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Introduction: Accelerated partial breast irradiation (APBI) using the multicatheter method has
excellent cosmesis and low rates of long-term toxicity. However, there are few studies looking
at the feasibility of this procedure and the outcomes in an Asian population. This study aims
to look at outcomes at our hospital.

Methods: We identified 121 patients treated with APBI at our center between 2008 and 2014.
The median follow-up for our patient group was 30 months (range 3.7-66.5). The prescribed
dose per fraction was 3.4 Gy in 10 fractions. In this study population, 71% of the patients were
Chinese while 15% (n=19) were of other Asian ethnicity.

Results: In this study, the median breast volume was 850 cc (range 216-2,108) with 59.5%
(n=72) patients with a breast volume of <1,000 cc. The average planning target volume was
134 cc (range 28-324). The number of catheters used ranged from 8 to 25 with an average of
18 catheters used per patient. We achieved an average dose homogeneity index of 0.76 in our
patients. The average D90(%) was 105% and the average D90(Gy) was 3.6 Gy per fraction. The
median volume receiving 100% of the prescribed dose (V100) was 161.7 cc (range 33.9-330.1),
150% of'the prescribed dose (V150) and 200% of the prescribed dose (V200) was 39.4 cc (range
14.6-69.6) and 14.72 cc (range 6.48-22.25), respectively. Our dosimetric outcomes were excel-
lent even in patients with breast volume under 1,000 cc. There were no cases of grade 3 skin
toxicity or acute pneumonitis. Two patients had a postoperative infection and two patients had
fat necrosis postprocedure.

Conclusion: Multicatheter high dose rate APBI is a safe and feasible procedure that can be
carried out with minimal toxicity in Asian patients with breast volumes under 1,000 cc.
Keywords: breast, Asian, multicatheter, brachytherapy

Introduction

Breast-conserving surgery followed by whole breast irradiation (WBI) has become the
standard of care for early breast carcinoma.'* However, the need for WBI has been
questioned and several centers have evaluated the feasibility and efficacy of accelerated
partial breast irradiation (APBI).>7 APBI represents a technique that allows for the
delivery of adjuvant therapy after breast-conserving surgery, in 1 week or less, with
multiple techniques being available at this time. To date at least five Phase III trials
comparing different techniques of APBI to conventional WBI have been initiated.® !?
Polgar et al'* demonstrated excellent long-term local tumor control, survival, and cos-
metic results with a low-rate of long-term toxicity in a 12-year randomized prospective
study using multicatheter interstitial brachytherapy. In the US, the Pooled Registry
of Multicatheter Interstitial Sites study group also showed excellent long-term local
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control and cosmesis in 1,356 patients who underwent multi-
catheter APBL.' These studies have encouraged many centers
around the world to explore and to set up APBI programs.
However, most studies have been done in Europe and in the
US. Little is known about the cosmesis and the feasibility of
this procedure in Asian women. There is also concern among
radiation oncologists that the procedure may be technically
difficult in patients with smaller breast volume. Due to the
smaller build of Asian women, many of our patients have
breast volume of <1,000 cc.” Otani et al'® had previously
found the use of multicatheter APBI in Japanese women with
A and B cup-sized breasts feasible. However, breast volume
was not mentioned in the study and quality assurance and plan
assessment in Otani’s study differed from other studies. The
aim of this study was to present our findings in relation to
a more quantifiable breast volume and to use the Radiation
Therapy Oncology Group (RTOG) plan assessment to more
accurately assess the feasibility of this technique. In this
retrospective study, we report the dosimetric and toxicity
outcomes of multicatheter high dose rate (HDR) APBI in our
Asian population with breast volumes under 1,000 cc.

Methods

Between November 2008 and August 2014, 121 patients
treated with APBI with multicatheter HDR interstitial
brachytherapy were included in the study. All patients
underwent lumpectomy and axillary nodal evaluation either
by sentinel node biopsy or axillary clearance. Clips were
placed in the cavity postsurgery at the superior, inferior,
anterior, posterior, and lateral aspects to help define the
cavity for APBI. Patient selection criteria were as follows:
1) tumors of <3 cm in size, 2) no lymph node involvement,
3) negative surgical margins, and 4) no multicentric disease
or extensive intraductal component. The study protocol was
reviewed and approved by the Domain Specific Research
Board (DSRB number 2007/00368) and written informed
consent was obtained from the patients.

Implant technique

Within 8 weeks of lumpectomy and axillary nodal evaluation,
patients underwent an interstitial implant using the template
method performed in the supine position.'”'* Once the cavity
was localized, the ipsilateral breast area was surgically pre-
pared under sterile conditions. To avoid injuring the under-
lying chest wall structures or causing a pneumothorax, the
overlying breast was pinched and gently lifted off the chest
wall before applying the template and securing it. Three to
five anchoring needles were then placed in an asymmetric

pattern usually involving C-12. C-12 was the grid coordi-
nates of the template that corresponded to the center of the
template. The purpose of the asymmetric pattern was to aid
easy orientation of the template in reference to the patient’s
anatomy as well as to secure and prevent slipping of the
template from the breast.

A computed tomography scan was then obtained with the
anchoring catheters in situ. These images were reconstructed
on the Oncentra planning system Version 4.3 (Elekta AB,
Stockholm, Sweden).

Planning technique

The planning target volume (PTV) was formed by expand-
ing 15-20 mm from the contrast enhanced tumor cavity
and any surrounding surgical clips. The PTV-evaluation
(PTV-Eval) was that formed by excluding the 5 mm skin
rind as well as the underlying chest wall muscle layer. The
skin was also contoured on the sagittal slice depicting the
largest breast contour (usually the slice showing the nipple)
and the most anterior chest wall surface was also contoured.
The images were then reoriented in Oncentra to depict the
“template view” to determine the location of the remaining
catheters. Next an overlying photocopy of the template on
a transparency was placed on the top of the screen and the
“template view” template magnification was matched 1:1
to the overlaid template transparency. The corresponding
anchoring needle positions were then marked on the overlaid
transparency and the chest wall and PTV-Eval contour were
outlined onto the transparency (Figure 1). Once done, the
catheter placement for the remaining catheters was easily
determined.

The final step required replacing the needles with poly-
ethylene tubing with a hemispheric button at each end.
Extra attention was given to make sure that the button on
the connector side of the remote afterloader was flush to the
skin. After each catheter was trimmed and numbered, an en
face picture of the implant showing the catheter numbers
with respect to the breast anatomy was obtained to aid in the
reconstruction of the catheters. Computed tomography-based
simulation of the patient was performed with the patient in
the supine position and the images were then transferred to
the Oncentra treatment planning system.

Dosimetry

A total of 34 Gy in ten fractions, two fractions per day,
3.4 Gy per fraction, separated by at least 6 hours, given on
five treatment days was delivered via a 192Ir remote after-
loader in the supine position. Target coverage (PTV-Eval)
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Figure | (A) Overlaying and tracing the contours onto the transparency template. (B) Picture showing the transparency template with the positions of the catheter

placement.

was =90% of the prescribed dose covering =90% of the
PTV-Eval (D90 =90%). In our study, the dose constraint for
the skin was set as <100% of the prescribed dose. The skin
was defined at the surface of the patient external contour.
Care was taken to ensure that the 100% isodose line did not
touch the patient contour."

To ensure appropriate dose homogeneity throughout
the implant, two parameters were used: the volume of tis-
sue receiving higher doses and a dose homogeneity index
(DHI). The actual volume of tissue receiving 150% (V150)
and 200% (V200) of the prescribed dose was limited to =70
and =20 cc, respectively. The DHI, as represented by the
volume ratio (1 — V150/V100), was constrained to =0.75.
V150 represented the volume of tissue receiving 150% of the
prescribed dose, and V100 represented the volume of tissue
receiving the prescribed dose.

In addition, <60% of the ipsilateral whole breast refer-
ence volume should receive =50% of the prescribed dose.
The online Breast Atlas from the RTOG website was used
to target the whole breast reference volume.?

Toxicity

Patients were reviewed at 1 week, then 3 months, and
thereafter every 6 months. Patients were assessed for skin
toxicity, such as radiodermatitis and telangiectasia, subcu-
taneous fibrosis, and fat necrosis. They were also assessed
for symptomatic acute pneumonitis. These toxicities were
graded using the Common Terminology Criteria for Adverse
Events v3.0 where applicable.?!

Statistical analysis
The results were analyzed statistically using the Stata v11.0
(Statacorp, College Station, TX, USA). The two-sample

Wilcoxon rank sum (Mann—Whitney U-test) was used in the
analysis given the small sample size.

Results

We identified 121 patients treated with APBI at our center
between 2008 and 2014. The median follow-up for our patient
group was 30 months (range 3.7-66.5).

Patient and tumor characteristics

In our study population, 71% of the patients were Chinese,
while 15% (n=19) were of other Asian ethnicity. Ninety
percent (n=110) of our patients were at least 50 years old at
the time of the implant. Eighty-two percent (n=100) were
postmenopausal (Table 1).

Seventy percent (n=85) patients had T1 tumors, 12%
(n=15) had T2 tumors, and 17% (n=21) had ductal carcinoma
in situ. Most patients treated with APBI had estrogen receptor
positive tumors (Table 2).

Table | Patient characteristics

Number of patients (n=121)

Age at treatment (years)

<40 5(4.1%)
4049 16 (13.2%)
50-59 63 (52%)
>60 47 (38.8%)
Ethnicity
Chinese 86 (71.1%)
Indian 4 (3.3%)
Malay 12 (9.9%)
Others 19 (15.7%)
Premenopausal 21 (17.4%)

Median breast volume

Breast volume under 1,000 cc

850 cc (range 216-2,108)
72 (59.5%)
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Table 2 Histological findings

Table 3 Incidence of toxicities

Number of patients (n=121)

Toxicity Incidence (number of patients)

IDC
Gl 22 (18.2%)
G2 33 (27.3%)
G3 45 (37.2%)
DCIS 21 (17.4%)
Median tumor size 9 mm (3-29)
Estrogen receptor positive 87 (71.9%)
LVI positive 20 (16.5%)

Abbreviations: DCIS, ductal carcinoma in situ; G1-G3, grade 1-3; IDC, intraductal
carcinoma; LVI, lymphovascular invasion.

APBI in an Asian population

In this study, the median breast volume was 850 cc (range
216-2,108). The average lumpectomy cavity volume was
23.9 cc (range 3.1-61.5). The average PTV was 134 cc (range
28-324). The number of catheters used ranged from 8 to 25
with average of 18 catheters being used per patient.

We achieved an average DHI of 0.76 (range 0.57-0.84)
in our patients. The average D90(%) was 105% and D90(Gy)
was 3.6 Gy per fraction. The median volume receiving
100% of the prescribed dose (V100) was 161.7 cc (range
33.9-330.1), 150% of'the prescribed dose (V150) and 200%
of'the prescribed dose (V200) was 39.4 cc (range 14.6—69.6)
and 14.72 cc (range 6.48-22.25), respectively. The maximum
skin dose was 3.0 Gy per fraction (range 2.8-3.4).

We found 59.5% (n=72) patients with a breast volume
of <1,000 cc. In this group, the average number of catheters
used was 16.7 and the average DHI and V100 was 0.74 and
134 cc, respectively. V150 was 38.5 cc and V200 was 14.2 cc.
There was no increased incidence of toxicity in this group
of patients.

Outcomes

In our study, one patient relapsed with bone metastases and
passed away two and a half years from the implant date. Due
to the short follow-up, 26 patients were not due for their
follow-up mammograms at the time of the data analysis. For
the remaining patient cohort, there were no local recurrences
detected on follow-ups.

Postprocedure complications and toxicity
There were two incidences of postoperative infection that
resolved within a week with oral antibiotics. Two patients
experienced fat necrosis that was diagnosed on routine
ultrasound surveillance 36 months postimplant insertion.
A summary of other toxicities observed in our study is shown
in Table 3. No grade 3 toxicity was observed. Due to the
low incidence of toxicity observed in our study group, we

Telangiectasia |

Radiodermatitis 0
Subcutaneous fibrosis 3
Fat necrosis 2
Symtomatic pneumonitis 0

could find no relationship between the breast volume and the
incidence of toxicity observed.

Discussion

Our study shows that the multicatheter interstitial brachyther-
apy is dosimetrically feasible in the Asian population with
good outcomes and with minimal acute toxicity. This
is encouraging for centers in Asia that wish to start an
APBI program.

Multicatheter interstitial breast brachytherapy has been
gaining popularity as an adjuvant treatment for early-stage
breast cancer due to its short treatment time, good outcomes,
and excellent cosmesis.

As such, there is a need for sharing of expertise from various
centers, especially in the use of this procedure in different ethnic
populations. Studies documenting cosmesis and outcomes have
been done in Europe and in the US. This is the first study that
documents multicatheter interstitial APBI and the outcomes in
an Asian population of largely Chinese ethnicity.

In the Asian population, it is fairly common to encoun-
ter breast volumes of <1,000 cc, which can make APBI
challenging. Yoshida et al*? reported the Japanese experience
in APBI and cited challenges including small breast volume
and high incidence of infection postoperatively. Small
breast size were found to make insertion of the catheters and
planning within the limits of the organs at risk difficult. Also,
the use of open cavity technique,? large V100, V150, and
V200 volumes and nonuse of prophylactic antibiotics during
the brachytherapy were found to be risk factors for infection.
In our patients, we used the closed cavity technique and used
prophylactic antibiotics throughout the brachytherapy, thus
avoiding the problems of infection. We also ensured that
the V100, V150, and V200 were within the RTOG technical
guidelines thereby decreasing the chance of infection in our
patients. Our results compare favorably with both Japanese
and European series (Table 4).

In the Japanese studies, breast cup size was used as a
determinant of breast size. Our study used breast volume to
report on the outcomes. We found this to be more accurate
than breast cup size reporting from the patient. Furthermore,
the dosimetric findings in our study in patients with breast
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Table 4 Comparison of our results with other centers

Parameters Singapore

Japan? Hungary"

Local recurrence 0% (30-month follow-up)

Median DHI 0.76 (range 0.57-0.84)
Median V100 161.7 cc (range 33.9-330.1)
Toxicity 1.7% wound complications

4% (3 1-month follow-up)
0.71 (range 0.59-0.8)

140.6 cc (range 38.5-315.1)
16% wound complications

4.4% (5-year follow-up)
0.55 (range 0.43-0.75)
50 cc (range | 1-82)
Not reported

Note: V100 is the volume receiving 100% of the prescribed dose.
Abbreviation: DHI, dose homogeneity index.

volume under 1,000 cc compared favorably with the current
RTOG trial RTOG 04-13 technical guidelines for interstitial
brachytherapy. This shows that multicatheter interstitial
brachytherapy is a good treatment option for this subset of
patients with good acute toxicity profile. Patients in this group
have generally been considered technically challenging for
interstitial brachytherapy. Our study shows that this proce-
dure is very effective in patients with this breast volume while
meeting the RTOG guidelines for treatment planning. The
limitations of this study are the short follow-up. However, our
study shares the experience of APBI in an Asian population
with more than half of the subjects having a breast volume
of <1,000 cc. Future studies should focus on the long-term
outcome of toxicity and recurrence in this study group.

Conclusion

Multicatheter HDR APBI is a dosimetrically feasible proce-
dure that can be carried out with minimal acute toxicity in
Asian patients with breast volumes under 1,000 cc.

Disclosure
The authors report no conflicts of interest in this work.
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