cavity with a median dose of 10Gy in 2.0Gy
fractionation. Furthermore, systemic therapy was utilized
in 93% of the ConvRT group in our study versus 58% in the
previous study.

Our data not only supports the hypothesis that acute
and late toxicity would not be increased with HypoRT,
but also showed that the toxicity rate was lower in this
group compared to ConvRT. Many patients treated with
radiation therapy develop radiation-induced skin toxicity,
with the severity of the reaction associated with treatment
related factors such as total dose delivered, use of bolus,
and addition of chemotherapy [15, 18]. ConvRT group
was treated with a higher dose of radiation (median
dose 50.4Gy) compared to HypoRT group (median dose
42.56Gy), which may be a possible explanation for the
higher rates of acute toxicity observed. The additional
boost to the lumpectomy cavity (median dose of 10Gy) in
this group may also contribute to higher toxicity since 75%
of patients with boost treatment developed acute toxicity.
Moreover, 64% of the patients in ConvRT group received
chemotherapy, which may further explain the higher rate
of toxicity in this group.

The correlation between breast volume and acute toxicity
has been suggested in previous studies [12-14, 24]. In our
study, there was no significant difference in breast volume
between groups; there was a trend; however, to increased
acute toxicity in large breast volume. It has been shown
that addition of cytotoxic chemotherapy also leads to an
increased incidence of side effect [25, 26]. Considering 64%
of patients in the ConvRT group received chemotherapy
versus 20% in the HypoRT group, it is possible that addition
of chemotherapy in the conventionally treated group
contributes to higher rates of acute toxicity.

Computation of biological equivalent dose (BED) can be
used to quantify the expected biological effect associated
with the treatment of a large fraction dose in a short
period. The acutely-reacting normal tissue have a high a/f
ratio and they are less responsive to change in fraction
size. This might further explain why there was no increase

in the acute toxicity rate with large fraction dose in HypoRT
group compare to ConvRT group. The a/f ratios is low in
late-reacting normal tissue such as fibroblasts therefore
they are very responsive to increase in fraction size, leading
to a late fibrosis. This was one of the primary concerns for
randomized trials evaluating HypoRT compared to ConvRT,
however, the late fibrosis was not worse with larger doses
per fraction [11, 16-18]. Furthermore, in this initial report,
considering the need for appropriate vascular flow and
healing after oncoplasty, our concern that the larger doses
used with HypoRT would possibly impact the integrity of
the reconstruction was not observed. Considering the late
toxicity in HypoRT group was not significantly high, this
might be due to the number of patients and duration of
the follow-up time. Longer follow-up is needed to confirm
our results. However, the follow-up time of just over one
year, provides some basis for continuing to assess this
and, should there have been increased oncoplasty failure
within our small cohort, it would have changed our use of
HypoRT with our patients who undergo oncoplasty as part
of BCT.

Dose optimization with 3D planning, utilizing positioning,
segments, and/or forward-planned field in field techniques
was utilized in both treatment groups since these
techniques have been shown to reduce acute skin toxicity
[27, 28]. A formal dosimetric comparison between the
cohorts was not performed; due to possible confounding
factors such as different fraction size and breast dose. The
retrospective nature of the analysis in this study may have
resulted in selection bias. In order to overcome this, we
attempted to include all patients treated with oncoplastic
breast conservation surgery followed by either HypoRT or
ConvRT in our institution. Limitations of this study may also
include the short follow-up time and use of boost in the
ConvRT group and failure to control for additional factors
associated with toxicity, such as diabetes or smoking.

Conclusion

The current study shows that HypoRT is not associated
with increased toxicity among women treated with
oncoplastic breast conservation surgery compared with
ConvRT. HypoRT should be explored further as a viable
therapeutic option for those patients treated with new
emerging surgical techniques, particularly when a boost is
not clinically indicated.
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