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Abstract: Radiotherapy (RT) induced toxicity in elderly patients is not well documented in the available 
literature due to the inhomogeneous and fragmentary data. Aim of this study was to review literature data 
on acute and late toxicity in elderly breast cancer patients treated with RT. The primary endpoint was 
RT-related acute and late toxicity in elderly breast cancer (BC) patients. The secondary endpoint was RT 
interruption rate in this patients’ population. All studies reporting RT-related acute and/or late toxicity in 
elderly women with breast cancer were included. All types of RT settings were included and no restriction 
was applied regarding other primary/adjuvant associated treatment. A bibliographic search was performed on 
PubMed. Only articles in English were considered while no chronological limitation was applied. Twenty-
two studies were included in this analysis: 12 retrospective, 5 prospective observational trials, 1 phase III 
trial sub-analysis, and 4 phase I-II trials. Thirteen studies reported results about whole breast irradiation 
(WBI) delivered by external beams (EB) RT ± boost on the tumor bed. Nine studies reported results about 
accelerated partial breast irradiation (APBI) based on EB RT (2 studies), intraoperative RT (IORT: 2 
studies), and brachytherapy (BRT: 2 studies); three studies compared different treatment techniques. Overall, 
reported acute grade (G) ≥3 toxicity ranged from 0.0% to 10.5% and late toxicity from 0.0% to 13.0%. 
RT discontinuation/interruption rates ranged between 0.0% and 2.0%. Acute G ≥3 toxicity rates were 
2.0%, 6.7%, and 5.2% with EB-APBI, BRT, and IORT, respectively. Late G ≥3 toxicity with EB-APBI was 
2.8%. No late G ≥3 toxicity was recorded in studies reporting on BRT and IORT. With WBI, the overall 
rates of G ≥3 toxicity were 3.0% (acute) and 1.8% (late). Higher toxicity rates were observed with weekly 
hypofractionation. None of the studies directly comparing age subgroups found age-related differences. 
Our findings suggest that RT of breast cancer is well tolerated even in elderly patients with toxicity rates 
comparable to those of the general population. Given these considerations, RT omission in elderly patients 
with breast cancer should be carefully evaluated limiting this option to very selected critical patients.
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Introduction

Breast cancer is the most common neoplasm and the leading 
cause of cancer death in female gender worldwide, with the 
highest incidence in aged women (1). In fact, it is estimated 
that one-third of breast cancers are diagnosed in women 
older than 70 years of age. Despite the increasing incidence 
of breast cancer, death rates show a progressive reduction 
due to earlier diagnosis and development of more effective 
systemic therapies. However, significant improvement in 
the elderly is not well documented (2).

Although data on standard therapeutic approach are 
well consolidated, under-treatment of elderly patients is 
not unusual in clinical practice, particularly the omission 
of adjuvant radiotherapy (RT). This choice is generally 
justified by evidences of improved local control after 
adjuvant RT in patients treated with breast conservative 
surgery (BCS) but not overall survival (OS) in elderly 
patients, as reported in a recent meta-analysis (3). 

Moreover, in clinical practice, RT is often omitted due 
to fear about its impact on quality of life (QoL), produced 
by toxicity and logistical issues, and due to concerns about 
increased toxicity rates in elderly patients (4). However, 
a worse RT-induced toxicity in elderly patients is not 
well documented in the available literature due to the 
inhomogeneous and fragmentary data.

Therefore, the aim of this review was to analyze data 
on acute and late toxicity in elderly breast cancer patients 
treated with RT, to evaluate toxicity rates and to provide a 
decision-making support in clinical practice.

Methods

The primary endpoint of this review was RT-related 
acute and late toxicity in elderly breast cancer patients. 
The secondary endpoint was RT interruption rate in this 
patients’ population. 

We included in the analysis all the studies (retrospective 
or prospective, observational or interventional) reporting 
data on acute and/or late toxicity during/after RT in elderly 
women with breast cancer. We considered all the studies 
where patients’ age was at least 60 years, to be as inclusive 
as possible, because studies considering specific age ranges 
are extremely rare. All types of RT settings were included 
and no restriction was applied regarding other primary/
adjuvant associated treatment (surgery, chemotherapy, 
targeted therapies, endocrine therapy).

A bibliographic search was performed on PubMed. The 

following search strategy was used: (((breast cancer[Title/
Abstract]) AND (radiotherapy[Title/Abstract] OR radiation 
therapy[Title/Abstract])) AND (elderly[Title/Abstract] 
OR older[Title/Abstract] OR old[Title/Abstract])) AND 
(toxicity[Title/Abstract] OR side effects[Title/Abstract]). 
Only articles in English were considered while no 
chronological limitation was applied. 

Results

From the literature search as described above, 182 papers 
were identified and screened at title and abstract level. 
Figure 1 describes the process of paper selection. Eighty-
three articles were retrieved for full text reading and 22 met 
the inclusion criteria. Twenty-eight papers were excluded 
because they did not report data on RT-related toxicity, 6 
papers because data on toxicity were not stratified by age, 
and 27 papers because they did not report data from clinical 
trials. Finally, 22 papers were included in the descriptive 
analysis.

Table 1 summarize the characteristics of studies included 
in the review. Twelve studies were retrospective (5-16), 5 
were prospective observational trials (17-21), 1 phase III 
trial sub analysis (22) and 4 phase I-II trials (23-26).

Thirteen studies reported results about whole breast 
irradiation (WBI) delivered by external beams (EB) RT 
± boost (simultaneous or consecutive) on the tumor bed 
(5-7,9,10,12,14-17,19,20,24). The majority of the studies 

Figure 1 Papers selection.

Records identified through 
database searching

(n=182)

Records screened
(n=182)

Full-text articles assessed 
for eligibility

(n=83)

Studies included in 
qualitative synthesis

(n=22)

Records excluded
(n=99)

Full-text articles excluded
(n=61)

•  Not reporting data  
from clinical trials 
(n=28)

•  Lack of data on RT-
related toxicity (n=27)

•  Lack of data stratified 
by age (n=6)

https://context.reverso.net/traduzione/inglese-italiano/decision-making+support
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analyzed different hypofractionated (HF) RT regimens 
(5,7,10,15-17,19,20,24), while Fiorica et al. retrospectively 
analyzed 131 pat ients  treated with conventional 
fractionation (CF) (14). Cao et al. (12) and Fiorentino  
et al. (6) reported results on both patients treated with CF 
or HF. In the study of Méry et al. (9), RT techniques were 
not specified since the analysis focused on nonagenarian 
patients rather than on RT techniques.

Nine studies reported results about accelerated partial 
breast irradiation (APBI): 2 focused on EB APBI (23,25), 2 on 
intraoperative RT (IORT) (13,26), and 2 on brachytherapy 
(BRT) (8,21). Jacobs et al. compared IORT and EB-
APBI (18), Smith et al. compared BRT and EB-RT (11),  
and Meattini et al. compared WBI and EB-APBI (22). 

Four studies reported data on only acute toxicity 
(13,18,21,24) while in 4 studies (9,11,13,21) RT technique 
details and/or doses were not described. Toxicity assessment 
was considered as the primary endpoint only in 5 studies 
(6,13,23-25). Acute and late toxicity were reported using 
different criteria in 1 study (14) and not specified in 2 
studies (11,21). Acute toxicity was mainly categorized using 
the RTOG/EORTC in 9 studies (5-7,10,15,19,20,22,23) 
and CTCAE criteria in 10 studies (8,9,12,13,16-18,24-26). 
Late toxicity was reported using CTCAE, RTOG/EORTC, 
SOMA-LENT criteria in 6 studies (5,8,16,17,25,26), 
6 studies (6,14,19,20,22,23), and 4 studies (5,7,12,15), 
respectively. 

APBI delivered with EB

As shown in Table 2, Sayan et al. (23) reported in 2017 the 
results of a phase I-II trial testing a new schedule of APBI 
(40 Gy in 10 daily fractions) after BCS in early breast 
cancer (EBC) patients. APBI was delivered using IMRT 
technique. Forty-two patients aged 65 years or more 
(median: 73 years; range, 65–88) were enrolled from 2006 
to 2013. Acute toxicity was reported by patients without 
severity specification. Erythema and skin pigmentation, 
breast edema, subcutaneous toxicity and dry desquamation 
were reported by 69.0%, 61.5%, 51.0%, and 7.7% of 
patients, respectively. Physicians reported late toxicities 
were as follows: pigmentation defects in 43.0% of patients, 
breast edema in 30.0%, subcutaneous toxicity in 70.0%, 
telangiectasia in 19.0%, retraction or contour defect in 
51.0%. There were few severe (≥ G3) toxicities: G3 breast 
edema was seen in 3.0% of patients and G3 subcutaneous 
toxicity in 10.0%. 

The same APBI scheme, but delivered with 3D-CRT T
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technique, was tested by Vinante et al. (25) in a phase II 
study. Eighty patients (median age: 68 years; range, 60–83) 
were enrolled from 2008 to 2012. Reported acute toxicities 
were extraordinarily low: only 8% of patients experienced 
G1-2 acute skin toxicity. Late toxicities after a median 
follow-up of 67 months were G1 fibrosis (23.0%), G2 
fibrosis (5.0%), fat necrosis (5.0%), and hyperpigmentation 
or telangiectasia (3.7%).

From the phase III trial published by Meattini et al. (22), 
patients older than 70 years were 117 with a median age of 
74 years (range, 70–85). Patients were randomized in an 
experimental arm (APBI delivered with IMRT, 30 Gy in 5 
non-consecutive daily fractions) and in a control arm (50 Gy 
in 25 fractions, followed by a boost of 10 Gy in 5 fractions). 
Toxicity was assessed using RTOG/EORTC scale. Acute 
toxicity in the experimental arm was as follows: G1: 20.3%, 
G2: 1.7%, and G3: 1.7%. In the control arm, acute toxicity 
was scored as G1, G2, and G3 in 32.8%, 25.9%, and 5.1%, 
respectively. With 5 years median follow-up, only G1 late 
toxicity was observed in 13.8% and 3.4% of patients in the 
WBI and APBI arms, respectively.

IORT

Data about IORT studies are summarized in Table 2. 
Lemanski et al. reported the results of Montpellier phase 
II trial (RADELEC) (26). From 2004 to 2007, the authors 
treated 42 patients aged ≥65 years (median age: 72 years; 
range, 66–80) with EBC using adjuvant IORT after BCS 
(21 Gy prescribed at 90% isodose). Acute toxicities, 
scored using the CTCAE v. 3.0 criteria, were as follows: 
acute wound complication (7.1%), local infection (2.4%), 
hematoma (11.9). With 72 months median follow-up, 
1 patient (2.4%) experienced rib fracture. Regarding 
cosmetics results based on the physician’s evaluation, a 6.9% 
incidence of small skin color difference (which probably 
represents G1 hyperpigmentation) was recorded. Similarly, 
the authors reported “visible scar that affects the results” 
defined as “slight” or “significant” in 48.3% and 10.3%, 
respectively (which may represent a G1-G2 scar retraction/
subcutaneous fibrosis). 

The study from Tuschy et al. (13) compared 54 patients 
aged ≥70 years (median age: 76 years; range, 70–95) with 
134 younger patients (median 57 years; range: 30–69) 
treated with IORT from 2002 to 2007 both as sole adjuvant 
treatment or as a boost before WBI. Delivered doses were 
not specified and late toxicity was not reported. Acute 
toxicity was acceptable without significant difference 

between older and younger patients. In the elderly patients’ 
group, the main toxicity was breast hematoma (24.1%). 
Other toxicities were palpable breast seroma (3.7%), 
erythema (13.0%), mastitis (5.6%), fever (5.6%), tumor 
bed induration (11.1%), and scar retraction (1.9%). Some 
toxicity recorded in the axilla was probably related to lymph 
nodes dissection (50.0% of patients). 

Jacobs et al. (18) in their prospective multicenter cohort 
study compared patients with EBC treated with IORT 
(23.3 Gy to the 100% isodose) or EB APBI delivered with 
3D-CRT or IMRT (38.5 Gy in 10 daily fractions of 3.85 Gy).  
Enrolled patients were 267 in the IORT arm and 206 in 
the EB-APBI arm. Median age was 68 years (range, 59–90) 
and 67 years (range, 59–86) in the IORT and EB-APBI 
arms, respectively. Only acute toxicity was evaluated using 
CTCAE v.3.0 criteria and it was acceptable: G2 was 7.0% 
(IORT) and 3.4% (EBRT) while G3 was 3.3% (IORT) 
and 1.5% (EBRT). IORT was significantly correlated to 
increased risk of wound infection (G2: 5.2% and 1.0% in 
IORT and EBRT group, respectively; G3: 1.9% and 1.5% 
in IORT and EBRT group, respectively). 

Brachytherapy

As shown in Table 2, Khan et al. (21) reported data from 
an observational prospective registry of patients with EBC 
treated using a Mammosite device from 2002 to 2004. They 
compared 537 patients aged ≥70 (median age: 78 years; range, 
70–94) with 912 younger patients (median age: 59 years;  
range 32–70). Acute toxicities were mild and no difference 
between the two age groups was seen. Seroma was the most 
frequent side effect (28.9%) in the elderly patient’s group. 
Other toxicities were fat necrosis (2.4%), infection (8.5%), 
telangiectasia (7.9%), and scar retraction (6.8%).

Kinj et al. (8) collected data on elderly patients (median 
age: 77.7 years; range, 65–92) with EBC enrolled in the 
siFEBI trial (NCT01727011) or treated out of the clinical 
trial (26 and 22 patients, respectively). BCS was followed 
by a multicatheter (5–15 vectors, median 11) interstitial 
HDR-BRT delivering a single fraction of 16 Gy prescribed 
to the 100% isodose. According to CTCAE v.3.0 criteria, 
acute G1 toxicity was recorded in 66.7% of patients and 
was mainly represented by hyperpigmentation (26.7%), 
dermatitis (6.7%) and breast hematoma (4.4%). G2 
acute toxicity was observed in 22.3% of patients (breast 
hematoma: 4.4%, hyperpigmentation: 4.4%, other: 13.3%) 
and G3 in 6.7% patients (4.4% patients had G3 breast 
hematoma and 2.2% had G3 breast infection). With  
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40 months median follow-up, G1 late toxicity was 86.7%, 
mainly represented by hypopigmentation of the puncture 
site (33.3%) and breast fibrosis (26.7%). G1 telangiectasia 
was recorded in 13.3% of patients while the only reported 
G2 late toxicity was breast fibrosis (13.3%).

Finally, Smith et al. (11), using the SEER database, 
retrospectively compared breast cancer patients aged ≥66 
(median age 75 years) who were treated from 2002 to 2007 
with different treatments: lumpectomy alone, lumpectomy 
plus adjuvant EB-WBI, and lumpectomy plus adjuvant BRT. 
They separately reported acute toxicity as post-operative 
infections or noninfectious post-operative complications. 
The incidence of post-operative infections was 9.9%, 
11.4%, and 16.5% in lumpectomy alone, lumpectomy 
plus EBRT, and lumpectomy plus BRT, respectively. At 
multivariable analysis, only BRT was significantly correlated 
with increased toxicity rates. Regarding noninfectious 
complications, the incidence was 6.0%, 9.5%, and 
18.7% in lumpectomy alone, lumpectomy plus EBRT, 
and lumpectomy plus BRT groups, respectively. Again, 
multivariate analysis confirmed the statistical significance 
of these different rates. The incidence of late toxicity 
was higher in the BRT group compared to EBRT and 
lumpectomy alone groups considering fat necrosis (15.3%, 
7.7%, and 5.3%, respectively). No significant differences 
were recorded in terms of rib fracture (4.2%, 4.0%, 5.2% 
in BRT, EBRT, and lumpectomy alone, respectively) and 
pneumonitis (<1.0% in all groups). 

WBI

Thirteen studies reported data on toxicity in patients 
treated with WBI. Details on RT schedules and toxicities 
are summarized in Table 3. 

Fiorica et al. (14) reported data on 131 elderly patients 
(mean age: 78.3 years) treated with EBRT after BCS. 
Notably, 16.0% of patients were ≥85 years old. The 
prescribed dose to the whole breast was 50 Gy and 45.8% 
of patients received a boost on the tumor bed. Acute skin 
toxicity was scored as G1-2 in 58.1% of patients while only 
6.1% of them experienced G3 skin toxicity. Late toxicity 
was represented by G1-2 fibrosis in 16.0% of patients. 
The authors found a significant correlation between OS 
and comorbidities while no correlation was found between 
toxicity and age or comorbidities.

Cao et al. (12) reported another retrospective analysis 
on 752 elderly patients (median: 75 years; range, 70–93) to 
assess the impact of comorbidities on the outcome of breast 

cancer patients treated with adjuvant RT after BCS (86.0%) 
or mastectomy (14.0%). Thirty-five percent of patients 
were treated with CF and 50 Gy total dose delivered to 
the whole breast or thoracic wall plus 16 Gy boost when 
clinically indicated. Different HF schemes were prescribed 
in 57.0% of patients and RT schedule was not reported in 
8% of patients. In this series, 42.7% of patients were treated 
in lateral decubitus. Seven patients discontinued RT (4 of 
them definitively) and acute toxicity was mainly represented 
by dermatitis (G1: 35.7%, G2: 15.4%, G3: 1.6%). Other 
acute toxicities were breast edema (G1 and G2 in 1.2% 
and 0.1%, respectively), and G1 dysphagia (0.4%). Late 
toxicity was assessed using the LENT-SOMA criteria: 
breast deformation was the most frequent (G1: 21.3%, G2: 
2.8%, G3: 0.1%). Fibrosis rates were G1: 13.8%, G2: 2.9%, 
and G3: 0.1%, while telangiectasia rates were G1: 8.9%, 
G2: 3.9%, and G3: 0.4%. Other late toxicities were arm 
lymphedema (G1: 4%, G2: 1%, G3: 0.1%) and pulmonary 
toxicity (G1 pulmonary fibrosis: 0.4%; G2 pneumonitis: 
0.1%). One patient with cardiovascular history died of 
myocardial ischemia 24 months after the end of RT. In this 
analysis, the authors found a significant correlation between 
age ≥80 years and dermatitis and breast pain. Moreover, 
they found a higher risk of RT discontinuation in patients 
aged ≥80 years or with comorbidities. 

Fiorentino et al. (6) published in 2018 a retrospective 
analysis on 80 elderly patients. They analysed two groups: 
40 patients (median age: 75 years) treated with IMRT and 
CF and 40 patients (median age: 72 years) treated with 
VMAT and HF schedule. No G3 toxicity was recorded. 
Acute G1 and G2 toxicities rates were 62.5% and 25.0% in 
CF group while in the HF group the corresponding rates 
were 52.2% and 2.5%, respectively. Incidence of late G1 
skin toxicity was 32.5% and 5.0% in CF and HF group, 
respectively and G1 fibrosis rate was 10.0% and 5.0% in 
CF and HF, respectively. The authors concluded that RT 
in elderly patients is well tolerated and VMAT technique 
provides lower toxicity rates. Regarding the subgroup of 
patients treated with CF, Fiorentino et al. (27) published 
in the same year another analysis evaluating the impact 
of comorbidity on compliance and toxicity. The authors 
reported a correlation between comorbidity and acute G2 
toxicity. 

Similarly, Giugliano et al. (5) analysed the comorbidities 
associated to compliance and the correlation of comorbidities 
and age with toxicity in 60 patients (mean age: 73.3) 
treated with a slightly HF regimen. Comorbidities did 
not significantly impact on toxicity nor on compliance to 
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RT. Furthermore, no difference was registered comparing 
toxicity rates in patients ≥75 years old and patients <75 years  
old. Overall, acute toxicity rates were as follow: G1: 56.7%, 
G2: 18.2%, and G3: 3.2%. Finally, the authors reported 
18.3% G1 and 3.3% G2 late toxicity. However, the median 
follow-up (15 months) was too short to consider these 
percentages as definitive results.

Other studies testing slightly HF regimens were those 
from De Santis et al. (20), Cante et al. (17), and Dorè et al. (16). 

De Santis et al. (20) reported data on 752 patients with 
EBC and a median age of 74 years (range, 65–92; 78.9% of 
patients were >70 years old) treated using the following HF 
prescription: 42.2 Gy in 16 fractions with a sequential boost 
of 10 or 16 Gy in 2 Gy/fraction. Acute G1, G2, and G3 
toxicity rates were 61.8%, 21.3%, and 1.2%, respectively. 
G2–G3 acute toxicities were significantly more frequent 
in patients who received a boost, especially when RT was 
delivered with photons beams. With 46 months median 
follow-up, G1 and G2 late toxicity rates were 14.0% and 
5.0%, respectively.

Cante et al. (17) reported the results of an observational 
prospective study on 83 elderly EBC patients (70–80 years: 
93%; >80 years: 7%) treated between 2005 and 2012 with 
HF-WBI (45 Gy to the whole breast and simultaneous 
boost to the surgical bed up to 50 Gy in 20 daily fractions). 
G1 and G2 acute toxicity rates were 40.0% and 3.0%, 
respectively. Late toxicity was G1 in 21.0% of patients 
(fibrosis, atrophy, telangiectasia, hyperpigmentation, 
and striae in 9.0%, 3.0%, 2.0%, 5.0%, and 2.0% of 
patients, respectively) and G2 in 6.0% of patients (fibrosis, 
telangiectasia, and hyperpigmentation in 3.0%, 1.0%, and 
2.0% of patients, respectively).

Doré et al. (16) reported their experience on 205 patients 
who underwent postoperative RT after BCS and with 
a median age of 81 years (range, 52–91; 94.0% patients 
were ≥70 years old). RT was delivered over 5 weeks with 3 
fraction/week on alternate days. Total dose was 45 Gy (in 
3 Gy/fraction) with a boost on the surgical bed in 47.8% 
of treated patients. Overall, 32.0% of patients underwent 
also prophylactic nodal irradiation. G1, G2, and G3 acute 
toxicity rates were 65.0%, 17.0%, and 4.0%, respectively. 
Recorded late toxicity was as follows: 14.6% fibrosis, 8.0% 
telangiectasia, and 3.9% hyperpigmentation. 

Several studies analysed HF schemes delivering RT 
in only 5–6 fraction (5–6.5 Gy/fraction). Some of them 
(7,15,19) reported on patients series treated before 2000. 

Ortholan et al. (7) reported long-term results of a series 
including 150 elderly patients treated between 1987 and 

1999. Median age was 78 years with only 17 patients (11.3%) 
<70 years old. Mastectomy was performed in 28.5% of 
patients and 31.8% subjects were irradiated on the regional 
lymph nodes (27.5 Gy in 5.5 Gy/fractions). The HF 
regimen was 32.5 Gy in 5 weekly fractions with a boost 
on the surgical bed delivered in 33.1% of patients. Acute 
G1 and G2 erythema was recorded in 18.7% and 9.3% of 
patients, respectively. Late toxicity was mainly subcutaneous 
fibrosis: G1 in 20.7%, G2 in 14.0%, and G3 in 4.7% of 
patients.

Courdi et al. (15) reported on a similar experience from 
the same institution on 115 patients treated from 1987 
to 1999. Median age was 83 years and only subjects not 
amenable to surgery were included in the analysis. RT, 
delivered with the same scheme described above (7), was 
the primary treatment combined with endocrine therapy 
both in neoadjuvant and/or adjuvant setting. Even if in 
this analysis only elderly and frail patients were included, 
toxicity rates were satisfactory: G1 and G2 acute erythema 
were recorded in 20.9% and 8.7% of cases, respectively, 
and late G1, G2, and G3 fibrosis was registered in 16.5%, 
18.3%, and 5.2% of patients, respectively.

Rovea et al. (10) analysed 298 elderly women (median 
age: 80 years) with non-metastatic breast cancer treated 
with adjuvant HF-RT. Most patients (80.9%) were treated 
with the same scheme described above (32.5 Gy in 5 weekly 
fractions), while 19.1% were treated with 30 Gy in 5 weekly  
fractions. Acute toxicity rates were G1: 22.6%, G2: 
4.8%, G3: 1.0%, and G4: 0.3%. Treatment interruption 
occurred in 2 patients because of severe skin reactions. Late 
toxicity was mainly represented by fibrosis (G1: 31.5%, 
G2: 4.2%, and G3: 3.5%), oedema (G1: 7.0%, G2: 4.2%, 
and G3: 3.5%), telangiectasia (G1: 1.8%, and G3: 0.7%), 
hyperpigmentation (G1: 4.6%, G2: 2.4%), and atrophy (G1: 
2.1%). One case of asymptomatic pericarditis was registered 
5 months after treatment. 

In 2017, Monten et al. (24) reported the results of a 
phase I-II trial that considered the incidence of clinically 
relevant dermatitis (grade ≥2) as the primary endpoint and 
enrolled 95 patients with locally advanced breast cancer. 
Mean age was 73.6 years, with 34.7% of patients younger 
than 70 years and 13.7% older than 79 years. Mastectomy 
was performed in 24.2% of patients. Total dose was 28.5 Gy  
in 5 fractions over 12 days (at least 1 day between two 
consecutive fractions) to the whole breast or to the chest 
wall. When indicated, a boost to the surgical bed was 
delivered using a simultaneous integrated boost technique 
and the dose to regional lymph nodes was 27 Gy. Acute 
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toxicity was scored as G1, G2, and G3 in 52.6%, 10.5%, 
and 1.1% of patients, respectively. Only boost delivery was 
significantly associated with G2–3 toxicity.

Recently, Sanz et al. (19) reported data on weekly HF in 
a group of 486 patients with comorbidities or social frailties 
who could not receive a standard treatment. Median age was 
79 years and all tumor stages were included. Mastectomy 
was previously performed in 20.0% of patients and 15.0% 
of patients received prophylactic nodal irradiation. Most 
patients (90.7%) received RT in 6 weekly fractions (6.25 
Gy), up to a total dose of 37.5 Gy. The latest enrolled 
patients (9.3%) were treated with a slightly modified 
schedule (30 Gy in 6 weekly fractions) and a boost was 
delivered in 17.5% of patients. Acute G1, G2, and G3 
toxicity rates were 38.7%, 25.3%, and 10.5%, respectively. 
The incidence of late G1, G2, and G3 fibrosis was 18.5%, 
6%, and 2.5%, respectively, while 1 patient (0.2%) 
experienced G4 late fibrosis. Other recorded late toxicities 
were telangiectasia (2.7%) and oedema/mastitis (1%). A 
small percentage (1.8%) of patients did not complete RT.

Méry et al. (9) reported a retrospective analysis on 44 
nonagenarian patients (mean age: 92 years). RT schedule 
was not reported and only 59.0% were previously treated 
with surgery. RT aim was symptoms palliation in 27.3% of 
patients. Acute G1, G2, and G3 toxicity rates were 34.0%, 
23.0%, and 2.0%, respectively. The only patient who 
presented G3 toxicity did not complete RT. Late toxicity was 
evaluated in the only 16 patients with follow-up >6 months.  
G1 and G2 late toxicity rates were 7.0% and 2.0%, respectively. 

Discussion

Aim of our review was to collect the fragmentary 
information available in literature, to analyze the potential 
correlation between older age and worse RT-related acute 
and late toxicity in patients with breast cancer.

This analysis has clear limitations. Primarily, not all 
studies reported both acute and late toxicities. Moreover, 
in some studies the severity of toxicity was not specified. 
Furthermore, different toxicity scales were used to specify 
and grade toxicity. For example, studies using LENT-
SOMA scale considered cosmetic related outcomes as 
toxicity. On the other hand, CTCAE criteria split acute 
and late toxicity in several categories in the same organ/
tissue. Therefore, the percentages often reported using this 
scale are not representative of the exact number of patients 
who presented a specific grade of toxicity in a specific tissue 
(i.e., skin or subcutaneous tissue) because a single patient 

can experience more than one toxicity. Follow-up duration 
and percentage of patients lost at follow-up are the other 
two essential issues which can limit late toxicity evaluation 
and are quite inhomogeneous in the analysed studies. 
Patients selection and the definition of “elderly” were 
also inhomogeneous in the series included in our analysis. 
We chose to be inclusive considering all studies where 
patients’ age was at least 60 years because in literature only 
few studies consider more selective age ranges. Moreover, 
due to lack of comorbidity description in most studies and 
correlation between older age and comorbidity incidence, it 
is difficult to distinguish the impact of age or concomitant 
diseases on toxicity. Finally, patients’ characteristics were 
inhomogeneous in terms of tumour stage and molecular 
subtype, surgical and systemic treatment performed, and 
RT characteristics.

We considered all available RT techniques (BRT, IORT, 
EB), RT targets (surgical bed, whole breast, thoracic wall, 
lymph nodes), radiation sources (cobalt, photon beams, 
electron beams), and possible fractionation (conventional, 
daily HF, weekly HF). This choice led to substantially non-
comparable results in the selected studies.

Even considering all these limitations, our findings 
suggest that RT of breast cancer is well tolerated even in 
elderly patients with toxicity rates comparable to those of 
the general population. Therefore, toxicity incidence and 
severity seem not strictly related to age in this setting.

In fact, none of the studies which directly compared age 
subgroup (13,14,21) found age-related differences. Only 
Cao et al. reported an increased risk of dermatitis in patients 
≥80 years old and a correlation between age ≥80 years and 
comorbidities with RT interruption. However, it should be 
noted that toxicity rates were low and toxicity grades were 
mild in their analysis (12).

In the different analyzed studies, acute toxicity G ≥3 
ranged from 0.0% to 10.5% of patients and late toxicity 
from 0.0% to 13.0% of patients. RT discontinuation/
interruption rate varied from 0.0% to 2.0% as shown in 
Table 4. More specifically, the cumulative acute toxicity 
G ≥3 rates in all evaluable patients were 2.0%, 6.7%, and 
5.2% in patients treated with EB-APBI, BRT, and IORT, 
respectively. Cumulative late G ≥3 toxicity in evaluable 
patients treated with EB-APBI was 2.8% while no late G 
≥3 toxicity was recorded in studies reporting on BRT and 
IORT.

Between the different APBI techniques, the highest 
percentage (6.7%) of acute G ≥3 toxicity was reported by 
Kinj et al. who delivered a single 16 Gy HDR-BRT dose to 
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Table 4 Toxicity ≥ G3 and radiotherapy interruption

RT setting First author, year Years of enrollment
Acute toxicity ≥ G3 

(%)
Late toxicity ≥ G3 

(%)
RT discontinuation/

interruption (%)

APBI Sayan, 2017 2006–2013 NR 13.0 NR

Vinante, 2019 2008–2012 0.0 0.0 0.0

Meattini, 2015 2005–2013 1.7 0.0 NR

Jacobs, 2018 2011–2016 3.0 NR 0.0

% in evaluable patients 2.0 2.8 0.0

BRT Khan, 2013 2002–2004 NR NR NR

Kinj, 2018 2012–2015 6.7 0.0 0.0

Smith, 2014 2002–2007 NR NR NR

% in evaluable patients 6.7 0.0 0.0

IORT Lemanski, 2013 2004–2007 NR 0.0 0.0

Tuschy, 2013 2002–2007 NR NR 0.0

Jacobs, 2018 2011–2016 5.2 NR 0.0

% in evaluable patients 5.2 0.0

WBI-CF Meattini, 2015 2005–2013 5.1 0.0 NR

Fiorica, 2012 2000–2007 6.1 0.0 0.0

Cao, 2018 2003–2009 1.6 0.8 0.9

Fiorentino, 2018 2011–2015 0.0 0.0 0.0

% in evaluable patients 2.3 0.6 0.7

WBI-HF daily Fiorentino, 2018 2011–2015 0.0 0.0 0.0

Giugliano, 2016 2011–2013 3.3 0.0 0.0

Cante, 2015 2005–2012 0.0 0.0 0.0

De Santis, 2018 2009–2017 1.2 0.0 0.0

Doré, 2015 2004–2012 4.0 NR 1.9*

Mery, 2014 2003–2013 2.0 0.0 2.0

% in evaluable patients 1.7 0.0 0.4

HF weekly Rovea, 2015 2007–2013 1.3 7.7 0.7

Ortholan, 2005 1987–1999 0.0 4.7 NR

Courdi, 2006 1987–1999 0.0 5.2 0.0

Sanz, 2018 1992–2006 10.5 2.7 1.8†

Monten, 2017 NR 1.1 NR NR

% in evaluable patients 4.9 4.7 1.2

*, only temporary interruption of RT; †, 57.1% temporary interruption. APBI, accelerated partial breast irradiation; BRT, brachytherapy; CF, 
conventional fractionation; HF, hypofractionated; IORT, intraoperative radiotherapy; NR, not reported; RT, radiotherapy; WBI, whole breast 
irradiation.
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the tumor bed (8), and the lowest G ≥3 acute toxicity rates 
were recorded in EB-APBI studies (0.0–3.0%) (18,22,25). 
The highest late toxicity incidence (13.0%) was registered 
by Sayan et al. using EB-APBI with HF-accelerated regimen 
(40 Gy in 10 daily fractions) (23).

In patients treated with WBI, the overall rates of G 
≥3 toxicity were 3.0% for acute toxicity and 1.8% for 
late toxicity. Comparing different RT fractionations, we 
observed higher toxicity rates in studies on weekly HF as 
expected from a radiobiological point of view particularly 
for late effects. In fact, acute G ≥3 toxicity was 2.3%, 
1.7%, and 4.9% in CF, daily HF, and weekly HF studies, 
respectively, while late G ≥3 toxicity was 0.6%, 0.0%, and 
4.7% in CF, daily HF, and weekly HF, respectively. 

The highest acute toxicity rate was 10.5% in Sanz  
et al. analysis (19). Due to the high incidence of side effects, 
from 2012 the authors reduced the prescribed dose from 
37.5 Gy in 6 weekly fractions to 30 Gy in 6 weekly fractions. 
In all other studies, acute G ≥3 toxicity did not exceed 
6.1%. The highest late toxicity rate (7.7%) was reported 
by Rovea et al. who used a regimen of 32.5 or 30 Gy in  
5 weekly fractions (10). Instead, it should be emphasized 
that reported late ≥ G3 toxicity rates were clearly lower in 
CF and daily HF studies (<1.0%).

In WBI studies, 2 cases of G4 toxicity were reported 
both in patients treated with weekly HF regimens [1 case 
of acute G4 toxicity in Rovea’s study (10) and 1 case of 
late toxicity in Sanz’s study (19)]. These cases represent 
0.03% of evaluable patients treated with WBI including 
both acute and late toxicity. One G5 late toxicity (a death 
for myocardial infarction in a patient with cardiovascular-
disease history) was reported by Cao et al. (12).

In WBI studies, only 23 cases of RT discontinuation/
interruption (0.8% of all evaluable patients) were recorded 
from Méry et al. (9), Doré et al. (16), Sanz et al. (19), Cao et 
al. (12), and Rovea et al. (10). 

Despite the limits mentioned above, our analysis failed 
to show an excess of RT-related toxicity in elderly patients 
irrespective of the technique used. Consequently, the large 
variety of RT options available seems to question the issues 
leading to RT omission such as logistic difficulties and QoL 
concerns. In fact, data show that RT can be safely delivered 
with IORT which can reduce the treatment time as much 
as possible by combining surgery and RT at the same  
time (26), or with a single fraction of BRT, or with HF 
schedules which can reduce the overall treatment duration 
and/or the number of RT application per week. 

The main advantage of BRT and HF-EB over IORT 

is that at least 15% of patients treated intraoperatively 
have a definitive histology not suitable for this treatment. 
Consequently, these patients need also post-operative WBI 
while IORT comes to be considered as a “boost”. On the 
contrary, post-operative RT allows a better selection of 
patients amenable for APBI (8).

Given these considerations, RT omission in elderly 
patients with breast cancer should be carefully evaluated 
limiting this option to very selected critical patients, and 
it should not be driven only by patients’ age evaluation. 
Even if available data suggests no improvement in OS when 
adjuvant RT is added to BCS and systemic therapy in older 
patients, disease free survival is proved to be higher when 
standard treatment (BCS + RT) is used, regardless of age (3).

Considering that life expectancy of breast cancer healthy 
women aged 70 and 80 is 15.8 and 8.8 years, respectively (28),  
comorbidities definition, social-economical frailties 
evaluation, and geriatric assessment should become routine 
practice when considering any treatment omission (4). 
Furthermore, in clinical practice RT is often omitted in this 
subgroup of patients due to concerns on QoL worsening. 
However, elderly patients desire to be informed and to 
share therapeutic decisions with physician (29). Therefore, 
it is essential to provide exhaustive information on RT pros 
and cons and to consider that RT is not the only treatment 
which can affect QoL. For example, endocrine therapy 
side effects and increased risk of local recurrence with the 
need of salvage mastectomy after RT omission, should be 
properly discussed with women because they can seriously 
affect long term QoL. 

In conclusion, the RT role in elderly breast cancer 
patients need to be further investigated by routinely 
including this group of patients in prospective clinical trials 
together with younger patients. Moreover, specific studies 
on elderly patients are required in order to systematically 
evaluate comorbidities and geriatric assessment, to report 
detailed toxicity data, and possibly to analyse QoL using 
Patients Reported Outcome Measures. 

Finally, it is very important to better stratify patients 
looking at disease stage and comorbidities because when 
considering de-escalation of breast cancer treatment, it 
is not obvious that RT is the omissible element. In fact, 
our analysis suggests that RT tolerability and toxicity are 
satisfactory also in elderly patients.
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