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Abstract
Breast cancer (BC) is the most prevalent and destructive tumor in deve-
loping countries. The implementation of mammography screening programs
has enabled access to appropriate therapeutic interventions, including
adjuvant endocrine therapy and breast‐conserving surgery; earlier diagno-
sis translates into a wider survival‐rate range, making hypofractionated
radiotherapy (HFRT) the preferred option. This review examines the current
literature comparing the two radiation therapies, HFRT and conventional
radiotherapy (CR), with reconstructed breasts, focusing on efficacy, toxicity,
cosmetic outcomes, quality of life (QOL), and cost‐effectiveness. A com-
prehensive literature search was conducted using major scientific data-
bases, including PubMed, Scopus, Web of Science, and Google Scholar.
The search focused on articles published primarily in English, from 2010 to
2024, and the period is about 15 years. The following search terms and
Boolean operators were used: “hypofractionated radiotherapy” OR “hypo-
fractionation” AND “breast cancer” AND “toxicity” OR “complications” OR
“reconstruction” OR “quality of life” OR “HFRT versus CFRT” OR “intensity‐
modulated radiation therapy” OR “proton therapy”. CR can be safely re-
placed with HFRT in terms of overall survival and local recurrence rates.
HFRT is associated with lesser risks of both acute and chronic side effects,
breast complications, increased patient satisfaction, and reduced breast
problems. In addition, new radiotherapy modalities, such as intensity‐
modulated radiation therapy, have shown great potential in targeting
tumors. In treating BC, HFRT is gradually becoming standard, especially for
patients who undergo reconstruction after surgery. Its low toxicity and equal
effectiveness make it a key element in improving the QOL of BC survivors. It
is recommended that future studies focus on long‐term outcomes to provide
better care to patients.
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INTRODUCTION

Breast cancer (BC) is the most common malignancy
worldwide, with an estimated 2.3 million new cases re-
ported in 2024 [1]. According to the World Health Orga-
nization (WHO), the lifetime risk of developing BC is
approximately 1 in 13 women in countries with a high
Human Development Index (HDI), while 1 in 71 women
dies from the disease. In contrast, women in countries
with a low HDI have a lower lifetime risk of 1 in 27, but
also a lower survival rate, with a death ratio of 1:48 [1].
Breast screening programs have been widely im-
plemented in developed countries to facilitate early
diagnosis of BC; however, their rationale for existing
breast screening programs is primarily derived from trials
conducted 2 to 3 decades ago. These programs have
contributed to an increase in the detection of early‐stage
tumors, which is associated with improved survival com-
pared to cancer diagnosis after a symptom appears [2].

Early detection has also increased the use of breast‐
conserving surgery, therefore minimizing the need for
mastectomy in many patients. This procedure is further
supported by screening‐driven downstaging of tumor size,
earlier treatment of micrometastasis, and improved man-
agement of locoregional disease through surgery and
systemic therapy [3]. Adjuvant endocrine therapy is now
routinely administered to patients with estrogen receptor
and/or progesterone receptor‐positive tumors. It remains
the second most widely used systemic treatment following
chemotherapy and has been proven to be effective in
suppressing tumor proliferation and progression [4].

In spite of these advances, patients undergoing
lumpectomy often report higher rates of postoperative
pain compared to mastectomy, and radiotherapy is
almost always required following breast‐conserving
surgery due to residual disease risk [5]. Historically,
conventional fractionation (CF) was the standard
approach to radiation therapy (RT), delivered in daily
fractions of more than 2 Gray unit of radiation dose
(Gy). Even though effective, this regimen posed logis-
tical challenges for patients, since prolonged treatment
duration was inconvenient and not clearly superior in
terms of normal tissue preservation or tumor control [6].

Reevaluation of fractionation strategies has led to
the adoption of hypofractionated radiotherapy (HFRT),
which employs fraction sizes larger than 3.3 Gy com-
pared with conventional regimens [6].

HFRT has exhibited comparable efficacy to con-
ventionally fractionated radiotherapy (CFRT), while
reducing treatment time, toxicity, breast shrinkage, and
fatigue, thereby improving patient convenience and

lowering healthcare costs [7]. Treatment results are
commonly assessed using three variables: overall
survival (OS), local recurrence rate, and disease‐free
survival (DFS) [8]. Nowadays, conformal radiation
techniques, such as volumetric modulated arc therapy
and intensity‐modulated radiotherapy (IMRT), have
enhanced dose precision, improved internal mammary
chain coverage, and minimized radiation exposure to
surrounding organs at risk (OARs) [9]. In this review,
we evaluate the comparative effectiveness of HFRT
and CFRT, their impact on cosmetic outcomes, and
potential predictors of patient suitability for each regi-
men. We also discuss treatment convenience, dura-
tion, and efficacy, as summarized in Figure 1.

METHODOLOGY

This narrative review aims to evaluate the current evi-
dence on HFRT in BC treatment, focusing on clinical
outcomes, toxicity, complications, cosmetic results,
and quality of life (QOL) measures. A comprehensive
literature search was conducted using major scientific
databases, including PubMed, Scopus, Web of Sci-
ence, and Google Scholar, from October 1st, 2010 to
October 30th, 2024, covering articles published pri-
marily in English from 2010 to 2024. The search
strategy employed combinations of terms such as
“hypofractionated radiotherapy” OR “hypofractionation”
AND “breast cancer” AND “toxicity” OR “complications”
OR “reconstruction” OR “quality of life” OR “HFRT
versus CFRT” OR “IMRT” OR “proton therapy”, with
Boolean operators to refine the results. Articles were
eligible for inclusion if they were published in English
within the past 10−15 years and met the criteria of
being peer‐reviewed clinical studies, randomized con-
trolled trials, systematic reviews, and retrospective or
prospective cohort studies that reported on
radiotherapy‐associated complications, local control,
cosmetic outcomes, or QOL metrics. Nonrelevant
studies, including those unrelated to BC radiotherapy
or outcomes of interest, were excluded. A total of
78 references were cited, reflecting diverse evidence
pertinent to the topic.

INTRODUCTION TO HFRT

HFRT is now standard for adjuvant BC treatment,
including the Canadian and UK START studies, which
demonstrated equivalent local control, survival, and
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cosmetic outcomes compared with conventional regi-
mens, with similar or reduced toxicity [10]. During
lumpectomy, breast remodeling is performed as an
oncoplastic surgery for BC patients with the intent to
restore the breast mound and to create balance and
equilibrium with the opposite side of the breast [11]. RT
is a pivotal component of BC treatment, particularly
important for reducing the risk of local recurrence (LR)
following breast‐conserving surgery. CF has tradition-
ally been used to deliver radiotherapy. HFRT is a
radiation treatment that delivers higher doses of radi-
ation in fewer fractions [12]. In contrast, CFRT delivers
the total radiation dose in small, equal fractions, typi-
cally once daily, 5 days per week, over several weeks.
CFRT is generally defined as a total dose of 60–70Gy,
with 1.8–2.0 Gy per fraction administered over
6–7 weeks [8]. However, HFRT has become an effec-
tive alternative in recent years, with the capability to
use higher dosages in fewer sessions, perhaps mini-
mizing the course of treatment.

The long‐term advantages of postmastectomy radi-
ation therapy (PMRT) can be offset by late adverse
events. These include serious strokes and secondary
malignancies, primarily resulting from radiation exposure
to the heart, lungs, esophagus, and contralateral breast.
Although advancements in radiotherapy technology
have reduced radiation doses to surrounding normal
tissues, these risks remain clinically relevant [13]. The
purpose of partial breast radiotherapy (PBRT) is to keep
tumors under control while limiting radiation exposure.
Accelerated partial breast irradiation (APBI) is the most

studied type of PBRT. It focuses treatment on the tumor
bed and shortens the overall course [14]. Long‐term
randomized studies, such as the GEC‐ESTRO trial,
show that APBI controls the disease as well as whole‐
breast irradiation while causing less harm and providing
better cosmetic results [15]. Updated evidence‐based
guidelines emphasize careful patient selection and
clinical judgment when applying APBI [16]. Furthermore,
long‐term randomized trial data demonstrate that APBI
can provide oncologic outcomes comparable to whole‐
breast irradiation [17].

HISTORICAL PERSPECTIVE ON
RADIOTHERAPY FOR BC

Conventionally, RT was delivered over 5–7 weeks, but
recent advances in hypofractionation (HF) have en-
abled shorter treatment schedules by delivering higher
doses per fraction without compromising efficacy [18].
More recent studies demonstrate that HFRT is as effi-
cient as standard fractionation, with a similar toxicity
profile, especially for early‐stage BC. For over a cen-
tury, radiotherapy has had a fundamental role in BC
treatment, constantly changing due to progression in
technology, clinical studies, and our ever‐growing un-
derstanding of the disease's biology [19]. Over the past
century, the development of BC radiotherapy has
shifted from uniform, extended treatment schedules to
more precise and individualized approaches. Partial
breast irradiation reflects this evolution by decreasing

F IGURE 1 Overview of radiotherapy types by efficacy, patient convenience, and dose characteristics.
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treatment duration and focusing radiation on the tumor
bed rather than the entire breast, thereby sparing sur-
rounding normal tissue from unnecessary ex-
posure [20].

Similarly, proton therapy (PT) has gained attention
for its accuracy, offering the potential to minimize
radiation‐induced toxicity to vital organs such as the
heart and lungs, specifically in patients with left‐sided
BC. While PT demonstrates a meaningful reduction in
long‐term risks, more evidence and refinement are
required before its widespread clinical adoption [21]. In
parallel with these advances in local precision tech-
niques, radiogenomics has emerged as a promising
approach to personalized treatment. By identifying
genomic profiles that predict individual responses to
radiation, radiogenomics enables clinicians to tailor
dose delivery, enhancing therapeutic efficacy while
reducing treatment‐related toxicity [22]. Building on this
trend towards integration, combining radiotherapy with
immunotherapy has gained momentum. This strategy
aims not only to improve local tumor control but also to
augment systemic antitumor immune responses.
Ongoing studies are investigating its potential benefits,
particularly for patients with advanced BC [23].

MECHANISM OF ACTION: HF
VERSUS CF

Radiotherapy dose fractionation has an important role in
the treatment of BC [24]. In HFRT, high doses are ad-
ministered to tumor cells and lower doses to adjacent
normal cells. In CFRT, the dosage is 50.3Gy daily per
fraction for 5 weeks, whereas in HFRT, it is 44.3Gy daily
per fraction over 3–4 weeks. A tumor bed boost is re-
commended for high‐risk tumors: 5.4–16.0Gy in 3–8
fractions for CFRT and 6.0–15.0Gy in 3–5 fractions for
HFRT [25]. The American Society for Radiation Oncology
(ASTRO) guidelines recommend preferred HFRT regi-
mens of 40.0Gy (4000 cGy) in 15 fractions or 42.5Gy
(4250 cGy) in 16 fractions, while CFRT generally
involves daily doses of 1.8–2.0Gy (180–200 cGy), total-
ing 45.0–50.0Gy (4500–5000 cGy) [26]. Similarly, the
European Society for Radiotherapy and Oncology
(ESTRO) suggests HFRT schedules with fraction sizes of
2.4–2.7Gy and a median total dose of 43.2Gy [27]. For
CFRT, the standard fractionation schedule is 25 fractions
of 2.0Gy each, typically delivered over 5 weeks [28].

The relationship between dosage and cell survival
is indicated by the linear‐quadratic model. It has two
components, which are α (linear) and β (quadratic). Its
ratio informs the efficacy of HFRT. Most BC have a low
α/β ratio (approximately 3.0–4.0 Gy), similar to late‐
responding normal tissue, supporting HF [29]. The
oxygen enhancement ratio explains how oxygen pres-
ence affects radiation sensitivity: tumor cells often exist
in hypoxic conditions, rendering them less sensitive to

radiotherapy compared to well‐oxygenated cells [30].
Figure 2 shows dose fractionation schedules and the
radiobiological basis for HFRT versus CFRT in BC.

HFRT and immune activation

HFRT exerts multifaceted effects on the tumor micro-
environment (TME) that influence tumor control and
progression. By promoting the release of immunogenic
molecules that coat tumor cells, HFRT enhances antigen
presentation and increases tumor cell susceptibility to
cytotoxic T‐cell priming and destruction, thereby stimu-
lating antitumor immunity. The tumor and normal tissue
responses to radiation are also governed by the four “Rs”
of radiobiology: reoxygenation, repopulation, repair, and
redistribution. CFRT administers smaller radiation doses
in multiple sessions, providing tumor cells the opportunity
to reoxygenate, allowing them to progress through the
cell cycle, while enabling normal tissues to repair sub-
lethal DNA damage. This typically results in controlled cell
death mechanisms such as apoptosis and mitotic failure,
mediated by pathways involving p53 regulation and
stress‐activated kinases such as the c‐Jun N‐terminal
kinase (JNK) and stress‐activated protein kinase (SAPK).
In contrast, HFRT delivers higher doses in fewer frac-
tions, overwhelming cellular repair mechanisms and lim-
iting reoxygenation. Consequently, HFRT shifts tumor cell
death towards necrosis, a highly immunogenic form that
releases inflammatory cytokines and danger signals,
thereby amplifying cytotoxic T‐cell responses against the
tumor [31].

HFRT and immunosuppressive effects

However, certain immune populations, including regu-
latory T (Treg) cells and B cells, exhibit relative resist-
ance to radiation, allowing their persistence and
potentially weakening immune surveillance, which may
facilitate tumor metastasis. The interaction of radio-
therapy with the TME can thus produce opposing
immunological effects. HFRT can promote immuno-
suppressive cell populations such as Treg cells,
myeloid‐derived suppressor cells (MDSCs), and tumor‐
associated macrophages (TAMs). Strategies combin-
ing radiation with immunotherapy aim to counter these
effects by enhancing natural killer (NK) cell and cyto-
toxic T‐cell activity while inhibiting suppressive immune
cells (e.g., Treg cells, MDSCs, TAMs), thereby sus-
taining long‐term antitumor immunity [32].

HFRT and vascular/stromal damage

Beyond immune modulation, HFRT impacts the tumor
vasculature and stroma. High‐dose irradiation damages
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immature blood vessels, restricts blood flow, and creates
hypoxic conditions, which limit nutrient supply and may
contribute to tumor resistance. Additionally, radio-
resistant cancer‐associated fibroblasts secrete matrix
metalloproteinases that degrade the extracellular matrix,
promoting cancer cell invasion. These intersecting pro-
cesses illustrate the complex and sometimes opposing
roles of HFRT within the TME [32].

In HFRT, disease recurrence is reduced compared
to CFRT [33]. HFRT demonstrates comparable efficacy
while improving QOL, as the longer treatment sche-
dules in CFRT are often associated with greater fatigue

and toxicity [34]. Moreover, in tumors unsuitable for
surgical excision, HFRT provides favorable local con-
trol and offers symptomatic relief with minimal toxicity.
Importantly, recent clinical studies have highlighted the
potential of combining HFRT with immunotherapy. The
KEYNOTE‐173 trial demonstrated that adding pem-
brolizumab to neoadjuvant therapy enhances tumor
response rates in BC [35], suggesting that the inte-
gration of HFRT with immunotherapy may further
improve treatment outcomes. A comparative analysis
of dosage, tumor bed boost, mechanism of action,
QOL, and disease recurrence is provided in Table 1.

F IGURE 2 Dose fractionation schedules and radiobiological basis of HFRT versus CFRT in BC. BC, breast cancer; CFRT, conventionally
fractionated radiotherapy; HFRT, hypofractionated radiation therapy.

TABLE 1 Summary of clinical trials comparing hypofractionated versus conventional radiotherapy.

Factors Hypofractionated radiotherapy Conventional radiotherapy

Quantity of dose High dose in few fractionation Small doses in higher fractionation

Mechanism of
action

HFRT enhances the antitumor response by rendering cancer
cells more sensitive to cytotoxic T‐cells by exposing
immune‐stimulatory molecules. HFRT can advance
immunosuppression by shielding radiation‐resistant tumors
such as T‐regulatory cells and some B‐cells from damage. It
damages the immature blood vessels in tumors and reduces
blood delivery, causing the tumor to grow in a condition of
hypoxia.

Directly inducing the double‐strand breaks in DNA
and initiates apoptosis in low‐dose irradiation. At
excessive doses, neoplastic cells are destroyed by
necrosis.

Recurrence of
disease

Less More

Quality of life Better Less

Local control of
disease

High Low
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CLINICAL EFFICACY

Radiotherapy plays an effective role in postmastectomy
patients by slowing tumor growth and relieving symp-
toms. It is also given with other treatments to enhance
their effectiveness. Radiotherapy may be given before,
during, or after other treatments. Before surgery,
radiotherapy is used to shrink the size of the tumor, so
that it can be removed by surgery and its recurrence
can be reduced. During surgery, intraoperative RT
delivers radiation directly to the tumor site while sparing
the skin, thereby protecting nearby normal tissue from
radiation exposure. In patients with reconstructed
breasts, radiotherapy is important for eradicating any
residual tumor cells. Radiotherapy oncology group
grading scale is used to estimate acute toxicity by
therapy. Recurrence‐free viability in these patients is
for 5 years. For high‐risk patients requiring localized
irradiation, HFRT is particularly useful. In the study,
different HFRT schedules were compared in BC pa-
tients treated with the two‐dimensional (2‐D) technique,
specifically 3‐week versus 2‐week regimens [36].

Patient characteristics are largely comparable,
though the 3‐week arm includes more mastectomies
and estrogen receptor‐positive cases, while the 2‐week
arm has more node‐positive patients (p < 0.001 and
p = 0.034, respectively). Results suggest that high‐risk
patients requiring regional nodal irradiation may benefit
from the 2‐week HFRT approach. Cosmetic outcomes
are superior with the 2‐week plan. Acute cutaneous
toxicities are similar in both arms, with grade 2–3 skin
reactions (p = 0.21), grade 1–2 dysphagia (p = 0.59),
and grade 1–2 edema (p = 0.73) showing no significant
differences between groups. In resource‐limited set-
tings, the logistical and economic advantages of the
2‐week schedule may further support its use [36].
Multiple studies indicate that endurance among pa-
tients is improved. HFRT is evolving as a safe and
effective regimen. DFS between the two modalities is
similar. Acute toxicity includes skin toxicity. Long‐term
analysis provides that late toxicities occurring beyond
6 months post‐radiotherapy include shoulder stiffness,
arm edema, breast shrinkage, rib fracture, telangi-
ectasia (spider veins), and radiation pneumonitis.
Some other studies suggest that hyperpigmentation,
chest wall pain, fatigue, and lymphedema may occur
with HFRT [37]. If the dose increases, the probability of
toxic effects increases [29].

Recent meta‐analyses have shown that patients
receiving whole‐breast radiotherapy after reconstruction
exhibit significantly reduced tumor recurrence and mor-
tality rates. Results indicate that HFRT is associated
with a lower risk of acute skin toxicity (p = 0.004) and
breast atrophy (p = 0.02) compared to CFRT. Further-
more, HFRT patients experience shorter duration of
induration (p = 0.01) and fewer side effects related to
pain (p = 0.05). The risk of pneumonitis (p = 0.08) is

lower in HFRT‐treated patients compared to CFRT‐
treated patients, although this difference is not statisti-
cally significant. No significant differences have been
observed between HFRT and CFRT regarding late skin
toxicity (p = 0.55), dermatitis (p = 0.57), dyspigmentation
(p = 0.15), edema (p = 0.10), telangiectasia (p = 0.35), or
delayed subcutaneous tissue toxicity (p = 0.49). Con-
sistent findings across various studies indicate no sta-
tistically significant differences in relapse‐free survival
(RFS), LR, or OS between the two modalities [33]. The
DFS is not statistically different (p = 0.396) and the OS
also shows the same trend (p = 0.385) [38].

In clinical trials, patients were examined by the
radiation oncologist every 3 months for the first year and
every 6 months for 5 years for tumor relapse and late
toxicity. According to studies, some patients die due to
invasive disease or infection before the onset of late
toxicity signs. Late toxicities reported at 5 years include
chest wall induration, hyperpigmentation, and sub-
cutaneous fibrosis, with chest wall edema tending to
decrease over time. Cosmesis remains stable over time,
although arm and shoulder function do not show
improvement. The 5‐year DFS is 90%, while OS is 88%.
HFRT is associated with a greater incidence of breast
induration compared to CFRT [33]. PT is another
advanced radiation technique that delivers high‐energy
protons to tumors with greater precision, minimizing
damage to surrounding healthy tissues. PT offers sub-
stantial benefits over traditional photon therapy, espe-
cially for tumors located in challenging anatomical
positions. It reduces radiation exposure to normal tis-
sues adjacent to the tumor, potentially lowering the risks
of late toxicities and secondary malignancies. PT is
emerging as a safer alternative for BC radiotherapy,
especially for left‐sided tumors, where it significantly
reduces cardiac risks [39]. The ongoing RADCOMP trial
is comparing PT to photon therapy in patients with BC,
aiming to clarify the efficacy and safety of PT, particu-
larly in patients with reconstruction [40].

Recent studies suggest that HFRT with PT could
revolutionize BC treatment by offering shorter treatment
durations, fewer side effects, and improved QOL. As
research advances, personalized radiotherapy plans
combining HFRT and PT may become the gold standard
for maximizing tumor control while minimizing patient
burden [33]. While HFRT has demonstrated some
superiority, its application for patients with tumor bed
boost and ductal carcinoma in situ (DCIS) remains
debatable. A meta‐analysis of 14 randomized controlled
trials found no significant differences between HFRT
and CFRT regarding LR, RFS, OS, cosmetic outcomes,
or adverse events. Favorable cosmetic outcomes also
do not differ significantly, possibly due to improved skin
toxicity and induration in women with early‐stage BC
receiving adjuvant radiation. HFRT over CFRT in
reducing breast atrophy remains unexplained, with no
relevant studies reported to date [41].
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COST‐EFFECTIVENESS OF HFRT
VERSUS CONVENTIONAL
RADIOTHERAPY (CR)

One of the major advantages of HFRT in BC treatment is
its ability to deliver clinical outcomes equivalent to or
better than CFRT while significantly reducing the financial
burden on both patients and healthcare systems. HFRT
can serve as a cost‐effective alternative to CFRT without
sacrificing treatment efficacy. This supports the broader
clinical adoption of HFRT and expands its potential ap-
plications [42]. By shortening treatment time from
5–7 weeks to just 3–4 weeks, HFRT not only enhances
patient compliance and QOL but also optimizes hospital
resource allocation. This efficiency allows more patients
to receive timely treatment, particularly in resource‐limited
settings, where access to radiotherapy is often con-
strained. Furthermore, emerging research suggests that
HFRT may possess unique immunomodulatory proper-
ties, potentially enhancing antitumor immunity and im-
proving long‐term disease control [38].

According to Niska et al., postmastectomy HFRT
demonstrates noninferior efficacy compared to CFRT
while substantially reducing healthcare costs across
diverse healthcare systems, including those of China,
France, and the United States. Using a Markov model
based on data from a phase Ⅲ randomized controlled
trial (NCT00793962), the study estimated that HFRT
reduces direct medical costs by approximately $2350 to
$8800 per patient, depending on the country‐specific
payer perspective. These savings primarily arise from
shorter treatment durations, fewer hospital visits, and
reduced resource utilization. Beyond direct cost savings,
HFRT may improve quality‐adjusted life‐years by
reducing treatment burden, toxicities, and hospital
visits—factors that translate into better QOL for patients.
This aligns with other literature demonstrating the lower
acute skin toxicity and similar long‐term toxicities of
HFRT compared to CFRT, further supporting its eco-
nomic and clinical value. Given these advantages,
HFRT is positioned as a preferred treatment strategy for
appropriately selected BC patients, balancing superior
clinical efficiency and optimal resource stewardship [43].

TOXICITY PROFILES AND
PATIENT QOL

Radiotherapy remains a cornerstone treatment
modality for patients with BC, including those under-
going reconstruction, significantly improving survival
outcomes. However, understanding and managing
toxicity, both acute and late effects, are critical to
optimizing patient care and QOL. Quality patient care
can be enhanced by considering the toxicity analysis of
radiotherapy. A fundamental investigation examined

the breast‐related complications in patients having
HFRT versus CFRT following immediate breast
reconstruction after mastectomy or breast‐conserving
surgery [44]. Certain breast‐related complications were
analyzed in the study, including hematoma, wound
infection, wound dehiscence, reconstructive flap
necrosis, flap contracture, fat necrosis, contracture,
implant leakage/rupture/deflation, breast pain, and
breast lymphedema. Major complications were defined
as those necessitating reoperation or rehospitalization
[45]. There were significant differences in the values of
erythema, melanin, and elasticity between the treated
and untreated breasts (p < 0.001, p = 0.014, and
p < 0.001, respectively). RT produced an increase in
erythema and melanin and a decrease in elasticity in
the treated breast. There was no statistically significant
difference in hydration (p = 0.215) [46].

Some complications, such as wound infection,
wound dehiscence, hematoma, and breast pain, were
graded using the Common Terminology Criteria for
adverse events version 5.0. Capsular contracture was
evaluated by the Baker Scale [47], and breast lymph-
edema was scored according to the standards of
the International Society of Lymphology [48]. For
reconstructive flap necrosis, the authors referred to the
grading described in previous studies [49]. The most
common major breast‐associated complications were
wound problems (infection and dehiscence) in the two
RT fractionation groups: 4.8% in the CFRT group and
4.4% in the HFRT group. In the CFRT group, major
breast complications were reported in 20 cases:
4 cases of wound infection, 2 wound dehiscence, 4 fat
necrosis, 2 implant leakage, 3 capsular contracture,
3 flap contracture, 1 lymphedema, and 1 hematoma.
On the other hand, the HFRT group had 14 cases of
major breast complications: 7 cases of wound infection,
3 wound dehiscence, 2 fat necrosis, and 2 implant
leakage [50]. From the results, we found that HFRT has
less chance of breast‐related complications compared
to CFRT, which is illustrated in Table 2.

According to a study, grade 2 subcutaneous toxicity
increased threefold with HFRT during 10 years, from
3.8% to 9.4%, whereas CFRT caused a 30.0% rise,
from 5.2% to 6.8%. In a phase 2 study evaluating a
2‐week HFRT schedule in BC patients using a 2‐D
technique, excellent local control and favorable cos-
metic outcomes were observed, with acceptable late
toxicities and minimal overall adverse effects. Only one
patient had late grade 3 skin toxicity (2.0%), which
manifested as chest wall skin induration. The HFRT
group had a higher grade 3 acute skin toxicity than the
CFRT group (14 [3.0%] of 401 patients versus 32
[8.0%] of 409 patients; p < 0.0001) [19]. Reducing loco‐
regional recurrence with low toxicity and a favorable
cosmetic result was the aim of loco‐regional irradiation
for BC.
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Grade 2 and grade 3 skin rash dermatitis were lower
with HFRT than with CFRT (28.0% versus 52.0%, 0.0%
versus 6.0%; p = 0.022, respectively). There was no
statistical difference between the CFRT and the HFRT
groups regarding cosmesis or lymphedema rate (13.0%
in HFRT group versus 12.0% in CFRT group; p = 1.000)
[51]. In the 2‐week schedule, these objectives were
achieved. Only one patient (2.0%) had grade ≥ 2 arm
edema, and only two patients (4.0%) had grade 2
shoulder stiffness during the research. The START A
and START B studies included 5.0% (336 out of 2236)
and 8.0% (177 out of 2215) of patients with post-
mastectomy HFRT, respectively, and over a 10‐year
follow‐up, there was no discernible difference in late
toxicities or LR between the two groups [24].

Patients in the START A and B trials reported
moderate/marked shoulder stiffness in 3.4%–6.9%
and 5.6% of cases, respectively. In the START A
study, brachial plexopathy was identified in one
patient who received 41.6 Gy in 13 fractions. Sub-
cutaneous toxicities following PMRT were only 2.0%
at 3 and 5 years. In a similar vein, patients who
received 42.9 Gy also experienced noticeably more
shoulder stiffness than those who received it in pre-
vious START trials. Additionally, the FAST forward
experiment recently found more unfavorable effects
on normal tissue with 27.0 Gy compared to 26.0 Gy.
There were no cardiac or pulmonary toxicities with
this schedule. It may be because the doses of the
OARs were far lower than those reported with CF
[33]. Over recent years, HFRT has steadily become
the best practice in the management of BC [52].
Toxicity profiles related to radiotherapy are crucial for
the advancement of BC patients. For quality, well‐
being, and extended outcomes, further research
should be integrated to provide long‐term benefits.
An overview of key trials assessing the efficacy and
safety of HFRT versus CFRT is presented in Table 3.

SPECIAL CONSIDERATIONS FOR
RECONSTRUCTED BREASTS

Breast reconstruction plays a vital role in supporting the
psychological and social well‐being of BC patients.
However, several factors must be considered when
planning reconstruction, including the type of mastec-
tomy performed (partial, total, or skin‐sparing), the
chosen reconstruction method (autologous, oncoplas-
tic, or prosthetic), and the potential need for adjuvant
therapies such as chemotherapy or radiotherapy. The
treatment approach is highly individualized and
depends on multiple clinical variables such as tumor
size and location, lymph node involvement, presence of
comorbidities, and patient‐specific anatomical charac-
teristics. Reconstructive surgery is a well‐known and
essential component of the integrative treatment of
patients and is considered by the assessments of
surgical, medical, and radiation oncologists. Current
statistics in the USA reveal that nearly two‐thirds of
women who have a mastectomy will choose to go for
reconstruction [53]. Some people are afraid to have
reconstruction for multiple reasons, such as reluctance
for additional surgery, fear of tumor recurrence, cultural
factors, lack of plastic surgical availability, and the
feeling that reconstruction is not necessary. To address
these needs, it is necessary to offer extensive educa-
tion and counseling to patients.

Physicians should have open conversations re-
garding the advantages and disadvantages of
reconstruction, such as the possibility of enhanced
body image and QOL. Providing psychological support
and counseling can reduce anxiety about surgery and
recurrence. Moreover, enhancing access to plastic
surgeons and offering information regarding various
reconstruction choices can enable women to make
better‐informed decisions. Community outreach ini-
tiatives that consider cultural sensitivities and raise
awareness regarding accessible resources can also
prompt more women to seek reconstruction as a fea-
sible choice [54]. Breast reconstruction by utilizing
prosthetic devices is the most commonly and widely
used. There are two accepted methods by which
breast reconstruction is performed: the one‐stage
reconstruction, also known as the direct‐to‐implant
option, where a permanent implant is inserted imme-
diately following the mastectomy, or the two‐stage
option, where a tissue expander is inserted to first
stretch or preserve the postmastectomy skin followed
by a permanent implant several months later [55].

It should be noted that one‐stage reconstruction does
not imply single operation because revisions are some-
times necessary. Women who are good candidates for
the single‐stage procedures typically have a body mass
index (BMI) < 30, small‐to‐moderate breast volume, good
quality mastectomy skin flaps, and are undergoing pro-
phylactic mastectomy. Women who are good candidates

TABLE 2 Toxicity profiles of hypofractionated versus
conventional radiotherapy.

Toxic effects
Hypofractionated
radiotherapy

Conventional
radiotherapy

Wound infection Less (4.4%) More (4.8%)

Wound dehiscence More Less

Skin toxicity Less More

Fat necrosis Less More

Breast‐related
complications

Less More

Breast shrinkage More Less

Fatigue Less More

Locoregional
control

More Less
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for the two‐stage procedure typically include those who
have skin deficiency and will require expansion before
permanent implant, as well as patients with post-
mastectomy skin quality that is insufficient for a direct‐to‐
implant reconstruction [56]. The two‐stage technique is
performed most often for the above reasons, in addition
to the fact that most plastic surgeons prefer it because it
will provide another opportunity to optimize breast con-
tour and position. The other principal method of breast
reconstruction following mastectomy is to use a woman's
tissues, commonly referred to as flap or autologous
reconstruction [57].

A variety of flaps are currently used to minimize donor
site morbidities and maintain high esthetic quality. The
composition of flaps includes skin, fat, and muscle. Flaps
that include skin and fat only are usually referred to as
perforator flaps, for example, deep inferior epigastric
perforator (DIEP) and superior gluteal artery perforator,
whereas flaps that include skin, fat, and muscle are re-
ferred to as musculocutaneous flaps (e.g., transverse
rectus abdominis musculocutaneous (TRAM) and latis-
simus dorsi (LD)). Musculocutaneous and perforator flaps
are derived from virtually all territories of the body,
including the abdomen, posterior and lateral thorax, glu-
teal region, as well as the medial and posterior thigh. The
lower abdominal region has become the preferred donor
site for the majority of autologous breast reconstruction
procedures and is the source for the pedicle TRAM, free
TRAM, DIEP, and superficial inferior epigastric artery

flaps [58]. The blood supply to these flaps is based on
either the inferior or superior epigastric artery or vein. To
understand the nature of these flaps, it is important to
understand the differences in flap nomenclature. These
considerations before the reconstruction of the breast are
crucial to avoid any adversity and optimize long‐term
outcomes to improve patient care.

Another option for reconstruction is oncoplastic breast
surgery (OBS), which allows wide local excision of the
mass with good cosmetic results. In addition, a contra-
lateral breast lift, breast augmentation, or breast reduction
may be required to accommodate the conceptually re-
constructed breast. The use of OBS techniques results in
lower mastectomy rates with equivalent local and long‐
term survival rates compared with mastectomy and offers
women the option of plastic and reconstructive interven-
tions performed at the time of initial surgery. The main
goals of OBS are complete excision of the tumor,
obtaining negative surgical margins, and achieving ex-
cellent cosmetic outcomes [59].

GLOBAL PERSPECTIVES AND
ACCESS TO TREATMENT

BC radiotherapy is a gateway to minimizing side effects.
HFRT is a technique that gives us an effective treatment
for BC and prostate cancer, which is influenced by factors
such as access to technology and economic

TABLE 3 Key studies and findings on comparison between HFRT and CFRT.

S. No. Study/trial Design/treatment Key findings Toxicity/complications

01 Breast reconstruction study HFRT versus CFRT after
mastectomy or breast‐conserving
surgery

HFRT showed fewer major
complications

CFRT: 20 major cases
HFRT: 14 major cases
Common: wound infection,
dehiscence, fat necrosis

02 Phase 2 HFRT study (2‐
week schedule)

2‐week HF using 2‐D method Good local control &
cosmesis
Low toxicity

Late grade 3 toxicity in
1 pt (2.0%)
Arm edema in 1 pt (2.0%)
Shoulder stiffness in 2
pts (4.0%)

03 START A & B trials HFRT versus CFRT (13 & 15
fractions)

Comparable outcomes
Lower normal tissue
toxicity in HFRT

Shoulder stiffness: 3.4%–6.9%
One case of brachial plexopathy

04 PMRT subcutaneous
toxicity study

HFRT postmastectomy Low long‐term toxicity 2.0% toxicity at 3–5 years

05 FAST forward trial HFRT: 27.0 Gy versus 26.0 Gy 27.0 Gy had more normal
tissue toxicity

No cardiac or lung toxicity
27.0 Gy worse than 26.0 Gy for
tissue damage

06 Cost and adherence
studies

HFRT versus CFRT HFRT is cost‐effective
Improves patient
adherence

Lower toxicity, fewer sessions,
easier logistics

07 QOL assessment tools EORTC QLQ‐BR23, FACT‐B,
HRQOL used in trials

HFRT maintains QOL
outcomes

Good physical, emotional, and
social well‐being
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considerations. In high‐income countries, HFRT has been
widely adopted, and its efficacy and safety have been
strongly supported by clinical evidence. Studies reveal that
HFRT can provide similar results as CF, while requiring far
fewer hospital visits, thereby reducing both patient burden
and overall healthcare cost [60]. For example, the ASTRO
recommends HFRT for early‐stage BC, underscoring its
integration into standard practice in many developed
countries [61]. Conversely, low‐ and middle‐income
countries face challenges in implementing HFRT due to
limited access to advanced radiotherapy, trained physi-
cians, and necessary infrastructure, inhibiting its use.
Moreover, economic constraints may increase other health
interventions over the adoption of unique radiotherapy
techniques. For instance, a study in sub‐Saharan Africa
emphasized that a lack of resources and training in HFRT
limits its availability, resulting in discrepancies in the
treatment outcomes of BC [62].

Additionally, cultural perception of BC and treatment
modalities can influence patient acceptance and health-
care provider recommendations regarding HFRT. In some
areas, traditional beliefs may affect how patients view RT,
potentially affecting adherence to treatment plans [63].
This underestimates the need for tailored educational in-
itiatives to improve understanding and acceptance of
HFRT in diverse cultural contexts. Access to HFRT also
intersects with health policy and insurance frameworks.
Countries with universal healthcare systems tend to have
more access to advanced cancer treatment, including
HFRT, compared to those depend on private insurance
models, where out‐of‐pocket costs may be inhibited for
many patients [64]. Addressing these discrepancies
requires collaborative efforts among healthcare providers
and researchers to develop guidelines that facilitate the
adoption of HFRT globally. HFRT offers significant clinical
advantages in cancer treatment; however, its adoption is
not uniform around the global healthcare system, leaving
many patients without access to this innovative treatment.
A comprehensive strategy is therefore urgently needed—
one that addresses infrastructure gaps, economic barriers,
cultural perceptions, and policy frameworks.

LIMITATIONS AND FUTURE
DIRECTIONS IN BC
RADIOTHERAPY

Conventionally, radiotherapy was delivered with stan-
dard whole breast irradiation, which has now become
the standard approach. It shortens the treatment
duration to 3–4 weeks, and this improvement has
rendered research focusing on enhancing therapeutic
efficacy while minimizing side effects. One prominent
region is HFRT, which is valid in several studies, sug-
gesting that it is effective as a traditional fractionation
method [65]. Recent advancement in HF give positive
results in both early and locally advanced stages of BC

[66]. HF potentially increases patient adherence and
decreases healthcare costs. Additionally, ongoing trials
continue to explore optimal dosing plans and the
incorporation of HF with systemic therapies, including
targeted therapy and immunotherapy, which further
increase efficacy [67]. Moreover, rather than HF, there
is a growing interest in precision radiotherapy tech-
niques such as IMRT and PT. These techniques allow
more precise targeting of tumors, thereby reducing side
effects, including radiation‐induced cardiotoxicity [68].

Additionally, more research is establishing the long‐
term benefits of these advanced modalities. Despite
the progress made, several areas require further
investigation. One critical side is the influence of patient
genetics and tumor biology on radiotherapy response.
Analyzing these factors may enable personalized
treatment plans that optimize radiation doses based on
all‐over risk profiles [69]. Furthermore, the well‐being of
radiotherapy in co‐occurrence with new comprehensive
therapies is an essential area of research, particularly
in high‐risk populations. Among QOL instruments, the
QLQ‐BR23, developed by the European Organization
for Research and Treatment of Cancer, is a BC‐specific
QOL questionnaire that assesses symptoms, side ef-
fects, and functional scales [70]. Functional Assess-
ment of Cancer Therapy‐Breast is also a QOL
instrument that evaluates physical, social, emotional,
and functional well‐being in BC patients [71]. Health‐
related quality of life measurements are also used to
assess the impact of HFRT on the overall QOL of BC
patients [72].

In summary, the future of BC radiotherapy is
promising, with advancements in HF and precision
techniques leading the way. Ongoing research is nece-
ssary to refine these approaches, ensuring that they
are tailored to individual patient needs while increasing
overall treatment efficacy. HFRT, despite its benefits,
faces several limitations. Research highlights concerns
about acute and late toxicity, such as dysphagia,
laryngeal edema, and xerostomia, which are significant
barriers to its adoption, particularly for certain ana-
tomical sites. The lack of long‐term data and techno-
logy availability, especially in rural areas, also hampers its
utilization [62]. Studies reveal that while HFRT may result
in similar outcomes to conventional radiotherapy for
cancer, such as breast and prostate cancers, the evi-
dence for certainty of harm is often low or very low,
necessitating further trials [73]. Additionally, nuances in
healthcare systems and reimbursement models can
affect their implementation across different regions [63].

Educating patients and communities about the bene-
fits of HFRT can increase its adoption and demand.
Overall, addressing these challenges through education
and policy reform is crucial to ensure broader access to
HFRT [74]. However, several future directions and
challenges need to be addressed. For instance, more
clinical evidence is required to fill knowledge gaps and
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increase confidence in the application of HF across dif-
ferent cancer types. Combining data from collaborative
studies and real‐world evidence can help create com-
prehensive databases for outcome analysis [62]. Ex-
ploring ultra‐hypofractionation, which involves even
fewer fractions, is a future direction that could further
enhance treatment efficiency [75]. The question is what
are the key challenges and opportunities in expanding
the use of HFRT to more diverse cancer types and
geographic regions, and how can ongoing research and
international collaboration address these gaps to en-
hance global access and outcomes.

CONCLUSION

HFRT is an effective alternative to CFRT, especially for
patients with reconstructed breasts. It offers comparable
OS, local control, and DFS with similar toxicity profiles.
The shorter treatment duration of HFRT reduces patient
fatigue and certain skin and tissue toxicities, improving
convenience and lowering healthcare costs. Despite its
benefits, global adoption varies due to resource limita-
tions, cultural beliefs, and economic factors. Wider
implementation requires education to dispel mis-
conceptions and further research to ensure equitable
access. Overcoming these barriers will allow all patients
to benefit from the advantages of HFRT.
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