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Abstract
Aim

To report toxicity of hypofractionated whole-breast radiotherapy (HWBRT) in a large cohort of early-stage breast cancer
(BCA) patients.

Methods and Materials

From 02/2009-05/2017, 1325 consecutive BCA patients were treated with 40.05 Gy/15 fractions, without boost with
manually optimized IMRT. Median age: 62 (IQR:51.1-70.5) years. Chemotherapy was prescribed for 28% of patients,
hormonal therapy for 80.3%, monoclonal antibodies for 8.2%. Ten% of patients <45 years, 23.8% obese, 5.9% diabetic,
34% hypertensive.

Results

Median follow-up: 72.4 (IQR: 44.6-104.1) months. Acute RTOG toxicity was: 69.8% Grade(G)1, 14.3% G2 and 1.7% G3.
Late SOMA-LENT toxicities were: edema-hyperpigmentation(E-H): G1 28.67%, G2 4.41%, G3 0.15%; fibrosis-atrophy-
telangiectasia-pain(F-A-T-P): G1 14.6%, G2 3.2%, G3 0.8%, G4 0.1%. Median time to first occurrence was 6 and 18
months, respectively.

Aesthetic result after surgery was excellent in 28.7%, good in 41.5%, acceptable in 20.3% and poor in 9.5% of patients.
Change in breast appearance after radiotherapy was mild in 6.9%, moderate in 2.3% and marked in 1.3% of patients.

Concomitant chemotherapy, obesity, smoking, use of bolus and planning target volume (PTV) were associated with
higher acute toxicity. Patients ≥55 years old were less likely to experience acute toxicity. PTV and acute G2 toxicity
were associated with ≥G2 E-H. PTV, concomitant chemotherapy, hypertension and ≥G2 acute toxicity were associated
with increased risk of F-A-T-P.

Conclusion

HWBRT without boost demonstrated mild acute and late toxicity in a large cohort of consecutive patients. Timing of
changes in breast appearance after radiotherapy was registered and patient, therapy and dosimetric predictive toxicity
factors were identified. 

Introduction
Hypofractionated whole breast radiotherapy (HWBRT) becomes the standard adjuvant treatment in BCT over the last
decade, demonstrating similar risk of loco-regional failure, breast cancer death, no differences in late toxicity and
decreased risk of acute toxicity, edema and telangiectasia with standard fractionation [1, 2]. All patients of the Ontario
trial and more than half of those in START-B were treated with HWBRT without boost, with good results [3, 4]. Early in
2009 our department adopted the HWBRT of the START B trial, without boost, to de-escalate the treatment and improve
cosmetic outcomes, while maintaining good local control and here we report toxicity results and clinical and dosimetric
factors associated with increased risk of acute and late toxicity.

Material And Methods
Study details have already been published elsewhere [5]. In short, from February 2009 to May 2017, 1325 consecutive
patients who underwent BCT for early-stage breast cancer (BCa) were treated with HWBRT. All patients were treated
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with manually optimized intensity-modulated with/without physical/dynamic wedges at 40.0 Gy/ 15 fr without boost
to the tumor bed independently of age, obesity, breast volume, side, chemotherapy/trastuzumab prescription,
comorbidities, and were included in this analysis. All patients signed an informed consent and the institutional ethics
committee approved the study.

Significant patient and treatment characteristics for this toxicity analysis are summarized in Table 1.
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Table 1
Patient characteristics

Total nr. of patients 1325

Age groups (years):

<45

45–55

55–65

>65

Age at diagnosis (median [IQR])

133 (10%)

312 (23.5%)

322 (24.3%)

558 (42.1%)

62.0 [51.1–70.5]

Side: Right vs Left Right 640 (48.3%)

Left 685 (51.7%)

Chemotherapy

No

Yes

Chemotherapy Type (371 patients)

Anthracycline / Anthracycline + Taxane based

Taxane based

Other (CMF, Capecitabine, etc.)

954 (72%)

371 (28%)

295 (79.5%)

53 (14.3%)

23 (6.2%)

Trastuzumab (or trastuzumab/pertuzumab)

No

Yes

1216 (91.8%)

109 (8.2%)

Hormonal Therapy

No

Yes

261 (19.7%)

1064 (80.3%)

Breast size:

Small

Medium

Big

Very Big

232 (17.5%)

423 (31.9%)

459 (34.6%)

211 (15.9%)

Obesity

No

Yes

NA

968 (73.1%)

315 (23.8%)

42 (3.1%)

IQR = interquartile range, NA = not available, CMF = Cyclofosfamide + Methotrexate + 5-Florouracile
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Total nr. of patients 1325

Diabetes

No

Yes

NA

1129 (85.2%)

78 (5.9%)

118 (8.9%)

Smoke

Smokers and former smokers

Non smokers

263 (19.8%)

1062 (80.2%)

Alcohol consumption (declared)

No

Yes

1267 (95.6%)

58 (4.4%)

Hypertension

No

Yes

NA

761 (57.43%)

451 (34.04%)

113 (8.53%)

Thyroid illnesses

No

Yes

NA

1025 (77.36%)

181 (13.66%)

119 (8.98%)

IQR = interquartile range, NA = not available, CMF = Cyclofosfamide + Methotrexate + 5-Florouracile

The 13 patients with synchronous bilateral BCA were treated concomitantly on both breasts.

Chemotherapy was prescribed for 28% of patients, 79.5% contained anthracyclines known to increase cardiac toxicity
[6]; monoclonal antibodies, another cardiotoxic therapy [7], were prescribed for 109 (8.2%) patients. Only 31 (2.3%)
patients with cyclofosfamide-methotrexate-5-florouracil chemotherapy (CMF) (n = 28) or Taxol (n = 3) were treated with
concomitant radiotherapy, known to increase skin toxicity [8].

Simulation, contouring, treatment planning, patient monitoring:
Whole breast was the clinical target volume (CTV) defined on 5-mm axial chest CT scan images, then isotropically
expanded in all directions except lung, and a 5 mm crop made to the body to obtain the planning target volume (PTV).
Critical organs (OAR) had specific constraints [5]. Multiple segments were used within a tangential two field irradiation
technique to obtain a homogeneous dose, with hotspots Dmax ≤ 108%. Photon(X) 6 megavolt(MV) beams
with/without wedges were used; in selected cases, X18 MV segments were added to improve dose distribution. A 1-cm
water-equivalent plastic bolus was admitted in the first years to improve superficial dose distribution and was used in
313 (23.6%) patients, mostly for 5–7 of 15 fractions. It was abandoned after an unpublished analysis in which an
increase in toxicity was observed. Set-up errors > 5 mm were corrected. Patients were visited twice during the treatment,
and acute toxicity was reported using the RTOG scale [9]. Follow-up visits were scheduled at 6-18-30-42-54-66 months
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after RT end. The SOMA-LENT toxicity scale was used to assess late collateral effects [10, 11]. Frontal and lateral
photographic images were acquired at beginning and/or end of radiotherapy and during follow-up visits. Breast size,
applying a visual 4-point graded scale considering breast volume and its proportion with the patient’s BMI, was scored
by two observers as small, medium, large and very-large. Post-surgical deficits (asymmetry, edema, scar and/or nipple
retraction) were defined at baseline. Aesthetic results (photographic) were reviewed and scored by two observers and
the final score (using the Harvard 4-point scale): excellent, good, acceptable and poor [12], reached by consensus.

Statistical analysis
Median and interquartile range (IQR) were reported for continuous variables, while frequency distribution and
percentages were reported for categorical variables. Ordinal logistic regression model was fitted to identify risk factors
for acute toxicity (outcome variable with three toxicity thresholds: G0, G1, G2 or G3). Age, neoadjuvant and concomitant
chemotherapy, hormonal therapy, monoclonal antibodies, obesity, diabetes, hypertension, smoking, alcohol
consumption, presence of bolus and PTV volume were entered as independent variables in the initial model. A cubic
root transformation was applied to the PTV volume to normalize its skewed distribution and, to avoid collinearity
issues, V105 and V95 dosimetric parameters were not included as covariates in the model. Backward elimination
method was applied to select a smaller set of relevant covariates. Binary logistic regression models were estimated to
identify predictors associated with the development of breast liponecrosis and those associated with the development
of ≥ grade (G)2 late edema/hyperpigmentation (E-H) toxicity within six months. Cox regression model for interval
censored data was applied to identify risk factors for late fibrosis-atrophy-telangiectasia-pain (F-A-T-P) toxicity ≥ G2.
For the latter three outcomes (breast liponecrosis, E-H and F-A-T-P) the same set of independent variables were
considered as for acute toxicity outcome. We wish to highlight that for both late E-H and late F-A-T-P, the occurrence of
≥ G2 toxicity was considered the event of interest without distinguishing among different skin
reactions/manifestations.

Due to the small number of events, nonparametric tests such as Mann-Whitney test and Fisher’s exact test were
performed, depending on the type (quantitative/qualitative) of variable tested, to examine differences between patients
with and without late cardiac or with and without lung toxicities with respect to patient and treatment characteristics,
D5%, V35 Gy, V20 Gy and V95% or mean lung doses, D20%, V22 Gy, V17 Gy, and mean heart doses (for left sided
patients), respectively. All the analyses were performed using R statistical software (version 3.5.2, https://cran.r-
project.org/index.html). Significance level was set at 0.05.

Results
Median follow-up was 72.4 (IQR:44.6-104.1) months. A median number of 4 (2–11) segments were used. While for
90.7% of patients up to 4 fields were necessary to reach the constraints, a more complex construction was required in
the remaining patients. Median PTV and OAR volumes and selected dosimetry parameters were included in Table 2.
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Table 2
Median target and OAR volumes and parameters analyzed in 1325 patients

Parameter Median [IQR]

PTV (cc) 642.30 [445.50, 916.61]

Target V95% (%) 96.29 [95.33, 97.40]

Target V105% (%) 2.44 [1.07, 4.38]

Body D1% (Gy) 41.02 [40.78, 41.27]

Body 105% (cc) 28.84 [13.63, 53.41]

Body 95% (cc) 1036.14 [751.00, 1367.76]

Lung Dmean (Gy) 5.70 [4.67, 6.70]

Lung D20% (Gy) 3.72 [2.84, 5.67]

Lung V22 Gy (%) 11.16 [8.41, 13.61]

Lung V17 Gy (%) 12.29 [9.60, 15.02]

Heart Dmean (Gy)* 2.49 [1.78, 3.19]

Heart V35Gy (cc)* 3.76 [0.59, 8.94]

Heart V20Gy (cc)* 14.51 [5.31, 23.85]

Heart V95% (cc)* 0.15 [0.00, 1.77]

Heart D5% (Gy)* 6.74 [3.68, 14.77]

cc = cubic centimeters, Dmean = mean dose, IQR = interquartile range. *data for left breast treatments

Acute toxicity according to RTOG scale was: 14.3% G0, 69.8% G1, 14.3% G2 and 1.7% G3. In 4% of patients the
maximal acute toxicity grade increased in the 7 days after radiotherapy end.

Late toxicities, reported with SOMA-LENT scale, were divided into E-H (which generally improve over time) and F-A-T-P
(due to their persistence over time): E-H: G0 66.77%, G1 28.67%, G2 4.41%, G3 0.15%; F-A-T-P: G0 81.3%, G1 14.6%, G2
3.2%, G3 0.8%, G4 0.1%. Of 141 (10.6%) patients with liponecrosis registered, only one (0.1%) needed surgery (G4) for
the infection and subsequent fistulization.

Thirty-three (2.5%) patients presented heart disease diagnosed during the follow-up. Seven of them received
anthracycline-based chemotherapy and/or trastuzumab [6, 7]. Twenty-seven/33 patients had hormonal therapy (HT)
prescription. Twelve were right-sided (1.9% of right-sided patients) and 21 left-sided (3.1% of left-sided patients). There
was not a significant association between heart disease diagnosed and breast side (p = 0.22, Fisher’s exact test). Four
patients died of heart attack, three treated on the right breast, and one on the left (with a Dmean heart = 2.1 Gy). None
was treated with chemotherapy or trastuzumab, all received HT, three of them aromatase inhibitors (AI), and one
switched to two years of AI after three years of Tamoxifen. AI are associated with increased cardiovascular mortality
and ischemic stroke [13]. Another patient, treated with AI died of ischemic stroke.

Although pulmonary fibrosis was not systematically investigated, and was reported for only symptomatic patients or
those where it was observed on CT or chest X-ray performed for other reasons, 19 patients (1.4%) were diagnosed with
a pulmonary event.
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Late skin toxicity evolution

E-H were present mainly at six-month follow-up (in approximately 33% of patients) and decreased over time.

Hence, considering only patients with complete follow-up up to 42 months (n = 998) the proportion of patients with G0
toxicity increased from 68.1% at six months to 96.8% at 42 months; the proportion of patients with G1 toxicity
decreased from 28–3%, and G2 toxicity from 3.8–0.2%. G3 toxicity disappeared within 18 months (see Fig. 1).

The evolution of F-A-T-P toxicity was opposite to that of E-H toxicity. Even though improvements over time were
registered for some patients, an overall worsening trend for toxicity over time was observed. For those patients showing
at least G1 F-A-T-P toxicity overall, the first occurrence of the toxicity was registered at 6 months for 37.4% of the
patients. For the same patients the median time to first occurrence of toxicity was 18 months.

Focusing on the 998 patients with complete follow-up up to 42 months, the proportion of patients with G0 toxicity
decreased from 94.4% at 6 months to 88.3% at 42 months, while the proportion of patients with G1 toxicity increased
from 4.9–8.7%, and G2 toxicity from 0.7–2.4%. G3 toxicity was registered for the first time at 18 months after
radiotherapy, increasing from 0.3 to 0.5% at 42 months, while the sole G4 toxicity registered at 18 months follow-up
remained unchanged at 42 months (see Fig. 2). Few patients worsened thereafter, but one new G1toxicity was
registered even at the 9th-year of follow-up.

Aesthetic result after surgery, evaluated on the Harvard 4-point scale at the time of radiation treatment, was excellent in
28.7%, good in 41.5%, acceptable in 20.3% and poor in 9.5% of patients.

Change in breast appearance after radiotherapy was separately evaluated (patient-reported, clinically and with
photographs) and at the end of follow-up was mild in 6.9%, moderate in 2.3% and marked in 1.3% of patients.

Other primary tumors:

All other primary tumors observed up to the end of follow-up, regardless of time of onset during the life of the patients,
were registered.

79.2% of patients did not present any other primary tumor, 18.2 % one other primary tumor, 2.4% two other primary
tumors, and 0.2% three other primary tumors. Of the 20.8% of patients with another primary tumor the majority
presented a previous tumor (56.7%), 12% a concomitant tumor, 0.4 % a previous and concomitant tumor, 2.9% previous
and successive, 0.7% concomitant and successive, and 27.3% a successive tumor only. Of the 311 other primary
tumors registered (from 1 to 3 in 275 patients) the first five in order of incidence were: 44.1% breast cancer, 14.5%
digestive tumors, 11.3% gynecologic tumors, 6.8% skin tumors and 5.1% haematologic tumors. Of patients with other
primary tumors 31.3% presented a family history of breast cancer. One breast angiosarcoma and one skin cancer of the
irradiated breast were registered, and can be considered secondary tumors.

Factors influencing acute toxicity

In the final selected ordinal regression model, concomitant chemotherapy, obesity, smoking, presence of bolus and PTV
volume were significantly associated with higher acute toxicity (G1 or G2/G3 versus G0), while patients ≥ 55 years
seem less likely to experience a higher acute toxicity (see Table 3).
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Table 3
Factors influencing acute toxicity

  OR (95%CI) p-value

Age 45–55 0.86(0.55–1.34) 0.4939

Age 55–65 0.63(0.4–0.99) 0.0466

Age > = 65 0.54(0.35–0.82) 0.0042

Concomitant chemotherapy 2.24(1.03–4.9) 0.0425

Obesity 1.59(1.15–2.18) 0.0044

Smoking 1.51(1.12–2.04) 0.0064

Bolus 2.22(1.67–2.96) < 0.001

PTV (cubic root) 1.35(1.23–1.48) < 0.001

Factors influencing late toxicity: Since almost all patients experiencing ≥ G2 late E-H toxicity (59/60) had the event
within six months, we considered the event occurrence within six months as outcome, and modelled it within a logistic
regression framework. In the final selected logistic regression model, PTV volume was significantly associated with ≥ 
G2 late E-H toxicity (OR = 1.58, 95% CI: 1.33–1.89, p-value < 0.001). Moreover, when considering only acute toxicity as
independent predictor, for patients with acute toxicity ≥ G2, the odds of having ≥ G2 late E-H toxicity was 2.63 times
that of patients with acute toxicity < G2 (95% CI: 1.49–4.64; p-value < 0.001).

Considering the final selected Cox regression model for late F-A-T-P toxicity ≥ G2, hypertension (HR = 2.17, 95% CI:
1.10–4.29, p-value = 0.0252), concomitant chemotherapy (HR = 4.54, 95% CI: 1.06–19.52, p-value = 0.0419) and PTV
volume (HR = 1.28, 95% CI: 1.05–1.56, p-value = 0.0136) were associated with increased risk of the event, while
patients > 65 years were less likely to experience the event compared to patients < 45 years (HR = 0.27, 95% CI: 0.1–0.76,
p-value = 0.0132). Moreover, considering only acute toxicity as independent predictor, patients with acute toxicity ≥ G2
showed higher risk of having late F-A-T-P toxicity ≥ G2 than patients with acute toxicity < G2 (HR = 2.31, 95% CI: 1.33–
4.04; p-value = 0.0032).

For liponecrosis, again referring to the final logistic regression model selected, PTV volume and smoking were
significantly associated with increased toxicity risk, while HT was a protective factor (see Table 4).

Table 4
Factors influencing liponecrosis

  OR (95%CI) p-value

Hormonal therapy 0.64 (0.43–0.97) 0.0339

Smoking 1.62 (1.09–2.42) 0.0176

PTV (cubic root) 1.24 (1.1–1.4) 0.0004

Diabetes was significantly associated with late lung toxicity (p = 0.030, Fisher’s exact test), while patients with/without
late cardiac toxicity differed in terms of age at diagnosis (considered as quantitative variable, p < 0.001, Mann-Whitney
test) (median age was higher in patients with cardiac toxicity).

Discussion



Page 11/16

Despite the benefits of the shorter treatment schedule HWBRT has not been widely adopted [14]. Concerns were related
to the risk of relapse but also to long term toxicity, especially in patients treated with chemotherapy, trastuzumab, left
sided breast, large breast. Compared to the Ontario trial, whose patients were treated without boost, but which
employed a slightly higher biologically effective dose than ours, more than 40% of START and 23% of DCGB HYPO trial
patients received boost [3, 4, 15–17]; thus our study represents the largest “real-life” cohort of non-selected patients
treated with 40 Gy/15 fr, without boost.

Acute toxicity is less described in the randomized prospective trials. Jagsi et al., in a real-world observational study
described the acute toxicity in 578 patients treated with hypofractionation: G ≥ 2 dermatitis was registered in 27.4%,
while moist desquamation (G3 toxicity) in 6.6% [18]. De Santis et al., analyzed the toxicity outcome of 537 BCa patients
treated with hypofractionation (42.4 Gy/16 fr), of whom 27% received sequential boost, reporting 61.3% G1 toxicity and
20.5% G2/G3 fibrosis [19]. Only the boost was found to increase the risk of acute toxicity at multivariate analysis. With
G2 RTOG toxicity of 14.3% and G3 of 1.7% our results are favorable compared to the cited studies; concomitant
chemotherapy, obesity, smoke, presence of bolus and PTV were significantly associated with higher acute toxicity, while
older age was protective.

Three- and five-year cosmetic outcomes in the hypofractionated arm of the Ontario trial were excellent or good in
76.8%, and 76.8% of patients respectively, thus without significant deterioration after the third year [3]. Five-year G1 skin
toxicity was 10% and subcutaneous tissue 29%, while G ≥ 2 toxicities were 3% and 5%, respectively; 10-year skin
toxicity was 24.3% G1, 6.4% G2 and 2.5% G3, while subcutaneous toxicity was 40% G1, 9.4% G2 and 2.5% G3 [3, 15].
Start B trial reported a marked skin reaction during the treatment in only 0.3% of patients in the hypofractionated arm
and a 5-year mild change in breast appearance in 30.8% of patients and marked in 3.0% of patients [4]. Later Haviland
et al. [16] reported the following late toxicities in the hypofractionated arm: breast shrinkage at 5 years 11.4%, at 10
years 26.2%, breast induration 9.6% at 5 years, 14.3% at 10 years, telangiectasia 1.8% at 5 years, 4.2% at 10 years, and
breast edema 4.7% at 5 years and 5.1% at 10 years. Offersen et al. reported in 926 patients treated with 40 Gy/15 fr
(23% with boost) the following toxicity rates during follow-up: induration 11%, telangiectasia 7%, dyspigmentation 13%,
edema 1%, scar appearance 21%, and pain 4%, with favorable cosmetic outcome in 81% of patients [17]. Multivariate
analysis identified breast size (PTV volume) as independent risk factor. Our G2 E-H toxicity improved from 3.8% at 6
months to 0.2% at 42 months in the 998 patients with complete follow-up up to 42 months, while G2 F-A-T-P toxicity
increased from 0.7–2.4%. PTV volume and acute ≥ G2 toxicity were significantly associated with the development of
≥ G2 late E-H within six months, while PTV volume, acute toxicity, concomitant chemotherapy, and hypertension were
again identified as significant risk factors for ≥ G2 F-A-T-P. Older patients showed lower risk of F-A-T-P ≥ G-2 compared
to younger patients.

Meta-analysis demonstrated that hypofractionation is associated with significantly less acute toxicity, lower breast
edema and telangiectasia, and similar late cosmesis [20,21].

Radiation associated cardiac disease (five patients died of cardiac disease, three left-sided) was rare in the DBCG
HYPO trial, with a similar rate (7.6%) of patients with trastuzumab prescription [17]. In the 10-year result publication of
the Start B trial, ischemic heart disease was reported in 1.5% of patients, but confirmed in only 0.7% of patients after
imaging and other investigation (0.4% left sided), symptomatic lung fibrosis in 1.7% of patients, confirmed in 0.7%, and
symptomatic rib fracture in 2.2% of patients, confirmed in 0.3% (others were traumatic or due to metastases) [16]. With
6-year median follow-up the incidence of contralateral breast cancer was 1.5% for hypofractionated arm and 2.3% of
other primary cancers (lung, endometrial, ovarian, colon) [4]. Only two cases of radiation pneumonitis and one rib
fracture were reported by Whelan et al [3, 15]. Incidence of heart disease and lung pneumonitis was higher in our cohort,
likely due to the higher proportion of patients with chemotherapy and AI prescription, as well as to the trastuzumab
therapy in Her2 + patients, not used in the older series of Ontario and START trials. Radiotherapy may be expected to
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increase cardiac and lung toxicities, as well as second tumor incidence, and the association of synergic systemic
therapies from this point of view increases the risk [22–24]. Recent reports, however, demonstrate a positive impact of
new schedules and technological improvements, lowering risk [25,26]. The short follow-up for cardiac side effects, but
also the low heart Dmean (2.49 Gy) obtained in our left-sided patients probably contributed to the low cardiac toxicity
observed, with no significant difference between patients for right and left breast cancer. No rib fractures were
registered in our cohort. Other primary tumors were largely discussed in results.

Major limitations of our study are the absence of randomization and its retrospective nature. The greatest strength is
the homogeneity of our hypofractionated treatment, from the point of view of fractionation, dose, volumes and
technical modalities, resulting in the largest cohort of “real-life” consecutive BCa patients without boost irradiation,
systematically monitored for a “sufficiently long” period of time after the treatment. We observe that, despite the use of
chemotherapy and trastuzumab in all “fit” patients, molecular subtypes were the most significant factors predicting
relapse [5]. In these consecutive, unselected patients, treated with anthracyclines, taxanes, trastuzumab, as required by
their illness, we could also evaluate acute and late toxicities and the factors influencing them. Thus we consider that,
even with its limitations, this study offers “real-life” information of outcomes of patients treated with a three-week
hypofractionated schedule that could be complementary to the randomized trials in which some of these treatments
were less prescribed or unavailable, and could favor the wider adoption of a still underused hypofractionation [14].

Another relative limitation is the forward planned-IMRT technique. However, this approach is still widely used for breast
cancer, and provides, as reported here, very good results in terms of dose homogeneity and OAR sparing. Of note, this
approach was recently updated with the implementation of an automatic planning technique “in-house” developed,
mimicking and slightly improving the performance, and reducing dependence on the human factor (critical in forward
IMRT optimization) [27].

Results of FAST and FAST-Forward trials were recently published [28,29] and, combined with recent international
recommendations to reduce hospital visits during Sars-Cov2 pandemic [30], could move treatments towards only 5
fractions. Thus the three-week schedule could become obsolete, at least for a fraction of patients. However, for the
FAST-Forward trial, long-term control and toxicity data, vital for final clinical acceptance (due to the 18.8% EQD2 dose
reduction and the substantially higher dose per fraction [17]), are missing. Moreover, the boost proposed in FAST
Forward trial is only sequential, reducing the overall treatment time gain, while for moderate hypofractionation a
simultaneous boost can be easily integrated.

Conclusion
The HWBRT, without boost, after BCS demonstrated limited acute and late toxicity in a large real-life cohort of 1325
consecutive patients. Predictive factors for toxicity were identified in these patients treated with modern chemotherapy,
trastuzumab, and a wide use of AI for a longer period than HT in the Ontario and START trials. Changes in breast
appearance after radiotherapy, assessed on photographs separately from changes produced by surgery, involved 10.5%
of patients, but were marked in only 1.3%.
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Figures

Figure 1

The decrease of late edema-hyperpigmentation over time: the alluvial plot shows the changes in degrees toxicity over
time; streams are represented by the waves in shades of gray between the columns (passage from G1, G2, and G3 to
G0, from G0, G2 and G3 to G1, etc.), where the toxicity frequency distribution is shown.
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Figure 2

Increase in fibrosis-atrophy-telangiectasia-pain over time: the alluvial plot shows the changes in degrees of toxicity over
time (passage from G0, to G1, G2, G3 toxicity, from G1 to G0, G2, and G3 toxicity, from G2 to G1, G3, and G4 toxicity,
etc); streams are represented by waves in shades of gray between the columns, where toxicity frequency distribution is
shown.


