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ABSTRACT

Introduction: Post-mastectomy radiation therapy is an important component of adjuvant therapy for high-risk
patients. However, radiation to reconstructed breasts can cause various complications. Recently, hypofractio-
nated (HF) protocols have been adopted in several countries. Here, we aimed to assess the impact of HF protocols
on implant-reconstructed breasts through a meta-analysis and systematic review of the currently available
literature.

Methods: Records published until August 2023 were systematically searched in PubMed, Cochrane Library, and
EMBASE databases. Keywords included hypofractionation radiotherapy, mastectomy, and breast reconstruction.
Studies that utilized HF and conventional fractionation (CF) after prosthetic reconstruction were selected. Due to
the rarity of events in outcomes, Mantel-Haenszel’s odds ratios were calculated using a fixed-effect model to
compare the complication rates between HF and CF groups. For analysis with high heterogeneity, a random
effect model was used.

Results: Seven articles with 924 implant reconstructions, in which 506 (54.8 %) underwent HF were included. HF
patients received 43.8 Gy on average, while CF patients received 51.2 Gy. Mean follow-up ranged from 10.6 to
35 months. Seven studies were included in the meta-analysis. HF groups had a significantly lower risk of capsular
contracture (OR 0.25, 95 % CI 0.11-0.55), major revision surgery (OR 0.19, 95 % CI 0.05-0.80), and wound
dehiscence (OR 0.24, 95 % CI 0.07-0.78) compared to CF groups. The risks of other complications were not
statistically significant.

Conclusion: This study indicates that HF protocols are associated with fewer complications than CF protocols in
implant-reconstructed patients. These findings suggest that the application of HF PMRT in implant-reconstructed
patients with breast cancer is plausible.

List of abbreviations

1. Introduction

PMRT Post-mastectomy radiation therapy Breast cancer is the most prevalent cancer among females, with its
HF Hypofractionation incidence rising globally [1]. Improved survival rates have made adju-
CF Conventional fractionation ) i vant radiotherapy a critical component of multimodal treatment.
MINORS Methodological index for non-randomized studies Post tect diati th (PMRT) i ded f

ASTRO American Society for Radiation Oncology .OS -maS. cctomy radiation therapy ) is T‘e.COInITlen ed tor Pa-
ESTRO European Society for Radiotherapy and Oncology tients with locally advanced tumors, node-positive disease, or high
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recurrence risk, even after total mastectomy [2-5].
Reconstruction of the breast after mastectomy is not only an
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aesthetic procedure but is now regarded an essential part of breast
cancer treatment, contributing to patient satisfaction and quality of life
[6-8]. In the United States, implant-based immediate reconstruction is
the most common procedure, and its popularity is increasing. However,
PMRT is known to increase the risk of complications like infection,
capsular contracture, and mastectomy flap necrosis. Most studies on
PMRT and implant reconstruction have used conventional radiation
protocols, delivering 40-50 Gy in 25 fractions [9]. This prolonged
course of treatment results in greater inconvenience, decreased patient
compliance, and increased healthcare costs [10-13].

Over the last two decades, clinical trials have extensively evaluated
shortened courses of radiation therapy (RT) in the context of whole
breast irradiation and chest wall RT [14-16]. HF protocols, typically
delivering >2 Gy of radiation in 15-16 fractions, have gained global
acceptance [17]. The American Society for Radiation Oncology (ASTRO)
recommends hypofractionated radiotherapy for women aged >50 years
with stage T1-2NO not receiving chemotherapy. This eligibility was later
expanded to include all women undergoing whole breast irradiation,
regardless of chemotherapy history [18,19]. Also, the European Society
for Radiotherapy and Oncology (ESTRO) Advisory Committee in Radi-
ation Oncology Practice consensus in 2022 has concluded upon
consensus (86.9 %) and strong consensus (95.6 %) that HF can be
offered for chest wall irradiation with or without reconstruction
respectively [20]. Studies like the START A/B trials and reports from the
US and China have confirmed its safety and efficacy compared with
conventional radiation [14,15].

Despite widespread adoption, there is a lack of evidence regarding
the safety of hypofractionated radiation for patients undergoing implant
reconstruction [21]. This study aims to provide high-quality evidence to
inform clinical practice and enhance understanding of optimal treat-
ment strategies for these patients. Through a meta-analysis and sys-
tematic review, it comprehensively analyzes current literature on
implant reconstruction-related complications associated with hypo-
fractionated and conventional RT protocols.

2. Methods
2.1. Literature search protocols

Records were systematically identified through searches on
PUBMED, Cochrane library, and EMBASE until August 2023. A combi-
nation of keywords were used for identification: (((Mastectomies OR
Mastectomy OR Skin sparing Mastectomy OR Nipple-sparing Mastec-
tomy) OR (“Mastectomy"'[MeSH])) AND ((Breast reconstruction OR
Breast reconstructions OR Reconstructed breast) OR (“Mammaplas-
ty"[Mesh]))) AND ((Hypofractionation OR Hypofractionated OR Frac-
tionation OR IMRT OR intensity modulated radiation therapy OR
intensity-modulated radiation therapy OR VMAT OR volumetric
modulated arc therapy OR volumetric-modulated arc therapy OR PMRT
OR postmastectomy radiotherapy OR post-mastectomy radiotherapy)
OR (“Dose Fractionation, Radiation"[MeSH] OR “Radiation Dose
Hypofractionation"[MeSH] OR “Radiotherapy, Intensity-
Modulated"[MeSH]))

2.2. Inclusion and exclusion criteria

Studies were included based on the following criteria: 1) Patients
underwent prosthetic reconstruction after mastectomy, 2) The study
population included patients receiving PMRT with hypofractionated
protocols, and 3) Clinical data were readily available. Exclusion criteria
were a) Reviews, case reports, comments, editorials, systematic reviews
and meta-analyses, letters, surveys, and books, b) Ongoing clinical trials,
¢) Duplicate publications, and d) Studies not published in English.

The Breast 77 (2024) 103782
2.3. Study selection

Title and abstract screening were conducted independently by two
authors. Unrelated studies and those not meeting the criteria were
excluded. Articles meeting the criteria underwent further assessment.

2.4. Data extraction

Selected articles were analyzed for relevant information, including
the first author’s name, publication year, country, general de-
mographics, study design, radiation dosage, fractions, and follow-up
duration. Study endpoints covered reconstruction-related complica-
tions such as seroma, hematoma, skin flap necrosis, implant loss,
capsular contracture, breast pain, wound dehiscence, infection, cellu-
litis, and major revision surgery.

2.5. Quality assessment

The methodological index for non-randomized studies (MINORS)
was used to assess the quality of the included studies [22]. The index
included twelve items, which were scored as 0 (Not reported), 1 (re-
ported but inadequate), and 2 (reported and adequate) for each item.
Included were 1) clearly stated aim, 2) inclusion of consecutive patients,
3) prospective collection of data, 4) endpoints appropriate to the aim of
the study, 5) unbiased assessment of the study endpoint, 6) follow-up
period appropriate to the aim of the study, 7) loss to follow-up less
than 5 %, 8) prospective calculation of the study size, 9) presence of
adequate control group, 10) contemporary groups, 11) baseline equiv-
alence of groups, and 12) adequate statistical analyses. All items were
evaluated independently by two authors, and if any disagreement was
present, it was settled by discussion between the two authors or
consulting a third author. Quality of the study was determined as poor
(<14), moderated (15-22), or good (23<).

2.6. Statistical analysis

Dichotomous outcomes, including cellulitis, capsular contracture,
implant loss, infection, major revision surgery, and wound dehiscence,
were compared between HF and CF groups and expressed as odds ratios
(OR) with 95 % confidence intervals (CIs). Heterogeneity was evaluated
using the I test and Chi-square-based Q-test, with an I? value above 50
% and p < 0.1 indicating high heterogeneity. If heterogeneity was not
found, Mantel-Haenszel’s (MH) ORs with 95 % CIs were calculated using
a fixed effect model. Because MH OR is generally preferred when the
effect size is small, particularly when the events are rare. A study in
which zero complications of wound dehiscence, both HF and CF, were
excluded from the meta-analysis as they are incompatible with MH OR
[23]. For analysis with high heterogeneity, a random effect model was
used. The fat necrosis, seroma, and skin flap necrosis rates could not be
compared, as only one study reported each result [24,25]. Funnel plots
and Egger’s linear regression test assessed potential publication bias.
The level of statistical significance was set at p < 0.05. Statistical
analysis was performed using STATA/MP v18 (StataCorp, College Sta-
tion, TX, USA).

3. Results
3.1. Literature retrieval results

A total of 2010 articles were initially retrieved. After removing du-
plicates, 1525 articles remained. Of these, 1518 did not meet the in-
clusion criteria and were excluded from the analysis. Consequently,
seven articles were included in the systematic review [24-30]. Of these,
six reported complication rates and were included in the meta-analysis
[24-26,28-30]. Fig. 1 provides a visual summary of the study process.
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Records identified from:
Databases (n = 3):
Pubmed (n= 639)

Embase (n = 1247)
Cochrane (n= 124)

¥
Records after duplicate removal
(n=1525)

Identification

) [
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Excluded (n=964)
Case report/ review/ comment/ editorial/ meta-
analysis/ survey/ letter/ book (n=839)
Clinical trials (n=48)

A 4
Title and abstract screened
(n=561)

Screening

Unrelated articles (n=77)

Topics unrelated to postmastectomy

Full text articles assessed for eligibility
(n=121)

Eligibility

—> radiation therapy

(n=440)

Excluded (n=114) except

Systematic review
(n=7)

Quantitative analysis (Meta analysis)
(n=6)

a) Includes patients who underwent prosthetic
reconstruction

b) Study population includes patients receiving
hypofractionated PMRT

¢) Clinical data were readily available on
document

Fig. 1. Flow chart of literature search and selection.

3.2. Study characteristics

A total of seven articles, published between 2019 and 2023, were
included (Table 1). Five studies were conducted in Korea and two in the
US. All were retrospective studies. The analysis included 924 implant
reconstructions, with 506 (54.8 %) undergoing HF. The mean patient
age was 44.2 years. Patients receiving HF received an average of 43.8 Gy
radiation, while those receiving conventional fractionation received an
average of 51.2 Gy. The mean follow-up duration ranged from 10.6 to 35
months.

3.3. Methodological quality assessment

All included studies (n = 7) adequately described the aim of the
research, including consecutive patients, endpoints according to the
study aim, and the follow-up period (Table 2). The loss of follow-up rate
was consistently below 5 % in all the studies. Chung et al. inadequately
reported the assignment of the control group while adequately
describing the baseline equivalence of the groups and statistical analyses
[27]. All the included studies were judged to have a moderate risk of bias
based on the MINORS scale.

3.4. Quantitative analysis

The HF group, compared to the CF group, showed significantly lower
rates of capsular contracture (OR 0.25, 95 % CI 0.11-0.55, Fig. 2)
[24-26,28,30] major revision surgery (OR 0.19, 95 % CI 0.05-0.80,
Fig. 3) [26,28] and wound dehiscence (OR 0.24, 95 % CI 0.07-0.78,
Fig. 4) [26,28]. Each was described in 5 studies (226 HF; 174 CF pa-
tients), 2 studies (105 HF; 54 CF patients), and 2 studies (105 HF; 54 CF
patients), respectively. Wound dehiscence was reported in 2 studies but
was excluded from analysis. Kim et al. did not differentiate between
autologous and implant-based reconstruction, and Smith et al. reported
no events available for analysis [24,25]. Cochran’s Q-test was used to
show inter-study heterogeneity. The results showed low heterogeneity
for capsular contracture, major revision surgery, and wound dehiscence
(1% = 0.00 %). Test of 6; = 6; and test of 8 = 0 also showed no inter-study
variance. The rates of cellulitis, implant loss, and infection did not differ

significantly between the HF and CF groups (Table 3). Implant loss and
infection showed heterogeneity between effect sizes and were analyzed
using a random-effects model. The MH OR for the hematoma rate was
not calculated because no events were reported in the HF arm.

3.5. Qualitative analysis

Data on skin flap necrosis, fat necrosis, lymphedema, and seroma
formation were available in one article each. Smith et al. reported
seroma requiring intervention, such as aspiration or re-surgery, in both
HF and CF groups [24]; 14.3 % of patients treated with HF had seroma,
compared with 5.4 % of CF patients. However, mastectomy skin flap
necrosis occurred only in patients who underwent the CF protocol (5.4
%).

Although not included in the quantitative analysis, Chang et al. re-
ported that overall complication rates were lower for HF (14.3 %) than
CF (38.5 %, p = 0.017) [26]. The rates of breast-related complications
and major complications were described by Kim et al. (2022), but they
did not further specify the incidence of each outcome. The incidence of
major breast complications did not differ significantly between the CF
and HF groups [31].

4. Discussion

In this study, we conducted a systematic review and meta-analysis to
investigate the impact of PMRT with HF protocols on patients under-
going implant-based reconstruction. Our findings show a significantly
lower risk of capsular contracture, wound dehiscence, and a reduced
incidence of major revision surgery in the HF group compared to the CF
group.

Radiation is a crucial element in breast cancer treatment. The use of
RT after mastectomy has increased with better local control and survival
[2]. The conventional protocol delivers 1.8-2 Gy of radiation over 25
fractions, with or without a boost of 16 Gy. The linear-quadratic model
estimates the effects of fractionation on cell survival, based on the ’o/f
ratio.” Breast cancer cells, with a higher o/ ratio, are less spared by
fractionation compared to normal cells. Twenty-five fractions typically
take about 5 weeks to complete [12,17,32].
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Table 1

General characteristics of included studies.

Follow-up duration (month)

Dose per Fraction

Gy)

Fractionation

Radiation dose (Gy)

No. of implant

Study design Age (years) BMI (kg/m?)
based

Publication type

Country

First author (year)

reconstruction

CF

HF

CF

HF

CF

HF

CF

HF

17.9 (10.6)"

2.67
2.67

25
28

16
15
16
15
16
17
20

50

42.56

64

23.5 (4.5)°
21.6 (2.9)"

45.2 (9.7)"
40 (10)°

Retrospective
Retrospective

Journal
Journal

USA

Barnes et al., [2023] [30]
Chang et al., [2019] [26]

32.5 (17.2-72.5)°

1.8

50.4

40.05

25

50

Korea

42.72

S+

1.8-2.0

2.4-2.7

25

45<, <50

209 40.05

Korea Journal Retrospective 44 (23-69)° 22.6 (15.7-35.6)° 105

Chung et al., [2021] [27]

50

42.56

50<

45.9
48

32.3 (4.8-118.5)°

1.8-2.0

25 2.4-2.7

150r 16

50.3

44.3

19

101

o+

45.1 (22-74)°

Retrospective

Journal

Korea

Kim et al., [2021] [25]

(50-66)°

5

(40.5-48.6)°

46.6

35.3 (8.8-122.7)°

1.8-2.0

25  24-27

150r16

3.1

35

175

-+

Retrospective

Journal

Korea

Kim et al., [2022] [29]

(50-66)°

(42.0-55.2)°

19 (15-26)"
34.8 (2.3)°

2

25
28

15

15

50

45

37

14
55

26 (22-30)"

49 (44-58)"
41.3 (2.3)°

Retrospective
Retrospective

Journal
Journal

USA
Korea

Smith et al., [2019] [24]
Song et al., [2020] [28]

1.8

2.67

50.4

40.05

21.2 (0.73)"

+data not described.

@ Mean (Standard deviation).

> Median (Interquartile range).

¢ Median (Range).
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While autologous reconstructions generally pose lower long-term
complication risks [33], many patients choose implants due to shorter
surgery duration, lower costs, and no donor site morbidity [34,35].
However, radiation increases the risk of complications like capsular
contracture and infection [36]. Heterogeneity in radiation modality,
fractionation, and boost can impact reconstruction outcomes [37]. In
implant-reconstructed patients, the implant and acellular dermal matrix
(ADM) could also be considered organs at risk, making the delineation of
the target volume of great importance [38]. Recent studies suggest
breast cancer cells may have a lower a/p ratio than expected, prompting
proposals for fewer fractions with larger doses [17]. HF protocols,
delivering 15-16 fractions, offer similar effects, lower costs, and higher
patient compliance. A phase 3 trial found HF non-inferior with similar
toxicities compared to CF in high-risk breast cancer patients [15,18,39,
40].

Capsular contracture is common in prosthetic reconstruction,
affecting 13.9 % of patients with subpectoral implants and 8.7 % with
prepectoral implants using ADM [41]. PMRT is known to increase this
proportion by up to 40 % [42]. Capsular contracture causes discomfort,
firmness, severe distortion, and significant pain. Baker grades IIl and IV
often require surgical intervention, such as capsulectomy with or
without implant change.

Although not fully understood, chronic inflammation and subclinical
infection are believed to be the main causes of capsular contracture [43,
44]. The hydrophilic surfaces of silicone implants are prone to biofilm
formation, triggering persistent immune reactions [45,46]. Residual
seroma or hematoma from silicone shedding also causes excessive
inflammation [44,47-49]. Furthermore, patients with hypertrophic
scars are at higher risk of capsular contracture [50]. Studies have shown
that Radiation-induced tissue injury increases gene expression related to
scar formation and fibrosis, including TGF-f1 and MECP2, leading to a
higher risk of capsular contractures [51,52]. Additionally, a previous
report showed less radiodermatitis and radiation-induced fibrosis in
patients receiving radiation with reduced fractionated schedules,
possibly due to decreased total dosage to surrounding tissue, which may
explain the lower capsular contracture rates with hypofractionated
protocols in our study [53].

Despite these findings, Smith et al., reported a higher incidence of
capsular contracture in patients who received the HF protocol [24]. This
discrepancy may be attributed to the small number of patients in each
subgroup. Interestingly, no cases of capsular contracture were reported
in 37 patients and 42 non-radiated patients, with one case among 14 HF
patients, which is lower than the general incidence.

Recent study suggests that prepectoral implant placement signifi-
cantly lowers the risk of capsular contracture after PMRT [54]. How-
ever, the study does not distinguish implant placement according to
radiation method, making it hard to elaborate its effects. Additionally,
radiation delivered via protons may have different consequences
compared to photon radiation [55]. Kim et al. reported an exceptionally
low incidence of capsular contracture, counting only cases requiring
re-operation or admission, which may explain the low rate, as not all
grade III contractures undergo such treatment [25].

The rate of wound dehiscence and incidence of major revision sur-
geries, including implant change, removal, and switch to autologous
reconstruction, were also lower in patients who received HF, according
to our study results. Major revision surgeries in prosthetic reconstruction
are mainly influenced by the viability of the mastectomy flap over the
implant. Similar to capsular contracture, the HF protocol could result in
less radiation exposure to surrounding tissue due to a lower net radiation
dose compared to the CF protocol [56]. While it is difficult to explain the
exact etiology, this may also be related to a reduced biological equiva-
lent dosage to normal tissues. However, revision surgery is also a risk
factor that can cause reconstruction failure. Thus, HF can be advanta-
geous for implant reconstruction from a plastic surgery point of view.

The odds ratios for cellulitis, implant loss, and infection rates were
not significant in the analysis. The limited number of included studies
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Table 2
Risk of bias assessment for included studies based on methodological index for non-randomized studies score.
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Items Barnes, L. L. Chang, J. S. Chung, S. Y. Kim, D. Y. et al. Kim, D. Y. et al. Smith, N. L. Song, S. Y. et al.
et al. [2023] et al. [2019] et al. [2021] [2021] [25] [2022] [31] et al. [2019] [2020] [28]
[30] [26] [27] [24]

1 A clearly stated aim 2 2 2 2 2 2 2

2 Inclusion of consecutive 2 2 2 2 2 2 2
patients

3 Prospective collection of data 0 0 0 0 0 0 0

4 Endpoints appropriate to the 2 2 2 2 2 2 2
aim of the study

5 Unbiased assessment of the 0 2 0 2 2 0 0
study endpoint

6 Follow-up period appropriate 2 2 2 2 2 2 2
to the aim of the study

7 Loss to follow up lessthan5% 2 2 2 2 2 2 2

8 Prospective calculation of the 0 0 0 0 0 0 0
study size

9 An adequate control group 2 2 1 2 2 2 2

10 Contemporary groups 2 2 2 2 2 2 2

11  Baseline equivalence of 1 1 1 2 2 1 1
groups

12 Adequate statistical analyses 1 1 1 2 2 1 1

Total score 20 18 15 20 20 16 16

Maximum score 24 24 24 24 24 24 24

*0: Not reported; 1: reported but inadequate; 2: reported and adequate; Quality of the study was determined as poor (<14), moderated (15-22), or good (23<).

HF CF Weight Odds Ratio (OR)
Study Yes No Yes No (%) with 95% CI
Changetal,2019 4 46 8 17 39.17 0.18[0.05, 0.69]
Song et al., 2020 6 49 8 21 37.25 0.32[0.10, 1.04]
Smith et al., 2019 1 13 0 37 o 0.00 8.33[0.32,217.19]
Kim et al., 2021 0 101 3 16 ] 20.16 0.02[0.00, 0.47]
Barnes etal., 2023 0 6 5 59 L 342 0.83[0.04, 16.82]
Overall ? 0.25[0.11, 0.55]
Heterogeneity: t°=0.00; 1?=48.92%; H?=1.96 : ' ' i T !

0.001  0.01 0.1 1 10 100

Test of 6, = 6; Q(4)=7.83, p=0.098

Test of 6 = 0: z=-3.44, p<0.001

Favors HF «——  —— Favors CF

Fig. 2. Forest plot comparing incidence of capsular contracture between HF and CF groups.

HF CF Weight Odds Ratio (OR)
Study Yes No Yes No (%) with 95% CI
Chang et al., 2019 0 50 2 br.c L 30.11 0.09 [0.00, 2.02]
Song et al., 2020 g 52 5 24 - 69.89 0.28[0.06, 1.25]
Overall 0.19[0.05, 0.80]
Heterogeneity: 12=0.00; I2=O.00%; H?=0.43 ! ! : : : '
0.001 0.01 0.1 1 10 100

Test of §; = 6 Q(1)=0.43, p=0.510

Test of 6 = 0: z=-2.26, p=0.024

Favors HF ——  —— Favors CF

Fig. 3. Forest plot comparing incidence of major revisional surgery between HF and CF groups.
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HF CF Weight Odds Ratio (OR)
Study Yes No Yes No (%) with 95% CI
Chang et al.,, 2019 0 50 2 23 L 24.24 0.09 [0.00, 2.02]

Song et al., 2020 5 50 7 22

Overall

75.76 0.31[0.09, 1.10]

0.24 [0.07, 0.78]

Heterogeneity: t°=0.00; 12=0.00%; H?=0.55
0.001  0.01

Test of ; = 6 Q(1)=0.55, p=0.460

Test of 0 = 0: z=-2.37, p=0.018

0.1 1 10 100

Favors HF «<—— ——> Favors CF

Fig. 4. Forest plot comparing the incidence of wound dehiscence between HF and CF groups.

Table 3
Summary of the results from meta-analysis on postoperative complications between hypofractionated radiation and conventional radiation.
Outcome measures Studies HF (n) CF (n) OR Heterogeneity Ref
(n) Events (%) Total Events (%) Total (95 % CI) Q df P hetero 12 (%)
Cellulitis 2 5(4.8) 105 2(3.7) 54 1.29 (0.24, 6.91) 0.05 1 0.83 0.00 Chang [2019] [26]
Song [2020] [28]
Implant loss" 3 8(6.6) 121 15 (12.5) 120 1.13 (0.14, 9.43) 7.52 2 0.02 71.81 Smith [2019] [24]
Kim [2021] [25]
Barnes [2023] [30]
Infection” 4 12 (9.6) 125 28 (18.1) 155 0.95 (0.19, 4.75) 8.78 3 0.03 65.70 Smith [2019] [24]

Chang [2019] [26]
Song [2020] [28]
Barnes [2023] [30]

HF=Hypofractionated radiation, CF=Conventional radiation, OR = odds ratio, CI = confidence interval, Q = homogeneity test, df = degree of freedom, P_petero =

probability level associated with the Q test.
# Random effect model was applied.

makes it challenging to determine the exact cause of the variance. One
possible explanation is that Smith et al. reported an exceptionally high
rate of infection in hypofractionated patients (8/14 = 57.1 %). However,
the authors did not identify the reason for the increased rate compared
to conventional patients (8/37 = 21.6 %).

In their qualitative analysis, Smith et al. reported a higher rate of
seroma in the HF group, but their interpretation is limited owing to the
small sample size. Chang et al. demonstrated that the survival rate of
patients receiving PMRT after reconstruction was not significantly
different except, for the 3-year disease-free survival, which was higher
for the HF group than the CF group, aligning with previous studies like
the START-A/B trials [16].

Although not included in the analysis, Anderson et al. reported that
fractionation protocols were not related to the risk of implant failure in
patients who underwent implant-based reconstruction and received
PMRT [57]. In 2009, Whitfield reported a significantly higher rate of
severe capsular contracture after hypofractionated PMRT (19.5 % in
radiated patients compared to 0 % in non-irradiated patients). This may
have contributed to the hesitation to use HF protocols in implant
reconstruction. However, they only included subpectoral or latissimus
dorsi flaps with implant reconstruction before the introduction of acel-
lular dermal matrices [58]. Rojas et al. reported an incidence of grade IV
capsular contractures of 8.6 % in radiated breasts versus 3.9 % in
non-irradiated patients. The reconstruction failure rate was significantly
higher in patients who had an expander inserted compared to those who
did not (12.9 % vs. 1.6 %). Overall, the authors concluded that HF was
not detrimental to reconstruction outcomes [59]. In terms of local
control, Poppe et al. reported a 92 % local recurrence-free survival and
90 % 5-year overall survival in HF patients without significant radiation
toxicities [60,61].

This study had several limitations. Firstly, we included a limited
number of articles comparing HF and CF protocols in patients under-
going implant reconstruction, and all included studies were retrospec-
tive. This is likely because the HF protocol only began to be applied in
the 2000s, making its implementation period shorter than that of the CF
protocol, and concerns about its effects on reconstructed implants have
only recently emerged [26]. Nevertheless, we included most relevant
articles and analyzed the results both quantitatively and qualitatively.

Secondly, our study did not differentiate between the planes of
reconstruction or whether it was one- or two-stage reconstruction for
prosthetic reconstructions. There is conflicting evidence regarding
which protocol is preferred in the setting of PMRT. Given the known
differences in complication rates, a detailed analysis with a larger
sample size is necessary [33].

Furthermore, not all potential adverse effects could be discussed in
this study. Differences in fraction dose may affect radiodermatitis rates,
cosmetic outcomes, and lymphedema. Although there was no descrip-
tion in reconstructed patients, several studies showed lower rates of
grade 2 radiodermatitis and fibrosis in HF compared to CF [40,62].
Additionally, Byun et al. reported an increased rate of lymphedema
when treated with CF [63].

To address these limitations, several prospective clinical trials are
currently underway. These include the RT-CHARM (NCT03414970)
phase III randomized trial, Hypo Versus Conventional Fractionation in
Reconstructed-Breast Cancer Mastectomy Patients (NCT05253170).
These studies are expected to provide more insights into the application
and effects of HF protocols [24].

Scoping the current knowledge can help guide further implementa-
tion of HF protocols. Even with the small number of included studies,
there is a clear trend that HF is non-inferior to CF regarding
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reconstruction-related complications and may be safer concerning major
revision surgery rates and the incidence of capsular contractures. Ran-
domized controlled trials comparing HF and CF in patients who under-
went implant reconstruction are currently underway. Further large-scale
studies could clarify the definitive effects of HF.

5. Conclusion

In conclusion, PMRT with the HF protocol resulted in significantly
less capsular contractures, wound dehiscence, and major revision sur-
gery than with conventional protocols. These findings suggest that the
application of HF PMRT in implant-reconstructed patients with breast
cancer is plausible. Further prospective studies are warranted to confirm
this hypothesis.
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