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Abstract

Purpose: This study aims to compare the dosimetric data of local tumor’s bed dose escalation (boost) with pho-
ton beams (external beam radiation therapy - EBRT) versus high-dose-rate interstitial brachytherapy (HDR-BT) after
breast-conserving treatment in women with early-stage breast cancer.

Material and methods: We analyzed the treatment planning data of 136 irradiated patients, treated between 2006
and 2013, who underwent breast-conserving surgery and adjuvant whole breast irradiation (WBI; 50.4 Gy) and boost
(HDR-BT: 10 Gy in one fraction [n = 36]; EBRT: 10 Gy in five fractions [# = 100]). Organs at risk (OAR; heart, ipsilat-
eral lung, skin, most exposed rib segment) were delineated. Dosimetric parameters were calculated with the aid of
dose-volume histograms (DVH). A non-parametric test was performed to compare the two different boost forms.

Results: There was no difference for left-sided cancers regarding the maximum dose to the heart (HDR-BT 29.8%
vs. EBRT 29.95%, p = 0.34). The maximum doses to the other OAR were significantly lower for HDR-BT (D,y,,, lung
47.12% vs.87.7%, p < 0.01; rib 61.17% vs. 98.5%, p < 0.01; skin 57.1% vs. 94.75%, p < 0.01; in the case of right-sided breast
irradiation, dose of the heart 6.00% vs. 16.75%, p < 0.01).

Conclusions: Compared to EBRT, local dose escalation with HDR-BT presented a significant dose reduction to
the investigated OAR. Only left-sided irradiation showed no difference regarding the maximum dose to the heart.
Reducing irradiation exposure to OAR could result in a reduction of long-term side effects. Therefore, from a dosimet-
ric point of view, an interstitial boost complementary to WBI via EBRT seems to be more advantageous in the adjuvant
radiotherapy of breast cancer.
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There are different techniques for delivering the
boost: via photons, electrons, and interstitial implants.
Limited data exist on the advantages of the different boost
forms [3,9]. This study has aimed to compare the dosim-

Purpose

Breast cancer is the most common form of cancer
among women in the western world. The current treat-

ment for early-stage breast cancer includes breast-conserv-
ing surgery, whole-breast irradiation, and an additional
local radiation dose to the tumor bed (boost). Random-
ized studies have shown the benefit of boosting in order
to minimize the local recurrence rate [1,2,3,4]. However,
the radiation doses delivered to organs at risk (heart, lung,
skin, rib segment) can increase long-term risks of normal
tissue side effects. A recent study has shown an increase
of 7.4% per Gy in the risk of ischemic heart events [5].
The risk of pneumonitis correlates with the average dose
to the lung [6], and a reduction of the dose delivered to
the skin shows a better cosmetic outcome [4,7,8].

etric parameters of a multicatheter single-shoot intersti-
tial tumor-bed boost with high-dose-rate brachytherapy
(HDR-BT) to those of a photon boost via external beam
radiotherapy (EBRT). Data on incidental irradiation to or-
gans at risk when boosting the tumor bed in women with
early-stage breast cancer have been analyzed.

Material and methods

One hundred thirty-six patients with early-stage breast
cancer who underwent breast-conserving surgery and
whole breast irradiation (WBI; 50.4 Gy) between January
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2006 and December 2013 were enrolled in this retrospec-
tive investigation. Patients signed a general consent form
before treatment. Table 1 summarizes patients and tumor
characteristics. Thirty-six patients received an interstitial
HDR-BT boost (10 Gy in 1 fraction). For a valid statistical
comparison, 100 patients were randomly selected from the
institutional EBRT boost group of patients (photon-boost:
10 Gy in 5 fractions). For the EBRT boost, a three-field
three-dimensional conformal radiation therapy (3D-CRT)
technique was used.

Patients at higher risk for local recurrence were rec-
ommended to receive an HDR-BT boost. If a patient re-
fused to undergo a brachytherapy treatment, she received
an EBRT boost. For each patient, the best treatment was
planned individually. The target volume was defined as
the former site of the tumour (clip marked and correlat-
ed to preoperative mammography images), plus a 2-3 cm
safety margin in all directions. The HDR-BT clinical tar-
get volume encompassed the tumour bed and an at least
10 mm safety margin in all directions, and it was equal to
the planning target volume (PTV). The minimum quality
parameters were Dy, = 90% (dose delivered to 90% of the
PTV), Dy, < 50 Gy (maximal dose delivered to the skin),
Vis0 < 70 cm® (volume receiving 150% of the reference
dose). The dose non-uniformity ratio (DNR) should be <
30% [10].

Contouring

Organs at risk (heart, ipsilateral lung, skin, most ex-
posed rib segment) were contoured on the planning
computed tomography (CT) with the treatment planning
systems (BrachyVision and Eclipse/ VARIAN, Palo Alto
Ca, USA; OncentraBrachy/Nucletron, an Elekta compa-
ny, Elekta AB, Stockholm, Sweden) according to the ex-
isting contouring atlases [11,12]. Dosimetric characteris-
tics were obtained from dose-volume histograms (DVH).
The DNR was calculated (DNR = v150/v100) as a quality
parameter of interstitial implants. The absolute volumes
in cubic centimeters (cc) of the organs at risk were report-
ed. The organ-specific description is as follows.

Heart

The whole heart was delineated with pericardium
and fatty tissue. This includes the part inferior to the left
pulmonary artery down to the diaphragma [11]. The do-
simetric parameter was D, ., (%) (maximum dose given
in percentage), as high maximum dose values can cause
atherogenic, as well as perfusion defects, and can lead to
cardiovascular events [13]. Due to the reduced number of
slices of the planning CT to minimize radiation exposure
and the lack of contrast agents, it was not possible to de-
lineate correctly the entire left anterior descending coro-
nary artery (LAD) in the planning CT. The results of the
radiation exposure to the LAD would have been flawed.

Lung

The ipsilateral lung was delineated excluding the
large bronchi. The D,,.., (Gy) and D,,,, (%) were report-
ed for each patient. D (Gy) is the mean dose in Gy

mean

to the lung - it seems to correlate best with the risk of
pneumonitis [6,14,15]. Furthermore, the maximum dose
to the lung can cause secondary malignancies (D,,,, [%])
[16,17, 18,19].

Most exposed rib segment

The most exposed rib segment was identified with
the aid of consecutive point dose measurements on the
planning CT. The maximum dose (D,,., [%]) and the dose
in Gy that irradiates 1 cc of the rib (d;.) were reported.

Skin

The skin was defined as a thick layer of 5 mm un-
derneath the skin surface, as, according to the data in
the literature, irradiation of the vessels located in the
superficial and mid-dermis can cause telangiectasia [20].
The maximum dose to the skin (D,,,, [%]) and the dose
in Gy that irradiates 1cc of the skin (d;.. [Gy]) were ana-
lyzed for each patient.

Statistical analysis

IBM SPSS Statistics (Version 22.0.0.0, Chicago, IL,
USA) was used for statistical analysis. Medians and
quartiles were distinguished and non-parametric test
(the Mann-Whitney-U Test) was performed on the data.

Table 1. Patient and tumor characteristics

Characteristic HDR-BT (n = 36) EBRT (n = 100)

Age in years
Median 58 62
Range* 54.75-65.25 50-69
Breast volume [cc]
Median 1102.6 1179.3
Range 874-1380.75 871.9-1491.2
Side of the tumor
Right-sided 21 46
Left-sided 15 54
Localization of tumor
Upper outer quadrant 21 58
Upper inner quadrant 4 10
Lower outer quadrant 2 17
Lower inner quadrant 4 8
Other 5 7
Size of the tumor [cm]
Median 18 16
Range 11-29.25 11-23

HDR-BT — high-dose-rate interstitial brachytherapy, EBRT — external beam
radiotherapy
*Range: 25" quartile — 75" quartile
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The Mann-Whitney-U Test was used to control for dis-
cordant values in this small database. Rank-based box
plots illustrated the findings of the tests. The doses of
the HDR-BT boost were compared to those of the EBRT
boost. Differences in the irradiation of a right- or left-sid-
ed tumor were accessed for doses to the heart. For all oth-
er organs at risk, it was assumed that there was no differ-
ence in the doses caused by the localization of the tumor.
The null hypothesis (no difference between the HDR-BT
and EBRT boost irradiation) was rejected at a p-value less
than 0.01.

Due to different treatment schedules, the isoeffective
dose can differ. We therefore calculated the biological effec-
tive dose (BED) for a better comparison between HDR-BT
and EBRT. The values for the o/ B-ratio were chosen to be
3 Gy (heart, lung, most exposed rib), and 2.8 Gy (skin), as
values for late-responding normal tissues [21,22].

Table 2. Characteristics of radiotherapy

Characteristic HDR-BT (n = 36) EBRT (n = 100)

Whole breast irradiation [Gy]

Median dose 50.4 50.4

Range* 50-50.4 50.4-50.4

Boost [Gy]

Median dose 10 10

Range 8-10 10-10

Target volume [cc]

Median 103.61 131.75

Range 65.54-121.66 95-178.18

DNR

Median 0.3

Range 0.23-0.35

Number of fractions (boost)

Median 1 5

Range

Number of needles (HDR-BT)

Median 15

Range 12-18

Number of planes (HDR-BT)

Median 3

Range 3-4

Number of fields (EBRT)

Median 3

Range 3-3

HDR-BT — high-dose-rate interstitial brachytherapy, EBRT — external beam
radiotherapy, Gy — Gray, cc — cubic centimeter, DNR — dose non-uniformity ratio
*Range: 25" quartile — 75" quartile

Results

There were 36 eligible interstitial HDR-BT cases, from
which 21 patients received right-sided irradiation and
15 patients left-sided irradiation. In the EBRT group, there
were 46 right-sided and 54 left-sided tumors. Patient and
tumor characteristics are given in Table 1.

The reference dose-line was the 100% dose-line on the
planning CTs. The results are listed as medians. The range
indicates values in the 25" quartile and the 75" quartile,
given in brackets.

The DNR, as a parameter for quality and a prognos-
tic factor for acceptable toxicity, for interstitial implants
should be below 0.35 [23]. In this study, the mean DNR
was 0.3 (0.23-0.35), which shows an excellent result and
well-calculated interstitial HDR-BT plans. The character-
istics of radiotherapy are given in Table 2.

Heart

Tumors located on the left side led to a higher max-
imum dose of irradiation to the heart than tumors lo-
cated on the right side: HDR-BT left-sided irradiation
29.8% (19.58-32.68%) vs. right-sided irradiation 6.00%
(4.79-8.07%); left-sided EBRT 29.95% (21.80-49.98%) vs.
right-sided EBRT 16.75% (12.67-22.28%).

Our study has shown no significant difference be-
tween the two local dose escalation techniques in the heart
dose reduction regarding left-sided tumors (p =~ 0.34).
Radiation of right-sided cancer with interstitial implants
showed less radiation exposure to the heart compared to
EBRT (p < 0.01; Figure 1).

The mean dose to the heart was 0.27 Gy (0.19-0.59 Gy)
for HDR-BT patients. In patients with left-sided breast
cancer, the heart received 0.67 Gy (0.39-1.80 Gy); the
mean heart dose of patients with right-sided irradiation
was 0.24 Gy (0.17-0.27 Gy).

507 p<0.01*
40 -
5
2 30 1 —_
S
g 20
(=)
(o)
10 + :
O -
HDR-BT EBRT

Boost technique
*Significant (p = 1.2966E-9)
Fig. 1. Box plot of irradiation of the heart (right-sided breast
cancer): there is a significant difference between external
beam radiotherapy (EBRT) and high-dose-rate interstitial
brachytherapy (HDR-BT)

Journal of Contemporary Brachytherapy (2016/volume 8/number 4)


http://www.ncbi.nlm.nih.gov/pubmed/?term=Fowler+JF.+21+years+of+Biologically+Effective+Dose.+Br+J+Radiol+2010%3B+554-568
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quality+Assessment+of+Interstitial+Implants+in+High-Dose-Rate+Brachytherapy+After+Lumpectomy+in+Patients+of+Early+Stage+Breast+Cancer.+Indian+J+Surg+Oncol+2010%3B+1%3A+294-302

External beam boost versus interstitial high-dose-rate brachytherapy boost

297

For EBRT patients, the mean heart dose was 0.37 Gy
(0.16-0.68 Gy). Regarding the left-sided irradiation, the heart
received 050 Gy (0.29-0.86 Gy) vs. 0.23 Gy (0.1-0.47 Gy)
for a right-sided tumor.

Lung

The ipsilateral lung volume of the interstitial irradiat-
ed patients was 1245.95 cc, while, for the EBRT patients it
was 1235.35 cc.

With HDR-BT, the lung received maximum doses
of 3.25 Gy (1.99-4.68 Gy), and with EBRT, 8.74 Gy (7.42-
9.34 Gy). The difference is significant (p < 0.01, Figure 2).

Mean doses to the lung are understood as markers for
pneumonitis risk. A higher mean dose indicates higher
pneumonitis risk. Our data show a significant reduction
of the mean dose with interstitial implants: 0.40 Gy (0.27-
0.57 Gy) vs. 0.79 Gy (0.52-0.99 Gy), p < 0.01.

Most exposed rib segment

The volume of the most exposed rib segment was
19.25 cc (HDR-BT) vs. 22.8 cc (EBRT). The maximum dose
was calculated at 4.29 Gy (2.76-6.27 Gy) for HDR-BT and
9.84 Gy (9.55-10.05 Gy) for EBRT.

The maximum dose (D,,,, [%]) of EBRT given in the
DVH is significantly higher than the dose of interstitial
implants: 98.5% (96.11-100.4%) vs. 61.17% (41.24-77.64%),
p < 0.01 (Figure 3). Additionally, 1 cc of rib received less
radiation with an HDR-BT boost: 3.37 Gy (1.85-4.59 Gy)
vs. 9.27 Gy (8.52-9.70 Gy), p < 0.01.

Skin

The HDR-BT technique reduces the maximum dose
to the skin compared to EBRT. The maximum dose was
calculated to be 4.01 Gy (2.28-6.72 Gy) with HDR-BT
and 9.44 Gy (8.54-9.92 Gy) with EBRT. The same effect
is visible when comparing the percentage maximum

120 +
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D,..x (%) rib segment
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S
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20 A fo)

HDR-BT EBRT
Boost technique
*Significant (p = 1.8242E-10)

Fig. 3. Box plot of irradiation of the most exposed rib seg-
ment. There is a significant difference between the two treat-
ment modalities
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*Significant (p = 4.6459E-14)

Fig. 2. Box plot of irradiation of the lung. It shows a signif-
icant difference between the two techniques in favour of
high-dose-rate interstitial brachytherapy (HDR-BT)

doses: HDR-BT 57.1% (41.71-81.15%) vs. EBRT 94.75%
(86.17-98.94%); p < 0.01 (Figure 4). One cubic centimeters
of skin is significantly less irradiated with the HDR-BT
boost than with EBRT: 3.23 Gy (1.86-4.90 Gy) vs. 8.57 Gy
(7.59-9.28 Gy); p < 0.01.

Biological effective dose

There are differences in the treatment regimens be-
tween the HDR-BT and EBRT. Even after adjusting the
doses using the BED equation, OAR received significant-
ly less radiation with HDR-BT. Table 3 lists the adjusted
BED values.

200
p<0.01*

150 ~
£
=4
%]

100 |
g
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50

0 _

HDR-BT EBRT

Boost technique
*Significant (p = 1.5075E-7)

Fig. 4. Box plot of irradiation of the skin. There is a sig-
nificant difference between the two treatment modalities
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Table 3. Biological effective dose (BED) values for heart, lung, most exposed rib segment, and skin

HDR-BT [Gy] EBRT [Gy] p-value
Heart D, 5.37 (4.00-7.76) 10.73 (8.49-16.36) < 0.01
Heart D, left-sided irradiation (a/f = 3) 8.83 (5.90-13.30) 14.47 (10.4-21.37) <0.01
Heart D, right-sided irradiation (a/p = 3) 4.29 (3.85-5.20) 9.27 (7.64-10.94) < 0.01
Lung Dy, (a/B = 3) 12.61 (8.70-17.00) 32.47 (27.64-34.46) < 0.01
Lung D,c., (/B = 3) 4.24 (3.80-5.10) 5.92 (5.05-6.63) <0.01
Rib D,,,,, (0/B = 3) 15.92 (10.80-21.52) 36.12 (35.18-36.83) < 0.01
Skin D,y (/B = 2.8) 16.20 (11.37-27.17) 37.27 (33.36-39.01) < 0.01

HDR-BT — high-dose-rate interstitial brachytherapy, EBRT — external beam radiotherapy, D, — maximum dose [Gy], D .., — mean dose [Gy]

Range: 25" quartile — 75" quartile

Discussion

There are only a few published studies that compare
dosimetric characteristics between the different local
dose escalation modalities. Our study has been able to re-
cord characteristics of maximum doses to the heart, and
thus provide insight into the evaluated forms of irradia-
tion. High-dose-rate brachytherapy plans for right-sided
breast cancer have shown a reduction of the maximum
doses to the heart. Nonetheless, it is important to keep
in mind that the maximum doses to the heart depend on
the anatomy of the chest and on the inter-/intra-fraction
movements of the heart [24,25,26,27].

In 2013, a Korean study compared electron and X-ray
beams for tumor bed boost irradiation in 131 patients
with left-sided breast cancer [28]. The maximum dose to
the left ventricle was 3.66 + 2.70 Gy (average + standard
deviation). We calculated the maximum dose of the pho-
ton boost to be 3.34 Gy, which lies within the same range
as the results of Park and Kim. In our study, the HDR-BT
boost reduced the maximum doses to the heart (maxi-
mum dose 1.65 Gy).

In regard to the treatment of a left-sided tumor, there
were no significant differences between the two tech-
niques in terms of D, ,, (%). One limitation of the evalua-
tion presented is that we did not consider the localization
or depth of the tumor bed. Tumors located deeper in the
breast are closer to the heart and lead to a higher maxi-
mum dose to the heart. It is possible that our study could
have analyzed more deeply-located tumors, and thus
produced erroneously high results.

The DVH contains no information on the exact local-
ization of the maximum dose. It makes a difference if mus-
cle or coronary arteries are irradiated. Irradiation of vessels
can lead to arteriosclerosis and can cause a myocardial in-
farction [13].

A study on pneumonitis risk due to irradiation of
breast cancer has shown a reduction of the risk by re-
ducing the high dose volume of the lung [29]. The pneu-
monitis risk is proportional to the mean dose to the lung
[6,14,15,29].

In the study presented, the HDR-BT boost showed
areduction of the mean dose and of the maximum dose to
the lung compared to the EBRT boost (mean dose 0.40 Gy

vs. 0.79 Gy; maximum dose 47.12% vs. 87.7%). Van Parijs
published average dose values for the ipsilateral lung be-
tween 0.47 Gy and 1.09 Gy [30]. Our study has been able
to confirm the reported doses by Van Parijs.

Another long-term risk is the development of second-
ary malignancies after irradiation. Women who received
radiation therapy as part of their breast cancer treatment
are at higher risk for secondary malignancies of the lung
after 15 years [17]. Grantzau reported that the risk for
lung cancer after irradiation increases linearly with every
Gray delivered to the lung, by 8.3%. The risk for smokers
is even higher (17.3% per Gy) [18]. The reduction of the
maximum lung dose decreases the risk of secondary can-
cer. According to our results, the HDR-BT boost seems to
deliver fewer maximum doses to the lung. Randomized
studies with larger cohorts are needed to confirm these
findings.

Only limited data exist on the dosimetric charac-
teristics of irradiated ribs. Long-term risks to ribs have
scarcely been documented. There is one study that pub-
lished dosimetric data on the rib with a HDR-BT boost
[31]. In that study, the most exposed rib received 24.5%
of the prescribed dose. Potentially, the variation in the
depth of the tumor could explain the different results in
their study as compared to our study. More studies on
the doses delivered to the rib are necessary to obtain val-
id data.

Many publications have shown that minimizing the
dose to the skin leads to a better cosmetic outcome [4,7,
28,32,33,34,35].

Our results show a dose reduction with the HDR-
BT boost. When evaluating the results, one has to keep
in mind that the outcomes depend on the localization
and the depth of the tumor. The more superficial the tu-
mor, the higher the maximum dose to the skin. It is also
important to consider the skin-delineation technique
for treatment planning. The detected doses to the skin
change when defining a different width of the skin [24].

At the moment, there is no consistent recommenda-
tion regarding skin delineation for radiation treatment
planning [26,36]. It is difficult to compare our findings for
the maximum doses delivered to the skin to other results.
Without knowing the exact localization of the tumor, it
would also not be valid to compare the results.
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Limitations

The retrospective design is a further limitation of our
investigation. Women were not randomized equally for
either the HDR-BT boost or EBRT boost. A retrospective
design cannot control bias, because of different prog-
nostic factors. Additionally, it is important to stress the
individual anatomical differences between women. It is
disputable whether or not the women can be generally
compared. Another limitation is the missing documenta-
tion of the exact localization and depth of the tumor.

Our presented cohort contains only a low number
of cases - a higher number of cases would lead to more
reliable results. Furthermore, the study only examined
the dosimetric characteristics, but not the clinical results
of the irradiation. Last but not least, we have neither as-
sessed the recurrence rate nor the cosmetic outcome after
treatment. Further studies with larger cohorts and long-
term follow-up are necessary in the future.

Another limitation is the fact that we only examined
3D-planned photon boost cases in the EBRT group. We
excluded data on electron boosts for technical reasons.
Prospective studies on the comparison between electron,
photon, and interstitial boosts are needed.

Studies have also shown that the contouring and the
delineation processes depend on the examiner. Hence, the
results can vary widely [37,38]. An advantage of this pre-
sentation is that the same person performed delineation on
all the subjects, and the contouring atlases were considered.

Multiple new irradiation techniques are emerging (in-
traoperative radiotherapy - IORT), intensity-modulated
radiotherapy (IMRT), irradiation in prone position, deep
inspiration breath-hold techniques (DIBH), and need to
be assessed. Long-term data are still lacking, but early
findings have shown a benefit of these methods [39,40].
More studies with prospectively collected data are now
in progress and need to be evaluated in the future.

Conclusions

In this limited retrospective study, we were able to
demonstrate a reduction of doses delivered to organs at
risk with the use of an HDR-BT boost, following WBI via
EBRT in breast-conserving treatments in patients with
early-stage breast cancer. We have provided data on do-
simetric characteristics, and stress the importance of re-
ducing the delivered dose to organs at risk in order to
minimize long-term side effects.
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