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ABSTRACT

Introduction Over the last decades, treatment of

breast cancer has become increasingly more effective.
Consequently, an increasing number of women are

living with late effects of breast cancer treatment,
including disfiguring scars, deformity or asymmetry of

the breast, secondary lymphoedema and other physical
and psychosocial late effects. Data from this study will
provide knowledge on how to guide breast reconstruction
in the future towards outcomes with fewer complications,
higher long-term quality of life (QoL) and satisfaction with
the aesthetic outcome. The development of secondary
lymphoedema, for which the effect of breast reconstruction
has yet to be established, will be thoroughly examined.
Methods and analysis Women receiving breast
reconstruction (autologous and implant based) at the
Department of Plastic Surgery and Burns Treatment,
Rigshospitalet, will be invited to participate. The patients
will be followed for 10 years postoperatively. Demographic,
health-related, oncological characteristics and treatment
data will be registered. Validated assessment tools,

such as the BREAST-Q and Beck Depression Inventory,

will be used to measure an extensive range of clinical
outcomes, including QoL, life and aesthetic satisfaction
and depression. Arm range of motion will be measured
with a goniometer and lymphoedema by bioimpedance
spectroscopy, compared with circular arm measurements.
Ethics and dissemination This study will be conducted
according to the 5th version of the Helsinki Declaration.
The regional ethical committee for Capital Region Denmark
did not find the study notifiable, according to the law of the
committee § 1, part 4. All data will be anonymised before
its publication. This study will be conducted according to
the Danish data protection regulation and is catalogued
and approved by the Capital Region Head of Knowledge
Centre. According to the Danish health law § 46, part

2, this study does not need the Danish Patient Safety
Authority’s approval. The findings of this study will be
submitted to international peer-reviewed journals.

INTRODUCTION

Background and rationale

Breast cancer is the most common cancer
in women worldwide, with a lifetime risk
of almost 10% and more than 17 million

,! Elisabeth Lauritzen,' Linnea Langhans,’

Strengths and limitations of this study

» This study is the first prospective study that aims
to collect extensive data covering the entire path-
way for all patients receiving breast reconstruction,
including both objective and subjective measures
and outcomes for the different breast reconstruction
methods, which will provide us with the knowledge
to guide future breast reconstruction towards out-
comes with fewer complications, higher long-term
quality of life and satisfaction with the aesthetic
outcome.

» Using a 10-year follow-up, time-dependent changes
in both objective measurements of lymphoedema
and changes in patient-reported outcomes after re-
constructive surgery will aid both patients and sur-
geons in decision-making.

» The Danish healthcare system is free with equal ac-
cess for all patients, which prevents selection bias
due to a low patient income.

» A focus group will help write patient information to
increase recruitment, help improve retention and
minimise loss to follow-up.

» We expect to initially include 200-300 breast re-
constructions per year, with a quick expansion
to other hospitals, and share this knowledge on
breast reconstruction in the Danish Breast Cancer
Cooperative Group-database.

disability-adjusted life-years on a global
scale.! * Breast cancer treatment has become
more effective,”* improving the 5-year relative
survival rate from 79% in 1999-2003 to 88%
in 2014-2017.”° Improvement in survival rate
and risk-reducing surgery in BRCA1 or BRCA2
mutation carriers’'? leads to an increasing
number of women suffering from late effects
following surgical treatment. In the past two
decades, there has been a growing aware-
ness of these late effects, including disfig-
uring scarring, a missing breast, deformity
or asymmetry of the breasts, lymphoedema,
sensory disturbances, and other physical and
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psychosocial late effects. Studies have demonstrated that
aesthetic satisfaction and minimal breast asymmetry are
strongly associated with improved quality of life (QoL),"
whereas pronounced breast asymmetry has been associ-
ated with poor psychosocial functioning.'*

Breast reconstruction

Studies have shown that women experience a better body
image, improved QoL and less intrusive thoughts about
cancer and death after receiving a breast reconstruc-
tion."”” According to the Danish Breast Cancer Cooper-
ative Group (DBCG), all patients should be informed
about the possibility of a delayed reconstruction within
2 years after having mastectomy performed,"” thereby
integrating breast reconstruction as part of the treatment
for breast cancer. Moreover, immediate breast reconstruc-
tion is also considered an integrated part of breast cancer
treatment'’

In Denmark, a study from 2015 showed that 40% of
women treated for breast cancer with a mastectomy
underwent breast reconstruction.'” A report from the
Agency for Healthcare Research and Quality found a
67% increase in the ratio of breast reconstructions to
mastectomies between 2009 and 2014, confirming that
the number of women receiving breast reconstruction
is increasing.'® Breast reconstruction can be performed
as immediate or delayed and consists of implant based
or autologous reconstruction, or a combination of these
methods, where the most common type of implant-based
reconstruction is a two-stage reconstruction using tissue
expander/implant."

Multiple options are available when it comes to autol-
ogous reconstruction, including; the pedicled latissimus
dorsi flap (LD) with or without an implant, deep inferior
epigastric artery perforator flap, transverse abdominal
musculocutaneous flap (pedicled or as a free flap), and
gluteal and upper thigh-based flaps.’ Previous studies
have found superior aesthetic outcomes and patient satis-
faction for autologous reconstruction compared with
implant-based techniques and,” ™ a study by Jagsi et al
found that satisfaction is related to the type of reconstruc-
tion and exposure to radiation.**

The timing of breast reconstruction has been investi-
gated in several studies, and immediate breast reconstruc-
tion has been found favourable compared with delayed
reconstruction when looking at the psychosocial impact
and the economic aspect.%’?’0 After breast reconstruction,
complications are a significant risk factor for dissatisfac-
tion with the aesthetic outcome. However, complication
rates after breast reconstruction vary largely in the liter-
ature ranging from 5.8% to 52%,%**'** and there is no
consensus on whether immediate or delayed reconstruc-
tion has the highest rate of complications."** Inadequate
tissue perfusion is directly related to early complica-
tions in reconstructive procedures,34 and the incidence
of skin necrosis after mastectomy has been found to be
relatively high, ranging from 10% to 20%,” suggesting
a need for a reliable method to estimate the perfusion.™

Studies indicate that indocyanine green angiography-
angiography of the mastectomy flaps is a valuable tool in
evaluating the intraoI:])erative perfusion and predicting
healing of the skin,’**” but it is not used routinely.

Late effects of breast cancer surgery

Other significant late effects of breast cancer surgery
include decreased range of motion (ROM) and lymph-
oedema. ROM after breast reconstructive surgery is
previously investigated™™’; though, a systematic review
and meta-analysis from 2018, focusing on ROM after LD
flap reconstruction was inconclusive."’ Lymphoedema
is a known late effect of breast cancer, being the most
common cause of secondary lymphoedema in the USA.*
The incidence varies in different studies,43_45 and a meta-
analysis, including data from 72 studies of 29 612 women
with breast cancer, found an incidence of 16.6%.% Thus
far, the effect of breast reconstruction on lymphoedema
is not evident. One study found immediate breast recon-
struction to be associated with a higher risk of lymphoe-
dema development.”’” Nevertheless, a study by Coriddi
found no significant differences in the development of
lymphoedema when comparing immediate and delayed
breast reconstruction,* and a study by Chang found that
delayed breast reconstruction with autologous tissue
might even reduce lymphoedema already present.*’

Objective

Assessment of breast reconstructive surgery’s effect and
added value on QoL, long-term risk of lymphoedema and
complications are currently missing. Even though every
element is valuable, previous studies often focus on a
single parameter rather than the overall picture/concep-
tion. The purpose of the study is primarily to examine
the impact of different types of breast reconstruction on
the development of lymphoedema and shoulder func-
tion. The second aim is to gain knowledge on the impact
of breast reconstruction on several patientreported
outcomes, aesthetic outcomes and treatment-related
complications.

Data from this study will provide us with the knowledge
to guide future breast reconstruction towards outcomes
with fewer complications, higher long-term QoL and
satisfaction with the aesthetic outcome.

METHODS

The study is designed as a 10-year prospective cohort study,
chosen for its advantage in assessing causality. Collec-
tion of specific exposure details (eg, details on adjuvant
therapy, breast reconstruction type, and baseline QoL)
will be performed and the relative risk of lymphoedema
due to an exposure examined.” Inclusion will be initiated
by February 2022 to January 2032, and follow-up time
will end in January 2042. The data collected will include
patients' data, questionnaires regarding QoL, long-term
aesthetic satisfaction, measured aesthetic outcome and
lymphoedema development.
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Outcomes

Primary outcomes

» Does breast reconstruction influence development of
lymphoedema?

» Does the type of breast reconstruction affect develop-
ment of lymphoedema and shoulder function?

» Does the timing of breast reconstruction affect the
risk of lymphoedema development and shoulder
function?

» When is the onset of lymphoedema in relation to
breast reconstruction?

Secondary outcomes

» Does immediate breast reconstruction yield higher
short and long-term satisfaction with the aesthetic
outcome and QoL compared with delayed breast
reconstruction, and are these measures affected by
the type of breast reconstruction?

» Is there any correlation between adjuvant therapy and
patient satisfaction?

» Do baseline factors such as age, smoking, body mass
index (BMI) affect the choice of immediate or delayed
reconstruction and the type of reconstruction?

» What is the correlation between tumour size and fear
of recurrence for the patient?

» Does the type and timing of breast reconstruction
effect;

- Postoperative complications?

- Postoperation hospitalisation time?

- Patient and clinician assessment of the scars mea-
sured by the Patient and Observer Scar Assessment
Score (POSAS) scale?

- Development of depression?

Study population: inclusion and exclusion criteria

Inclusion will be from February 2022 to January 2032,

and follow-up time will end in January 2042. Patients

will initially be recruited in the outpatient clinic at the

Department of Plastic Surgery and Burns Treatment,

Copenhagen University Hospital, Rigshospitalet. Within

a few months, inclusion will start at Odense univer-

sity hospital and Vejle Regional hospital. The plan is to

expand to six university hospitals and two regional hospi-
tals in Denmark within the first 2 years, ensuring more
participants.

Inclusion criteria:

» Female patients 218 years.

» Eligible for immediate or
reconstruction.

» Understand enough Danish to comprehend the given
information, complete the study questionnaires and
provide written informed consent.

Patients eligible for inclusion will receive oral and
written information, from either a doctor or a nurse
familiar with the study and will be asked to participate in
the study. They will be offered a reflection period of at
least 24 hours if needed before giving informed consent.
Patient consent forms and information about the research

delayed  breast

project will be developed in collaboration with a focus
group of breast cancer patients to secure understandable
information on a participant level.

Withdrawal and replacement

Patients included in the study can withdraw consent to
participate without affecting the present or future treat-
ment at any time without justification. Patients with-
drawing consent will be considered as ‘lost to follow-up’.

Data collection

Patients will receive the relevant questionnaires via the
electronic system; Research Electronic Data Capture
(REDCap).”"  The questionnaires consist of validated
patientreported outcome measures, including QoL
measures, body image, aesthetic breast satisfaction,
satisfaction with life and questions on demographic
and health-related characteristics. The timeline for the
patient’s pathway in the study is outlined in figure 1.
Patients will undergo the standard preoperative, perop-
erative and postoperative procedures and follow-ups
according to the department’s standard guidelines. Also,
patients will be seen at 4 weeks, 4-6 months, 1, 2, 3, 4, 5
and 10 years postoperatively by a doctor, physiotherapist,
or nurse familiar with the study. Lymphoedema will be
measured with circumferential measurements,B?’ as well as
a bioimpedance spectroscopy (BIS) system called SOZO
(https://www.impedimed.com/products/sozo/)54; and
categorised according to the International Society of
Lymphology staging system,” where stage 0 is subclin-
ical lymphoedema, and stage 3 is severe lymphoedema
with >40% increase in limb volume.” Instead of measuring
the arm’s volume, BIS uses an electrical current (painless)
to scan the upper extremities by measuring the resistance
to the current. A goniometer will be used to measure the
shoulder ROM of both arms in degrees on a full circle,”
and graded into a specific scale for ROM, where a deficit
from 0% to 5% from full ROM=normal; 6%-15%=mild;
16%—-40%=moderate; <40% = severe, as previously used in
literature.”® BMI will be measured by a physiothempist,57
and the Breast Aesthetic Evaluation Score (BraScore) will
be used to evaluate aesthetics.'” The surgeon will perform
standard breast measurements. Patient demographics,
preperoperative, perperoperative and postoperative data
will be obtained from the electronic patient file (online
supplemental table 1), processed and analysed (data will
be anonymised). All data will be entered and stored in the
REDCap database.

Patient questionnaires

One of the most widely used patient-reported outcomes
is the BREAST-Q.”® The BREAST-Q is a validated instru-
ment specific to breast surgery and used in more than
20 000 patients undergoing breast reconstruction.”
One of BREAST-Q)’s advantages is that specific modules
have been developed for breast reconstruction, which
consider the type of breast reconstruction performed.
The preoperative modules of the BREAST-Q) consist
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Patients eligible for inclusion

A

* Consent

*  Oral and written information about the research project

Patients included

Patients not whishing to participate

Preoperative examination

Questionnaires: Breast-Q, BDI, CARQ-3, SWLS, BIS

Baseline lymphedema measurements and L-dex value on SOZO
Baseline shoulder ROM

BraScore

*  Data from patient journal

Surgery

4-week control

A

4-6-month control

1-year control

2-, 3-, 4-, and 5-year control

l

10-year control

Figure 1

¢ J-P, Pl, and M-P measurements
*  Spy-registration

* Questionnaires: Breast-Q, BDI, CARQ-3, SWLS, BIS

¢ J-P, Pl, and M-P measurements

*  Lymphedema measurements and L-dex value on SOZO
*  Shoulder ROM

e BraScore

¢ Long-term changes

* Questionnaires: Breast-Q, BDI, CARQ-3, SWLS, BIS

¢ J-P, Pl, and M-P measurements

*  Lymphedema measurements and L-dex value on SOZO
*  Shoulder ROM

e  BraScore

Flow chart of patient inclusion and study design. BDI, Beck Depression Inventory; BIS, bioimpedance spectroscopy;

CARQ-3, Concerns About Recurrence Questionnaire; ROM, range of motion; SWLS, Satisfaction With Life Scale. M-P, Midtlinie
- papilla distance; PI, Papilla - inframammary fold distance; J-P, Jugulum - papilla distance.

of four identical subscales: Satisfaction with Breasts,
Psychosocial Well-being, Sexual Well-being and Phys-
ical Well-being. Each scale is analysed using the Q-Score
data analysis programme developed by Rasch Unidi-
mensional Measurement Models Laboratory. Each scale
is transformed into a summary score ranging from 0 to
100, with higher scores indicating higher satisfaction or
better QoL. The Reconstruction module that we plan to
use in our study includes a Physical Well-being Abdomen
for patients receiving autologous reconstruction.”’ The
BREAST-Q has only one question directly related to
arm lymphoedema; however, a scale regarding lymphoe-
dema—Lymphoedema-Q—is developed, and the Danish
translation is currently being validated. We are awaiting
the publishing of the Danish Lymph-Q, which we will
then include in a sequel of the study.

The Beck Depression Inventory (BDI) is a self-rating
measurement of the behavioural manifestations of
depression,” without the clinician’s subjective bias and

will, therefore, be more valid for a long follow-up period
where different clinicians otherwise would be evaluating
symptoms of depression. The BDI also has the advantage
that it is designed to reflect the depth of depression,
which means that it can monitor changes over time and
provide an objective measure of improving or worsening
symptoms.”® BDI consist of 21 items of descriptive state-
ments. Each statement’s score ranges from 0 (symptom
not there) to 3 (symptom present most of the time). This
gives a scale of 0-63 points where <9: no depression,
10-18: mild depression, 19-29: moderate depression,
230: suicidal or severe interference with work or social
life extending into the inability to work.

It has been reported that up to 70% of young women
with breast cancer experience moderate to severe levels
of fear of cancer recurrence.” We intend to evaluate fear
of cancer recurrence with the Concerns About Recur-
rence Questionnaire (CARQ-3), which is validated and
breast cancer-specific.”” Higher scores indicate a higher
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fear of cancer recurrence.”® CARQ-3 consists of three
items answered on an 11-point Likert scale ranging from
0 to 10.

The POSAS is a validated instrument designed to
measure scar quality, and it consists of two scales, one
completed by the patient and the other completed by the
observer.” It is more comprehensive and has a higher
correlation with patients’ ratings than previous tools used
to assess scar quality.m

We will evaluate aesthetic appearance using the BraS-
core,13 a seven-item study-specific scale. Each item on
the BraScore is scored on a seven-point Likert scale
ranging from 1 (very dissatisfied) to 7 (very satisfied) and
summated into a total score ranging from 7 to 49. These
items include satisfaction with the breast appearance
without a bra and with a bra; satisfaction with size, shape,
and the breast’s softness; the fulfilment of expectations,
and overall result. Higher scores indicate greater satisfac-
tion with aesthetic appearance.

Hopwood’s Body Image Scale (HBIS) is a 10-item breast
cancer-specific scale evaluating surgical procedures’
impact on the patient’s body image.7l The scale has previ-
ously been used in Danish breast cancer studies, is highly
reliable, clinically validated, and sensitive to change.71 72
Each item in the HBIS is scored on a four-point Likert
scale ranging from 0 (not at all) to 3 (very much) and
summated into a total score ranging from 0 to 30, with
lower scores indicating better body image.*

QoL will be measured using the Satisfaction With Life
Scale (SWLS),73 which reflects on satisfaction with life
conditions and own achievements. Individuals will value
different components of ‘the good life’, such as health,
money, or successful relationships, differently from
other people with a different set of values—or different
weighting of values. The SWLS items are not specific,
allowing the respondent to weigh their lives' domains
according to their values.” The scale consists of 5 state-
ments; for each statement, there is a 7° scale from 1, ‘I
definitely do not agree’, to 7, ‘I definitely agree’. The
range of scores on SWLS is from 5 to 35. The Sten scale is
applied for interpretation,” where 1-4 Sten scores signify
low satisfaction with life, 5—6; mediocre satisfaction and
7-10; high satisfaction.

Storing of data and data treatment

Data will be stored in REDCap, and permission is granted
by the Capital Regional Data Inventory, with the journal
number P-2019-751 in accordance with article 30 of the
data protection regulation.

Risks, side effects and disadvantages

There are no risks or side effects for patients included
in the study. Patients follow standard treatment and
controls. Patients need to spend extra time filling out
questionnaires and visit the hospital more frequently for
extra follow-up visits, which could be a disadvantage for
some. An advantage for patients included in the study

could be earlier detection of lymphoedema and issues
with ROM, leading to earlier treatment.

Patient insurance

Any harm or injury of the patient directly related to partic-
ipation in the project is covered by the public patient
insurance (Patienterstatningen). Participating patients
will not be given any reimbursement.

Potential bias

There is a potential for selection bias since patients
recruited in the study are mainly people living in the
capital area with a different demographic distribution
than other areas of the country. The plan is to expand
the study to a multi-centre study minimising/preventing
this type of bias. The Danish healthcare system is free
with equal access for all patients, which prevents selec-
tion bias due to a low patient income. Other factors, such
as socioeconomic status, level of education and language
barriers, might influence the decision to choose breast
reconstruction. Recruitment bias and lost to follow-up
will be minimised by inviting a focus group of patients to
help write the patient information for the study, as patient
involvement has shown to increase recruitment and help
improve retention.”® ”” We do not expect interviewer bias
as patients are given self-rating questionnaires.

Sample size
Approximately 300 breast reconstructions are performed
yearly at the Department of Plastic Surgery and Burns
Treatment, Rigshospitalet. The patients are offered the
whole plethora of reconstructive techniques, including
implant-based or autologous (free or pedicled flaps) or
combinations thereof. The reconstructions at Rigshospi-
talet are distributed as follows: Around 150-200 imme-
diate reconstructions a year, of which 50% are with
autologous tissue, 80-120 delayed breast reconstructions
a year, of these, 75% are with autologous tissue, 50 onco-
plastic surgeries (either volume replacement or volume
displacement depending on the patient’s body habitus).
Patients will be included continuously for 10 years, with
a possibility for expansion. A minimum of 2000 patients
is expected to be included, and we expect a maximum of
300 patients will be lost to follow-up, yielding a minimum
sample of 1700 patients. The sample size is not calcu-
lated based on a statistical perspective, as the study is
observational.

Statistical considerations

Analysis of data will be done both as 1-year, 2-year, 5-year
and 10-year results. Baseline statistics will be analysed with
descriptive statistics, where continuous variables such as
BMI will be reported as mean values with SD and range,
and will be compared between different reconstruction
types using t-test. Categorical variables will be counted
and reported as percentage and compared using Pear-
son’s x” test. Primary outcomes of lymphoedema develop-
ment and shoulder function will be analysed with survival
analysis, using absolute risks and HRs (cox regression).
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Death will be used as competing risk. Time to event will
be defined as the time from surgery to development of
lymphoedema grade 1, data collection or death, which-
ever came first, and for ROM grade under grade 4, data
collection or death, whichever came first. Patient who
do not develop lymphoedema or decreased ROM will be
censored in the analysis. There will be separate analysis
for lymphoedema and ROM. Patients that suffer from
lymphoedema will be analysed using descriptive statistics.

BREAST-Q) has previously been analysed with multiple
linear regression, in order to identify which variables
were associated with BREAST-Q scores.”” The authors
have previously used multiple logistic regression models
to test associations between patientreported aesthetic
outcome (BraScores) and perceived change in QoL."
Linear regression models have used to analyse the influ-
ence of different factors on SWLS.”™ Another potential
way to analyse QoL, aesthetic satisfaction and depression
changes over time in the BREAST-Q subscales, SWLS,
BraScore and HBIS, is using a linear mixed model for
each dimension of the different scales and using the
baseline score as a covariate. The main advantage of
this approach is that each measurement of each subject
is used, regardless of time-to-drop-out. Missing items
and death will be dealt with in two different ways. Death
before 10-year follow-up will be dealt with by competing
risk and censuring.

Missing items that are not due to death will be dealt
with in the following way: Variables with missing data over
60% will be dropped if the data is deemed insignificant;
however, we do not expect to encounter such an issue.
Therefore, missing data will be imputed for the body
image scale, BraScore and SWLS using individual mean
imputation. The final analysis will depend on different
factors such as mortality and year of follow-up.

The statistical expertise has been provided by Statis-
tical Advisory Services, Rigshospitalet, in preparing the
protocol. Moreover, the institutional statistician will be a
key player in statistical analysis of the data obtained.

DISCUSSION

Studies have shown that female patients with lymphoe-
dema experience a significantly lower QolL, are more
anxious, and prone to a depressive state of mind than
cancer patients without lymphoedema.79 Axillary lymph
node dissection, radiotherapy, obesity, a history of chemo-
therapy infusion in the affected limb, and age above 50
are all well-known risk factors for developing secondary
lymphoedema.”™* #*2 However, the effect of timing of
breast reconstruction and type of breast reconstruction
on lymphoedema has yet to be established, as only few
studies have examined this relationship. A retrospective
study from 2010 by Crosby et al compared the incidence
of upper extremity lymphoedema in patients with breast
cancer undergoing immediate breast reconstruction and
did not find the type of reconstruction to have a signif-
icant effect on lymphoedema,® but the diagnosis of

lymphoedema was determined by journal notes and not
systematic objective measures.

There is currently no treatment that can cure lymph-
oedema. Surgery in lymphoedema treatment has shown
promising results using different approaches such as
lymphaticovenular bypass, inguinal lymph node transfer,
autologous lymph vessel transplantation, lymphatic
venous anastomosis and suction-assisted lipectomy,**
and delayed autologous breast reconstruction was found
to improve lymphoedema symptoms in a study by Siotos et
al.” Treatment of subclinical ymphoedema with compres-
sion garments has shown to be effective but requires early
diagnosis.” Further studies are needed to set a new gold
standard and personalise lymphoedema treatment, and
we expect our study to supply data for this, as treatment
of lymphoedema also will be recorded. The hypothesis
of a positive effect of delayed breast reconstruction on
lymphoedema previously expressed in literature will be
examined as part of our study.

A recent European study of 543 patients with cancer
estimated that lymphoedema management was delayed
at an average of 3.6 years from the initial onset of symp-
toms.” Lymphoscintigraphy is considered the gold stan-
dard imaging modality for diagnosing lymphoedema,’
but many different diagnostic modalities exist: Water
displacement,” circumference measurement,” perom-
etry,”® and recently, the use of BIS has been initiated.
Multiple studies have documented its ability to detect
subclinical lymphoedema up to 10 months before the
appearance of clinical symptoms.””"'% It has been shown
that early detection and treatment of subclinical lymph-
oedema can led to a significant reduction in clinical
lymphoedema.'”* ' We will investigate this further in our
study, where we will use the BIS SOZO system to identify
differences in lymphoedema development, dependent
on the type of reconstruction. Our study will provide data
for validation of the BIS SOZO system, and we hope the
clinical experience of integrating it into clinical practice
will set it forward as a standard diagnostic instrument for
all breast cancer patients. This could help minimise delay
in diagnosing lymphoedema and facilitate the potential
for early treatment.

Assessment, treatment and advice for lymphoedema
vary between different groups of health professionals.'"
This variation in treatment, together with physicians’
limited knowledge about lymphoedema, causes distress
for the patients.'” It implies a further need for informa-
tion and education of patients and healthcare profes-
sionals to improve the treatment of lymphoedema.'”
The psychosocial impact, the associated increased risk of
infection, and significantly higher medical costs related to
lymphoedema,'” highlights the importance of timely and
correct treatment based on the exact diagnosis. A Danish
study by Gartner et al, including 2293 patients, implied
the need for policymakers to be aware of the need for
long-term follow-up on lymphoedema.*

An earlier return to normal ROM is thought to main-
tain better shoulder girdle strength and lower the

6 Laustsen-Kiel CM, et al. BMJ Open 2021;11:¢052676. doi:10.1136/bmjopen-2021-052676



number of patients requiring postoperative physical and
occupational therapy. The recent introduction of prepec-
toral implants compared with postpectoral implants
are thought to facilitate earlier return to normal ROM,
however; as this technique is new, more data is needed
to confirm the benefits.""” Axillary lymph node dissection
has been found to effect ROM,38 however, no patients in
this study had breast reconstruction, and current litera-
ture is not in agreement on whether or not the type of
breast reconstruction affects ROM.™ ™ "' Our study will
provide data on ROM, enabling analysis of the effect of
type of breast reconstruction on ROM.

This study is the first prospective study to collect exten-
sive data covering the entire pathway for patients with
breast cancer receiving breast reconstruction. It includes
both objective and subjective measures and outcomes for
different types of breast reconstruction. Our study may
prevent late effects of breast cancer treatment (lymph-
oedema, ROM, depression) in the future, as outcomes
related to breast reconstruction type will be analysed, and
one type will potentially be superior to others, but more
likely, might be better suited for a specific type of patient.
Pragmatically, knowledge accumulated in this study on
risks and advantages for both physical and psychological
effects, can be considered when planning breast recon-
struction, both regarding timing and reconstruction
type, thereby minimising the impact cancer treatment
has on the patient. Eventually, the result may also reduce
the total financial expense for society. The direct effect
due to reduced surgical costs, such as shorter admission
time to hospital and fewer complications. Indirectly, less
long-term side effects such as lymphoedema or depres-
sion could also increase the rate of patients continuing
work and thereby contributing to societal economy for a
more extended period. With the longer life expectancy
after breast cancer treatment, offering breast reconstruc-
tions that yield a high body image score and QoL score is
crucial. Therefore, long-term follow-up of patients under-
going breast reconstruction on body image satisfaction
and QoL is needed to evaluate established methods and
improve and develop new methods for breast reconstruc-
tions. Moreover, the study may elucidate data, optimising
data integration, and share this knowledge on breast
reconstruction in the DBCG database.
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