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ABSTRACT

Introduction Periprosthetic infection is one of the most
severe complications following implant-based breast
reconstruction affecting 5%—10% of the women. Currently,
many surgeons apply antibiotics locally on the breast
implant to reduce the risk of postoperative infection, but
no randomised, placebo-controlled trials have tested the
treatment’s efficacy.

Methods and analysis The BREAST-AB trial (BREAST-
AntiBiotics) is an investigator-initiated, multicentre,
randomised, placebo-controlled, double-blind trial

of local treatment with gentamicin, vancomycin and
cefazolin on breast implants in women undergoing
implant-based breast reconstruction. The trial drug
consists of 80 mg gentamicin, 1g vancomycin and 1g
cefazolin dissolved in 500 mL of isotonic saline. The
placebo solution consists of 500 mL isotonic saline. The
trial drug is used to wash the dissected tissue pocket
and the breast implant prior to insertion. The primary
outcome is all-cause explantation of the breast implant
within 180 days after the breast reconstruction surgery.
This excludes cases where the implant is replaced with
a new permanent implant, for example, for cosmetic
reasons. Key long-term outcomes include capsular
contracture and quality of life. The trial started on 26
January 2021 and is currently recruiting.

Ethics and dissemination The trial was approved by
the Regional Ethics Committee of the Capital Region
(H-20056592) on 1 January 2021 and the Danish
Medicines Agency (2020070016) on 2 August 2020.
The main paper will include the primary and secondary
outcomes and will be submitted to an international peer-
reviewed journal.

Trial registration number NCT04731025.

,° Thomas Bjarnsholt,'®"" Tine Damsgaard,'® Mikkel Herly'"°

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The trial will include all types of patients undergoing
breast reconstruction surgery with implants which
makes the results relevant for all women undergo-
ing implant-based breast reconstruction.

= The randomised design will ensure an even distri-
bution of risk factors in the placebo and intervention
group, which will isolate the intervention’s effect on
the outcome.

= The women undergoing bilateral breast reconstruc-
tion will receive antibiotic treatment to one of their
breasts and placebo to the contralateral breast
which isolates the effect of the trial drug from inter-
individual variation.

= The ftrial is evaluated with endpoints that are of
great importance for patients.

= The incidence of the primary outcome is relatively
low, so despite the large sample size, a small effect
of the treatment may not be detected with statistical
significance.

INTRODUCTION

Breast reconstruction has been shown to
improve a woman’s quality of life after under-
going breast cancer surgery.' An increasing
number of women choose implant-based
breast reconstruction,2 which includes a risk
of implant infection. Implant infection is seen
in 5%-10% of the women,g_7 and the treat-
ment typically requires removal of the implant
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after which the patient must wait several months before a
new breast reconstruction can be attempted.

Previous studies suggest that bacterial contamination of
the breast implant can occur without any clinical symp-
toms.? ? Instead, the bacteria form a chronic, subclin-
ical infection which is suspected to cause a prolonged
immune reaction to the implant called capsular contrac-
ture, which affects up to 10%-20% of the patients.'’ "
Capsular contracture causes hardening and deformity
of the breast, and the treatment often includes surgical
removal of the contracted capsule and exchange of the
implant.

Surgeons have attempted numerous strategies to
prevent bacterial contamination of the implant.'*'” The
most widely followed approach is to apply antibiotics
directly on the breast implant and in the dissected tissue
pocket during the surgery,'”® but only few studies have
investigated the clinical effect of the treatment. A recent
meta-analysis found a decreased rate of implant infection
and capsular contracture in women treated with antibiotics
applied on the breast implant.'"” However, the included
studies were mostly retrospective and varied greatly in the
applied antibiotics, control groups and follow-up period.
Furthermore, no randomised controlled trials were iden-
tified in the meta-analysis."

Due to the limited evidence, The Centers for Disease
Control and Prevention (CDC) guideline for the preven-
tion of surgical site infection has no recommenda-
tions regarding the use of locally applied antibiotics on
implants® and The National Institute for Health and Care
Excellence in England has requested further studies inves-
tigating the clinical effect of the treatment.”' Randomised
clinical trials are essential for developing evidence-based
treatment guidelines. The BREAST-AB trial is designed to
assess the effect of locally applied antibiotics on all-cause
loss of the implant after implant-based breast reconstruc-
tion. We hypothesise that local application of gentamicin,
vancomycin and cefazolin decrease the risk of postoper-
ative clinical infections and thereby reduce the risk of
losing the implant to the benefit of women undergoing
implant-based breast reconstruction.

METHODS AND ANALYSIS

The protocol was written in accordance with the Standard
Protocol Items: Recommendations for Interventional
Trials statement® and the International Conference on
Harmonisation Good Clinical Practice guidelines.% The

protocol is provided in full length in online supplemental
file 1.

Trial design

The BREAST-AB trial is an investigator-initiated, multi-
centre, randomised, double-blind, placebo-controlled
trial investigating local application of gentamicin, vanco-
mycin and cefazolin during implant-based breast recon-
struction. The antibiotic solution or placebo is applied

directly onto the breast implant and in the dissected
tissue pocket during the surgery.

Setting
The trial will be conducted at six hospitals in Denmark,
and additional trial sites may be included during the trial
period (see online supplemental file 1 for a list of the trial
sites).

Eligibility criteria
The trial will include all types of patients undergoing
breast reconstruction surgery with implants which makes
the results relevant for all women undergoing implant-
based breast reconstruction. Patients that meet the
following criteria are considered eligible for inclusion:
> Age >18.
Biologically female.
Written informed consent.
Scheduled for breast reconstruction with implants or
expanders including
- Immediate or delayed reconstruction.
- Unilateral or bilateral reconstruction.
- With or without simultaneous flap reconstruction.
Exclusion criteria are:
» Pregnancy.
» DBreast feeding.
» Known allergy towards gentamicin, vancomycin, cefa-
zolin or neomycin.
» Known anaphylactic reaction towards beta-lactam
antibiotics or aminoglycosides.
» Myasthenia gravis.
» Known impaired renal function, GFR (Glomerular
Filtration Rate) <60 mL/min.
» Participation in investigational drug trials concerning
disinfection agents in the breast cavity.

vYvyy

Trial intervention

The trial drug contains 80mg gentamicin, 1000 mg
vancomycin and 1000 mg cefazolin dissolved in an infu-
sion bag containing 500 mL of sterile isotonic saline. The
placebo solution consists of 500 mL sterile isotonic saline
contained in a similar infusion bag. Both solutions are
achromatic, and the infusion bags are indistinguishable
from one another. See figure 1 for an illustration of the
trial intervention.

During the surgery, the responsible nurse draws 150 mL
from the assigned infusion bag and the plastic surgeon
uses it to wash the dissected tissue pocket.”* Another
50mL are drawn from the same infusion bag and used to
soak the implant prior to insertion in the tissue pocket.
The rest of the content in the infusion bag is discarded.

Randomisation

The trial drug and placebo are assigned in a 1:1 ratio.
Patients undergoing unilateral breast reconstruction are
randomised to either the trial drug or placebo, whereas
patients who undergo bilateral breast reconstruction are
randomised to the trial drug on one breast and placebo
on the contralateral breast. The paired design involving
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Figure 1 lllustration of the trial intervention. The trial drug
contains 1000 mg vancomycin, 1000 mg cefazolin and 80 mg
gentamicin dissolved in an infusion bag containing 500 mL
of sterile isotonic saline. The placebo solution consists of
500 mL sterile isotonic saline.

the patients undergoing bilateral surgery isolates the
effect of the trial treatment from the interindividual vari-
ation, as these patients serve as their own control. Patients
who undergo two-stage breast reconstruction with an
expander implant, which is replaced with a permanent
implant after 3-6months, are allocated to the same trial
treatment during both surgeries (see figure 2 for an over-
view of the trial design).

The randomisation is stratified according to study
site, whether the patients undergo unilateral or bilateral
surgery, and selected risk factors based on the literature™
including radiation therapy and immediate vs delayed
reconstruction. This approach ensures an even distri-
bution of the selected risk factors in the placebo group
and the intervention group. The randomised design
will ensure that other potential risk factors, which are
not included in the stratification, are evenly distributed
in the intervention and control group. The treatment is
assigned in a fixed block size of two to ensure that the
trial drug and placebo are evenly distributed within each
stratum.

Blinding
The trial is double-blind so that the patients, site investi-
gators, healthcare personnel and the data assessors are

blinded to the allocated treatment. The only unblind
investigators are the nurses responsible for preparing the
trial drugs and the members of the trial coordination unit
who provide the treatment allocation. The designated
nurse prepares the trial drugs before the surgery. The
trial drugs are prepared outside of the operating room
to make sure that the surgeon and the surgical staff are
blinded to the treatment. The unblind investigators do
not take part in any treatmentrelated procedures, clin-
ical evaluation of the outcomes or data assessment. In
case of emergency unblinding, the trial coordination unit
will provide the allocation assignment under discretion of
the treating physician.

Primary outcome
All-cause explantation of the breast implant within 180 days after
the breast reconstruction
All-cause explantation is defined as explantation and
discarding of the breast implant. However, the following
cases are not counted as explantation: replacement of an
expander with a permanent implant; and replacement of
a permanent breast implant with a new permanent breast
implant due to cosmetic revisions such as asymmetry,
implant malposition, change of size or implant rotation.
The rationale for the primary outcome is to quantify
whether the locally applied antibiotics prevent severe
infection or other complications that leads to loss of
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Figure 2 Overview of the trial design. The patients are
randomised to antibiotic treatment or placebo applied
directly onto the breast implant and in the dissected tissue
pocket. Patients who undergo bilateral breast reconstruction
are randomised to antibiotics on one side and placebo

on the contralateral side. Patients who undergo unilateral
breast reconstruction are randomised to either antibiotics or
placebo.
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the reconstruction within 180 days after surgery. Some-
times, the indication for explantation of the implant
may be ambiguous because multiple complications can
occur simultaneously. Therefore, all-cause explantation
was chosen as a more objective alternative to infection
that leads to explantation of the implant. The primary
outcome does not include explantation and direct place-
ment of a new permanent implant for cosmetic reasons
because revisional surgery is not considered a proxy for
severe complications that may be affected by antibiotics
on the implant.

The definition of explantation for cosmetic reasons
and discarding of the breast implant was revised in the
protocol V.2.8, dated 10 May 2022, from only mentioning
asymmetry and implant rotation to include all types of
implant malposition and change of implant size.

Secondary outcomes

Time to explantation

Time to explantation is defined as the number of days
from the reconstructive surgery to the surgical removal
of the implant. This outcome was chosen because local
application of antibiotics may delay the development of a
postoperative clinical infection.

All-cause explantation of the breast implant within 1 year after the
breast reconstruction surgery (Y/N)

Previous studies®® suggest that surgical removal of the
permanent implant can occur up to lyear after the
surgery, and therefore, this is included as a secondary
outcome.

Revision surgery with incision of the fibrous capsule after the
breast reconstruction surgery

This is defined as all revisional surgery that includes expo-
sure of the breast implant. This outcome was included
because the breast reconstruction in some cases can be
upheld with revisional surgery despite complications that
may be associated with low-virulent bacteria.

Exchange of the permanent implant with an expander implant after
the breast reconstructive surgery

This subgroup consists of patients who undergo a salvage
procedure, where the permanentimplantis removed and
discarded, and the implant pocket is cleansed and irri-
gated with antiseptic agents (eg, a solution of hydrogen
peroxide) after which an expander implant is inserted
to prevent the tissue envelope from contracting while
still preserving the vulnerable skin flaps. This group will
be counted in the primary outcome, but we hypothesise
that the patients chosen for this treatment option may
have less severe symptoms of infection and may have
concomitant necrosis due to poor blood supply to the
skin flaps. Therefore, the effect of the treatment in this
subgroup may be modest compared with the patients
who have explantation without replacing it with an
expander.

Surgical site infection that leads to antibiotic treatment within 180
days after the breast reconstruction

Surgical site infection is defined according to the
CDC classification.”” The clinical signs of infection are
combined with the prescription of antibiotics as a confir-
mation of the surgeons suspicion of infection. Additional
outcome measures are listed in online supplemental file
1 and on ClinicalTrials.gov.

Long-term outcomes

The trial includes a long-term assessment of capsular
contracture after 5, 10 and 15 years. The use of locally
applied antibiotics could potentially decrease the rate of
capsular contracture by minimising or altering the low-
virulent bacterial contamination of the implant. There-
fore, capsular contracture is an important long-term
outcome.

The trial also evaluates long-term quality of life using
the BREAST-Q questionnaire ‘Reconstruction Module’.*®
The preoperative questionnaire is administered after the
patient has provided informed consent. The postopera-
tive questionnaire is administered 3 months, 1year and 5
years postoperatively. The application of local antibiotics
may decrease the risk of postoperative complications and
thereby decrease the risk of undergoing revision surgery.
This in turn may lead to improved patient satisfaction and
quality of life. BREAST-Q) is a validated tool used to quan-
tify patient satisfaction and health-related quality of life
after breast reconstruction surgery.

Sample size

The trial is powered to find a 5% risk reduction in the
primary outcome. Based on the literature, the assumed
rate of implant loss in the control group is 10%.°” The
independent sample unit is ‘breast’, because previous
data do not suggest thatimplant loss is correlated between
the two breasts of a patient.” Therefore, the power of the
trial is based on the number of breasts, so that the final
number of included patients depends on the proportion
of patients who undergo bilateral breast reconstruction.
With an alpha of 0.05, the trial will have a power of 0.90
to detect an absolute risk reduction of 5% with 1158
breasts. To account for drop-out of up to 10%, we will
include patients with a combined estimated number of
1274 breasts in the trial. We expect 27% of the patients
to undergo bilateral breast reconstruction (based on
unpublished data) and, therefore, 1003 patients will be
included in the trial.

Statistical analysis plan
The statistical analyses and reporting will adhere to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines.29 All statistical analyses will be conducted on
a modified intention-to-treat population defined as all
patients that have been allocated to the study drug and
have a valid informed consent.

The primary outcome and key secondary outcomes are
categorical variables and will be presented as frequencies
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in each group. The overall effect of the intervention on
the primary and secondary outcomes will be modelled
as both univariate and multivariate mixed effects logistic
regression models considering the correlation between
breasts in patients undergoing bilateral surgery. The
results will be presented as crude and adjusted ORs
with 95% CIs. The model will be adjusted for poten-
tial confounders, including age, smoking, body mass
index, trial site and indication for surgery (prophylactic
mastectomy vs mastectomy after cancer diagnosis). The
full statistical analysis plan is provided in the protocol in
online supplemental file 1.

Data collection and follow-up

All patients are admitted to the hospital for approximately
3 days after the surgery. All patients are scheduled for post-
operative follow-up visits after approximately 3 months
and lyear. Data on drug administration are obtained
real time and entered in an electronic case report form.
Additional data are obtained from the patients’ medical
records by trained researchers and entered in the elec-
tronic case report form. A list of included variables is
provided in the protocol in online supplemental file 1.

Clinical treatment

Participation in the trial will not interfere with any clin-
ical decisions regarding the treatment of the patients,
and all other clinical treatment than the trial treatment,
including preoperatively, perioperatively and postopera-
tively administered medicine, will adhere to the standard
treatment at each trial site. The randomised design and
the stratified randomisation will ensure that potential
risk factors which may influence the outcome are equally
distributed in the placebo and intervention group.

Patient and public involvement
None.

ETHICS AND DISSEMINATION

Ethical considerations

The trial protocol has been reviewed and approved by
the Regional Ethics Committee of the Capital Region
(H-20056592) on 1 January 2021 and the Danish Medi-
cines Agency (EudraCT 2020-002459-40) on 2 August
2020. The trial is monitored by the Good Clinical Practice
units in Denmark.

There are currently no clinical guidelines in Denmark
regarding the use of locally applied antibiotics on breast
implants, and the treatment depends on the individual
surgeon’s preference. Allocation to placebo in this trial
is therefore considered ethically acceptable. A detailed
description of the ethical considerations is provided in
online supplemental file 1.

Safety considerations

Previous studies have shown that the serum level after
local application of antibiotics is low,30 3 and there-
fore, the risk of systemic side effects is low. Gentamicin,

vancomycin and cefazolin have been used for local appli-
cation on breast implants for many years and are consid-
ered safe.'® * If the patients experience adverse events,
it will be registered in an electronic case report form
in REDCap and treated according to local guidelines.
All serious adverse reactions will be reported yearly to
the Danish Medicines Agency and the Regional Ethics
Committee by the sponsor-investigator during the study
period. A more detailed description of the safety consid-
erations is provided in the protocol in online supple-
mental file 1.

Consent

Consent from trial participants is obtained according
to Danish legislation.”® The investigators are respon-
sible for obtaining the signed, informed consent from
the patients prior to any protocol-related activities. The
consent can be withdrawn by the patient at any time and
without explanation, after which the patient will receive
the standard treatment according to the local guidelines.
An example of the patient consent form is provided in
online supplemental files 2 and 3.

Dissemination

The main paper will include the primary and secondary
outcomes. The manuscript will adhere to the CONSORT
guidelines and will be used to report the results of the
trial to the scientific community. The manuscript will be
submitted to an international peerreviewed journal, and
both positive, negative and inconclusive results will be
published. The findings of the trial will be shared with
participating sites and presented at national and interna-
tional conferences. The results will be registered at Clini-
calTrials.gov and will be disseminated to the public.

Status

The first patient was enrolled in the trial in January 2021,
and the trial is currently recruiting. The last patient is
expected to be included in January 2025. The primary
results of the trial are anticipated in July 2025 after the
last patient’s last follow-up. The results from this trial
can be used in evidence-based treatment guidelines for
implant-based breast reconstruction surgery.
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