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Objective: Adjuvant chest wall radiotherapy is used in
patients with high-risk histological features post-
mastectomy to reduce the risk of locoregional
recurrence. Treatment can be given with or without
a tissue-equivalent bolus to increase skin surface dose.
The additional benefit of using a bolus remains unclear;
however, it is known to be associated with a higher
incidence of skin toxicity. This study compared chest
wall recurrence and skin toxicity in patients treated with
and without a bolus.

Methods: This retrospective cohort study reviewed 314
consecutive patients who received chest wall radio-
therapy between 2005 and 2010. Data were collected
on histological, demographic and treatment parame-
ters and on the incidence and grade of acute skin
reactions. Treatment outcomes analyzed included
chest wall recurrence, disease-free survival and overall
survival (OS).

INTRODUCTION

Breast cancer is the most common cancer affecting females
and the leading cause of cancer mortality." Although the
majority of patients are offered breast conservation ther-
apy, audit data from the Royal College of Surgeons in the
UK in 2009 showed that around 40% of patients still un-
dergo mastectomy.”> More recently, analysis of trends in
Europe shows a decline in mastectomy rates from the pe-
riod 2005-2010 by 4% a year, to the current rate of <20%
a year.3 This trend is not reflected in the USA, where
studies have shown mastectomy rates remaining between
30 and 40%, with a greater percentage of patients choosing
to undergo mastectomy in spite of being suitable for
breast-conserving surgery.* Common indications for
mastectomy include patients with multifocal invasive or
in situ cancer, those in whom breast conservation would
have a suboptimal cosmetic outcome or patient preference

Results: 101 patients received treatment with a bolus;
213 patients received treatment without a bolus. A
significantly higher incidence of acute skin toxicity was
seen in the bolus treatment group (p=0.002). One
patient treated with a bolus developed chest wall re-
currence compared with four patients treated without
a bolus. No statistically significant difference could be
shown between the two groups. 66 (21%) patients had
metastatic relapse. Median time to relapse was 29.5 months
and OS was 76% in both treatment groups.

Conclusion: No statistically significant difference in chest
wall recurrence can be demonstrated between patients
treated with and without a bolus.

Advances in knowledge: This study is consistent with
limited previous literature and invites further evaluation
of the role of a bolus in post-mastectomy chest wall
radiotherapy, especially considering the increased toxic-
ity that the use of a bolus generates.

for mastectomy.” Radiotherapy is offered to patients with
breast cancer with risk factors for chest wall recurrence to
reduce the risk of locoregional recurrence after mastec-
tomy. Risk factors for locoregional recurrence include
a large tumour size, a positive deep margin, lymph node
involvement, grade 3 tumour and the presence of lym-
phovascular invasion.*” The use of chest wall radiotherapy
has been shown to reduce the risk of local recurrence in the
chest wall to 5-10% at 10 years in various studies.”” A
meta-analysis of several randomized controlled trials shows
that approximately 75% of locoregional recurrences occur
within 5 years of initial treatment.®

Chest wall radiotherapy can be delivered with the use of
a “bolus”, a tissue-equivalent material on the skin surface.
The purpose of a bolus is to increase the proportion of
chest wall that is covered by the 95% isodose, by increasing
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Figure 1. Pictorial distribution of dose distribution in a chest wall with and without bolus.

Dose distribution without a bolus

the surface radiation dose.” An example of a chest wall plan with
and without a bolus can be seen in Figure 1. The use of a bolus
is at the discretion of individual clinicians, with wide variations
in practice.'® This is in part owing to the lack of published
evidence as to the efficacy of a tissue bolus in reducing chest
wall recurrence.'' In addition, use of a bolus is known to be
associated with greater acute and late skin reaction.'” There is
also a dosimetric uncertainty in the delivered dose at the skin
surface, which adds to the complexity of treatment planning."?

This retrospective single-centre study includes all patients who
received adjuvant radiotherapy post-mastectomy for invasive breast

cancer between 2005 and2010 at the Kent Oncology Centre (KOC),
Maidstone Hospital. The study assessed the dosimetric effects of the
use of a tissue-equivalent bolus and evaluated whether the use of
a bolus reduced the incidence of chest wall recurrence.

METHODS AND MATERIALS

Patient selection

Patients who had received chest wall radiotherapy at the KOC
between January 2005 and December 2010 were identified from
radiotherapy planning records. No fixed protocol was in place
for the use of a bolus and the decision to give radiotherapy with
a bolus was at the individual clinician discretion.
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Data collection

Data relating to demographics, radiotherapy treatment details,
dosimetry and outcomes were collected retrospectively from pa-
tient records, from electronic records at the KOC and from sur-
gical letters held at local hospitals. Information was also collected
on any factors likely to impact the outcome of treatment. These
included tumour stage and histology, surgical margins, the human
epidermal growth factor receptor 2 status, the use of adjuvant
chemotherapy, endocrine therapy and radiotherapy dose.

For patients in whom chest wall recurrence was identified, the
notes were reviewed in detail to establish the site of chest wall
recurrence in relation to radiotherapy fields and the coverage of
the 95% isodose in patients treated with and without a bolus.

Information on acute and late toxicity, and clinical outcome, was
collected from a combination of surgical letters, oncology letters
and general practice records.

Primary end points and statistical methods

The primary end point was local recurrence in the chest wall.
Disease-free survival was a secondary end point. The follow-up
period was calculated from date of diagnosis to last medical review.
Where a date of diagnosis was not available, the date of referral to
the oncology department was substituted instead. Survival was
calculated from completion of radiotherapy to date of relapse.

The incidence of recurrence in the two groups of patients un-
dergoing radiotherapy with and without a bolus was analyzed with
Fisher’s exact test to accommodate the low recurrence rate. Fisher’s
exact test was also used to analyze skin toxicity, log rank analysis
was used for analyzing survival and Z-test or an independent #-test
was used for analyzing the differences in histological data.

RESULTS

An initial screen of the radiotherapy records showed that a total
of 393 patients had received chest wall radiotherapy at the KOC
between January 2005 and December 2010. The following
patients did not meet the criteria for inclusion in this study:
45 patients treated for recurrence, 12 patients with bilateral
cancer, 10 patients treated for alternative diagnosis other than
epithelial breast cancer, 4 patients treated with palliative dose
and 1 patient who was planned and then declined treatment.
This left a total of 321 patients eligible for inclusion in the
retrospective study. A further three patients who did not com-
plete radiotherapy owing to excessive toxicity and four patients
whose paper radiotherapy records were unavailable for review
were also excluded from analysis, as the field arrangement, bolus
use and chest wall coverage could not be assessed.

314 patients were included for analysis in this study. Of these
patients, 101 patients received radiotherapy with a bolus and
213 patients received radiotherapy without a bolus. This break-
down of patients is shown in the CONSORT diagram in Figure 2.
The histological features, including hormone receptor status, of
the two groups of patients are displayed in Tables 1 and 2.

The median age of patients was 58 years (30—87 years) at the
time of treatment. The majority of patients had an axillary node
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Figure 2. CONSORT diagram of study inclusion. KOC, Kent
Oncology Centre.

Patients who received
chest wall radiotherapy
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2010 at KOC
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+45 treated for recurrence
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4 radiotherapy planning details
unavailable for review
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v

Patients with breast cancer

post-mastectomy receiving
adjuvant radiotherapy
with or without bolus
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Chest wall No chest Chest wall No chest
recurrence wall recurrence wall
recurrence recurrence
n=1 n=100 n=4 n=209

clearance (74.5%), in keeping with the standard surgical tech-
nique in the study period. A further 13.4% patients had sentinel
node biopsy and 10.8% patients had sentinel node biopsy fol-
lowed by axillary node clearance. 11.1% of patients underwent
immediate reconstruction after mastectomy.

Systemic therapies are illustrated by treatment group in Table 2.
A total of 202 (64.3%) patients received adjuvant chemotherapy.
The majority of patients (184 patients) received chemotherapy
in the adjuvant setting, but 18 patients received neoadjuvant
chemotherapy. Of these, 14 patients were treated without a bolus
and 4 patients were treated with a bolus. The most common
regime was 5 flurouracil, epirubicin and cyclophosphamide
(62.6%) or 5 flurouracil, epirubicin and cyclophosphamide
followed by docetaxel (35.0%). The remaining 2.4% of patients
received non-standard regimes. There is a statistically significant
difference in the number of patients who received adjuvant
chemotherapy in the treatment groups, with 70 (69.3%) patients
receiving adjuvant chemotherapy in the group treated with bolus
compared with 114 (53.5%) patients treated without
a bolus (p =0.008).

The radiotherapy dose given was 40 Gy in 15 fractions over
3 weeks to (58.6%) 184 patients, 45Gy in 20 fractions over

3 0of 8 birpublications.org/bjr

Br J Radiol;:89:20160060


http://birpublications.org/bjr

BJR

Turner et al

Table 1. Baseline characteristics in treatment groups with and without a bolus

Characteristics Ra}diotherapy deEvered Radlothsvria:lp:zu(iehvered 'Iz)tal ‘ p-value (Z-test)
with a bolus (n = 101) a bolus (n = 213) (n=314) (*independent t-test)

Histological grade n (%)

1 7 (6.9) 19 (8.9) 26 (8.3) 0.55

2 36 (35.6) 91 (42.7) 127 (40.4) 0.23

3 58 (57.4) 100 (46.9) 157 (50.0) 0.08

Unknown 0 (0) 3 (1.4) 3 (1.0) 0.23
Size (mm) n (%)

1-20 15 (14.8) 43 (20.2) 58 (18.5) 0.25

21-50 66 (65.3) 131 (61.5) 197 (62.7) 0.51

>50-80 20 (19.8) 39 (18.3) 59 (18.8) 0.75
Lymph node involvement n (%)

0 33 (32.7) 80 (37.6) 113 (36.0) 0.40

1-3 63 (62.4) 110 (51.6) 173 (55.1) 0.01

4-9 5 (4.9) 22 (10.3) 27 (8.6) 0.11

=10 0 (0) 1(0.5) 1(0.3) 0.49
Closest margin n (%)

Closest margin distance

(median/mean) 3/5.1 (0-37) 5/8.2 (0-45) 5/7.0 (0-45) 0.002*

(range) (mm)

Deep margin distance

(median/mean): 3/5.8 (0-37) 5/8.7 (0-45) 5/8.3 (0-45) 0.002*

mm (range)
Lymphovascular space invasion n (%)

Yes 45 (44.6) 80 (37.5) 124 (39.5) 0.24

No 51 (50.5) 126 (59.2) 177 (56.4) 0.15

Unknown 4 (4.0) 5 (2.3) 7 (2.2) 0.42

Equivocal 1 (1.0) 2 (0.9) 3 (1.0) 0.97

4 weeks to 113 (36%) patients and 50 Gy in 25 fractions over
5 weeks to 11 (3.5%) patients. The remaining 6 (1.9%) patients
received alternative fractionations. Of these, four patients re-
ceived 36 Gy in six fractions treating twice weekly and one pa-
tient received 30 Gy in six fractions treating twice weekly. The
clinical reason documented for this variance was frailty. One
patient received 46 Gy in 23 fractions for over 4.5 weeks owing
to a non-healing surgical wound.

In this single-centre study, all patients who were treated with
a bolus were treated with a standard 5-mm tissue-equivalent
sheet for all fractions of treatment. All patients were treated with
6-MV photons. The time period in question incorporates a pe-
riod of transition between two-dimensional (2D) and three-
dimensional (3D) planning at the KOC, and as such data on the
type of planning were also collected. 52.5% of patients, treated
up to July 2008, had 2D radiotherapy planning and 47.5% of
patients had CT-planned 3D radiotherapy planning.

The median time to last follow-up across all groups is 66 months
[range 2-132 months; interquartile (IQ) range 53—-82 months].
Patients who remain disease free have a median follow-up of
69 months (range 7-132 months; IQ range 60-89 months).
25 patients were identified as having less than 24 months of
follow-up; of these, 21 patients had died, of whom 13 had died
of disease. 4 (1.3%) patients were therefore lost to follow-up. At
the last follow-up, 66.2% of patients had no evidence of disease,
5.4% of patients were alive with disease, 9.6% of patients had
died with no evidence of disease and 18.8% of patients had died
of disease. The proportion of patients who failed to achieve
2 years of follow-up is similar across both treatment groups. In
the bolus treatment group 4 (3.96%) patients and in the no
bolus treatment group 8 (3.76%) patients failed to complete
2 years of follow-up. Data were also collected on axillary and
metastatic recurrence. 6 (1.9%) patients had axillary recurrence
and 66 (21.0%) patients had metastatic recurrence. The median
time to axillary recurrence was 7.5 months (range 2—47 months;
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Table 2. Hormone receptor status and systemic treatment delivered in treatment groups with and without a bolus

. . Radiotherapy delivered
.. Radiotherapy delivered apy Total p-value (Z-test)
Characteristics with a bolus (n=101) without (n=314) (*independent t-test)
a bolus (n=213) P

Hormone receptor status

Oestrogen receptor 75 (78.1) 167 (81.1) 242 (80.1) 0.41

positive

Progesterone 55 (57.3) 127 (61.7) 182 (60.3) 0.38

receptor positive

HER?2 positive 18 (18.8) 44 (21.4) 62 (20.5) 0.56
Chemotherapy 1 (%)

Neoadjuvant 4 (4.0) 14 (6.6) 18 (5.7) 0.14

Adjuvant 70 (69.3) 114 (53.5) 184 (58.6) 0.008
Adjuvant hormone treatment n (%)

Tamoxifen 44 (45.8) 80 (37.6) 124 (41.1) 0.31

Aromatase inhibitor 33 (32.7) 85 (39.9) 118 (37.6) 0.21

HER2, human epidermal growth factor receptor 2.

IQ range 2.75-20.75 months) and the median time to metastatic
recurrence was 29.5 months (range 0-102 months; IQ range
15-46.5 months). The disease-free survival is displayed as
a Kaplan—Meier curve in Figure 3, comparing the two treatment
groups (p = 0.995).

The skin toxicity data are shown in Table 3. 64 (30%) patients
treated without a bolus had no skin toxicity compared with
14 (10%) patients treated with a bolus. Grade 1-2 toxicity
according to the Radiation Therapy Oncology Group/European
Organisation for Research and Treatment of Cancer criteria was
seen in 122 (57.3%) patients treated without a bolus compared
with 76 (75%) patients in the bolus treatment group. Grade 3

Figure 3. Kaplan-Meier survival curve of breast cancer
recurrence.
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toxicity was rare in both groups; it was seen in two patients
treated without a bolus and in one patient treated with a bolus.
The acute skin toxicity was not formally graded in 35 patients.
The data were analyzed using Fisher’s exact test and were found
to be significant (p = 0.002).

During the follow-up period, 5 (1.6%) patients were identified
to have developed chest wall recurrence. All of these patients
were planned using a 2D technique. No chest wall recurrences
were found in patients who were treated with a 3D radiotherapy
planning technique (p=0.062) (Table 4). In the group of
patients who received treatment with a bolus, the recurrence was
0.99% (n=1) and in the group of patients treated without a
bolus, the recurrence was 1.88% (n=4) (p = 1.0). The median
time to chest wall recurrence was 34 months (range 3—-53 months;
IQ range 29.5-35 months). In this patient group, no statistical
reduction was shown in the incidence of chest wall recurrence
with the use of a bolus.

The case notes of all five patients with chest wall recurrence were

reviewed and the planning dosimetry details were examined.
The patient treated with a bolus had full skin coverage treated

Table 3. Skin toxicity by treatment group

) o Bolus
Skin toxicity
No Yes Total
Not specified 26 9 35
None 64 14 78
Grades 1-2 122 76 198
Grade 3 1 2 3
Total 213 101 314
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Table 4. Chest wall recurrence by treatment group

] ) Chest wall recurrence
Planning technique
No Yes Total
2D plan 160 5 165
3D CT plan 149 0 149
Total 309 5 314

2D, two-dimensional; 3D, three-dimensional.

with a 95% isodose. She had an out-of-field recurrence,
4 months after treatment, in an inferolateral location over
a previous surgical drain site. Review of the case notes of the
remaining four patients who received treatment without a bolus
revealed that Patient 1 had superficial coverage by the 95%
isodose between 4- and 5-mm depth from the chest wall surface,
Patient 2 had 95% isodose coverage at 4-mm depth from the
chest wall surface and Patients 3 and 4 had 95% isodose coverage
between 3- and 4-mm depth from the chest wall surface. Of the
four patients who recurred after treatment without a bolus, all
had recurrence in the mastectomy scar or in close proximity to
the scar at the lateral borders of the treatment field. One re-
currence was at the sternal border and three were at the axil-
lary border.

In this non-randomized comparison, the patients in the group
treated with a bolus had narrower closest margins than the
patients treated without a bolus—a 3-mm median average
compared with a 5-mm median average (p = 0.004). There was
a difference in the deep margins again, with a closer margin
in the bolus group—a 4-mm median average compared with
a 6-mm median average (p = 0.005).

DISCUSSION

There is no established consensus regarding the use of a bolus
for the delivery of chest wall radiotherapy post-mastectomy.
There is a significant clinical variation in the use of a bolus,
often at the discretion of the individual clinician. Vu et al'’
found in an international survey of clinicians in the Americas,
Europe and Australasia that there were wide variations in
regional practice. Their respondents showed a picture of
extensive bolus use in the USA, with 82% of clinicians always
using a bolus, and a less frequent use in Europe (31%) and
Australasia (65%). More recently, regimes have been developed
with bolus application for a proportion of the radiotherapy
fractions. These have been shown to be effective in increasing
surface and skin dose in the overall treatment, even though
a bolus is not used for every fraction.” However, we know from
other studies that the use of a bolus is associated with greater
acute and late effects including moist desquamation and skin
telangiectasia.'” Lilla et al'* also demonstrated in their cohort
study the association between severe acute effects of radiation
treatment and subsequent development of telangiectasia. We
have been able to replicate these data at the KOC by also
demonstrating a statistically significant increase of skin toxicity
in the group treated with a bolus.

Turner et a/

This analysis did not demonstrate a statistical significance in
chest wall recurrence between the patients who were treated
with a bolus and those treated without a bolus. Another cohort
study by Tieu et al,'' looking at the effect of adjuvant post-
mastectomy radiotherapy on local recurrence, also demon-
strated a lack of statistically significant increase in chest wall
recurrence between groups treated with and without a bolus.
However, they did find that 20 of the 146 patients treated with
a bolus had to stop treatment early owing to severe skin toxicity.
The team then went on to perform a multivariant analysis
which, after adjusting for other risk factors, gave a hazard ratio
of 4.8 for incomplete radiotherapy treatment on the risk of
recurrence.

The overall rate of recurrence in our cohort is much lower than
the published figures, which range from around 5 to 10%, with
a median follow-up of 69 months.® However, it is worth noting
that some of the previously published studies used an extended
follow-up period of up to 10 years.

There are uncertainties around the delivered surface dose in chest
wall radiotherapy, especially at the periphery of the field."* Studies
have shown that treatment planning systems, even with advanced
algorithms, show variations at a shallow depth.'> This makes
accurate prescription at a shallow depth close to the skin surface
difficult. Studies have also demonstrated that planning target
volume coverage, especially at the edges of the treatment field, is
reduced with a 2D plan compared with a 3D CT plan.'®'” In this
data set, just over half of the patients were planned using a 2D
technique. Now, all patients are planned using 3D CT planning
and some more complex plans are forward planned using
intensity-modulated radiotherapy. Chest wall recurrences were
seen only in the patients planned using a 2D planning technique
(Table 4). Although not statically significant in this cohort, there
does appear to be an emerging trend towards fewer chest wall
recurrences with 3D CT planning. It is also interesting to note
that in three of the four patients with recurrences after treatment
without a bolus, recurrence was on the periphery of the treatment
field. With 2D planning, these areas may have been particularly
vulnerable to dosimetry discrepancies.

The data from this cohort of patients treated at the KOC are
from 2005 to 2010. Since 2010 a change in technique means that
patients are now sometimes given a bolus for a proportion of
their radiotherapy; for example, 50% of fractions, rather than
throughout the course of treatment. Future analysis would be
required to establish whether recent changes in technique alter
the outcome in terms of the role of a bolus. Being a single-centre
analysis, all patients were treated with a standard tissue-
equivalent bolus; however, at other centres, different types and
thicknesses of bolus are used. The results from this study may
not therefore be widely transferrable.

This analysis identified narrower closest and deep margins in the
bolus treatment group. Some studies have shown that tumour
distance from the margin is an independent risk factor in future
chest wall recurrence.'® However, a comprehensive review of
radiotherapy in patients with negative lymph nodes post-
mastectomy showed that the margins are not an independent
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predictor for locoregional recurrence in the absence of other risk
factors such as age, large tumour size and lymphovascular in-
vasion.'” Furthermore, no difference was seen in the superficial
margins between the two treatment groups, which would be the
more relevant margin in relation to surface dose of radiotherapy.

It is also worth considering that in this retrospective study, the size
of the groups was uneven, with approximately one-third of
patients treated without a bolus compared with two-third of
patients treated with bolus. Apart from narrower closest and deep
margins, the remaining characteristics were similar between the
two groups, as seen in Table 1. The disparity in numbers is due to
the lack of a fixed protocol in the department for use of a bolus in
chest wall radiotherapy. Clinicians would sometimes add a bolus
if the surface dose, on the review of the plan, was inadequate or if
a very thin chest wall did not allow for adequate dose build-up.

In the group receiving radiotherapy without a bolus, a signifi-
cantly smaller proportion of patients received adjuvant chemo-
therapy compared with the group treated with a bolus. In spite
of this, the local recurrence rates were similar in both groups.

The small number of recurrences makes it difficult to achieve
a statistical significance. However, this study is still clinically
relevant, as it confirms that chest wall recurrence is a rare

BUR

event after mastectomy and chest wall radiotherapy. For the
clinician making a decision for an individual patient, it is
important that benefit be demonstrated in using a bolus, to
justify the higher risk of worse acute and late toxicity. The
suggestion from this retrospective study of patients at the
KOG, as well as previous studies, is that no statistically sig-
nificant benefit can be demonstrated in reducing local re-
currence. However, treatment with a bolus is associated with
increased toxicity and likely early cessation of treatment,
which itself is a risk factor for chest wall recurrence.'' The
routine use of a bolus for treatment post-mastectomy may
therefore be unjustified.

CONCLUSION

In the patients treated with chest wall radiotherapy post-
mastectomy for breast cancer between 2005 and 2010 at the
KOG, no statistical difference in chest wall recurrence could be
demonstrated in patients who received treatment with or
without a bolus. This raises questions about the benefit of
treatment with a bolus in view of the increase in acute skin
toxicity with bolus use. In the age of 3D CT-guided radiotherapy
planning, the benefit of using a bolus may be outweighed by
toxicity. A prospective trial in this area would be helpful in
clarifying further the role of a bolus in chest wall radiotherapy in
patients with breast cancer post-mastectomy.
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