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Abstract 

Purpose: In patients with early-stage breast cancer treated with breast-conserving 

surgery, randomized trials have found little difference in local control and survival 

outcomes between patients treated with conventionally fractionated (CF-) whole-breast 

irradiation (WBI) and those receiving hypofractionated (HF)-WBI. However, it remains 

controversial whether these results apply to all subgroups of patients. We therefore 

developed an evidence-based guideline to provide direction for clinical practice. 

Methods and Materials: A task force authorized by ASTRO weighed evidence from a 

systematic literature review and produced the recommendations contained herein. 

Results: The majority of patients in randomized trials were 50 years of age or older, had 

disease stage pT1-2 pN0, did not receive chemotherapy, and were treated with a 

radiation dose homogeneity within ±7% in the central axis plane. Such patients 

experienced equivalent outcomes with either HF-WBI or CF-WBI. Patients not meeting 

the above criteria were relatively underrepresented, and few of the trials reported 

subgroup analyses. For patients not receiving a radiation boost, the task force favored a 

dose schedule of 42.5 Gy in 16 fractions when HF-WBI is planned. The task force also 

recommended that the heart should be excluded from the primary treatment fields 

(when HF-WBI is used). 

Conclusion: Data were sufficient to support the use of HF-WBI for patients with early-

stage breast cancer who met all the aforementioned criteria. For other patients, the task 

force could not reach agreement either for or against the use of HF-WBI, which 

nevertheless should not be interpreted as a contraindication to its use. 
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Introduction 

Randomized clinical trials in patients with early-stage breast cancer have 

demonstrated that following breast-conserving surgery, adjuvant whole breast 

irradiation (WBI) lowers the relative risk of ipsilateral breast tumor recurrence (IBTR) by 

approximately 70% at 5 years and produces a 5% absolute improvement in 15-year 

overall survival.1 Most of these studies used “conventionally fractionated” (CF) radiation 

schemes, such as 1.8 Gy to 2.0 Gy per fraction for a total dose of 45 to 50 Gy in 25 to 

28 daily fractions2-5 with or without a subsequent radiation boost to the tumor bed. 

Recent patterns-of-care studies have indicated that the vast majority of radiation 

oncologists in both the United States and Continental Europe mainly use CF-WBI, often 

with a subsequent boost to the tumor bed.6-9 Historically, CF-WBI has been 

recommended based upon the theory that small, as opposed to large, daily fraction 

sizes lower the risk of late normal tissue toxicity without compromising cancer control 

due to the differential sensitivity of normal tissues and cancer cells to fraction size.10 

Despite its proven effectiveness and safety, CF-WBI has certain shortcomings, 

including the inconvenience to patients associated with undergoing daily treatment for 6 

to 7 weeks and the cost of treatment (both direct health care expenditures and 

opportunity costs to the patient and society due to time away from home and work).11,12 

In the United Kingdom and countries heavily influenced by British practices, physicians 

have long used adjuvant hypofractionated whole breast irradiation (HF-WBI), in which 

both the total dose and the number of fractions are decreased compared to CF-WBI 

schemes, with excellent results.13-15 Such HF-WBI shortens total treatment time, 

enhances convenience, and lowers costs.11 
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In the past several years, results from four randomized clinical trials conducted in 

Canada and the United Kingdom comparing CF-WBI with HF-WBI as adjuvant therapy 

for surgically treated early-stage breast cancer have yielded sufficient data to allow an 

evidence-based comparison of the two treatment approaches.10,16-20 Accordingly, the 

American Society for Radiation Oncology (ASTRO) Health Services Research 

Committee (HSRC) convened a task force to formulate clinically useful evidence-based 

guidelines on WBI fractionation. The task force conducted a systematic review of the 

literature, which, supplemented by the expertise and clinical experience of the task force 

members, provided the rationale for the following recommendations. 

Materials and Methods 

In 2008, the ASTRO HSRC identified WBI fractionation as a high-priority topic 

needing evidence-based guidelines. Accordingly, the HSRC submitted a project 

proposal to the ASTRO Board of Directors, which was approved in January 2009. The 

Board of Directors authorized creation of a task force to study WBI fractionation and 

approved its membership which included eight recognized experts in breast cancer 

radiation oncology, one in radiobiology (SB), one in radiation physics (GI), two 

representatives from the HSRC (BDS, CH), one radiation oncologist in private practice 

(PH), one radiation oncology resident (CC), and one patient advocate (JM). We were 

charged with using currently available evidence to develop a clinically practical, 

evidence-based guideline to help radiation oncologists and breast cancer patients 

determine the appropriate use of HF-WBI as adjuvant treatment of breast cancer 

following breast-conserving surgery. In addition, the task force was asked to provide 

relevant background on the clinical radiobiology of breast cancer to increase 
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understanding of recent clinical trial findings. Potential conflicts of interest were 

identified prospectively at the outset of guideline development. Through a series of 

conference calls, the task force completed the systematic literature review, reviewed 

evidence tables, and formulated the guidelines contained herein. The initial draft of the 

manuscript was reviewed by five expert reviewers and ASTRO legal counsel and was 

subsequently placed on the ASTRO website in January 2010 for a period of public 

comment. Upon integration of all feedback, the document was submitted to the 

International Journal of Radiation Oncology, Biology, and Physics for additional peer 

review and, finally, to the ASTRO Board of Directors for their review and approval in 

March 2010. 

During the formulation of this evidence-based guideline, the task force sought to 

adhere to the American Medical Association’s Physician Consortium for Performance 

Improvement guidance for measure development21 and recent calls for reform of the 

guideline process.22 It was noted that although this guideline strives to be firmly 

evidence-based, the opinions of the individual task force members inevitably inform 

their interpretation and application of the available evidence. As a result, it has been 

recommended that guidelines include “alternate interpretations and viewpoints” along 

with the majority opinion to ensure that the final guideline is representative of all task 

force members’ input.22 In this guideline, unanimous recommendations based firmly on 

evidence are specified with a “(U-evidence)” and unanimous recommendations based 

on expert opinion are specified with a “(U-opinion)”. When unanimity could not be 

reached, majority and minority opinions are presented and specified.  
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Systematic Literature Review. For the purposes of this literature review, we 

defined HF as a daily dose exceeding 2 Gy and CF as a daily dose of 2 Gy or less. WBI 

was defined as radiation intended to treat all clinically detectable breast tissue ipsilateral 

to the index cancer. Studies pertinent to the guideline topic were identified by searching 

the National Library of Medicine’s PubMed database for articles published from January 

1, 1990 through February 28, 2009. For the initial screen, we selected English-language 

studies categorized under the Medical Subject Heading (MeSH) “Breast 

neoplasms/radiotherapy” with any of the following key words: hypofractionation, 

hypofractionated, fractionation, fraction, accelerated, short, or shorter. Of 558 candidate 

abstracts screened, we sought to identify randomized trials that compared HF-WBI with 

other treatments and also nonrandomized clinical studies whose primary purpose was 

to evaluate any aspect of HF-WBI. We identified six randomized clinical trials that 

compared HF-WBI with CF-WBI (Hôpital Necker,23 Queen Elizabeth,24 Canadian,18,19 

Royal Marsden Hospital/Gloucester Oncology Center (RMH/GOC),17,20 and 

Standardization of Breast Radiotherapy (START)  A and B.10,16 We also identified two 

randomized clinical trials that compared HF-WBI with partial breast irradiation (PBI),25-27 

two randomized clinical trials that compared HF-WBI with no irradiation,12,28-30 and one 

randomized trial that compared HF-WBI alone with HF-WBI followed by a boost to the 

tumor bed.31  Additionally, 34 nonrandomized clinical studies met inclusion criteria 

(Supplementary Table 1).13-15,32-63 Articles whose sole focus was postmastectomy 

radiation or concurrent chemoradiation were excluded. Bibliographies of candidate 

articles were also reviewed to ensure that all relevant articles were included. Studies 

published in abstract form only were not included, with the exception of the updated 
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results of the Canadian trial presented at the 2008 ASTRO Annual Meeting.19 Based 

upon results of the systematic literature review, evidence tables were constructed to 

summarize tumor control (local control, local-regional control, disease-free survival, 

overall survival) and toxicity (cosmesis, skin, soft tissue, pulmonary, cardiac, brachial 

plexus, rib) endpoints. 

The quality of randomized clinical trials was evaluated using criteria adapted from 

the United States Preventive Services Task Force Procedure Manual.64 The Queen 

Elizabeth trial reported psychological outcomes only and thus was not included in the 

evidence tables or formally scored for quality.24 The recommendations contained herein 

will expire on December 31, 2015. The ASTRO Guidelines Subcommittee will monitor 

this guideline and initiate an update when so indicated. 
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Results 

Clinical Question #1: Which patients obtain equivalent results from HF-WBI and 

CF-WBI? 

Guideline: Evidence from randomized clinical trials has demonstrated that HF-WBI and 

CF-WBI are equally effective for in-breast tumor control and comparable in long-term 

side effects for patients meeting all the criteria listed in Table 1 (U-evidence).10,16-20,64 

The task force was unable to reach agreement as to the equivalence of HF-WBI to CF-

WBI for patients who do not satisfy all these criteria, and thus, we could not make a 

recommendation either for or against the use of HF-WBI in such patients. 

Narrative: We identified one “fair” and three “good” quality randomized trials including 

7,095 patients and approximately 45,000 patient-years worth of follow-up time that 

compared HF-WBI with CF-WBI (Tables 2-4).10,16-20,64 Published length of follow-up 

ranged from 5.1 to 9.7 years, and extended to 12 years in abstract form19 (Tables 5-6). 

Collectively, these trials demonstrated that several HF-WBI regimens produced IBTR 

rates and toxicity profiles comparable with those for CF-WBI (50 Gy in 25 fractions). In 

addition, two randomized clinical trials that compared HF-WBI with PBI25-27 and two 

randomized clinical trials that compared HF-WBI with no irradiation12,28-30 demonstrated 

a lower risk of IBTR with HF-WBI than with regimens in the other arms of these trials. 

The subsequent discussion will focus exclusively on trials that compared CF-WBI with 

HF-WBI.10,16-20,64 

Although eligibility criteria for these trials were rather broad, the majority of 

enrolled patients fulfilled the characteristics outlined in Table 1. The effectiveness and 

toxicity of WBI are known to vary with patient-, tumor-, and treatment-related factors 
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such as age at diagnosis, status of the surgical margins, molecular classification of the 

index cancer, the use of a boost, and the use of systemic therapy.65-68 The intrinsic 

radiosensitivity of individual breast cancers might also vary in relation to these factors. 

Therefore, it is critical to assess these trials’ selection criteria, characteristics of the 

study populations, potential use of additional therapies, and whether results were 

analyzed in relation to these factors to determine whether the trials’ findings apply to all 

patient subgroups. Unfortunately, few subgroup analyses were reported for these trials, 

as discussed below.  

AGE: The risk of IBTR after breast-conserving surgery followed by adjuvant WBI 

decreases as age increases, and is particularly high for younger women ages 40 and 

under.69 The reasons for this discrepancy are not fully understood, but one possibility is 

that the sensitivity of breast cancer to radiation therapy may vary with age. Thus, it may 

be necessary to consider younger and older women as two distinct patient populations 

when evaluating the appropriateness of HF-WBI. The vast majority (about 70% to 79%) 

of patients enrolled in clinical trials comparing HF-WBI with CF-WBI were age 50 years 

or older at diagnosis (Table 4).10,16-20 The effect of age on outcome has only been 

reported for the Canadian trial, which stratified entry by age (younger than 50 years 

versus 50 years or older).18 A preplanned analysis found that HF-WBI was equivalent to 

CF-WBI in both groups.18,19 However, the Canadian trial included only 305 women 

under 50, and no further division of results by age was performed within this group (eg, 

age 40 years or younger versus age 41 to 49 years). Thus, the task force unanimously 

agreed that the available data supported the equivalence of HF-WBI with CF-WBI for 

patients age 50 years or older at diagnosis. Although the available data did appear to 
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support the equivalence of CF- and HF-WBI for patients under 50, a minority of the task 

force believed that the data were insufficient to support a guideline recommending 

routine implementation of HF-WBI in younger women.  

 T STAGE: The majority of patients treated on these trials had stages pT1 or pT2 

invasive breast cancer (Table 4).70 Given the published results, the task force believed 

that HF-WBI has been proven equivalent to CF-WBI in this patient population. Patients 

with ductal carcinoma in situ (DCIS) were excluded from the randomized trials, and 

although a small phase II study has shown favorable early results using HF-WBI to treat 

DCIS,40 at this time the task force thought that data were insufficient to allow an 

evidence-based recommendation for or against HF-WBI for women with DCIS. Patients 

with stage pT3 or pT4 disease are primarily treated with mastectomy, and thus there 

was little data from the randomized trials to determine the appropriateness of HF-WBI 

for this patient group.  

N STAGE: The majority of women treated on these trials had node-negative 

disease as confirmed by pathologic evaluation of axillary lymph nodes, and thus the 

evidence most supports the use of HF-WBI in women with stage pN0 breast cancer. 

Although a minority of patients treated on the RMH/GOC, START A, and START B trials 

received hypofractionated regional nodal irradiation, at this time the task force believed 

that the small number of patients treated with this approach precluded a firm evidence-

based recommendation on the effectiveness and toxicity of HF-WBI for preventing 

regional lymph node failure. Certain hypofractionated approaches have resulted in an 

increased risk of late brachial plexopathy,48,52,53,71 and although this risk has yet to been 

seen in the RMH/GOC, START A, and START B trials, the follow-up in those studies 
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was not considered sufficient to exclude such late toxicity.10,16-20 It is also possible that 

hypofractionated regional nodal irradiation could increase the risk of pulmonary toxicity. 

Finally, although the strong majority of task force members thought that HF-WBI could 

be used in patients with pN1 breast cancer for whom regional nodal irradiation is not 

indicated, the scarcity of this population in the randomized trials provided insufficient 

data to permit a firm evidence-based endorsement of HF-WBI in this setting. 

 SYSTEMIC THERAPY: Approximately 65% to 90% of patients in these trials did 

not receive chemotherapy (Table 4), and thus there was consensus among the task 

force that the evidence supported the equivalence of HF-WBI to CF-WBI in patients not 

receiving chemotherapy. Anthracycline-containing and taxane-containing regimens 

were used in 25% and 1%, respectively, of patients in the START A trial and in 13% and 

0.4%, respectively, of patients in the START B trial.10,16 The types of chemotherapy 

used in the Canadian and RMH/GOC trials were not reported, although it is likely that 

anthracyclines and taxanes were used very infrequently during the era in which those 

trials were conducted.17,18,20 None of the patients in those trials received trastuzumab or 

newer targeted agents. Toxicity in each study arm was not reported separately for 

patients receiving or not receiving chemotherapy in these trials.10,16-20,64 Retrospective 

studies have not shown that chemotherapy increased the risk of side effects attributable 

to HF-WBI, but the numbers of patients in these studies was small and follow-up 

limited.32,72 The majority of the task force members reported that they commonly use 

HF-WBI following anthracycline- or taxane-based chemotherapy in their clinical practice, 

but a strong minority thought that the toxicity profile of HF-WBI in patients receiving 

currently-used systemic agents and regimens has not been studied sufficiently to 
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ensure its safety and therefore should not merit routine endorsement. No 

recommendation can be rendered with respect to use of HF-WBI for women treated with 

neoadjuvant chemotherapy, as such patients were not included in these trials.10,16-20,64 

Further, as a measure of caution, the task force members would generally recommend 

against use of HF-WBI concurrently with systemic therapy to include cytotoxic 

chemotherapy or targeted agents given lack of data at the present time.10,16-20,64 With 

regard to endocrine therapy, tamoxifen was used in 41%, 64%, 79%, and 87% of 

patients in the Canadian, RMH/GOC, START A, and START B trials, respectively,10,16-

20,64 and very few patients received other endocrine therapies such as aromatase 

inhibitors. Outcomes stratified by receipt of tamoxifen or sequencing of tamoxifen with 

radiation were not generally reported, though it appears that the majority of patients in 

the START trials were receiving endocrine therapy during their course of radiation.10,16-

20,64  

 DOSE HOMOGENEITY: All these trials required that the maximum dose to the 

breast on the central axis plane be no greater than 105% to 107% and no less than 

93% to 95% of the prescription dose (Table 3). No stipulations were placed on the 

homogeneity of the dose distribution outside of the central axis plane. The majority of 

patients on these trials were treated with two-dimensional planning techniques without 

inhomogeneity corrections (Table 3). Because inhomogeneity of the radiation dose 

increases with increasing patient chest wall separation, the Canadian trial excluded 

patients whose separation along the central axis exceeded 25 cm.18 In contrast, the 

other trials used higher energies for patients with larger breasts in an effort to ensure 

acceptable dose homogeneity and did not explicitly exclude patients with larger breasts, 
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although it remains possible that women with larger breasts could have been 

underrepresented.10,16,17,20 Optimizing the homogeneity of dose in the off-axis planes as 

well as the central-axis plane reduces acute and late toxicities.73,74 Therefore, the task 

force recommended that the minimum dose should be no less than 93% and that the 

maximum dose should be no greater than 107% of the prescription dose (±7%) in the 

central-axis plane, as calculated using two-dimensional treatment planning without 

heterogeneity corrections, in accordance with planning guidelines from the published 

randomized trials (Table 3).10,16-20,64 However, the task force encourages the use of 

three-dimensional planning techniques in all patients to reduce toxicity (see below). 

 In summary, the task force could not reach agreement as to whether the 

demonstrated equivalence of HF-WBI to CF-WBI should be considered to hold true 

broadly (for all patients who would have been eligible for these trials) as well as 

narrowly (for only the patient groups that were well-represented in these trials). As a 

result, the task force could not agree on the appropriateness of HF-WBI for those 

patient groups that were underrepresented in these trials.10,16-20,64 

 

Clinical Question #2: What is the role of a tumor-bed radiation boost in patients 

treated with HF-WBI? 

Guideline: There were few data to define the indications for and toxicity of a tumor bed 

boost in patients treated with HF-WBI (U-evidence). The task force agreed that the use 

of HF-WBI alone (without a boost) is not appropriate when a tumor bed boost is thought 

to be indicated (U-opinion). When a boost is indicated, there was lack of consensus 

regarding the appropriateness of HF-WBI. While the majority of the task force members 
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thought that there were sufficient data showing the safety of HF-WBI followed by a 

tumor bed boost to recommend its use in otherwise suitable patients, a minority 

believed that CF-WBI should be used instead when a tumor bed boost is indicated. 

Narrative: There is limited evidence from prospective randomized trials to define the 

toxicity and efficacy of a tumor-bed boost in patients treated with HF-WBI (Table 3). In 

the Canadian study, none of the patients received a tumor bed boost, but the risk of 

IBTR at 5 years was very low (approximately 3%), suggesting that potential benefit of a 

tumor-bed boost is likely to be small.18 Sixty-one percent of patients in the START A trial 

and 43% of those in the START B trial undergoing breast-conserving surgery received 

the optional tumor-bed boost of 10 Gy in 5 fractions.10,16 Entry into the START trials was 

stratified by intention to give a tumor-bed boost, but the outcomes for whether a boost 

was actually used have not yet been reported.10,16 The RMH/GOC trial included a 

substudy in which 723 patients were randomized to receive no boost or a boost of 14 

Gy in 7 fractions to the tumor bed.17,20 The rates of IBTR in relation to the use of a boost 

have not been reported. Patients allocated to receive a boost had a higher risk of breast 

induration and telangiectasia than those who received no boost, but there was no 

difference between these groups in breast appearance (assessed photographically by a 

blinded observer), proportion of fair or poor cosmetic results, or risks of breast 

shrinkage, breast distortion, breast edema, arm swelling, or shoulder stiffness. 

However, results were not further divided according to whether patients received HF-

WBI or CF-WBI, so it is not possible to determine whether one regimen was preferable 

when a boost was used. Further, the risk of a fair or poor cosmetic outcome in this trial 
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was high (58-74% at 10 years), raising concern that the overall treatment plan did not 

result in optimal cosmesis, irrespective of assigned dose and use of a boost. 

  Two randomized trials have specifically sought to evaluate the role of a tumor-

bed boost following WBI. In the Lyon trial, 1,024 women with invasive breast cancer 3 

cm or smaller and negative surgical margins treated with HF-WBI (50 Gy in 20 fractions 

of 2.5 Gy) were randomized to receive a tumor-bed boost of 10 Gy in 4 fractions or no 

boost.31 With a median follow-up duration of 3.3 years, receipt of a tumor-bed boost was 

associated with a lower risk of IBTR, a higher risk of telangiectasia, and no difference in 

patient-reported cosmetic outcome. However, the relatively short length of follow-up in 

this trial precluded firm conclusions as to the long-term toxicity profile of a tumor-bed 

boost in patients receiving HF-WBI. In addition, the effective biologic dose of the HF-

WBI regimen used in this trial was higher than that of the HF-WBI arms of the Canadian 

and START B trials.16,18,19 

The European Organization for the Research and Treatment of Cancer (EORTC) 

enrolled 5,318 women with stages I and II breast cancer who were treated with CF-WBI, 

randomized to a tumor-bed boost or no boost, and followed for over 10 years.65,69 The 

large size and comprehensive follow up of this trial have helped to define the indications 

for and toxicity profile of a tumor-bed boost in patients treated with CF-WBI; however, it 

is unclear whether these results apply also to patients treated with HF-WBI. 

 Given the limitations of these data, the task force was unable to reach consensus 

on the integration of a tumor-bed boost and HF-WBI in clinical practice. There was 

general agreement that the indications for when to use a boost are likely to be similar 

regardless of the WBI fractionation scheme employed. The majority of the task force 



17 

 

membership supported using a tumor-bed boost in conjunction with HF-WBI when a 

boost is indicated, but a minority favored using only CF-WBI in this setting. 

 

Clinical Question #3: What are appropriate regimens for HF-WBI and a tumor-bed 

boost? 

Guideline: For patients not receiving a tumor-bed boost, the task force favored a dose of 

42.5 Gy in 16 fractions over approximately 22 days when HF-WBI is planned (U-

evidence). The optimal HF-WBI regimen to use when a boost is given and the optimal 

tumor-bed boost dose-fractionation to use in conjunction with HF-WBI have not been 

determined (U-evidence). 

Narrative: The dose-fractionation schemes used in the Canadian trial (42.5 Gy in 16 

fractions over 22 days),18,19 START A trial (41.6 Gy in 13 fractions over 35 days),10 and 

START B trail (40 Gy in 15 fractions over 21 days)16 appear equivalent in efficacy to 50 

Gy in 25 fractions over 5 weeks (Tables 5-6). The HF-WBI doses used in the RMH/GOC 

trial were not recommended because of concern that compared with the 50-Gy arm, the 

42.9-Gy arm yielded excessive toxicity and the 39-Gy arm yielded a higher risk of IBTR 

(Tables 5-6).17,20 Further, the 39-Gy arm of the START A trial was not recommended 

due to its numerical inferiority with respect to risk of IBTR, which may reach statistical 

significance with further follow-up (Tables 5-6).10 Since the Canadian trial had both the 

longest follow-up time and was the only trial in which no patients received a boost, the 

task force recommended that its regimen should be preferred in patients who do not 

receive a tumor-bed boost.18,19 For patients who do receive a tumor-bed boost, the 
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optimal dose to the whole breast with HF-WBI is not known, although any of the three 

regimens shown to be equivalent to 50 Gy in 25 fractions appear reasonable. 

The tumor-bed boost doses used in published clinical trials that compared HF-

WBI with CF-WBI are listed in Table 3. In the absence of strong evidence, the task force 

could not endorse a specific dose-fractionation scheme to use for the tumor bed when 

given in conjunction with HF-WBI. However, based on the published data and the 

collective expert opinion of the panel, boost doses of 10-16 Gy in 2-Gy fractions or 10 

Gy in 2.5-Gy fractions31 were considered acceptable. 

 

Clinical Question #4: What are the characteristics of an acceptable radiotherapy 

plan for patients treated with HF-WBI? 

Guideline: Two-dimensional treatment planning with optimization of dose homogeneity 

in the central axis is the minimum acceptable standard for HF-WBI treatment planning 

(U-evidence).  However, computed tomography (CT)-guided treatment planning using 

three-dimensional dose compensation is strongly recommended to optimize dose 

homogeneity throughout the entire breast (U-opinion). As a conservative measure, the 

task force recommended exclusion of the heart from the primary treatment fields 

provided that coverage of the primary tumor site is not compromised (U-opinion).  

Narrative: The clinical trials comparing HF-WBI with CF-WBI primarily utilized two-

dimensional treatment planning with optimization of dose homogeneity in the central-

axis plane (Table 3).10,16-20,64 This therefore represents the minimum acceptable 

standard for HF-WBI treatment planning. However, more recent randomized trials have 

demonstrated that for patients treated with CF-WBI, CT-guided treatment planning with 
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three-dimensional dose compensation resulted in lower risks of acute skin toxicity73 and 

late breast induration74  and also improved cosmetic outcome.74 It is reasonable, 

although as yet unproven, to expect that similar benefits will be realized in patients 

treated with HF-WBI. There was thus consensus that meticulous care to optimize dose 

homogeneity within the target volume and to minimize the dose to normal tissues is 

strongly recommended for patients treated with either HF-WBI or CF-WBI.  

 A critical concern for the use of HF-WBI has been whether exposure of the heart 

to larger fraction sizes could lead to an increased risk of late cardiac events over the 

risk with CF-WBI.55,75 Even though the available clinical trials did not specifically require 

use of a cardiac block or shield, to date, reports have not suggested increased risks of 

ischemic heart disease or cardiovascular mortality attributable to HF-WBI, with follow up 

ranging from 5 to 12 years (Table 6).10,16-20 The largest non-randomized study of the 

effect of fraction size on risk of cardiac death included 1,140 breast cancer patients 

treated with CF-WBI and 6,307 breast cancer patients treated with HF-WBI in British 

Columbia, Canada, with a median follow-up of 7.9 years and maximal follow-up 

exceeding 20 years (Supplementary Table 1).46 This study concluded that receipt of HF-

WBI, as compared to CF-WBI, was not associated with a statistically significantly 

increased risk of cardiac mortality in multivariate analysis, although it should be noted 

that close inspection of the survival curves suggested that receipt of HF-WBI was 

associated with an increased risk of cardiac death after more than 10 years follow up 

had elapsed. A recent systematic review also suggested that follow up exceeding 10 

years is needed to demonstrate a deleterious effect of WBI on cardiac outcomes.76 

Thus, although the available literature does not indicate a deleterious effect of HF-WBI 
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on cardiovascular health, the task force members believed that a small but potentially 

clinically significant effect could not be ruled out at this time. Because of this lingering 

uncertainty, the task force recommended that HF-WBI be used primarily when the heart 

can be excluded from the treatment fields without compromising coverage of the 

primary tumor site. 

The optimum dose-volume parameters for the ipsilateral lung and heart are not 

known for patients treated with either HF-WBI or CF-WBI. The task force recommended 

that the doses to these organs should, when possible, be minimized provided that 

coverage of the breast is not compromised. Toward this end, the task force noted that 

novel techniques for delivery of WBI as reported in small studies, such as intensity 

modulated radiation therapy,32,77,78 treatment in the prone position32,44,45 or gating of 

treatment to the deep inspiratory phase of the respiratory cycle,79,80 have shown 

promise in decreasing the radiation dose to the lung and/or heart without compromising 

coverage of the breast. 

 

Clinical Question #5: What insights relevant to the radiobiology of breast cancer 

can be gained from recently published clinical trials comparing CF-WBI with HF-

WBI? 

Guideline: The randomized trials comparing CF-WBI with HF-WBI have suggested that 

the extent of both local control of subclinical breast cancer and late change in breast 

appearance exhibit similar sensitivity to fraction size as modeled by the α/β ratio in the 

linear-quadratic (LQ) formulation (U-evidence). Additional clinical data are needed to 
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quantify the effects of overall treatment time, dose homogeneity, and systemic agents 

on tumor control and normal tissue toxicity (U-evidence). 

Narrative: The randomized trials comparing CF-WBI with HF-WBI were unusual in that 

they were designed in part based on radiobiological considerations rather than simply 

as pragmatic comparisons of dose-fractionation schemes used in various centers. 

These trials have produced novel data regarding the dose-fractionation response of 

both breast cancer and irradiated normal tissues. 

In modeling clinical dose-fractionation-response data, the most widely used 

metric for the steepness of the dose-response curve is the γ-value, interpreted as the 

absolute percent change in risk of a given endpoint (tumor or normal tissue) for a 1% 

relative increase in dose. The local-regional control data in the START A trial yielded an 

estimate of 0.2% for the γ-value for subclinical breast cancer control.10 This modest gain 

occurred in part because local-regional control after surgery alone is achieved in 

approximately 70% of patients, and thus WBI can affect only about 30% of all patients.81 

This phenomenon also limits the precision of estimates of parameters related to local-

regional control in trials of altered dose fractionation. In contrast, the isoeffective dose 

for normal tissue toxicity endpoints can be determined with greater precision because 

the dose-response curves are steeper for normal tissue toxicity than for local-regional 

control, since all patients can be affected by differences between regimens vis a vis 

normal tissue.  

Fractionation sensitivity, as quantified by the α/β-ratio of the linear-quadratic 

model, has been estimated for both normal tissue toxicity and local-regional control 
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following WBI. The most accurate estimate currently known for late changes is that for 

breast appearance (determined from serial photographs), where α/β is estimated at 3.4 

Gy (95% confidence interval (CI), 2.3 to 4.5 Gy).10 For local-regional control, α/β is 

estimated at 4.6 Gy (95% CI, 1.1 to 8.1 Gy).10 These point estimates are quite close and 

the differences are not statistically significant. The similarity in the measured 

fractionation sensitivity of both subclinical breast cancer and irradiated normal tissue 

strongly suggests that regimens for HF-WBI can be identified that will provide tumor 

control and in-breast normal tissue toxicity comparable to CF-WBI, as illustrated in 

Table 7. 

Overall treatment time is shorter with many HF-WBI schedules than with CF-

WBI, although the RMH/GOC and START A trials deliberately kept this factor 

constant.10,17,20 This allowed a decoupling of the α/β estimate and the overall time 

factor. More data from short schedules will be needed to arrive at a more precise 

estimate of the influence of overall treatment time on tumor control. For late effects, the 

available evidence suggests that variation in overall treatment time in the ranges 

studied (3 to 6 weeks) did not affect risk of normal tissue toxicity in a substantive 

manner. 

Multiple daily fractions are used with some accelerated partial-breast irradiation 

schedules, but not for WBI. Accurate estimates of the effect of the time interval between 

fractions on recovery kinetics are lacking. Thus, multiple WBI fractions per day should 

not be used outside controlled clinical trials.  
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Concern has been raised that different effects between CF-WBI and HF-WBI 

might be seen clinically due to differences in dose-distribution homogeneity. Withers et 

al noted with conventionally fractionationated doses of 2 Gy per fraction, a subvolume 

receiving, for example, 110% of the prescribed target dose will receive both a higher 

total dose as well as a higher dose per fraction.82 When using hypofractionated doses in 

excess of 2 Gy per fraction, such a subvolume not only will receive a higher total dose 

and higher dose per fraction but also (due to the mathematical form of the linear 

quadratic formula), the effect on the biologically equivalent dose will be larger than for 

conventionally fractionated doses of 2 Gy per fraction.83 In practice, however, if the 

prescribed total dose delivered with hypofractionation is isoeffective with a 

conventionally fractionated plan, this effect is relatively small. For example, if 50 Gy is 

delivered in 2 Gy per fraction to the 100% isodose line, then a 110% hotspot will receive 

an biologically equivalent dose in 2-Gy fractions of 57.2 Gy, estimated for an endpoint 

with α/β=3 Gy. If instead, a dose biologically equivalent to 50 Gy in 2 Gy per fraction is 

delivered at 3 Gy per fraction to the 100% isodose line, then a 110% hotspot will receive 

a biologically equivalent dose in 2-Gy fractions of 57.8 Gy, nearly identical to the effect 

of the 110% hotspot with conventional fractionation. This suggests that the 

requirements for dose homogeneity should be similar for both conventional fractionation 

and moderate hypofractionation with an appropriate reduction in total dose. 

Chemotherapy has been shown to affect the incidence of normal tissue toxicity 

following WBI.84,85 However, it is not clear whether chemotherapy exerts a larger or 

smaller effect on normal tissue toxicity following HF-WBI than it does following CF-WBI. 

Although many hypothetical mechanisms of interaction between chemotherapy and 
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fraction size have been proposed based on preclinical data (for example, inhibition of 

repair), clinical data on the specific mechanisms are still lacking. 

Conclusion 

 Randomized clinical trials comparing CF-WBI with HF-WBI have provided a 

wealth of information about the radiobiology of breast cancer and acceptable 

fractionation schemes following breast-conserving surgery. Widespread adoption of HF-

WBI for appropriately selected patients has the potential to enhance the convenience of 

treatment and lower the costs of WBI. It is important to note that this guideline should 

not be interpreted to prohibit or oppose the use of HF-WBI for patients not meeting all 

the criteria listed in Table 1 but rather that the evidence was not sufficient to reach 

consensus for such patients. Many task force members themselves use HF-WBI for 

many such patients, although their own patterns of practice often differ substantially 

from one another. Finally, we hope that this guideline will encourage the additional 

research needed to resolve the remaining issues we have identified regarding the 

promise and limitations of HF-WBI for specific patient groups. 
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Table 1. Evidence Supports the Equivalence of HF-WBI with CF-WBI for Patients 

Who Satisfy All of These Criteria*  

1. Age 50 years or older 

2. Pathologic stage T1-2 N0 treated with breast conserving surgery 

3. Not treated with systemic chemotherapy 

4. Within the breast along the central axis, minimum dose no less than 93% and 

maximum dose no greater than 107% of the prescription dose (±7%) (as 

calculated with 2-dimensional treatment planning without heterogeneity 

corrections) 

* Patients should also be otherwise suitable for breast-conserving therapy with regards 

to standard selection rules (e.g., not pregnant, no history of certain collagen-vascular 

diseases, no evidence of multicentric disease, no prior radiotherapy to the breast). For 

patients who do not satisfy all of these criteria, the task force could not reach consensus 

and therefore chose not to render a recommendation either for or against HF-WBI in 

this setting. 
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Table 2. Design and Quality of Randomized Clinical Trials   

  Hôpital 
Necker23 Canada18,19 RMH/GOC17,20 START A10 START B16 

Intention to treat 
analysis? 

--- Yes Yes Yes Yes 

Stratification 
variables 

None Age  
Tumor size  
Systemic 
therapy 

Treatment 
center 

Margin status 

Treatment 
center 

Type of surgery
Intention to 

boost 

Treatment center 
Type of surgery 

Intention to boost 

Equal distribution 
of potential 
confounders 

No* Yes --- Yes Yes 

Power --- 90% power to 
exclude an 

increase of 5% 
in the absolute 
risk of IBTR in 

the experimental 
as compared to 

control arm. 

--- 80% power to 
detect a 

difference of 
5% in the 

absolute risk of 
IBTR between 
the control and 

either of the 
experimental 

arms. 

95% power to 
exclude an increase 
of 5% in the absolute 
risk of local-regional 

recurrence in 
experimental as 

compared to control 
arm. 

% attrition --- 0.3% 0.2% 0.2% 0.3% 
% crossover --- 1.0% 0.1% 0.8% 0.5% 
% non-adherent --- 0.3% 0.7% 0.3% 0.2% 
% lost to follow 
up 0% 0% 1.3% 0.4% 0.9% 
Overall rating‡ Poor Good Fair† Good Good 
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*  More mastectomies were performed for experimental arm. 

†  No data presented to demonstrate equal distribution of potential confounders across treatment groups. 

‡  Evaluation criteria adapted from U.S. Preventive Services Task Force Procedure Manual.64 

'---' indicates not reported. 

Because the Hôpital Necker trial was rated as poor for our purposes, it is not included in subsequent tables. 

 

Abbreviations: 

IBTR: ipsilateral breast tumor recurrence 

RMH/GOC: Royal Marsden Hospital/Gloucester Oncology Center 

START: Standardization of Breast Radiotherapy 
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Table 3. Radiotherapy Parameters for Randomized Clinical Trials Comparing HF-WBI to CF-WBI 

 

  Canada18,19 RMH/GOC17,20 START 
A10 

START B16 

Energy Co-60, 4 
MV or 6 MV

6 MV* 6 MV* 6 MV* 

Wedges yes yes yes Yes 
Inhomogeneity Corrections --- GOC only Variable Variable 
Planning 2D 2D - RMH 

3D - GOC 
2D or 3D 2D or 3D 

Central Axis Dose Homogeneity -7% to +7% -5% to +7% -5% to 
+5% 

-5% to +5% 

Separation ≤ 25 cm --- --- --- 
% receiving boost 0% 75%† 61% 39% 
Boost dose --- 14 Gy, 7 fr 10 Gy, 5 fr 10 Gy, 5 fr 
Boost modality --- Electrons Electrons Electrons 
% receiving regional nodal 
irradiation 

0% 21% 14% 7% 

Target for nodal irradiation --- SCV +/- Ax SCV +/- Ax SCV +/- Ax 
Use of PAS --- Yes . . 
Dose to regional nodes --- Same as 

breast 
Same as 

breast 
Same as 

breast 
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* Energies ranging from Co-60 or 10 MV were used for a minority of patients depending on breast size. 

†  364 were randomized to receive a boost, 359 were randomized to not receive a boost, and 687 received a non-randomized boost. 

'---' indicates not reported or not applicable. 

 

Abbreviations (see also prior tables): 

Ax: axilla. 

fr: number of fractions. 

MV: megavoltage. 

PAS:  posterior axillary supplement. 

SCV: supraclavicular lymph nodes. 

2D: two-dimensional. 

3D: three-dimensional. 
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Table 4. Characteristics of Patients Enrolled on Clinical Trials Comparing HF-WBI to CF-WBI 
 
 

  Canada18,19 RMH/GOC17,20 START A10 START B16 
  n % n % n % n % 

Treated with breast-conserving surgery 1234 100% 1410 100% 1900 85% 2038 92% 
Age ≥50 years  929 75% 987 70% 1727 77% 1758 79% 
pT1-2 1234 100% 1324 94% Majority . Majority . 
pN0 1234 100% 564 40% 1547 69% 1635 74% 
Chemotherapy not used 1098 89% 1214 86% 1443 65% 1724 78% 
Central axis inhomogeneity -7% to +7% 1234 100% 1410 100% 2236 100% 2215 100%
         

 

Abbreviations (see also prior tables): 

CF: conventional fractionation. 

HF: hypofractionation. 

WBI: whole-breast irradiation. 
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Table 5. Oncologic Outcomes for Randomized Clinical Trials Comparing HF-WBI to CF-WBI 

 

 

Trial Median 
Follow 

up 
(years) 

Timepoint 
for 

outcome 
reporting 

(years) 

Arm N IBTR Local-
Regional 

Recurrence

Disease-
Free 

Survival 

Overall 
Survival 

  
Dose
(Gy) 

# 
Fr

# 
Days   

% P % P % P % P 

Canada18,19 5.8 5 50 25 35 612 3.2 . . . . . . . 
      42.5 16 22 622 2.8 <.001* . . . 0.37 . 0.78 

RMH/GOC17,20 9.7 10 50 25 35 470 12 † . . . . . . 
   42.9 13 35 466 9.6 † . . . . . . 
   39 13 35 474 15 † . . . . . . 

START A10 5.1 5 50 25 35 749 3.2 . 3.6‡ . 86 . 89 . 
   41.6 13 35 750 3.2 0.74 3.5‡ 0.86§ 88 0.33§ 89 0.81§

      39 13 35 737 4.6 0.40 5.2‡ 0.35§ 85 0.33§ 89 0.99§

START B16 6.0 5 50 25 35 1105 3.3 . 3.3‡ . 86 . 89 . 
      40 15 21 1110 2.0 0.21 2.2‡ 0.35 89 0.02 92 0.03 

 

* The hypothesis that the 42.5 Gy arm is worse than the 50 Gy arm is rejected at P<.001. 

† P-value for the comparison of 42.9 Gy to 39 Gy was significant at P=0.027. P-values were > 0.05 for the comparisons of 42.9 Gy to 

50 Gy arm, and 39 Gy to 50 Gy. 
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‡ Only local or regional relapses inside the irradiated volume were included in this outcome. 

§ P-values as compared to control arm of 50 Gy in 25 fractions. 

 

Abbreviations: see tables above. 

 

 



33 

 

Table 6. Toxicity Outcomes for Randomized Clinical Trials Comparing HF-WBI to CF-WBI 

 

 

Trial Toxicity Assessor Blinded Assessment 
Scale 

Severity 
Reported 

Timepoint 
Assessed 

Arm P 

Canada18,19          

 Late       50 
Gy 

42.5 
Gy    

  Cosmesis Nurse no EORTC Fair/Poor 5 years 23% 23%  >0.05 

  Skin changes Nurse no RTOG/EORTC Grade 1-3 5 years 18% 13%  >0.05 

  Subcutaneous tissue changes Nurse no RTOG/EORTC Grade 1-3 5 years 40% 34%  >0.05 

  Pneumonitis Nurse no RTOG/EORTC Any Crude   0.3% 0.3%  >0.05 

  Rib fracture Nurse no RTOG/EORTC Any Crude   0.2% 0%  >0.05 

RMH/GOC17,20          

 Late       50 
Gy 

42.9 
Gy 

39 
Gy  

  Change in breast appearance Photo  yes 3-pt scale Mild/Marked 10 years 53% 58% 56% <0.001 

  Change in breast appearance Photo  yes 3-pt scale Marked 10 years 10% 16% 7% <0.001 

  Cosmesis MD no 4-pt scale Fair/Poor 10 years 71% 74% 58% <0.001 

  Breast shrinkage MD no 4-pt scale Mod/Marked 10 years 64% 66% 56% 0.03 

  Breast distortion MD no 4-pt scale Mod/Marked 10 years 58% 62% 49% 0.005 

  Breast edema MD no 4-pt scale Mod/Marked 10 years 14% 21% 11% 0.004 

  Induration MD no 4-pt scale Mod/Marked 10 years 36% 51% 28% <0.001 

  Telangiectasia MD no 4-pt scale Mod/Marked 10 years 18% 18% 12% 0.07 

  Arm edema MD no 4-pt scale Mod/Marked 10 years 8% 10% 7% 0.49 

  Shoulder stiffness MD no 4-pt scale Mod/Marked 10 years 10% 22% 10% <0.001 

START A10          

 Early      50 41.6 39  
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Gy Gy Gy

  Severe acute reaction MD no --- . . 0.3% 0% 0% >0.05 

 Late           

  Breast shrinkage Patient   no --- Mod/Marked 5 years 20% 23% 22% >0.05; >0.05* 

  Breast hardness Patient   no --- Mod/Marked 5 years 43% 45% 35% >0.05; >0.05* 

  Change in skin appearance Patient   no --- Mod/Marked 5 years 31% 25% 22% >0.05; 0.004* 

  Breast swelling Patient   no --- Mod/Marked 5 years 15% 12% 12% >0.05; >0.05* 

  Change in breast appearance Patient   no --- Mod/Marked 5 years 40% 42% 34% >0.05; >0.05* 

  Change in breast appearance Photo  yes 3-pt scale Mild/Marked 5 years 43% 44% 32% 0.62; 0.01* 

  Brachial plexopathy MD no --- --- Crude   0% 0.1% 0% >0.05 

  Ischemic heart disease MD no --- --- Crude   1.6% 0.9% 1.1% >0.05 

  Symptomatic rib fracture MD no --- --- Crude   1.1% 1.2% 1.4% >0.05 

  Symptomatic lung fibrosis MD no --- --- Crude   0.7% 0.8% 0.9% >0.05 

  Contralateral breast cancer Path no --- --- Crude   1.7% 0.7% 1.1% >0.05 

START B16          

 Early      50 
Gy 40 Gy    

  Severe acute reaction MD no --- --- --- 1.2% 0.3%  . 

 Late           

  Breast shrinkage Patient   no --- Mod/Marked 5 years 24% 23%  >0.05 

  Breast hardness Patient   no --- Mod/Marked 5 years 42% 38%  >0.05 

  Change in skin appearance Patient   no --- Mod/Marked 5 years 28% 23%  0.02 

  Breast swelling Patient   no --- Mod/Marked 5 years 12% 11%  >0.05 

  Change in breast appearance Patient   no --- Mod/Marked 5 years 39% 24%  >0.05 

  Change in breast appearance Photo  yes 3-point scale Mild/Marked 5 years 42% 37%  0.06 

  Brachial plexopathy MD no --- --- Crude   0% 0%  >0.05 

  Ischemic heart disease MD no --- --- Crude   1.7% 1.3%  >0.05 

  Symptomatic rib fracture MD no --- --- Crude   1.5% 1.4%  >0.05 

  Symptomatic lung fibrosis MD no --- --- Crude   1.4% 1.4%  >0.05 

    Contralateral breast cancer Path no --- --- Crude   1.7% 1.5%   >0.05 
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* First P-value for comparison of 42.9 Gy to 50 Gy, second P-value for comparison of 39 Gy in 50 Gy. 

'---' indicates not reported. 

Abbreviations: see tables above. 
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Table 7.  Equivalent Doses in 2-Gy Fractions for Local-Regional Control of SubClinical Breast 

Cancer and Breast Appearance for the Experimental Arms of the Phase III Whole-Breast 

Irradiation Fractionation Trials 

 

   Total 
dose 
(Gy) 

Dose 
per 

fraction 
(Gy) 

# 
Fractions

Overall 
time 

  NTD-
breast 
cancer 
(Gy)* 

NTD-Breast 
appearance 

(Gy)* (days) 

Standard 50 2 25 35   50 50 
Canada18,19 42.5 2.66 16 22  46.7† 47.7 
RMH/GOC 
high‡17,20 

42.9 3.3 13 35   
51.4 

53.2 

START A 
high‡10 

41.6 3.2 13 35  
49.2 

50.8 

START A 
low‡10 

39 3 13 35   
44.9 

46.2 

START B16 40 2.67 15 21   44.0† 44.9 
 

 

*NTD: Normalized Total Dose in 2-Gy fractions (also often denoted EQD2). α/β for subclinical breast 

cancer: 4.6 Gy, for changes in breast appearance: 3.4 Gy 

†Assuming that the dose recovered per day for subclinical breast cancer is zero in the interval from 21 

to 35 days 

‡The RMH/GOC and START A trials had a low and a high dose experimental arm. The low dose 

arms of the two trials were identical. 
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Supplementary Table 1. Summary of Non-Randomized Studies of HF-WBI 

 

Topic  Subtopic  First author  Year  Study 
Design N  Key Finding 

Early invasive           

  Modest Hyopfractionation     

   

   

   

   

 

Croog32  2009 Retrospective 128  42.5 Gy in 16 fractions 
using prone intensity 
modulated radiation 
therapy technique 
produced only 1 in-
breast recurrence and 
acceptable toxicity 
profile with median 
follow up 18 months.

McBain16  2003
1999

 

Retrospective 2159  40 Gy in 15 fractions 
conferred 6.3% risk of 
in-breast recurrence at 
5 years.

Magee13 

Livi72  2007 Retrospective 539  44 Gy in 16 fractions 
conferred 2.1% risk of 
local-regional 
recurrence at five 
years (median follow 
up 4.3 years). Risk of 
late grade 3 toxicity 
was 2.5%. Association 
between young age 
and higher risk of 
local-regional 
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recurrence.

Shelley37  2000 Retrospective 294  40 Gy in 16 fractions 
resulted in a 3.5% five-
year risk of in-breast 
recurrence with 
median follow up of 
5.5 years (all patients 
had negative margins 
at a minimum of 2 
mm). 77% of patients 
were either 'extremely' 
or 'very' satisfied with 
the appearance of the 
treated breast.

Yamada38  1999 Retrospective 118 matched 
pairs 

40 Gy in 16 fractions 
resulted in trend 
toward higher risk of 
in-breast recurrence at 
five-years compared to 
50 Gy in 25 fractions 
(12.7% vs 6.8%) in 
matched pair analysis.
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Olivotto15  1996 Prospective   186  44 Gy in 16 fractions 
conferred 6% risk of 
in-breast recurrence at 
5 years with 6.7 years 
median follow up. 
Cosmetic result at 5 
years was reported as 
good/excellent by 89% 
of physicians and 96% 
of patients. At 5 years, 
risks were as follows: 
breast discomfort - 
20%, induration - 18%, 
inframmamary 
telangiectasia - 13%, 
erythema - 6%, and 
breast edema - 3%.

Ash39  1995 Prospective   334  40 Gy in 15 fractions 
conferred in-breast 
recurrence rate of 
13.8% with median 
follow up 8 years. 
Toxicity included 
pneumonitis (7%) and 
severe acute 
dermatitis (5%). At 1 
year, excellent/good 
cosmesis was 62% as 
assessed by 
physicians and 80% as 
assessed by patients.

  Marked Hypofractionation 
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Martin33  2008 Prospective   30  30 Gy in 5 fractions 
over 15 days conferred 
100% in-breast tumor 
control and no major 
changes in breast 
appearance with 
median follow up 3.1 
years.

Ortholan36  2005 Prospective   150  32.5 Gy in 5 fractions 
(one fraction per week) 
resulted in 2.3% risk of 
local-regional 
recurrence with 
median follow up of 
5.4 years. Toxicity was 
deemed acceptable.

Ductal Carcinoma in Situ   

Constantine40  2008 Prospective   59  42 Gy in 15 fractions 
for mammographically-
detected ductal 
carcinoma in situ 
resulted in 100% in-
breast tumor control 
and mild toxicity profile 
with 3 years median 
follow up.

Treatment toxicity 

  Brachial Plexus 
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Galecki48  2006 Review  .  Doses ranging from 34 
- 40 Gy in fraction 
sizes ranging from 2.2 
- 2.5 Gy appear to be 
associated with a low 
risk of radiation-
induced brachial 
plexopathy 
comparable to the risk 
associated with 50 Gy 
in 25 fractions.

Bajrovic52  2004 Retrospective 140  Supraclavicular 
radiation to a dose of 
52 Gy in 20 fractions 
to a depth of 3 cm 
using Co-60 resulted 
in a 56% risk of grade 
≥ 1 brachial 
plexopathy at 20 
years, with the 
annualized risk 
relatively constant 
throughout the follow 
up period. Median 
follow up was 8.2 
years in surviving 
patients.

Johansson53  2000 Retrospective 71  57 Gy in 16-17 
fractions Co-60 
resulted in brachial 
plexopathy and upper 
extremity paralysis in 
11 of 12 long-term 
survivors.
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  Breast   

Inomata43  2008 Retrospective 196 - 50 Gy 
154 - 44 Gy 

Patient-reported sense 
of breast hardness 
was greater in 44 Gy 
in 16 fraction group 
(33%) compared to 50 
Gy in 25 fraction group 
(22%). No other 
significant differences 
in patient-reported 
acute or late toxicity.

Fehlauer50  2005 Retrospective 65 - 2.5 Gy/fx 
64 - 2 Gy/fx 

55 Gy in 22 fractions 
(4 days per week) was 
associated with 
significantly increased 
risks of fibrosis, 
telangiectasia, 
atrophy, and poor 
cosmesis as compared 
to 55 Gy in 28 
fractions.

Brierley57  1991 Prospective   133  For patients treated to 
48.75 Gy in 15 
fractions over 39 days, 
there was a significant 
correlation between 
higher risk of adverse 
breast late effects and 
both larger bust size 
and larger bra cup size 
(median follow up 4.2 
years).

  Heart   
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Marhin46  2007 Population-
based 

1140 (≤ 2 Gy)
6307 (> 2 Gy) 

With median follow up 
7.9 years, neither 
tumor laterality nor 
fraction size were 
associated with an 
increased risk of 
cardiac mortality.

Paszat55  1999 Population-
based 

25,570  Receipt of left breast 
irradiation associated 
with higher risk of 
death from myocardial 
infarction, but no effect 
of fraction size > 2 Gy 
on risk of myocardial 
infarction.

  Lung   

Plataniotis49  2005 Prospective   30  50% of patients 
treated with 42.5 Gy in 
16 fractions 
experienced minor 
radiographic lung 
parenchyma changes 
on high resolution 
computed tomography 
scan 6 month after 
completion of 
radiation. Larger 
separation was 
associated with a 
higher risk of 
radiographic changes.

  Skin   
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Osako41  2008 Retrospective 377 - 50 Gy 
66 - 40 Gy 

Lower risk of grade 2-3 
dermatitis with 40 Gy 
in 16 fractions (9%) 
compared to 50 Gy in 
25 fractions (22%)

Ivaldi42  2008 Prospective   204  12 Gy intraoperative 
electron therapy to 
tumor bed followed by 
37.05 Gy in 13 
fractions conferred a 
27% risk of acute 
grade 2-3 skin toxicity.

DeWyngaert44 
Formenti45 

2007 Prospective   91  40.5 Gy in 15 fractions 
prone whole breast 
irradiation (with 
simultaneous 
integrated tumor-bed 
boost of 7.5 Gy in 15 
fractions) conferred 
67% risk of grade 1-2 
dermatitis and allowed 
significant sparing of 
heart and lung.

Freedman47  2007 Prospective   75  45 Gy in 20 fractions 
whole breast IMRT (56 
Gy in 20 fractions to 
tumor bed with 
simultaneous 
integrated boost) 
produced 23% risk of 
acute grade 2 skin 
toxicity and 0% risk of 
grade 3 skin toxicity. 
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7% of patients 
developed infection in 
breast or adjacent 
extremity. 

Marcenaro51  2004 Retrospective 29 - 50 Gy 
29 - 45 Gy 

50 Gy in 25 fractions 
over five weeks and 45 
Gy in 15 fractions over 
five weeks conferred 
similar late toxicity 
including quantitative 
measurement of skin 
elasticity with median 
follow up of 15 
months.

Gorodetsky54  1999 Retrospective 110  50 Gy in 20 fxs 
resulted in greater 
impairment of skin 
viscoelasticity in the 
treated breast as 
compared to 45-50.4 
Gy in 25-28 fxs. 
Fraction size, rather 
than total dose, 
appeared to be the 
primary determinant of 
skin viscoelasticity.

Dodwell56  1995 Retrospective 34 - 40 Gy 
28 - 45 Gy 

40 Gy in 15 fractions 
conferred 71% risk of 
any telangiectasia 
compared to 7% risk 
with 45 Gy in 25 
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fractions (median 
follow up 32 months). 

Other     

Pierquin58  2007 Prospective   21  Treatment with low 
dose rate external 
beam radiation to 45 
Gy in 5 fractions over 
five days resulted in 
severe late effects and 
no in-breast 
recurrence of 
advanced breast 
cancer. 35 Gy in 5 
fractions over five days 
resulted in 18% risk of 
in-breast recurrence 
and acceptable normal 
tissue toxicity.

Manavis59  2006 Prospective   32  35 Gy in 10 fractions 
followed by boost of 8 
Gy in 2 fx with 
amifostine showed no 
evidence of lung 
changes on computed 
tomography 2 years 
post-treatment.

Koukourakis60  2002 Prospective   15  42-48 Gy in 12 
fractions with 
amifostine resulted in 
73% complete 
response rate for 
women with locally 
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advanced breast 
cancer with minimal 
acute toxicity. 

Palazzoni61  2004 Prospective   9  Dose escalation study 
of 1.8 Gy twice daily 
for 20, 22, or 24 
fractions led to 
conclusion that 36 Gy 
in 20 fractions over 12 
days was optimal 
alternative 
fractionation scheme 
for breast cancer.

Fehlauer62  2003 Retrospective 45 - 60 Gy, 24 
fx  

345 - 55 Gy, 
22 fx 

200 - 55 Gy, 
28 fx 

The feasibiliy of the 
Late Effects Normal 
Tissue - Subjective 
Objective 
Management Analytic 
(LENT-SOMA) scale 
was demonstrated in 
the assessment of late 
toxicity from breast 
irradiation, and results 
supported the 
hypothesis that a lower 
fraction size is 
associated with a 
lower risk of late 
toxicity.



48 

 

      Maher63  1995 Prospective   70  32.5 Gy in 5 fractions 
(one fraction per week) 
to whole breast plus 
13 Gy in 2 fractions 
(one fraction per week) 
to tumor bed and 
tamoxifen without 
breast surgery resulted 
in 3-yr local control of 
86% with median 
follow up 3 years in 
cohort of elderly 
patients (median age 
81 years).

 

 

Abbreviations: 

HF-WBI: hypofractionated whole breast irradiation. 
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