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of adjuvant chemotherapy on wound healing and
cosmetic outcome in women treated with accelerated partial breast irradiation (APBI).
METHODS AND MATERIALS: Between August 2000 to December 2011, 224 women were
treated with APBI using multicatheter interstitial high-dose-rate brachytherapy. Patients were
treated to a dose of 34 Gy/10#/5e7 days with bid regimen. Systemic chemotherapy was adminis-
tered as per the standard guidelines.
RESULTS: Multicatheter interstitial brachytherapy technique was open cavity in 136 (60%) and
closed cavity in 88 (40%). Adjuvant chemotherapy was given in 117 (52%). Wound complications
(WCs) were observed in 24 patients (11%), which included wound infections (WIs) in 20 and
wound dehiscence in 14. The median gap between chemotherapy and APBI was 13 days in women
who developed WCs, 20 days for prechemo, and 32 days for postchemo APBI in its absence. On
multivariate analysis, gap between APBI and chemotherapy of #3 weeks was the only significant
factor ( p 5 0.03) affecting WCs. Acute WI ( p 5 0.01) and two-dimensional planning ( p 5 0.04)
had significant impact on cosmesis resulting in fair to poor cosmetic outcome.
CONCLUSIONS: Gap of #3 weeks between APBI and chemotherapy resulted in increased WCs.
WI and two-dimensional planning resulted in poorer cosmetic outcome. We recommend gap of at
least 3 weeks for optimal outcome. � 2017 American Brachytherapy Society. Published by Elsevier
Inc. All rights reserved.
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Introduction

Accelerated partial breast irradiation (APBI) is increas-
ingly being explored as an alternative to whole breast radia-
tion therapy (WBRT) in well-selected patients after breast
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conserving surgery (1e7). The National Medicare population
study of 30,000 early breast cancer (EBC) patients showed in-
crease in APBI from 10% in 2006 to 15.8% in 2008e2009
(8). With the increasing use of APBI outside the clinical trials,
Groupe Europ�een de Curieth�erapie-European Society for
Therapeutic Radiotherapy and Oncology (GEC-ESTRO)
and the American Society for Radiation Oncology (ASTRO)
published their consensus statements to aid in proper patient
selection (9, 10). Guidelines for patient selection for APBI
have also been given by American Brachytherapy Society
(11, 12). ASTRO has recently updated their recommendations
for APBI (13). A study done on surveillance epidemiology
and end results database showed increase in the patients with
suitable criteria and decrease in the patients with unsuitable
hed by Elsevier Inc. All rights reserved.
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criteria among patients treated with APBI before and after the
ASTRO consensus statement (14). Recently, a GEC-ESTRO
randomized Phase III trial has proven noninferiority of APBI
using multicatheter interstitial brachytherapy (MIB) over
WBRT in carefully selected patients (15). This trial will
possibly have further impact on increase in the APBI outside
the clinical trials.

Despite the increased use of APBI, there is a paucity of data
regarding sequencing and the appropriate interval between
chemotherapy and APBI. Few series have shown increased
toxicity with addition of chemotherapy with APBI and have
raised concerns regarding use of both modalities together
(16e18). Data of APBI in intermediate risk or cautionary
populationasperGEC-ESTRO/ASTROconsensushave shown
equivalent control rates (19e21). With such emerging data,
more patients will be offered APBI outside the clinical trials
routinely and will merit chemotherapy also. Hence, there is
need for mature data regarding timing and sequencing of
chemotherapy with respect to APBI. We present our data re-
porting the effect of timing and sequencing of chemotherapy
on clinical outcome, cosmesis, and toxicity in EBC patients
prospectively treated with APBI.
Methods and materials

Between August 2000 to December 2011, 249 women
diagnosed with EBC were considered for APBI using
high-dose-rate (HDR) MIB using iridium-192 afterloading
system. Women with age O40 years, tumors #3 cm, and
clinically negative axillary lymph nodes were considered
suitable. Of these, 224 women completed the planned treat-
ment of APBI as well as adjuvant therapy and are subject of
current analysis. Twenty-five patients were not evaluable
either due to removal of implant due to poor prognostic
factors (13), patients opting for mastectomy (2), or unavail-
ability of data (10). The data were retrieved from the pro-
spectively maintained database as well as case records.

Breast conserving surgery which included wide excision
of the tumor and axillary lymph node dissection was done
in all patients. The procedure for intraoperative/postopera-
tive brachytherapy has been described earlier (22e24). In
short, consenting women were considered for either intrao-
perative or postoperative implant based on the time of the
referral. In patients undergoing intraoperative placement
(open cavity technique), histopathology was reviewed after
the wide excision and axillary clearance with the help of
frozen section facility wherein tumor size, cut margin,
and axillary lymph node status was confirmed. Tumor
bed was marked with radio-opaque clips, and cavity with
1e2 cm margin was defined as the target volume. Implant
consisted of 2e4 planes with needles placed at a distance of
1.5 cm with interplanar separation of 1.5 cm depending on
the volume of breast and excision. For postoperative
brachytherapy (closed cavity technique), the implant place-
ment was based on preimplant CT scan, preoperative
mammogram, and scar location. The placement of needles,
implant procedure, and dosimetry were similar to that of
open cavity technique.

OrthogonalX-ray based planningwas done till August 2005
after which we moved to three-dimensional computerized to-
mography (3DCT)-based planning. The procedure of orthog-
onal X-ray and 3DCT-based planning has been described
earlier (22, 25).OrthogonalX-rayfilmswere takenon simulator
(Ximatron; Varian Associates, Palo Alto, CA), whereas CT
scanswere taken on SomatomEmotion (SiemensMedical Sys-
tems, Erlangen, Germany). A margin of 1e2 cm was then
geometrically grown over the cavity volume to obtain a plan-
ning target volume (PTV). Radiotherapy planning was done
on Plato Sunrise (Nucletron, Veenendaal, the Netherlands)
planning system. The basal dose pointswere defined in the cen-
tral axis according to the Paris system, and the reference dose
prescription of 85% was chosen. For 3DCT-based planning,
evaluation of the plan was done by slice by slice visualization
of the cavity and PTV coverage. Plan evaluation also included
the use of cumulative doseevolume histograms and indices
such as cavity coverage index (CI cavity), PTV coverage index
(CI PTV), and dose homogeneity index (DHI). CI was defined
as the fraction of volume receiving a dose equal to or greater
than the prescription isodose. DHI was defined as a fraction
of PTV receiving dose between 100% and 150% of the pre-
scription isodose. While finalizing the plan, the aim was to
achieve the CI of cavityO90% and CI of PTVof 90%. Attempt
wasmade to achieveDHIofO0.75withoptimization; however,
a DHI ofO0.70 was considered acceptable. We aimed to keep
V150# 70cc andV200# 20 cc.The loadingof catheters near the
skinwas removed, andan attemptwasmade to restrict the doses
to the skin below the prescription isodose.Adose of 34Gy/10#/
5e7 days with bid regimen was delivered.

Chemotherapy

Adjuvant systemic chemotherapy was considered as and
when indicated. For the purpose of present analysis when
APBI was followed by chemotherapy, the procedure was
termed as prechemo APBI. These patients were mostly
treated with open cavity technique. Brachytherapy was
defined postchemo when it was done after completion of
chemotherapy. These patients were treated with closed cav-
ity technique. Majority of patients received their first dose
of chemotherapyO2 weeks after completion of APBI.

Wound complications

After completion of the treatment, patients were initially
evaluated weekly till the implant marks were healed. The
events registered as wound complication (WC) included
wound infection (WI), cellulitis, sinus tract development,
wound dehiscence (WD), and ulcer.

Followup

Patients were followed up every 6 months for 5 years and
yearly thereafter. At each followup, clinical assessment was



Table 1

Patient, tumor, and treatment characteristics of 224 women treated with

accelerated partial breast irradiation with interstitial brachytherapy

Characteristics Number Percentage

Age

Median 56 years

Menopausal status Range 30e79

Postmenopausal 175 78

Median pTsize 2 cm

T1 130 58

T2 93 41.5

Unknown 1 0.5

Tumor type

Infiltrating duct carcinoma 213 95

Others 11 5

Tumor grade

Grade 1 6 3

Grade 2 48 21

Grade 3 167 75

Not known 3 1

Extensive intraductal component present 3 1

Lymphovascular invasion positive 18 8

Focally positive cut margin 1 0.5

Nodal status

Negative 214 96

Positive 10 4

1e3 9

O3 1

ER positive 128 57

PR positive 116 52

Technique of brachytherapy

Open cavity 136 60

Closed cavity 88 40

Adjuvant chemotherapy

Yes 117 52

No 107 48

Hormonal therapy 156 70

Brachytherapy planning

Two-dimensional 106 47

Three-dimensional 118 53

ER 5 estrogen receptor; PR 5 progesterone receptor.

Table 2

Dosimetric details for patients treated with 3DCT-based brachytherapy

Parameters Median Range

Volume of cavity (cc) 45 3e131

Volume of PTV (cc) 108 22e285
V100 (340 cGy) (cc) 118 25e295

V150 (510 cGy) (cc) 28 7.5e61

V200 (680 cGy) (cc) 10 3e22

Dose homogeneity index 0.76 0.49e0.85
Coverage index of cavity (%) 90 61.5e100

Coverage index of PTV (%) 80 54e95

PTV 5 planning target volume.
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done so as to evaluate the loco regional and distant disease
status. Cosmetic outcome was evaluated using the four-
point scale of excellent, good, fair, and poor as per the
criteria given by Harris et al. (26). Late toxicity of skin
and subcutaneous tissue was graded using Radiation Ther-
apy Oncology Group criteria (27). Breast edema was graded
using common toxicity criteria v3 (28). Fat necrosis was de-
tected either by presence of palpable mass, mammographi-
cally or in presence of above with pain. Fat necrosis was
graded as per the criteria given by Lovey et al. (29). Local
recurrence was defined as the cytologically or histologically
confirmed tumor in the breast parenchyma or overlying skin.
Recurrence in the axillary lymph nodes, supraclavicular
fossa, and internal mammary chain was defined as regional
failure. For calculating disease-free survival, failure in the
breast, nodes, or distant regions was regarded as an event
from date of registration of patient. The overall survival
was calculated from the date of registration.

Statistics

Analysis was done using SPSS software for Windows
(version 16). Survival was calculated using KaplaneMeier
method. p! 0.05 was considered as statistically significant
value. Variables were compared using c2 test. Multivariate
analysis was done using binary logistic regression model.

Results

Patient and treatment characteristics

The patient, tumor, and treatment characteristics are listed
in Table 1. Implant was done in 2e4 planes with median
number of planes being three and median number of catheters
being 15 (range 5e27). Adjuvant chemotherapy was given in
117 (52%) patients. Chemotherapy was cyclophosphamide,
epirubicin, and 5 fluorouracil (CEF) in 49 (22%); cyclophos-
phamide, Adriamycin, and 5 fluorouracil (CAF) in 38 (17%);
Adriamycin and cyclophosphamide (AC) in 14 (6%); cyclo-
phosphamide, methotrexate, and 5 fluorouracil (CMF) in 4
(2%) women and other chemotherapy regimens like
AC þ taxanes in 2 (1%); and the details were not available
in 10 (4%) women. CAF/CEF was considered as a standard
of care for node negative patients during that period.
Dosimetric details of patients treated with 3DCT-based
brachytherapy are listed in Table 2. Comparison of dosimetric
parameters with respect to chemotherapy and techniques of
APBI is listed in Table 3.

Wound complications

A total of 24 (11%) patients developed WCs (Table 4),
which consisted WI and/or WD. Twenty patients (9%)
developed WI, and 14 (6%) patients developed WD. Of
the 24 developing WCs, 15 received chemotherapy,
whereas 9 were treated with APBI alone. Of the 15 patients
receiving chemotherapy, 13 were treated with Adriamycin-
based chemotherapy.
Of the 20 who developed WI, in 10 patients infection
resolved with antibiotics while 10 patients progressed to
have WD. In addition, 4 other patients also developed
WD. Details of WC with respect to chemotherapy and
timing of brachytherapy is listed in Table 4.



Table 3

Comparison of dosimteric parameters of patients treated with or without chemotherapy and using different techniques of APBI

Chemotherapy Technique of brachytherapy

Yes No Open cavity Closed cavity

Volume of cavity (cc) 49 44 58 20

Volume of PTV (cc) 107 111 124 79

V100 (340 cGy) (cc) 116 120 135 87

V150 (510 cGy) (cc) 28 28 30 20

V200 (680 cGy) (cc) 10.4 10.2 11 8

Dose homogeneity index 0.76 0.76 0.78 0.76

Coverage index of cavity (%) 89 81 88 94

Coverage index of PTV (%) 74.5 80.5 80 79.5

PTV 5 planning target volume.
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Of the 14 WDs, 2 patients developed sinus tract and
were managed with sinus tract excision in 1 patient and
drainage in another patient. Four patients required second-
ary suturing, whereas 4 other patients were managed
conservatively with antibiotics and dressings only. Remain-
ing 4 patients progressed to develop ulcer. All the 4 patients
who developed ulcer had undergone APBI with open cavity
technique and were treated with Adriamycin-based chemo-
therapy. Of the 4 patients with ulcer, 2 were treated with
dressings and hyperbaric oxygen therapy, whereas 2 were
treated with dressings and conservative management.
Gap between APBI and chemotherapy

Of the 117 women who received chemotherapy, preche-
mo APBI was done in 76 (66%) patients, whereas postche-
mo APBI was done in remaining 41 (34%) women. In
women who did not develop complications, the median
gap for prechemo APBI was 20 days (range: 3e83 days),
and for postchemo APBI, the median gap was 32 days
(range 16e77 days).

The median gap between chemotherapy and APBI was
13 days (range 6e60 days) in patients who developed WC,
12 days (range 6e60) in women with WD, and 12 days
(range 8e20 days) in women developing ulcer (Table 5). Me-
dian time of healing of ulcer was 12 months (4e14 months).

Of the 10 WDs in patients who had received chemo-
therapy, nine were observed in patients treated during
2000e2007. The median gap between APBI and
Table 4

Details of wound complications with respect to brachytherapy and chemotherap

Total No of patients treated with APBI (N 5 224)

Chemotherapy, N 5 117

Prechemo APBI, N 5 76 Postchemo APBI

Open cavity

technique, N 5 65

Closed cavity

technique, N 5 11

Open cavity

technique, N 5 1

Wound

complications

14 0 0

Wound infection 11 0 0

Wound dehiscence 9 0 0

Ulcer 4 0 0
chemotherapy during this period was 20 days (range
3e83 days). After 2007, only 1 patient developed wound
gape between APBI and chemotherapy with a median gap
of 27 (15e49) days.
Univariate and multivariate analyses of factors affecting
wound complications

We performed univariate analysis of various factors which
could possibly have impact on WCs. Details of the univariate
analysis are listed in Table 6. Gap between APBI and chemo-
therapy of #3 weeks ( p 5 0.001), open cavity technique of
APBI brachytherapy ( p5 0.001), and year of treatment up to
2007 (p 5 0.013) were the statistically significant factors
resulting in higher WCs. However on multivariate analysis,
gap between APBI and chemotherapy#3 weeks was the only
significant factor affecting WCs (p 5 0.03) (95% confidence
interval 5 0.01e0.88).
Treatment outcome

At a median followup of 91 months (range 1e215 months),
the 5-year actuarial local control rate in 224 women was 97%,
and 7- and 10-year actuarial local control rates were 95% and
94%, respectively (Fig. 1). Nine patients had local recurrence
(3-entire breast, 4-index quadrant, and 2 in other quadrant).
Thirteen women developed distant metastases, 2 developed
regional and distant metastases, and 1 patient developed
regional metastasis. The 5-, 7-, and 10-year actuarial
y in 224 women treated with accelerated partial breast irradiation (APBI)

Total

events

No chemotherapy, N 5 107, N 5 41

Closed cavity

technique, N 5 40

Open cavity

technique, N 5 70

Closed cavity

technique, N 5 37

1 8 1 24

1 7 1 20

1 4 0 14

0 0 0 4



Fig. 1. Local control in 224 Indian women treated with accelerated partial

breast irradiation alone using interstitial brachytherapy.

Table 5

Gap between APBI and chemotherapy

Median (days) Range (days)

Wound complications 13 6e60
Wound dehiscence 12 6e60

Ulcer 12 8e20

No wound complication

Prechemo APBI 20 3e83
Postchemo APBI 32 16e77

APBI 5 accelerated partial breast irradiation.
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disease-free survival rates were 92%, 88%, and 83%, respec-
tively, whereas the 5-, 7-, and 10-year overall survival rates
were 96.5%, 94.5%, and 82%, respectively.

Treatment sequelae

Grade 1 fibrosis was observed in 31 (14%), Grade 2
fibrosis in 4 (2%) women, and Grade 3 fibrosis in 1 woman
(0.5%). Grade 1 breast edema was seen in 7 (3%) and Grade
2 edema in 1 patient. Grade 1 telangiectasia was observed in
4 patients (2%) while Grade 2 telangiectasia was seen in 2
(1%) patients. Fat necrosis was observed in 24 women
(11%). Grade 1 fat necrosis was seen in 9 (4%), Grade 2
in 12 (5%), and Grade 3 in 2 (1%) women. Cumulative inci-
dence of any Grade 2 or higher toxicity was 9.4% (N 5 21).

Cosmetic outcome

The data on cosmetic outcome at last followup were
available in 196 patients. Of these, good to excellent cosm-
esis was observed in 142 (73%) patients. Cosmesis was fair
to poor in 54 (27%) patients.

On Univariate analysis of factors affecting cosmetic
outcome, acute WI, type of brachytherapy planning, and
year of brachytherapy treatment had significant impact on
cosmesis with p-value of 0.01, 0.04, and 0.03, respectively.
Table 6

Factors affecting wound complications in women treated with APBI

Factor

Wound complication

p-ValueYes (N ) No (N )

Gap between APBI and chemotherapy

Up to 3 weeks 9 18 0.001

More than 3 weeks 2 45

Technique of brachytherapy

Open cavity (intraop) 22 114 0.001

Closed cavity (postop) 2 86

Chemotherapy

Yes 15 102 0.28

No 9 98

Planning

Two-dimensional 12 94 0.78

Three-dimensional 12 106

Year of treatment

Up to 2007 22 134 0.013

After 2007 2 66

APBI 5 accelerated partial breast irradiation.
We also evaluated other factors such as chemotherapy,
hormonal therapy, wound gape, and timing of implant.
None of these factors had significant effect on cosmesis
at last followup (Table 7).

Discussion

This is one of the largest single-institution series high-
lighting the effect of timing of chemotherapy on complica-
tions and cosmesis with APBI using HDR MIB technique
with long-term followup. The lack of data with respect to
sequencing and timing of chemotherapy is due to the fact
that only few patients require chemotherapy considering
the strict inclusion criteria in various series (1, 2, 30).
Although initial guidelines for APBI given by American
Brachytherapy Society recommended women with age
O45 years with unifocal, unicentric, and infiltrating duct
carcinoma of #3 cm with negative margins and negative
axillary nodes, majority of the series have included patients
aged O60 years, T size of 0.8e1.2 cm, and low-grade tu-
mors with strong estrogen receptor-positive status (12). On-
ly 10e20% women have therefore received chemotherapy
in various studies (15, 16, 18, 31). We have considered
ageO40 years as a criterion for selecting patients for APBI.
This was based on clinical studies which were ongoing
across the world during the same period (7, 32e34). In
addition, our earlier data of breast conserving therapy
(BCT) also showed age #40 years was the significant fac-
tor resulting in poor local control both on univariate and
multivariate analyses (35). We have observed higher Grade
3 tumors which is comparable to our earlier series of BCT
as well as APBI (23, 36). The rate of lymphovascular inva-
sion in the present series is also comparable with our other



Table 7

Factors affecting cosmetic outcome in women treated with APBI

Factors

Cosmesis

p-ValueExcellent/Good (N ) Fair/Poor (N )

Timing of implant

Intraop 88 27 0.128

Postop 54 27

Chemotherapy

Given 74 29 0.842

Not given 68 25

Hormonal therapy

Yes 95 37 0.669

No 42 14

Wound gape

Present 7 6 0.12

Absent 135 48

Acute wound infection

Yes 9 10 0.01

No 133 44

Planning

2D X-ray based 61 32 0.04

3D CT based 81 22

Year of brachytherapy

Up to 2007 93 44 0.029

After 2007 49 10
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series of BCT as well as APBI (23, 35). Patients with exten-
sive intraductal component were not considered suitable for
APBI, hence the percentage is low. With a median age of
56 years and 144 women aged (64%) #60 years, a median
T size of 2 cm with 93 (41.5%) women having T2 tumor,
75% Grade III and only 57% ER-positive women, our se-
ries had different clinico-pathologic features resulting in
chemotherapy being considered in as high as 52% patients.

Recently, retrospective claimebased analyses have raised
concerns regarding increased rates of toxicities with
brachytherapy-based APBI compared with WBI (8, 37).
Preslay et al. (8) reported 16.9% (12.0% vs. 10.2%) relative
increase in infections with brachytherapy compared with
WBRTat 1 year. They observed WCs in 34.3% in women un-
dergoing brachytherapy as compared with 18.4% undergoing
whole breast irradiation. As their data are based on the Medi-
care records, details regarding the type of brachytherapy and
doses have not been documented. The WC rate of 11% in our
series is much lower than their brachytherapy as well as
whole breast radiation technique. Smith et al. (37) in their
data of 92,735 women reported higher incidence of infection
(16.2% vs. 10.3%) and noninfectious complications (16.3%
vs. 9%) with APBI compared with WBRT at 1 year. The de-
tails of radiation technique and doses are not available in their
study. However, rate of mastectomy done for complications
was comparable between single entry and nonsingle entry
brachytherapy techniques. Shah et al. (38) in their study of
1440 women treated with MammoSite brachytherapy to a
dose of 34 Gy/10#/5e6 days reported a 9.4% rate of infection
at 1 year and a 9.6% rate of infection at any time with
O5 years followup. Benitez et al. (39) studied 199 women
treated with APBI using interstitial brachytherapy treated with
either low-dose-rate brachytherapy to a dose of 50 Gy or
HDR brachytherapy to a dose of 34 Gy/10#/5e6 days. They
reported infection rate of 8.5% with open cavity technique
and only 2.5% with closed cavity technique. Haffty et al.
(18) in their study of 148 women treated with MammoSite
brachytherapy to a dose of 34 Gy/10#/5e7 days followed
by chemotherapy reported WI rate of 14% in their series.
The WI rates of 9% in our series are comparable to these
studies.

In our series, the median gap was 13 days in women who
developed WCs. Haffty et al. (18) in their study of 148 of
1440 women receiving chemotherapy after MammoSite
APBI, the radiation recall phenomenon was observed in
18% of the patients with a gap of !3 weeks, whereas it
was reduced to 7.5% when the gap wasO3 weeks. The me-
dian gap of 18 days in women who developed radiation
recall in their series was comparable to the median of
12 days in women who developed WD in our series.
Although the pathophysiology of radiation recall is
different from WCs, cytotoxic effect of chemotherapy
could possibly have impact on the wound healing process
resulting in WCs. This was more profound when the gap
between APBI and chemotherapy was # 3 weeks. On
multivariate analysis, gap # 3 weeks between chemo-
therapy and APBI was the only significant factor resulting
in higher WCs ( p5 0.03). Hence, we recommend gap of at
least 3 weeks for the optimal sequencing of APBI and
chemotherapy so as to minimize WCs.

Use of Adriamycin has been associated with increased
radiation recall in WBRT. Similar findings have also been
observed with APBI (17, 40). Arthur et al. (17) observed
the radiation recall phenomenon characterized by brisk
erythema followed by patchy moist desquamation in 43%
who were subsequently treated with Adriamycin-based
chemotherapy. In our series, we have not observed patchy
moist desquamation in our patients, but the use of Adria-
mycin was associated with WD in 10 patients which
progressed to ulcer in 4.

All four women with ulcer were treated with open cavity
technique and had received chemotherapy at a median gap of
12 days. Once the ulcer developed, it took long time to heal
with secondary intention, the median time of which was
12 months. These patients were treated in the initial phase
(2000e2007) when the median gap between APBI and
chemotherapy was 20 days (n 5 79). With gaining experi-
ence and emerging data (18), we started giving gap of at
least 3 weeks since 2008 (n 5 38). The median gap in these
38 women was 27 days, and none of the patients developed
ulcer. This severe complication although low (2%) can be
best avoided by giving a gap of at least 3 weeks.

Open cavity technique was considered in 136 (60%) of
the patients in our study. Our center is one of the very
few centers in the world practicing this technique. One of
the major advantages of this technique is direct visualiza-
tion of the cavity and the catheter placement which is not
possible when the placement is done postoperatively as a
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closed cavity technique. This technique requires close
collaboration between radiation oncologist, operating sur-
geon, pathologist, medical physicist, and technologist.
One of the concerns with this technique is the availability
of the histopathologic report. In our series, all patients have
undergone the frozen section to confirm the favorable fea-
tures. In addition, pathologist was immediately informed
about the procedure, and the histopathologic report was
made available before the delivery of fifth fraction. This
technique has great advantage from patient’s point of view
as both surgery and radiation are completed within a period
of 10 days. Intraoperative placement of catheters and open
cavity technique also appears to be a preferred modality of
treatment in patients receiving chemotherapy. In our study,
where majority of the patients received CAF/CEF, the me-
dian duration of chemotherapy was 15 weeks and radiation
18 weeks from the first chemotherapy. This does have
impact on the volume of cavity and seroma as can be seen
from the cavity and PTV volume in Table 3.

We have observed very low rates of late toxicity in our
study. The cumulative Grade 2 or higher toxicity rate was
only 9.4% in our study. Recently, GEC-ESTRO randomized
trial also reported their late effects with use of APBI and
WBRT. Cumulative incidence of Grade 2 or higher toxicity
was 23.3% in women undergoing APBI in their study (41).

The impact of chemotherapy on cosmesis in EBC pa-
tients receiving APBI has been reported earlier (16, 18,
31, 42). Garsa et al. (42) reported that WI and chemo-
therapy were independent predictors of a fair to poor
cosmetic outcome at 3 years. Various studies have reported
increased skin toxicity and inferior cosmetic outcomes with
chemotherapy (16, 31). Good to excellent cosmetic
outcome was reported in 93.8% of women who received
chemotherapy O 3 weeks after APBI, whereas it was
72.2% when the gap was!3 weeks (18). In our study, acute
WI had significant impact on cosmesis resulting in fair to
poor cosmetic outcome. We also observed that patients
treated with two-dimensional (2D) treatment planning and
those treated before 2007 had significantly inferior
cosmetic outcome. The possible explanation could be lack
of conformity resulting into the higher skin dose in patients
treated with 2D planning. However, 2D vs. 3D planning
was not a significant factor for WCs. In patients treated
before 2007, the gap between APBI and chemotherapy
was 20 days compared with 27 days in patients treated after
2007. This lesser gap could have been one of the reasons
for significantly worse cosmetic outcome. Good to excel-
lent cosmetic outcome of 73% in our series was comparable
to 78% with WBRT of our earlier series (36).
Conclusion

Gap between APBI and chemotherapy of #3 weeks was
the only significant factor on multivariate analysis resulting
in increased WCs. WI and 2D planning had poorer impact
on cosmetic outcome. We recommend gap of at least 3 weeks
between APBI and chemotherapy for optimal outcome.
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