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Main Points 
 

 
 

• There was no significant difference between partial breast irradiation (PBI) and 
whole breast irradiation (WBI) in terms of ipsilateral breast recurrence (IBR), 
overall survival, and cancer-free survival at 5 and 10 years (high strength of 
evidence [SOE]). Evidence for cosmetic outcome was insufficient. 

• Individual assessments of various PBI approaches—3-dimensional conformal 
external beam radiation therapy (3DCRT), intensity-modulated radiation therapy 
(IMRT), and multi-catheter interstitial brachytherapy—compared with WBI 
yielded results consistent with comparing combined PBI approaches with WBI.  

• Acute adverse events (AEs) were significantly fewer with PBI compared with 
WBI, with no apparent difference in late AEs (moderate SOE).  

• Compared with WBI, intraoperative radiotherapy (IORT) was associated with a 
higher IBR rate at 5, 10, and over 10 years (high SOE), with no difference in 
overall survival (low to high SOE), cancer-free survival (high SOE), or 
mastectomy-free survival (low to high SOE). There were significantly fewer acute 
AEs and late AEs Grade ≥2 with IORT. 

•  Data were insufficient to draw conclusions regarding differences in IBR or other 
outcomes according to individual patient, tumor, and treatment characteristics. 

• Head-to-head comparisons between the different PBI modalities showed 
insufficient evidence to estimate an effect on main outcomes. 

• Compared with conventionally fractionated WBI over several weeks, accelerated 
PBI was associated with lower transportation costs and days away from work. PBI 
was also associated with less subjective financial difficulties at various time points 
after radiotherapy. 
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Background and Purpose 
With an estimated 2.3 million new cases in 2020, breast cancer is the leading cause of 

global cancer incidence and remains a leading cause of cancer mortality worldwide.1 
Breast conserving therapy has been widely adopted as standard treatment for early-stage 
breast cancer. Radiotherapy as a component of breast conserving therapy has traditionally 
included the whole breast volume as a target, now standardly delivered using 
hypofractionation, with 15-20 treatments delivered over three to four weeks.2, 3 Although 
WBI successfully reduces the risk of recurrence after lumpectomy,4 the protracted course 
of daily radiotherapy over several weeks represents a significant barrier for many 
women.5, 6 Analysis of patterns of recurrence and pathology findings have supported that 
the area at highest risk for tumor recurrence is adjacent to the lumpectomy cavity.7, 8 
Therefore, PBI has been developed with the hypothesis that limiting the treatment 
volume may provide similar disease control, enable an accelerated treatment course, and 
potentially reduce radiation exposure to adjacent normal tissues.9-12 This hypothesis has 
been evaluated in clinical trials involving over 15,000 women. However, significant 
variation in patient selection, treatment technique, and reported clinical outcomes makes 
interpretation of the data challenging when selecting the preferred treatment for an 
individual patient.   

This systematic review assesses the comparative effectiveness and harms of PBI 
compared with WBI for early-stage breast cancer, defined as a small tumor less than or 
equal to 3 cm that has minimal or no lymph node involvement (N0/1), and how 
differences in effectiveness and harms are influenced by patient, tumor, and treatment 
factors, including treatment modality, target volume, dose, and fractionation. We also 
evaluated the relative financial toxicity of PBI versus WBI. 

Methods 
We followed the established methodologies of systematic reviews as outlined in the 

Agency for Healthcare Research and Quality (AHRQ) Methods Guide for Effectiveness 
and Comparative Effectiveness Reviews.13 The reporting complies with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statements.14 
The study protocol was published on the AHRQ website 
(https://effectivehealthcare.ahrq.gov/products/accelerated-partial-breast-
irradiation/protocol) and was registered to the International Prospective Register of 
Systematic Reviews (PROSPERO #: CRD42021284155). The literature search spanned 
from each database inception to June 30, 2022. 

Results 
Twenty-three original studies with 17,510 patients evaluated the comparative 

effectiveness of PBI, including 14 randomized clinical trials (RCTs), six comparative 
observational studies, and three single-arm observational studies (Appendix Figure B-1). 

https://effectivehealthcare.ahrq.gov/products/accelerated-partial-breast-irradiation/protocol
https://effectivehealthcare.ahrq.gov/products/accelerated-partial-breast-irradiation/protocol
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Eight studies (3 RCTs, 3 comparative observational studies, 1 single-arm observational 
study, and 1 cost evaluation study) addressed concepts closely related to financial 
toxicity. 

Comparative Effectiveness and Harms of PBI Versus 
WBI 

Thirteen RCTs reported in 38 articles with a total of 15,276 patients were included in 
the assessment of the comparative effectiveness and harms of PBI versus WBI. The 
results were generally consistent when PBI approaches were compared with WBI, 
whether compared individually or combined. These PBI approaches include 3DCRT, 
IMRT, and multi-catheter interstitial brachytherapy. As a priori, we did not combine 
IORT with the other PBI modalities and presented the findings separately.  

There was no significant difference between PBI and WBI in terms of IBR, overall 
survival, and cancer-free survival at 5 and 10 years (high SOE). Evidence for the 
outcome of cosmesis comparing PBI to WBI was insufficient. 

3DCRT compared with WBI showed no difference in IBR, overall survival, or 
cancer-free survival at 5 and 10 years (moderate to high SOE). IMRT compared with 
WBI showed no difference in IBR and overall survival at 5 and 10 years (low SOE) and 
better patient-rated cosmesis at 10 years (low SOE). IORT compared with WBI showed a 
higher IBR rate with IORT at 5, 10, and over 10 years, in contrast to the similar IBR rate 
observed with other PBI modalities. IORT showed no difference in overall survival, 
cancer-free survival, or mastectomy-free survival (low to high SOE). There were 
significantly fewer acute AEs with IORT. Multi-catheter interstitial brachytherapy 
compared with WBI showed no difference in IBR, overall survival, cancer-free survival 
at 5 years (low SOE). The rates of acute AEs were significantly less with PBI compared 
with WBI, with no apparent difference in late AEs (moderate SOE). 

Compared with PBI in once-daily fractionation, twice-daily fractionation (3DCRT 
PBI) was associated with significantly higher rate of patient- and provider-rated adverse 
cosmetic outcomes and acute AEs. There were no significant differences in IBR or other 
outcomes according to patient, tumor, and treatment characteristics; however, data for 
subgroups were insufficient to draw conclusions. 

Comparative Effectiveness and Harms of PBI 
Modalities 

Two RCTs, six comparative observational studies, and three single-arm observational 
studies with 2,362 patients were included in the assessment of comparative effectiveness 
and harms of PBI modalities. Head-to-head comparisons between the different PBI 
modalities showed insufficient SOE to estimate an effect on main outcomes. These 
comparisons included IMRT versus 3DCRT, multi-catheter interstitial brachytherapy 
versus 3DCRT, proton versus 3DCRT, single-entry catheter brachytherapy versus 



 

  
  
  

 
4 

3DCRT, and single-entry catheter brachytherapy versus multi-catheter interstitial 
brachytherapy. 

Financial Toxicity Related to PBI 

No studies explicitly addressed the construct of financial toxicity, defined as 
subjective or objective financial distress and hardship experienced by patients due to 
cancer-related (or anticipated) treatment; however, eight studies (3 RCTs, 3 comparative 
observational studies, 1 single-arm observational study, and 1 cost evaluation study) 
addressed concepts closely related to financial toxicity. 

Compared with standard fractionation WBI, accelerated PBI was associated with 
lower transportation costs and days away from work. PBI was also associated with less 
subjective financial difficulties at various time points after radiotherapy. 

Limitations 
The clinical trials included in our aggregate analysis represent a variety of treatment 

techniques, including several methods of external beam radiotherapy (3DCRT, IMRT, 
proton therapy), brachytherapy (multi-catheter interstitial brachytherapy, single lumen 
applicator brachytherapy, multi-lumen applicator brachytherapy), and IORT (low-energy 
x-ray, electrons). Treatment outcomes of each individual radiation modality were 
insufficiently reported, which limited the ability to make comparisons across modalities.  

Evaluation of outcomes according to patient, tumor, and treatment subgroups was 
similarly limited by the available data. Many of the included clinical trials did not report 
subgroup analyses, and often, the subgroups were not able to be combined for aggregate 
analysis. As a result, we were unable to assess many of the prespecified subgroups. 
Additionally, the results of subgroup analysis are limited by sample size and the risk of 
false-positive or false-negative findings. Our results from subgroup analysis may inform 
future areas of investigation but cannot definitively determine the magnitudes of risk 
associated with each characteristic. This highlights the need to investigate outcomes of 
PBI among patients with adverse risk factors.  

Radiotherapy technology has developed and dramatically changed over the past two 
to three decades, with a transition from 2D radiotherapy to routine use of 3D 
radiotherapy, IMRT, and other advanced planning technologies. These advancements 
result in improved dose homogeneity that may lower the risk for adverse events. In 
addition, localization with image guidance improves treatment accuracy, which limits the 
interpretation of studies that span a wide time interval of significant changes in 
radiotherapy technology and treatment. Although the volume of the treatment target 
relative to the breast, dose/fractionation schedule, and planning parameters are 
recognized as critically important to understand the risks related to treatment, these data 
were very limited or unavailable for many studies. Defining an optimal radiation dose, 
fractionation, and target size using contemporary techniques for treatment planning and 
image guidance, and characterizing the outcomes of that approach, represent key areas 
for future study.  
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Implications and Conclusions 
Among patients similar to those enrolled in clinical trials of PBI, there was no 

significant difference in the risk of IBR compared with WBI. PBI is associated with 
fewer acute adverse effects, but the risk of IBR among patients treated with PBI who 
have adverse clinical or pathologic features is unclear. IORT was found to have a 
significantly higher rate of IBR than was WBI. Further investigation is needed to evaluate 
outcomes of PBI in moderate risk subgroups with less favorable clinicopathologic 
features and to define the optimal radiation treatment technique and dose for PBI.  

Appropriate patient selection is a critically important aspect of the success of PBI. 
There is broad consensus in multiple treatment guidelines and systematic reviews that 
PBI is an acceptable treatment option for patients with clinical and tumor characteristics 
similar to those represented in clinical trials, for example, postmenopausal age range, 
estrogen receptor (ER) positive status, grade 1-2, no lymph node involvement, and tumor 
size ≤ 2 cm. The results presented in this report represent data from 15,276 patients who 
participated in RCTs of PBI versus WBI, more than three-fold the number of patients 
who participated in clinical trials that led to the adoption of breast-conserving surgery 
and WBI as a standard treatment approach.15 In aggregate, the results of our meta-
analysis and systematic review showed no difference between PBI and WBI for selected 
patients. The finding of reduced acute toxicity with PBI represents a significant finding 
that will meaningfully inform patient and physician decision making.  

Uncertainty remains regarding the magnitude of increased risk associated with 
features that are perceived as less favorable that were included within the eligibility 
criteria but represent a minority of patients who participated, for example age <50 years, 
invasive lobular carcinoma, tumor size 2.1-3 cm, grade 3, ER negative status, Human 
Epidermal Growth Factor Receptor 2 (HER2) positive status, positive for lymphovascular 
invasion, or elevated Ki-67. Our analysis revealed the lack of data on the outcomes in 
these subgroups and highlight the importance of future investigation to develop more 
robust evidence to inform treatment recommendations. 
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