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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the impact and optimize the prescription of tissue-equivalent bolus in postmastectomy
Breast cancer radiotherapy (PMRT), we compared the use of different bolus regimens tailored by skin involvement status.
PMRT Methods: Patients with breast cancer who required PMRT were recruited (NCT01925651) and classified into two

Tissue equivalent bolus
Radiodermatitis
Local control

groups: standard-risk (SR, without skin involvement) and high-risk (HR, with skin involvement). SR was ran-
domized between no bolus or 5 mm-bolus on alternate days and HR between 5 mm-bolus on alternate days or
daily. Conventional fractionation (50.4 Gy; 1.8 Gy/daily) was used. Acute skin toxicity was evaluated blindly and
the radiodermatitis-specific toxicity index [rads-TI] calculated. Subsequently, patients were followed up to assess
oncologic outcomes, focusing on chest wall (CW) local control.

Results: Fifty-eight patients were enrolled (34 SR and 24 HR). Baseline characteristics were similar between arms
within the same risk group. Overall, maximal radiodermatitis rates were 29.4 % (G2) and 15.7 % (G3). In the SR
group, no difference existed in G2 radiodermatitis incidence between the subgroups (p = 0.70) and no G3 events
occurred. In the HR group, incidences of G2 (100 % vs 44.5 %, p = 0.01) and G3 radiodermatitis (70 % vs 11.1 %,
p = 0.02) were higher with daily bolus. After adjusting for confounders, the daily bolus had a higher incidence of
G2 (p = 0.03), G3 radiodermatitis (p = 0.04), and worse rads-TI (p < 0.01). After a median follow-up of 6.2
years, the 5-year local control was 95.8 % (95 %CI: 88.2 %-100 %) in the SR and 91.7 % (95 %CI: 77.3 %-100 %)
in the HR groups. Per risk group, there was no difference in local control between the SR (p = 0.90) or the HR
bolus regimens (p = 0.70).

Conclusion: Daily 5 mm bolus prescription significantly increased the overall toxicity burden. In this preliminary
study, within the same risk group, no detriment in CW local control was detected with less intense bolus regi-
mens (SR: no bolus; HR: alternate-days bolus). Additionally, the rads-TI was able to distinguish overall radio-
dermatitis burden.

Introduction After mastectomy, adequate irradiation of the CW region is techni-
cally challenging due to multiple factors, including anatomical alter-

Occult residual disease is responsible for locoregional recurrence ations from the removal of the affected breast [4] and proximity to
(chest wall [CW] + regional nodes) after breast cancer treatment. adjacent organs (heart, ipsilateral lung, and contralateral breast) [5-8].
Postoperative radiotherapy (RT) provides a proportional reduction of In addition, the superficial location of CW soft tissues coincides with the
these failures by a factor of three, which may ultimately reduce breast initial dose buildup region, which is defined as the region between the
cancer mortality, especially in node-positive patients [1-3]. surface and the point of the maximum dose. Since modern mega-voltage
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X-rays became available in the late 1950s [9], slower dose buildup has
favored the treatment of deep-seated sites (skin-sparing effect) [10];
however, concerns regarding their suitability for treating superficial
targets have arisen.

In clinical practice, a tissue equivalent material (called ‘buildup
bolus’ or simply ‘bolus’) is frequently placed on top of the skin to in-
crease the dose to the superficial tissues of the CW. This classical tech-
nical solution has been utilized for decades, but there is a paucity of
evidence to guide the optimal trade-off between the increased dose
absorbed in superficial tissues and toxicity. In this regard, recent
retrospective studies [11-15] failed to demonstrate a local control
benefit of bolus compared with no bolus. However, since bolus pre-
scription in daily practice is intrinsically influenced by physicians’
perception of high-risk factors, such as skin involvement, lymphovas-
cular space invasion (LVSI), and positive margins, these studies are
limited by important imbalances between the intervention (bolus) and
control (no bolus) subgroups [11-14]. In addition, these researchers
evaluated the impact of the intervention (bolus) without consistently
defining which bolus regimen [12,14,15] was used (i.e., thickness, fre-
quency) and if or when the bolus was discontinued earlier owing to skin
toxicity.

In this context, we designed a randomized controlled trial to evaluate
the impact of the use of a CW bolus in two distinct settings of post-
mastectomy radiotherapy (PMRT): standard risk of recurrence (nega-
tive skin) and high risk of recurrence (positive skin). In the first group,
no bolus was compared to the use of bolus on alternate days. In the high-
risk group, bolus on alternate days was compared with daily bolus. The
main outcome was acute skin toxicity, and the secondary outcomes were
treatment interruptions and oncologic outcomes, focusing on the CW
component of locoregional control.

Methods
Study design

The inclusion criteria were histological diagnosis of breast cancer,
mastectomy (with or without immediate breast reconstruction), and
indication of postoperative RT. The exclusion criteria were a Karnofsky
Performance Scale (KPS) score <70 % and previous ipsilateral thoracic/
cervical irradiation. To increase the generalizability of the results to the
male population [16], the protocol was revised to allow inclusion of
male patients that meet all other criteria. The institutional review board
(Comité de Etica em Pesquisa em Seres Humanos da Fundacdo Anténio
Prudente) approved the study design and the use of patient information
without name or facial identification. All patients signed informed
consent forms before enrollment in the study. This study was registered
at the Clinicaltrial.gov, identifier NCT01925651.

Treatment protocol

All patients with positive lymph nodes (clinical or pathological),
tumor greater than 5.0 cm (T3), or tumor invading the CW and/or skin
(T4) received CW irradiation via opposed tangent photon fields (6 MV).
Those with four or more positive axillary nodes received an additional
supraclavicular photon field. The bolus device (5 mm thickness) was
placed covering the whole chest wall target (from the anterior median
line to the mid-axillary line).

All patients received 50.4 Gy (28 x 1.8 Gy, once a day) to the CW
and, when indicated, 45 Gy (25 x 1.8 Gy, once a day) to the nodal
drainage using a two or three-field technique [17]. No additional scar
boost or electron field for the coverage of internal mammary nodes were
used. The use of planning computed tomography (CT) was left to the
discretion of the attending physician and was decided before randomi-
zation. Chemotherapy was delivered following the institutional protocol
(combination of doxorubicin and cyclophosphamide followed by pacli-
taxel with addition of trastuzumab for HER2-positive patients). After RT,
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patients with hormone receptor-positive disease received antiestrogen
medication. Radiotherapy was initiated at least 10 days after the last
adjuvant chemotherapy cycle or surgery (if received neoadjuvant
chemotherapy was received).

Risk stratification and randomization

The patients were classified into two risk groups: a) standard risk (no
skin involvement) and b) high risk (skin involvement). Skin involvement
was defined as clinical (cT4b) and/or pathological (pT4b or ypT4b; with
extension to the dermal lymphatics) disease. None of the patients had
inflammatory breast cancer (IBC, T4d).

The standard-risk (SR) group patients were randomized between no
bolus or 5 mm bolus used on alternate days. To avoid patients with
positive skin randomized being treated without bolus, the high-risk (HR)
group was randomized between two more intense bolus regimens (5 mm
alternate days vs 5 mm daily/continuous days). Randomization of each
risk group was performed by balancing the patient’s body mass index
(BMIL; the weight in kilograms divided by the square of the height in
meters) < 30 kg/m2 and > 30 kg/m2 (obesity) [18-20].

Endpoints

The primary study endpoint was the occurrence of acute radio-
dermatitis in the CW area, which was graded using the RTOG/EORTC
toxicity scale [21] (Supplementary Material S1). Bolus use (alternate or
continuous) was discontinued if the patient developed G3 radio-
dermatitis. Weekly toxicity evaluations were performed by two nurses
with experience in the diagnosis and management of radiodermatitis
who were blinded to the assigned bolus regimen (single-blinded design).
Patients who developed G3+ radiodermatitis (during or after the end of
treatment) were evaluated in two additional occasions after the end of
RT (at the first and third post-treatment weeks).

The granular information of the weekly toxicity grades was used to
compute the radiodermatitis-specific toxicity index (rads-TI), adapted
from the work of Rogatko et al. [22]. The rads-TI accounts for all
observed weekly radiodermatitis grades during the whole RT course and
is intended to refine the toxicity evaluation when compared to the
simple rate of maximum toxicity or the averaged toxicity. The integer
portion represents the maximum toxicity, and the fractional portion
represents the additional weekly toxicity experienced over the duration
of treatment. Multiple toxicities of the same intensity (grade) yield a
rads-TI score that is slightly less than that generated by a single event of
the next higher grade. Importantly, when several patients are compared
with respect to toxicity, the rads-TI preserves their ranking [23]. The
rads-TI statistic is presented in the Supplementary Material S2.

The secondary endpoints were the rate of definitive treatment
interruption and survival outcomes (local control, metastasis-free in-
terval, and overall survival). Local control was defined as failure in the
CW area, excluding regional failure. Metastatic cases detected after trial
registration (before or during RT delivery) were only evaluated in the
toxicity analyses.

Statistical analysis

The power (sample size) calculation is presented in Supplementary
Material S3. The characteristics of the subgroups within each random-
ization arm were compared using the Fisher’s exact test.

Time to event endpoints (incidences of G1, G2, and G3 radio-
dermatitis, oncologic outcomes) were calculated from the date of RT
start (Tp), and the rates were estimated using the Kaplan-Meier method.
The relative risks (RR) for G2 and G3 radiodermatitis were calculated
using a quasi-Poisson regression model adjusted for possible confound-
ing factors (age, BMI, diabetes mellitus, smoking history, and RT tech-
nique). Furthermore, we summarized the repeated measurements in a
single measure, such as rads-TI, and the comparison between subgroups
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was performed using the probabilistic index model (PIM) [24-29], in
which the probability index (PI), a measure of relative effect, is modeled
as a function of covariates. The PI represents the probability that the
outcome (e.g., radiodermatitis) of a patient randomly sampled from a
specific bolus subgroup (alternate days or daily) is greater than the
outcome of another patient randomly sampled from the no-bolus sub-
group, conditional on the covariate values of both patients, and a PI
equal to 0.5 indicates that both subgroups have similar toxicity score
distribution. The PI with Wald-type 95 % confidence interval (95 %CI)
was reported with p-values based on the Wald statistic.

Toxicity analyses were performed using the ‘pim’ package [30] and
survival analyses were performed using the ‘survival’ and ‘survminer’
packages, implemented in R software version 4.1.0 (R Foundation for
Statistical Computing, Vienna, Austria) [31].

Results
Patients

During the recruitment period (August 2013 to November 2013), 58
patients were enrolled. Thirty-four patients without skin involvement
(SR) and 24 patients with skin involvement (HR) proceeded to the
respective bolus randomization arm (Fig. 1). Two patients withdrew
consent before RT, two patients had a protocol violation (received other
bolus regimens), and three had treatment interruptions. In total, 51 and
48 patients were included in the toxicity and oncologic outcome ana-
lyses, respectively.

The median age of the patients was 48 years (interquartile range:
43.7-61.2), and 35.3 % had a BMI > 30 kg/m>. Breast reconstruction
(immediate prosthetic implant) was performed in 21.6 % of the patients
(none in the HR subgroups). Thirty-one percent had a positive smoking
history, and 13.7 % had diabetes mellitus as a comorbidity; all baseline
characteristics were similar between each subgroup within the same risk
group and are described in the Table 1.
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Toxicity

All patients developed at least G1 radiodermatitis (Fig. 2A1 and
2A2), and the maximal acute toxicity observed in the overall population
was 54.9 % G1, 29.4 % G2, and 15.7 % G3. No G4 events occurred. Five
G3 toxicity events (62.5 %) occurred after the last fraction of RT. Three
patients had the bolus discontinued after achieving grade 3 toxicity
during the last week of treatment, all in the high-risk subgroups (alter-
nate-day bolus: one patient; daily bolus: two patients).

In the standard-risk group, there was no difference in the incidence
of G2 radiodermatitis at the end of RT between the no-bolus and the
alternate-day bolus subgroups (33.3 % vs 23.5 %, p = 0.70, Fig. 2B1). No
patient developed G3 event in this group (Fig. 2C1). In the high-risk
group, the incidences of G2 radiodermatitis (100 % vs 44.5 %, p =
0.01) and G3 radiodermatitis (70 % vs 11.1 %, p = 0.02) were higher in
the daily bolus subgroup than in the alternate-days bolus subgroup
(Fig. 2B2 and 2C2).

Comparing the bolus prescriptions, the use of daily (continuous)
bolus remained significantly associated with the development of G2
radiodermatitis (RR 3.1; 95 % CI: 1.2-8.2), G3 radiodermatitis (RR 25.8;
95 % CI: 1.3-520.3) and higher rads-TI scores (PI 88.4 %; 95 % CI:
76.3-94.8), after adjusting for confounding variables. There was no
statistical difference in any toxicity measures between alternate days
bolus and no bolus subgroups (Table 2, Fig. 3, and Supplementary ma-
terial S4).

Treatment interruptions

Three patients in the high-risk group (3/24) interrupted treatment
definitively: one in the alternate-days subgroup (owing to metastatic
progression before RT start) and two in the daily bolus subgroup (one
owing to metastatic progression in fraction 5 and another owing to so-
cial reasons in fraction 10). As these definitive interruptions occurred
early and were not related to toxicity, these three patients were not
included in the toxicity analyses.

Post-mastectomy radiotherapy
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R
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Fig. 1. CONSORT diagram. Risk stratification before randomizations: standard risk [SR] group = no skin involvement (n = 32); high-risk [HR] group = positive skin
involvement (n = 19). All SR patients evaluated for toxicity and oncologic outcomes (n = 32). HR I: evaluated for toxicity (n = 19). HR II: evaluated for oncologic

outcomes (n = 16).
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Table 1
Patients, disease and treatment characteristics (overall and per risk-group).
Characteristic Overall Standard-risk High-risk
No bolus Alternate days bolus p-value” Alternate days bolus Daily bolus p-value*

Age
< 50 years old 26 (51%) 8 (53.3%) 8 (47.1%) >0.99 4 (44.4%) 6 (60%) 0.66
> 50 years old 25 (49%) 7 (46.7%) 9 (52.9%) 5 (55.6%) 4 (40%)

BMI
<30 kg/m2 33 (64.7%) 10 (66.7%) 11 (64.7%) >0.99 5 (55.6%) 7 (70%) 0.65
> 30 kg/m? 18 (35.3%) 5 (33.3%) 6 (35.3%) 4 (44.4%) 3 (30%)

Sex
Female 50 (98%) 15 (100%) 17 (100%) >0.99 9 (100%) 9 (90%) >0.99
Male 1 (2%) 0 (0%) 0 (0%) 0 (0%) 1 (10%)

Race
White 28 (54.9%) 9 (69.2%) 6 (35.3%) 0.14 7 (77.8%) 6 (60%) 0.63
Non-white 21 (41.1%) 4 (30.8%) 11 (64.7%) 2 (22.2%) 4 (40%)

Breast reconstruction
No 40 (78.4%) 9 (60%) 12 (70.6%) 0.71 9 (100%) 10 (100%) >0.99
Yes 11 (21.6%) 6 (40%) 5 (29.4%) 0 (0%) 0 (0%)

Breast Side
Right 27 (52.9%) 9 (60%) 9 (52.9%) 0.73 4 (44.4%) 5 (50%) >0.99
Left 24 (47.1%) 6 (40%) 8 (47.1%) 5 (55.6%) 5 (50%)

DM
No 44 (86.3%) 15 (100%) 14 (82.4%) 0.23 8 (88.9%) 7 (70%) 0.59
Yes 7 (13.7%) 0 (0%) 3 (17.6%) 1(11.1%) 3 (30%)

Smoking history
Never 35 (68.6%) 11 (73.3%) 10 (58.8%) 0.47 7 (77.8%) 7 (70%) >0.99
Ever 16 (31.4%) 4 (26.7%) 7 (41.2%) 2 (22.2%) 3 (30%)

RT technique
Conventional 21 (41.2%) 7 (46.7%) 5 (29.4%) 0.47 4 (44.5%) 5 (50%) >0.99
CT-planning 30 (58.8%) 8 (53.3%) 12 (70.6%) 5 (55.5%) 5 (50%)

RT target
Ccw 15 (29.4%) 7 (46.7%) 6 (35.3%) 0.72 1(11.1%) 1 (10%) >0.99
CW -+ nodes 36 (70.6%) 8 (53.3%) 11 (64.7%) 8(88.9) 9 (90%)

RT timing
AM 16 (31.4%) 3 (20%) 3 (17.6%) >0.99 6 (66.7%) 4 (40%) 0.37
PM 35 (68.6%) 12 (80%) 14 (82.4%) 3(33.3%) 6 (60%)

Skin involvement
No 32 (62.7%) 15 (100%) 17 (100%) >0.99 0 (0%) 0 (0%) >0.99
Yes 19 (37.3%) 0 (0%) 0 (0%) 9 (100%) 10 (100%)

pT stage
TO-T2 32 (62.7%) 10 (66.7%) 11 (64.7%) >0.99 6 (66.7%) 5 (50%) 0.65
T3-T4 18 (35.3%) 5 (33.3%) 5 (29.4%) 3(33.3%) 5 (50%)
NA 1 (2.0%) 0 (0%) 1 (5.9%) 0 (0%) 0 (0%)

PN stage
pCR/pNO/pN1 35 (68.6%) 11 (73.3%) 11 (64.7%) 0.71 6 (66.7%) 7 (70%) >0.99
PN2/pN3 16 (31.4%) 4 (26.7%) 6 (35.3%) 3(33.3%) 3 (30%)

PAJCC stage
pCR/p II 30 (58.8%) 9 (60.0%) 10 (58.8%) >0.99 5 (55.6%) 5 (60%) >0.99
p III-1IV 21 (41.2%) 6 (40.0%) 7 (41.2%) 4 (44.4%) 5 (40%)

Distant metastasis
No 48 (94.1%) 15 (100%) 17 (100%) >0.99 8 (88.9%) 8 (80%) >0.99
Yes 3 (5.9%) 0 (0%) 0 (0%) 1(11.1%) 2 (20%)

Margins
Negative 51 (100%) 15 (100%) 17 (100%) >0.99 9 (100%) 10 (100%) >0.99
Positive 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

LVI
No 28 (54.9%) 8 (53.3%) 9 (53.0%) >0.99 6 (66.7%) 5 (50%) 0.65
Yes 23 (45.1%) 7 (46.7%) 8 (47.0%) 3 (33.3%) 5 (50%)

Histology
IDC 44 (86.3%) 14 (93.3%) 15 (88.2%) >0.99 9 (100%) 6 (60%) 0.09
Non-IDC 7 (13.7%) 1 (6.7%) 2 (11.8%) 0 (0%) 4 (40%)

Grade
1-2 24 (47.0%) 9 (60.0%) 9 (53.0%) 0.73 1(11.1%) 5 (50%) 0.14
3 27 (53.0%) 6 (40.0%) 8 (47.0%) 8 (88.9%) 5 (50%)

Subtype
Non-triple negative 46 (90.2%) 14 (93.3%) 15 (88.2%) >0.99 8 (88.9%) 9 (90%) >0.99
Triple negative 5 (9.8%) 1 (6.7%) 2 (11.8%) 1(11.1%) 1 (10%)

Chemotherapy timing
Neoadjuvant 33 (64.7%) 10 (58.8%) 6 (40%) 0.48 9 (100%) 8 (80%) 0.47
Adjuvant 18 (35.3%) 7 (41.2%) 9 (60%) 0 (0%) 2 (20%)

Taxane use
No 10 (19.6%) 2 (13.3%) 6 (35.3%) 0.23 0 (0%) 2 (20%) 0.48
Yes 41 (80.4%) 13 (86.7%) 11 (64.7%) 9 (100%) 8 (80%)

BMI: body-mass index. DM: diabetes mellitus. RT: radiotherapy. CT: computed tomography. CW: chest wall. AJCC: American Joint Committee on Cancer. IDC: invasive
ductal carcinoma. LVI: lymphovascular invasion. NA: not available.
" Fisher’s Exact test.
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Fig. 2. Occurrence of acute toxicity events per study subgroup: (A1) SR grade 1 (light blue); (B1) SR grade 2 (blue); (C1) SR grade 3 (dark blue); (A2) HR grade 1
(pink); (A2) HR grade 2 (red); (A3) HR grade 3. Dashed line: no bolus. Interrupted line: alternate days bolus. Continuous line (daily bolus). *end of treatment (last RT

fraction). *Fisher’s exact test.

Table 2
Univariable and multivariable analyses for radiodermatitis.
Endpoint Bolus regimen Events/total RR (unadjusted) 95%CI p-value RR (adjusted”) 95%CI p-value
G2 * No 6/15 1 1
Alternate 15/26 0.92 (0.39-2.20) 0.86 0.93 (0.36-2.38) 0.88
Daily 10/10 2.70 (1.15-6.31) 0.03 3.11 (1.18-8.20) 0.03
G3 No or alternate 1/41 1 1
Daily 7/10 28.70 (4.03-204.33) <0.01 25.81 (1.28-520.28) 0.04

RR: relative risk. CI: confidence interval. Reference subgroup: no bolus.
" At the end of treatment (5.6 weeks).
“* At the end of acute toxicity follow-up visits (8.6 weeks).
# Adjusted by age, BMI, DM, smoking history, and RT technique.

Oncologic outcomes

After a median follow-up of 6.2 years, four patients developed local
failure in the CW region (one patient in each of the four arms). The
overall 5-year local control rate was 95.8 % (95 % CI: 88.2 %-100 %) in
standard-risk patients and 91.7 % (95 % CI: 77.3 %-100 %) in high-risk
patients. Local recurrences were the first site of failure in two patients
and occurred after metastatic progression in the other two (one and
three months after the date of metastatic progression).

Per randomization arm, there was no difference in CW local control

between the standard-risk subgroups (no bolus versus alternate days
bolus, p = 0.90, Fig. 4A) and between the high-risk subgroups (alternate
days bolus versus daily bolus, p = 0.70; Fig. 4B). The locations of local
failures are presented in Supplementary material S5. No differences in
metastasis-free interval or overall survival were found between the SR-
no bolus and SR-alternate bolus subgroups or between the HR-alternate
bolus and HR-daily bolus subgroups (Supplementary material S6).
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Fig. 3. Forest plot representing the probabilistic index (PI) of higher radiodermatitis-specific toxicity index (rads-TI) for each bolus prescription compared to the

reference subgroup (no bolus).
Discussion

In this first randomized controlled trial investigating the impact of
tissue equivalent bolus in PMRT, we applied a risk-based approach for
bolus prescription to better understand the overall toxicity burden on
the patient by adding this device. For SR (negative skin) patients, both
bolus intensities (none or alternate days) showed similar toxicity pro-
files. However, for HR (positive skin) patients, daily bolus caused a
sixfold increase in G3 toxicity incidence compared with a less intense
alternate day regimen. These findings, in conjunction with the absence
of detectable differences in CW local control between each prescription,
might set a potential limit for the use of more intense bolus regimens
outside clinical trials.

In the present study, the daily bolus prescription clearly exceeded the
tolerance of normal CW skin to irradiation. Patients treated with this
intensified regimen (daily bolus subgroup; 6 MV photons) had a 70 %
rate of G3 radiodermatitis (moist desquamation). Notably, most of these
events (>60 %) occurred a few days after the end of treatment,
explaining the lower rates previously observed in retrospective cohorts
[12,13,15]. In the only prospective evaluation focusing on skin toxicity
(not randomized), Pignol et al. [32] found 41 % moist desquamation
with daily bolus in an observational cohort treated with 6MV photons
(52 % of cases) or higher energy (48 % of cases). Counterintuitively,
they found that 6 MV was associated with less radiodermatitis than
higher energy photons (Odds Ratio: 0.46, p = 0.04). However, the au-
thors acknowledged an important imbalance: bolus (5 mm or 10 mm)
was used in the higher energy subgroup, but most of the patients treated
with the lower energy (6 MV) did not use bolus. Importantly, in our
study, we demonstrated that prompt interruption of the bolus at the time
of the G3 event avoids toxicity-related RT interruptions, which were
hypothesized to potentially reduce CW local control [11,12,15].

Additionally, we applied an adapted version of the toxicity index (TT)
introduced by Rogatko et al. [22], the rads-TI. As an example, this index
allows the differentiation of two patients with maximum grade 3 but
distinctive experiences: one that developed radiodermatitis early in the
RT course (weekly grades: 0/1/2/2/3) and another that experienced
radiodermatitis only towards the end of treatment (weekly grades: 0/0/
0/1/3). In our cohort, the probability of worse rads-TI was significantly
higher with daily bolus (p < 0.01) than with no bolus. After this
demonstration of an increased level of skin toxicity detected by multiple
measurements, it is valid to review the rationale and available clinical
data supporting bolus use.

Historically, the notion that the addition of a buildup bolus is
necessary was based on central axis depth dose measurements [33],
although these are known to under-estimate the superficial dose for

oblique-incidence beams, as indicated by a series of reports [34-36].
Clinical support started with small retrospective reports on inflamma-
tory breast cancer (diffuse skin involvement) treatment [37-39] that
suggested an association between slower dose buildup and decreased
CW local control. In 1976, Barker et al. [37] described, for non-operative
cases, a 34 % (14/41) local failure rate when treating with more su-
perficial 250 keV X-rays, compared with 48 % failure (10/21) when
using %0Co (even with bolus). In a subsequent study from the same
institution directly confronting skin reactions and local control, Thoms
Jr et al. in 1989 [38] showed 13 % (3/23) CW failure after PMRT in
patients who developed brisk erythema (G2) or moist desquamation
(G3), compared with 30 % (7/23) of patients with less than brisk ery-
thema (60Co or electron beam).

For non-inflammatory breast cancer, seven retrospective analyses on
the impact of the addition of bolus on CW local control were published
between 1993 and 2021 [11-15,39,40]. Three of these studies suggested
a lower failure rate (crude) with bolus: Hong Kong [41] (22.2 % vs 0 %,
not significant [NS]), Boston [40] (5 % vs 4 %), and Maidstone [13]
(1.87 % vs 0.99 %, NS). In contrast, four studies showed a higher failure
rate in the bolus subgroups: Ontario [12] (13.46 % vs 3.43 %, statisti-
cally significant [SS]), Pennsylvania [15] (7.54 % vs 5.66 %, NS), British
Columbia-Canada [14] (1.91 % vs 0.94 %, NS), and Sydney [11] (9.09 %
vs 8.69 %, NS. The wide range of effect sizes — ranging from 22 % ab-
solute benefit to 10 % absolute detriment in local control with the use of
bolus - highlights the complexity of this subject [41,42].

In essence, these previous studies, compared a high-risk group with
bolus (multiple regimens mixed) versus a lower risk group without
bolus. Instead of proving the absence of benefit of bolus, they simply
indicate that the CW local control of high-risk patients ‘with bolus’ is
similar to that of lower-risk patients (without bolus). Although some
hypotheses can be generated, they certainly do not provide information
regarding the optimal bolus prescription for each risk group to be used in
clinical practice, which remains ultimately guided by physician prefer-
ence [43,44]. In this scenario, the CW local control rates (secondary
outcome) presented in our study are the first controlled data that
objectively indicate that a difference in CW local control might not be
clinically meaningful with the less intense bolus regimens for each risk
group (SR: no bolus; HR: alternate days bolus). Further refinement of the
risk stratification and additional accumulation of controlled data are
imperative to define the role of bolus.

The 6.2-year median follow-up of the present study is expected to
cover more than 70 % of local recurrences [45]; however, the power to
detect small differences between subgroups was limited by the modest
sample size and rareness of CW recurrences after PMRT with the current
treatment paradigm. Other limitations of the present study are the
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Fig. 4. Local control (chest wall) estimated using Kaplan-Meier method. (A) SR group randomization. (B) HR group randomization. Log-rank p-value provided.

absence of in vivo dosimetry data and the sub-utilization of more intense
staging exams to exclude metastatic cases more accurately (6 cases were
found to be metastatic during treatment, and three of these had the
treatment interrupted due to disease progression).

Notwithstanding, our report provides relevant clinical insights: a)
due to the excess of G3 radiodermatitis events (70 %), daily 5 mm-bolus
(or more intense, such as daily 10 mm) should be avoided in PMRT for
non-inflammatory breast cancer outside clinical trial; b) alternate days
5 mm bolus has a toxicity profile comparable to no bolus and may be the
most appropriated regimen when increased absorbed dose is desired in
the superficial regions of the CW; and c) careful monitoring of G3
radiodermatitis events allowing prompt discontinuation of bolus can
avoid toxicity-related treatment interruptions, which could potentially
reduce local control. Additionally, we proposed an adapted form of the
toxicity index (rads-TI), which accounts for the toxicity burden during

the entire course of RT and preserves the ranking of patients, allowing
more refined comparisons between subgroups. Of note, the present
study was conducted in a setting where all patients were treated with
conventional 1.8 Gy daily fractions and 40 % without CT planning.
Although our findings are not applicable to other types of energies
(electrons and protons), it is plausible to assume that concerns regarding
the coverage of superficial tissues with mega-voltage photons remain
independently of the use of CT planning or of the more recent retracted
fractionations [46,47].

Despite the very high overall CW local control rate observed, the CW
recurrence incidence in the HR group was twice that in the SR group
(8.3 % vs 4.2 % in five years), indicating that patients with positive skin
might be considered the preferred population for subsequent controlled
trials testing the benefit of bolus and/or other methods of dose escala-
tion. Finally, our results should not be applied to ‘very high’ risk
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patients, which include inflammatory breast cancer (IBC) or positive
margins, where controlled studies are also lacking.

In summary, based on a risk-tailored approach, we provided initial
controlled evidence to support the use of less intensive bolus regimens
and reduce the toxicity burden to patients affected by breast cancer who
underwent mastectomy and require radiotherapy. In this scenario, the
preferred prescriptions may consist of: (A) no bolus for patients without
skin involvement; and (B) alternate-days 5 mm bolus for patients with
positive skin involvement. Daily 5 mm (or more intense) bolus should be
avoided in PMRT for non-inflammatory breast cancer (NIBC).
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