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Introduction

In 2019, an estimated 268,600 women will be diagnosed 
with breast cancer in the United States making breast cancer 
responsible for 30% of new female cancer diagnoses (1).  
Breast cancer prevalence increases dramatically with age 
such that an American woman over age 70 has a one out 
of fifteen probability of receiving a new breast cancer 

diagnosis (1). Elderly women tend to present with more 
favorable breast tumors: smaller tumor sizes, higher steroid 
receptor expression, lower rates of proliferation, less poorly 
differentiated and fewer nodal metastases (2-4). Despite 
their more favorable tumor characteristics, breast cancer 
carries a worse prognosis in this population regardless of 
cancer stage (5,6). Co-morbid conditions play a role in the 
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decrease in overall survival (OS) with advancing age (7-9),  
but breast cancer disease-specific survival (DFS) is also 
worse in elderly patients (5). This may possibly be due to an 
inability to tolerate aggressive therapy for locally advanced 
disease.

Adjuvant radiation therapy (RT) is a standard component 
of the treatment course for non-metastatic breast cancer (10).  
Most patients with early stage (stage I–II) breast cancer are 
candidates for breast-conserving therapy, which consists 
of conservative surgery (e.g., lumpectomy) followed by 
RT. The benefit of preventing local recurrence with 
adjuvant RT following breast-conserving therapy has been 
demonstrated in multiple large randomized trials in women 
with stage I-II disease (11-21). Although the addition of 
adjuvant RT following breast-conserving surgery did not 
provide an OS or distant DFS benefit in these trials, breast-
conserving surgery with adjuvant RT provides similar local 
recurrence, DFS and OS to treatment with mastectomy (19). 
Furthermore, a meta-analysis of 17 randomized trials found 
a DFS and cancer-specific survival benefit of adjuvant RT 
following breast-conserving surgery in patients with T1/T2 
tumors regardless of nodal status (22). Therefore, breast-
conserving therapy is a safe and effective alternative to 
mastectomy for most women with stage I–II breast cancer.

Patients with locally advanced breast cancer often 
undergo neoadjuvant  chemotherapy to  fac i l i ta te 
downstaging for possible breast-conserving therapy (23-25).  
Patients with multiple risk factors for locoregional 
recurrence (multifocal residual disease, lymphovascular 
invasion, clinical N2-N3 disease or residual pathological 
tumor size greater than 2 cm) benefit from a multimodality 
approach with neoadjuvant chemotherapy, mastectomy 
and postmastectomy radiation therapy (PMRT) (26). 
Clinical trials have found PMRT to reduce local-regional 
recurrence and improve cancer-specific survival and OS in 
patients with high-risk breast cancer who receive adjuvant 
chemotherapy (27-29). A randomized clinical trial has not 
evaluated PMRT in patients who received neoadjuvant 
chemotherapy. However, an analysis of patients on clinical 
protocols at MD Anderson demonstrated a local regional 
recurrence and cancer-specific survival benefit from PMRT 
in patients with high-risk breast cancer who received 
neoadjuvant chemotherapy (30). Thus, PMRT is part of the 
current guidelines for patients at high risk of locoregional 
recurrence (10).

Several techniques have been developed to deliver 
radiation dose for breast cancer: whole-breast irradiation 
(WBI), accelerated partial-breast irradiation (APBI) and 

chest wall irradiation. RT for breast cancer has traditionally 
been delivered with photons, but over the last two decades 
clinical trials have explored the use of proton beam radiation 
therapy (PBRT) because of its potential to deliver improved 
target dose coverage and normal tissue sparing (31-38). In 
this review, we will discuss adjuvant photon therapy in the 
elderly population before discussing PBRT for breast cancer 
and the role of PBRT in elderly breast cancer patients.

The role of RT for elderly breast cancer patients

Similar to the general population, adjuvant RT provides 
elderly patients with early stage (stage I–II) breast cancer a 
local recurrence benefit without evidence of improvement 
in DFS or OS. A sub-analysis of patients over age 65 in a 
randomized clinical trial of women with breast carcinoma 
less than 2.5 cm in size, with no restriction on hormonal 
status, treated with breast-conserving surgery and axillary 
lymph node dissection found no ipsilateral breast recurrence 
benefit of adjuvant RT (39). Two subsequent, large clinical 
trials randomized elderly women (age ≥65 or age ≥70) 
with low-risk breast cancer (tumor size <2–3 cm, hormone 
receptor positive, nodal negative) treated with breast-
conserving surgery and adjuvant hormonal therapy to 
WBI or no WBI. Both trials found a small, but significant, 
decrease in ipsilateral breast recurrence without a difference 
in DFS or OS (14,15,18). Given this data, elderly women 
over age 65 with low-risk breast cancer (T1N0M0, 
hormonal positive) treated with breast conserving surgery 
and adjuvant hormonal therapy may reasonably omit 
adjuvant RT. However, since the publication of these trials 
a large proportion of elderly patients with low-risk breast 
cancer treated with breast conserving surgery and adjuvant 
hormonal therapy continue to receive adjuvant RT (40-42).

Less-selective clinical trials have found adjuvant RT 
to benefit elderly patients with early breast cancer. The 
aforementioned meta-analysis of 17 randomized trials of 
patients with T1–T2 breast cancer included patients who 
were nodal positive and estrogen receptor (ER) negative (22).  
When the patients were stratified by age, patients age 60–69 
and above age 70 had a similar relative reduction in DFS 
with adjuvant RT as the entire cohort, albeit with a smaller 
absolute reduction.

The benefits of PMRT for elderly patients with advanced 
breast cancer are not as well studied as breast-conserving 
therapy. The Danish Breast Cancer Cooperative Group 
82c (DBCG 82c) trial found PMRT to improve survival 
in postmenopausal women with advanced breast cancer 
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treated with adjuvant hormonal therapy (27). However, this 
trial only included postmenopausal women under age 70. 
An analysis of women with advanced breast cancer treated 
with mastectomy without PMRT found similar locoregional 
recurrence rates between women age 50–69 and women age 
70 years and older (43), suggesting that patients over age 
70 would receive similar benefit from PMRT in preventing 
locoregional recurrence as patients under age 70. Using 
the Surveillance, Epidemiology and End Results (SEER) 
database, Smith et al. found that PMRT improved OS in 
patients over age 70 with high risk features (tumor greater 
than 5 cm and/or more than 4 positive lymph nodes) (44).

Treatment toxicity is an important consideration in 
the elderly population. Elderly patients experience worse 
toxicity secondary to radiation and systemic therapy, 
resulting in decreased treatment compliance (45). Although 
elderly patients treated with hypo-fractionated WBI 
experience slightly worse toxicity compared to their 
younger counterparts, it may be beneficial in patients unable 
to sustain weeks of daily treatment (46-48). Furthermore, 
the addition of a tumor bed boost is associated with worse 
toxicity without survival benefit in elderly breast cancer 
patients (48). Two trials evaluating external beam APBI in 
elderly patients with early-stage breast cancer documented 
acceptable toxicity in this population (49,50).

PBRT for breast cancer

PBRT may be used in place of photons for breast cancer 
and can be used for WBI, APBI or PMRT. Dosimetric 
studies have demonstrated the ability of PBRT to provide 
WBI with superior target coverage with improved organ-
at-risk sparing (33-35,37,51). When compared to IMRT 
delivered with photons, PBRT improves target dose 
homogeneity, while minimizing cardiac and pulmonary 
dose (31,32,35,38). These dosimetric improvements are also 
found with regional node coverage delivered with PBRT 
(36,51). Enhanced inspiratory gating provides further 
dose improvement with PBRT compared with photon-
delivered WBI (51). Northwestern University reported 
their experience using PBRT for WBI with comprehensive 
nodal irradiation in 27 breast cancer patients following 
lumpectomy (52). All patients experienced dermatitis, 56% 
experienced grade 2 dermatitis and 7% experienced grade 3 
dermatitis. Grade 1 esophagitis occurred in 33% of patients 
and grade 2 esophagitis occurred in 30% of patients, but 
there was no grade 3 esophagitis. Although there were 
no reported cases of grade 3 breast pain, over half of the 

patients experienced grade 2 breast pain. Despite these 
results, a prospective clinical trial has not evaluated the 
safety or efficacy of WBI delivered with PBRT.

As with WBI, a number of dosimetric analyses comparing 
APBI for early-stage breast cancer delivered with protons 
versus photons found PBRT to deliver superior target 
coverage with reduced cardiopulmonary dose (53-57).  
Unlike WBI, there have been several prospective clinical 
trials evaluating the utility of PBRT as a method for 
delivering APBI. Massachusetts General Hospital was the 
first to report on their experience using PBRT for APBI (58).  
Their treatment schedule consisted of 8 fractions of 4 
Gy [relative biological equivalent (RBE)] delivered twice 
daily to 20 patients with stage I breast cancer. Patients had 
acceptable cosmetic outcomes, but experienced significant 
acute skin toxicity. Over three quarters of patients developed 
moderate to severe skin color changes at 3 to 4 weeks and 
22% developed moderate to severe moist desquamation. 
One patient developed a rib fracture and three had rib 
tenderness. Long-term follow-up found similar survival 
rates and non-cutaneous toxicity between patients treated 
with APBI with photons versus protons (59). However, 
patients treated with PBRT had worse skin toxicity and 
cosmetic outcomes compared to patients treated with 
photons.

Loma Linda subsequently performed a larger 100 patient 
trial using PBRT for APBI in patients with tumors less 
than 3 cm in size and nodal negative disease (60,61). They 
delivered a dose of 40 Gy (RBE) in ten fractions over two 
weeks using 2–4 beams. Their population had a mean age 
of 63, with a range of 41–83. They reported a 5-year DFS 
of 94% and OS of 95%. Although 62% of patients suffered 
from grade 1–2 acute skin toxicity, there was no grade 3 
or higher acute skin toxicity. One patient suffered from 
fat necrosis and 7% suffered from grade 1 telangiectasia. 
There were no reported rib fractures, cardiac events, breast 
infections or pneumonitis. Furthermore, 90% of patients 
reported good or excellent cosmetic outcome. In contrast 
to the results reported at Massachusetts General Hospital, 
a cross-sectional analysis of patients who were treated 
with APBI with protons at Loma Linda reported better 
cosmesis, less breast pain and reduced fatigue at 6.5 years 
post-treatment compared to women treated with photon-
delivered WBI (62).

A Korean trial using APBI delivered with PBRT enrolled 
30 patients with a median age of 48 that had tumors equal 
or less than 3 cm in size (63). A dose of 30 Gy (RBE) was 
delivered in six fractions over five consecutive days. Half 



S164 Rich et al. Proton beam therapy elderly breast cancer

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(Suppl 1):S161-S172 | http://dx.doi.org/10.21037/tcr.2019.07.40

the patients were treated with a single field while two 
proton beams were used for the remaining 15 patients. 
With a median follow-up of 59 months, there were no 
disease recurrences or deaths. One patient experienced wet 
desquamation and two patients suffered rib fractures. At 
one-year post-treatment 30% of patients suffered from mild 
to moderate induration. The toxicity profile was worse in 
the patients treated with a single field versus multiple fields.

MD Anderson reported their short-term toxicities of 
43 patients with stage I breast cancer treated with APBI by 
protons (64). Only 16% of patients had dry desquamation 
and only one developed wet desquamation. A six-month 
mammographic evaluation found that 40% of patients 
had skin thickening, 14% had a seroma/hematoma, 
2% developed fat necrosis and 26% had retraction or 
asymmetry present.

Like APBI, PBRT has also been shown to be a viable 
treatment modality for PMRT. Dosimetric studies 
comparing protons to photons for PMRT have found PBRT 
to provide better target homogeneity, while limiting dose 
to the heart and lungs (35,65-68). These studies primarily 
looked at left-sided breast cancer. The target dosing benefit 
of protons has been demonstrated with both 3D-conformal, 
passively scattered proton beam radiation and intensity 
modulated proton therapy (IMPT). PBRT can be used 
for PMRT in patients following breast reconstruction or 
insertion of tissue expanders (67,69).

The first clinical trial utilizing PBRT for PMRT enrolled 
twelve patients at Massachusetts General Hospital with 
locally-advanced breast cancer (70). Patients were treated 
with passively scattered proton fields with a dose of 50.4 Gy  
(RBE) to the chest wall and 45–50.4 Gy (RBE) to the 
nodal targets at risk. The patient ages ranged from 31 to 
68 and 11 out of 12 patients had left-sided breast cancer. 
There were 9 patients with grade 2 acute skin toxicity, 
with the remaining three patients developing grade 1 skin 
toxicity during treatment. There was no documented acute 
pulmonary or cardiac toxicity.

Memorial Sloan Kettering reported on their experience 
treating 42 patients with PMRT delivered with protons 
using 3D conformal uniform scanning (71,72). The 
patients’ age ranged from 21 to 86, with a median of 46.5. 
The patient’s chest wall and regional nodes were treated 
to a dose of 50.4 Gy (RBE). After a median follow-up of 
35 months there was one locoregional failure, six distant 
failures and one death in a patient with metastatic disease. 
74% of patients developed grade 2 acute dermatitis, with 
the remaining 26% having grade 1 dermatitis. There was 

moist desquamation in 21% of patients and half of patients 
developed grade 1 or 2 acute esophagitis. Over a quarter 
of patients who underwent immediate reconstruction 
had reconstruction complications. There was one case of 
pneumonitis and no rib fractures.

Northwestern was the first to document their experience 
using pencil beam scanning (PBS) for breast cancer (52). 
Patients were selected with unacceptable treatment plans 
when planned with photon RT. They treated 21 patients 
after lumpectomy or mastectomy with adjuvant PBRT 
using PBS. One patient developed grade 3 dermatitis, 
76% had grade 2 dermatitis and the remaining 19% had 
grade 1 dermatitis. 71% of patients developed grade 1 or 2 
esophagitis and 67% had grade 2 chest wall or breast pain.

Although a National Cancer Database (NCDB) analysis 
found no difference in survival between patients with 
non-metastatic breast cancer who received adjuvant RT 
with protons versus with photons or electrons (73), there 
have been no prospective trials published comparing 
survival between breast cancer patients receiving PBRT 
and photons. RADCOMP trial is a pragmatic prospective 
randomized clinical trial of patients with locally advanced 
(stage II and III) breast cancer, randomized to either 
proton or photon therapy and followed longitudinally for 
cardiovascular morbidity and mortality, health-related 
quality of life, and cancer control outcomes. This study 
has more than 20 proton centers in the US and expects to 
enroll about 1,800 patients with stage II–III right and left 
breast cancer. Patients will be treated with either PBRT 
or photons for 45 to 50 Gy to the breast/chest wall and 
comprehensive regional lymphatics including the internal 
mammary chain.

PBRT in the elderly breast cancer population

PBRT offers elderly breast cancer patients similar potential 
for disease control with reduced toxicity as the general 
population. In elderly patients with early stage and low-
risk breast cancer, APBI delivered with protons can provide 
excellent cosmesis and good disease control (60,61). 
Dosimetric analysis of APBI by protons demonstrates 
improved target coverage and homogeneity while reducing 
cardiopulmonary toxicity (Figure 1) (56,57). Compared to 
APBI delivered with brachytherapy, proton APBI provides 
patients the ability to avoid additional procedures required 
with brachytherapy (Figure 2). This reduces the risk of pain, 
bleeding and infection conferred by catheter implantation 
during brachytherapy. PBRT also has fewer anatomical 
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Figure 1 Accelerated partial breast irradiation delivered with protons for very early stage and low-risk disease. White arrows illustrate 
radiation therapy beam angles.

Figure 2 Benefits of accelerated partial-breast irradiation with protons compared to brachytherapy.

Proton beam

Left 
breast

Left lung

Heart

Accelerated partial breast irradiation (APBI)
Proton versus brachytherapy

1. No additional procedures (implant of catheter)

2. No risk of pain, bleeding, infection

3. Better dose uniformity

4. Fit more anatomy (more candidates)

Proton beam

Left 
breast

Left lung

Heart

restrictions allowing more elderly patients to receive APBI.
In elderly breast cancer patients not eligible for APBI, 

WBI delivered with protons reduces radiation dose to the 
lung and heart (34,37,51). The reduction in cardiac toxicity 
is particularly pronounced in women with left-sided breast 
cancer (Table 1, Figures 3,4) (74). Breast cancer RT doses 
to the heart may result in increased risk of cardiovascular 
disease and cardiac mortality (75).

PBRT may be used in elderly patients with more 

advanced breast cancer for PMRT (71,72). PBRT provides 
superior cardiopulmonary sparing in women receiving 
PMRT compared to photons (Figure 5) (36,52,65,66,68). 
PBRT also offers superior chest wall coverage and target 
homogeneity. For patients requiring nodal irradiation, 
PBRT also provides better nodal coverage compared to 
photons (36,65).

Other indications for PBRT in the elderly breast cancer 
population include definitive radiation and palliative care. 
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Figure 3 Comparison of dosimetric plans of whole breast irradiation treatments delivered with photons (left) compared to protons (right). 
White arrows illustrate radiation therapy beam angles.

Table 1 Mean heart dose in from radiation therapy for left-sided breast cancer

Variable Mean heart dose (Gy) (with IMN) Mean heart dose (Gy) (without IMN)

All modalities 4.2 8.0

Photons 1.2 (0.8–1.7) 9.2 (1.9–21.0)

Photons (IMRT) 5.6 (0.1–23.0)

Photons (DIBH) 1.3 (0.4–2.5)

Protons 0.5 (0.1–0.8) 2.6 (1.0–6.0)

DIBH, deep inspiration breath hold; IMRT, intensity-modulated radiation therapy; IMN, internal mammary lymph nodes.

 Photon or X-ray Photon

Mean dose to heart (cGy) 549 36

Mean dose to left lung (cGy) 2178 584

In elderly breast cancer patients who are not surgical 
candidates, limited dosimetric analyses have found PBRT to 
be a viable option for definitive therapy (76). PBRT may also 
be used for patients treated with palliative intent (Figure 6).

There are important considerations to be made when 
treating elderly patients with PBRT (77). As a group, 
elderly breast cancer patients have worse OS due to their 
comorbidities (8,9). One study found that patients with 
a Charlson Comorbidity Index of 1–2 had worse OS 
following breast-conserving therapy compared to patients 
with a score of 0 (8). Screening tools, such as the G-8 and 
Timed Up and Go, have been developed and validated 
in cancer patients to predict mortality in the elderly 
population (78-80). These tests may help to identify elderly 
patients who are suitable candidates for PBRT, as well as 
determine the patients who will require cognitive or social 

support to make it through their therapy course. These tests 
have limitations as they do not predict acute toxicity or RT 
treatment compliance (45).

Conclusions

PBRT is a safe and viable adjuvant treatment option 
for elderly breast cancer patients with both early-stage 
disease receiving breast-conserving therapy and those with 
more locally advanced breast cancer requiring chest wall 
irradiation following mastectomy. PBRT provides superior 
target coverage while reducing dose to the organs at risk. 
PBRT can also be used for palliative therapy. However, 
further research is necessary to fully understand the risks 
and benefits of PBRT in elderly breast cancer patients. In 
the future, newer methods of proton beam delivery such as 
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Figure 4 Example of whole-breast irradiation and nodal coverage dosimetry plan delivered with protons.

Figure 5 Example of left-sided chest wall radiation therapy delivered with photons (left) and protons (right). White arrows illustrate 
radiation therapy beam angles.

Irradiation with proton-breast + lymphatics
(uniform dose + minimal lung and heart dose)

 Photon or X-ray Photon

Mean dose to heart (cGy) 628 43

Mean dose to left lung (cGy) 2615 1068
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PBS may provide further benefit for this patient population.
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