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Background Lymphedema affects one in six breast cancer survivors making it a global healthcare challenge. There is
considerable debate about the efficacy of different treatments for lymphedema. We aimed to summarize the current
evidence for treatments for lymphedema in breast cancer survivors.

Methods In this overview of systematic reviews with meta-analyses (SRMAs), five databases were searched for SRMAs
of randomised controlled trials (RCTs) reporting effects of medications, surgery, exercise, laser therapy, acupuncture,
kinesio taping, or complex decongestive physiotherapy (CDP) for breast cancer-related lymphedema published from
database inception up to March 7, 2023. Data extraction was performed for the SRMAs and RCTs, and SRMAs were
appraised with AMSTAR2. Random effects meta-analyses of the RCTs provided estimates of the pooled effects sizes
(Hedges’ g) for each treatment modality. This study is registered with PROSPERO, CRD42020184813.

Findings 1569 studies were identified by the search and eighteen SRMAs with 51 RCTs were included, investigating
manual lymphatic drainage (MLD), compression pump, exercise, kinesio taping, laser, and acupuncture. Overall, the
methodological quality of the SRMAs was low. SRMAs reached different conclusions for all treatment modalities,
except for kinesio taping where the two SRMAs found no effect. The analysis of 40 RCTs with 1970 participants
revealed a small effect across all interventions compared to any control (g = 0.20, p = 0.047, I” = 0.79), corresponding
to volume reductions of 119.7 ml (95% CI 135-104) and 88.0 ml (95% CI 99-77) in the intervention and control
groups, respectively, and a small effect of exercise (g = 0.26, p = 0.022, I* = 0.44). The between-group differences in
volume reduction were small and did not reach statistical significance for any one treatment modality.

Interpretation Based on the available data, there is no evidence of superiority of any one treatment on volume
reduction nor any solid research refuting these treatments. Thus, definitive conclusions to inform clinical practice
about the efficacy of these treatments cannot be drawn. Due to poor-quality evidence, more research is needed to
untangle the efficacy of each treatment component for different stages of lymphedema.
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Research in context

Evidence before this study

Numerous systematic reviews with meta-analysis (SRMAs) of
treatment interventions for breast cancer-related arm
lymphedema (BCRL) have been undertaken. Overviews of
reviews synthesize evidence dispersed across multiple reviews
and thus may better inform decision making in health care.
We searched PubMed for overviews of systematic reviews of
treatment interventions for BCRL from the inception of the
database to March 27th, 2023, with the search terms “breast
cancer” AND “lymphedema” AND “overview”. Two overviews
were identified. Both were intervention-specific, namely for
acupuncture (Zhang 2022) and laser therapy (Wang 2022)
and report conflicting evidence for the benefit of these
treatment modalities due to insufficient data and poor-quality
evidence. To our knowledge, no overview has synthesized
evidence across all treatment modalities for BCRL. We
therefore performed an overview of systematic reviews with
meta-analysis (SRMAs) of randomised controlled trials (RCTs)
for surgery, medication, exercise, laser therapy, kinesio taping,
acupuncture, and complex decongestive physiotherapy for
treatment of BCRL.

Introduction

Breast cancer-related lymphedema (BCRL) is a debili-
tating complication of cancer treatment, primarily from
surgical removal of axillary lymph nodes and radiation
of the axilla, characterized by progressive swelling typi-
cally of the arm or hand affecting more than one in six
breast cancer survivors."” Due to the chronic nature of
BCRL, it is one of the most feared sequelae with sig-
nificant personal and societal impact on those affected.’
This has increased the interest in research in preventive
and treatment strategies for BCRL.

Concurrent with the development of less invasive
treatments for breast cancer, the field of lymphedema
management has evolved. Treatment options for pa-
tients with cancer-related lymphedema aim to reduce
excess volume of the arm and symptoms of BCRL (e.g.,
heaviness and swelling) and consequently reduce the
lymphedema severity. Complex decongestive physical
therapy (CDP) uses the following modalities in isolation
or combination: a) compression bandaging or garments
and therapeutic exercise to reduce infiltration, remove
fluid, and remodel the limb; b) manual lymphatic
drainage (MLD), a specialized massage technique to
encourage lymph flow; c¢) skin care to protect and
moisturize skin to avoid cuts and infections; and d)
patient education. CDP is divided into two phases, one
aiming to reduce volume and symptoms especially
through compression bandaging, the second using a

Added value of this study

Across treatment modalities, the SRMAs all arrive at
conflicting conclusions except for the SRMAs on kinesio
taping, where both conclude that this modality does not
provide benefit compared to control conditions. Our meta-
analyses of the RCTs included in the SRMAs find a small effect
across all interventions compared to any control (active and
non-active) (Hedge's g = 0.20; p = 0.047) and a small effect of
exercise (Hedge's g = 0.26, p = 0.022). However, the overall
mean between-group difference in volume reduction was not
clinically meaningful (6.1 ml, p = 0.039) and statistically non-
significant for all individual treatment modalities.

Implications of all the available evidence

The available evidence does not allow for definitive
conclusions regarding the efficacy of currently used
treatments for reducing volume in BCRL. Health care
providers should not consider the lack evidence a reason to
refute these treatments to patients. Instead, it is
recommended to consider cost and time effectiveness as well
as closely monitor benefit with reliable, valid, and sensitive
measures of improvement. Suggestions are provided of how
the research community should address the shortcomings of
existing evidence.

personalized compression garment with the aim of
stabilizing the condition. Other treatment modalities for
BCRL include acupuncture,* kinesio taping,™® laser
therapy,”* pneumatic compression pumps,’ cardio and
resistance exercise,'® and surgical approaches.'""

There continues to be considerable debate about the
efficacy of different approaches to treatment for lym-
phedema, particularly regarding the efficacy of MLD."
To provide optimal treatment, health care pro-
fessionals need to be able to identify the most effective
evidence-based treatment options taking into account
patient preferences, resources, and clinical setting.

Evidence relating to the efficacy of interventions for
BCRL is often synthesized in intervention-specific sys-
tematic reviews. Overviews of reviews have the potential
to improve access to evidence dispersed across multiple
reviews'* and address the growing problem of infor-
mation overload by providing a way to filter large bodies
of complex evidence, thereby informing decision-
making in health care. To date, two overviews have
assessed the evidence on the effectiveness of laser
therapy” and acupuncture'® for treatment of BCRL,
while no overviews have compiled evidence across
treatment modalities.

The aim of this overview of systematic reviews with
meta-analyses (SRMAs) was to summarize the evidence
for effects of different treatment modalities for lym-
phedema in breast cancer survivors.
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Methods

Search strategy and selection criteria

This study was conducted in accordance with the
PRISMA recommendations.”” The protocol was pre-
registered with PROSPERO (CRD42020184813).

A search for SRMAs of randomised controlled trials
(RCTs) was conducted in the databases of PubMed,
Cochrane, Embase, CINAHL, and Web of Science from
the inception of the database to March 7th, 2023. Search
terms included “breast cancer”, “lymphedema”, “meta-
analysis”, and “systematic review”, adapted to each
database (Supplementary File 1). An additional manual
search was conducted in the reference lists of the
identified SRMAs.

After removal of duplicates, Covidence'® was used for
independent screening by two reviewers (BSR, AB). The
inclusion criteria were as follows. Population: adults
treated for any stage breast cancer with BCRL. Inter-
vention: Surgical (e.g., liposuction, lymphovascular
anastomosis, lymph node transfer), pharmacological
(e.g., anti-inflammatory agents, immunosuppressive
agents), exercise (e.g., aerobic, resistance, yoga), CDP
(e.g., one or a combination of treatment modalities of
CDP), laser therapy, kinesio taping, and acupuncture.
Comparator: Any control group (e.g., treatment-as-
usual, placebo, active control). Outcome: Any measure
of lymphedema severity (e.g., volume, bioimpedance,
symptoms, or function). The included SRMAs were
restricted to systematic reviews with meta-analyses of
RCTs.

The data extracted included patient characteristics,
type of intervention, control, and outcome measures,
the SRMAs risk of bias assessments, as well as charac-
teristics and results of the RCTs in the SRMAs. Data
extraction was performed independently by two re-
searchers (TA, SB) using predefined extraction forms.
Conlflicts were solved by a third researcher (BSR or AB).
Overlap of RCTs between SRMAs was explored and a
quality check was done by comparing the data reported
by SRMAs of the RCTs that were included in multiple
SRMAs. Due to the large number of RCTs for which the
SRMAs reported conflicting data, the RCTs were iden-
tified and the results from the original source extracted
and used for meta-analysis. The RCT data extracted
included sample sizes, age, lymphedema volume at
baseline, mean lymphedema volume changes, duration
of follow-up, percent mastectomies, and percent
receiving axillary lymph node dissection (ALND). Sum-
mary data provided in figures only was extracted using
WebPlotDigitizer (version 4.2).

AMSTAR 2 was used for critical appraisal of the
included SRMAs.”” AMSTAR 2 consists of 16 items of
which seven items are considered critical. The overall
methodological quality is summarized as “high”,
“moderate”, “low”, or “critically low”. The evaluation
was performed independently by two researchers (BSR,
AB) and negotiated until consensus.
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Data analysis

Hedges’ g, a variation of Cohen’s d, was used as the
standardized effect size (ES). It has better properties for
small samples and when the sample sizes of the groups
compared differ significantly.” The conventions
regarding the magnitude of Hedges’ g are the same as
for Cohen’s d, i.e., 0.2, 0.5, and 0.8 correspond to small,
medium, and large effect sizes.” The ESs were pooled
using a random-effects model in all analyses, with
positive values indicating ESs in the hypothesized di-
rection. If heterogeneity statistics (Q and *)% indicated
heterogeneous ESs (I* > 0.0), we calculated the 95%
prediction interval.”* Possible sources of heterogeneity
were explored by examining the ESs of subgroups of
studies according to the following study characteristics:
a) control type (active (e.g., home exercise program,
compression garment) vs non-active (e.g., placebo)), and
b) treatment modality. RCTs testing treatment modal-
ities of MLD, compression garment, and compression
pump were grouped as CDP. Continuous moderators
were analysed with meta-regression, including age
(vears), lymphedema duration (months), lymphedema
volume at baseline (ml), percent mastectomised, and
percent receiving ALND. The possibility of publication
bias was evaluated with funnel plots and Egger’s
method.”* The analyses were conducted using Compre-
hensive Meta-Analysis, Version 3.

To aid the interpretation of the results, we conducted
Bayesian Model-Averaged meta-analyses® as a supple-
ment to the statistically significant results found in
the conventional frequentist analyses (Supplementary
File 8).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors had full access to all the data
and have final responsibility for the decision to submit
for publication.

Results

A total of 1569 articles were identified, leaving 687 ar-
ticles after removal of duplicates. After screening titles
and abstracts, 111 possibly relevant studies were sub-
jected to full-text review, leaving 18 SRMAs for inclusion
(Fig. 1). Supplementary File 2 provides a list of excluded
SRMAs with reasons. In the 18 SRMAs, the following

treatment modalities were investigated: MLD
(k = 7)1 compression pump (k = 3)**%; multi-
modal approaches (k = 1)*; exercise (k = 2)'**; kinesio

taping (k = 2)*¢; laser therapy (k = 2)"* and acupuncture
(k = 2)**¢ (Table 1). No SRMA investigated pharmaceu-
tical or surgical interventions.

There was substantial overlap in RCTs across the 18
SRMAs (Supplementary File 3), which precluded sta-
tistically summarizing the effect through estimates at
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Fig. 1: Flow chart.

the levels of SRMAs, as there is no established standard
to statistically take into account overlap in included
RCTs.” Specifically, 19 of the 51 RCTs were included in
multiple SRMAs. Seven of the eight RCTs that assessed
acupuncture were Chinese language publications, three
RCTs did not report sufficient data to be included in the
meta-analysis, while the full text of one RCT could not
be retrieved, leaving 40 RCTs to be included in the meta-
analysis. The RCTs included between seven and 90
participants in each group and were generally rated by
the SRMAs as having high risk of bias. In terms of
BCRL severity, the mean lymphedema duration was
33.9 months and the excess volume of the arm at
baseline was 684.3 ml (min 82; max 2107) across the 21
RCTs that provided this data (Supplementary File 4).
The quality check identified incorrect data reported
by eight SRMAs. This included incorrect reporting of
direction of effect (i.e., inconsistency in direction of ef-
fect between figures and text'**”*"), and inconsistent data
(i-e., number of participants,*”*! inconsistency in use of

SE and SD,* incorrect reporting of outcome data,”* and
pooling of results with different units (i.e., ml and
percentage reduction).®’

Critical appraisal of the systematic reviews with
meta-analyses

Overall, the methodological quality appraised with
AMSTAR 2 was low (Supplementary File 5). Only four
of the SRMAs included an explicit statement that a
protocol was written prior to conduct of review (item 2),
four provided a list of excluded studies (item 7), and
seven investigated publication bias (item 15).

Complex decongestive physiotherapy, manual

lymphatic drainage, and compression pumps

Eleven SRMAs investigated different components of
CDP. Of these, seven SRMAs with a total of eleven
RCTs investigated the effect of MLD in addition to
standard care'*'*”~*' and showed mixed results on vol-
ume reduction (Table 2). Two SRMAs found significant
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lymphedema

Author, Intervention Aim Inclusion Exclusion Funding
year
Shao, MLD To determine if addition of MLD to ~ >10% or 2 cm or 150 ml Non-randomized studies None
20177 the standard therapy is more effective volume difference
in treatment of breast cancer related
lymphedema
McNeely,  MLD To update the evidence from RCTs Lymphedema secondary to Non-randomized studies Partially funded by Alberta Health
2011%° concerning the benefits of cancer Grey literature Services Cancer Care
conservative interventions for all
cancer-related lymphedema
Huang, MLD To evaluate the effectiveness of MLD  Axillary lymph-node Only sentinel node performed None
2013%° in the prevention and treatment of  dissection
breast-cancer-related lymphedema
Ezzo, MLD To assess the efficacy and safety of ~ >2 ¢m or 200 ml or 10% Use of non-manual form (i.e., electronic) Manheimer and Ezzo partially funded by
2015 MLD in treating breast cancer related ~excess volume of lymphatic drainage, use of different  NCCAM (National Center for
lymphedema type of massage instead of MLD, use of Complementary and Alternative
MLD in both groups, altering more than Medicine) of the US National Institutes
the MLD component, prevention of Health
therapy
Qiao, MLD To evaluate the efficacy of MLD on RCT, >18 years, >150 ml <20 patients in trial, patients with None
2023%" postmastectomy BCRL increase compared with serious complications, non-English
preoperatively or >2 cm or literature
10% excess volume
Liang, MLD To evaluate the effect of MLD on the RCT, clearly defined definition Grey literature Scientific Research Foundation of Hunan
2020" treatment and prevention of of lymphedema Provincial Health Commission (grant no.
lymphedema after breast cancer (€2017004)
surgery
Rogan, Compression  To evaluate the effects of compression Mentioned one of the Non-breast cancers, lower extremity NR
2016 pump and bandages, sleeves, intermittent following keywords in the title lymphoedema, impact on fatigue only,
Exercise pneumatic compression (IPC) and or abstract: lymphoedema, prevention therapy
active exercise on the reduction of women, mastectomy, axillary
breast cancer-related lymphedema dissection, or breast cancer
Shao, Compression  To determine if intermittent >10% or 2 cm excess volume  Non-randomization None
2014° pump pneumatic pump manage
lymphedema effectively
Li, 2022°>  Compression To compare the effects of RCT, >18 years, both male Repeated publications, grey literature, ~ Key Project of Scientific Research in
pump compression therapy and routine and female, BRCL incorrect or incomplete data, or the Universities in 2020, no. KJ2020A0221.
nursing in treatment of BCRL evaluation index could not be obtained,
non-Chinese or English publications,
animal experiments
Rangon, Complex Investigate the immediate, short- RCT, a minimum difference of Non-English literature NR
20223 physical term, and long-term effects of 2 cm and 10% between the
therapy complex physical therapy and upper limbs
multimodal approaches on BCRL
Chen, Laser therapy ~To analyse the effectiveness and safety RCT, breast cancer related Studies with inclusion of patients with  None
2019° of laser therapy for the treatment of lymphedema medical conditions, such as current
BCRL metastases, pregnancy, photosensitivity,
chronic inflammatory diseases, and
history of severe trauma
Smoot, Laser therapy To examine the effectiveness of later ~Breast cancer related Primary lymphedema, case studies Smoot partially supported by the
20157 therapy in reducing BCRL lymphedema, LLLT alone or in Building Interdisciplinary Research
combination with other Careers in Women’s Health (BIRCWH)
treatments K12, Grant Number K12HD052163
NICHD/NIH, and by the National Center
for Advancing Translational Sciences,
National Institutes of Health, through
UCSF-CTSI Grant Number KL2TR000143
Lytvyn, Exercise and  To evaluate the most common RCT, >18 years, cancer-related  Primary lymphedema, patients at risk of Sadeghirad received a graduate student
2020 MLD conservative lymphedema treatment  extremity lymphedema, lymphedema stipend from Mitacs Canada and received
strategies for treating cancer-related  published in English funding from PIPRA AG
extremity lymphedema
Yeung, Exercise To review the evidence of aquatic Lymphedema (primary or Non-randomization None
2018 therapy in the management of secondary)

(Table 1 continues on next page)
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Author, Intervention Aim Inclusion Exclusion Funding
year
(Continued from previous page)
Kasawara,  Kinesio To evaluate the effects of KT on Lymphedema after Case reports, congenital or primary NR
2018° taping lymphedema related to breast cancer mastectomy lymphedema related to types of cancer
other than breast cancer, lymphedema
in the lower limbs
Gatt, Kinesio To determine the effectiveness and ~ Cancer-related lymphedema  Primary lymphedema, non-randomized  Gatt supported by Malta Government
2017° taping safety of KT in the management of Scholarship Scheme
cancer related lymphedema
Hou, Acupuncture  To explore the efficacy and safety of ~ Breast cancer, >2 cm excess Pregnant or lactating women, patients ~ Young Scientists Fund of the National
2019% acupuncture treatment volume with severe damage to the heart, liver, Natural Science Foundation of China
and kidney; abnormal bone marrow (No. 81804193), the Youth Natural
function; skin ulceration of the affected foundation of the Science and
limb and infectious skin diseases; severe Technology Department of Jiangsu
mental disorders, and so forth Province (No. BK20161083), The
Leading Talents Project from Jiangsu
Provincial Administration of TCM
(SL0206) and the peak talent project of
Jiangsu Province Hospital of TCM
(y2018rc05)
Jang, Acupuncture  To evaluate the effectiveness of Peer-reviewed RCTs. Any stage Observational studies, cohort studies,  Traditional Korean Medicine R&D
2020°° acupuncture for treatment-induced of breast cancer, including case reports, case series, non-RCT Program funded by the Ministry of

symptoms in breast cancer patients  patients with metastasis

studies, animal, and experimental
studies

Health & Welfare through the Korea
Health Industry Development Institute
(KHIDI) (HB16C0072)

Table 1: Characteristics of systematic reviews with meta-analyses.

improvements in volume reduction,”* while four
showed no difference.'*****' For all seven SRMAs, the
effects were small to moderate. One subgroup analysis
found significant volume reduction for patients with
mild BCRL while not for moderate or severe BCRL* and
for interventions of >20 sessions or duration of >2
weeks.’’ Two SRMAs investigated the effect of MLD on
pain and found no difference.”** Three SRMAs of three
RCTs investigated the effect of compression pumps in
addition to standard care. Two SRMAs found no dif-
ference,”* while one showed a small effect of additional
compression pump.*> One SRMA investigated the effect
of compression pumps on range of motion and found
significant improvements.** Rangon et al. included four
RCTs and investigated the effect of complex physical
therapy (combinations of MDL, compression, kinesio
taping, and exercise) compared to control conditions
consisting of other elements of CDP (typically fewer
modalities).”* No difference was seen for lymphedema
volume reduction or physical function, while the control
condition was favored for pain reduction. No SRMA
reported on the effect of compression bandages or gar-
ments only.

Laser therapy

Two SRMAs of seven RCTs investigated the use of laser
therapy and reached different conclusions.”* Chen et al.
found no difference in limb volume reduction, grip
strength, or pain.* Smoot et al. found volume reduction
in favor of laser therapy, but no effect on pain
reduction.”

Exercise

Two SRMAs of twelve RCTs investigated the effect of
exercise.”” Yeung et al. included RCTs with aqua ex-
ercise* and found no difference in volume or upper-
body physical function. Similarly, Lytvyn et al. found
little to no evidence of effect on volume from resistance
exercise, aerobic plus resistance exercise, and water-
based or yoga exercise."

Kinesio taping

Two SRMAs of six RCTs investigated the effect of
kinesio taping and found no difference in volume
reduction®® and no difference in quality of life (QoL) or
discomfort.’

Acupuncture

Two SRMAs of nine RCTs assessed the effect of
acupuncture and reached different conclusions.*** Hou
et al. favored acupuncture compared to western medi-
cine (CDP and exercise).* Jang et al. found a significantly
larger volume reduction in the control group.*

Meta-analysis of the randomised controlled trials

Meta-analysis of data from the 40 RCTs was performed
to explore the efficacy in reducing volume of different
treatment modalities. The RCTs investigating acupunc-
ture were not included, as all but one paper was Chinese
language. A small overall effect was observed across all
interventions compared to any type (active and non-
active) of control condition (Hedges's g = 0.20,
P = 0.79, p = 0.047) (Table 3, Supplementary File 6).
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Rangon,
2022°4

Compression
pump

Rogan,
2016%

Li, 2022

Shao, 2014°

Laser therapy
Chen, 2019°

Complex physical
therapy

Compression pump

Compression
pump + CDP

Compression pump

Laser therapy

therapy

Multimodal approaches 7 690°
Standard therapy 2 135
CDP 3 159
MLD 3 159
No treatment or conventional 6 239

therapy group (including
compression garments, MLD, and
remedial exercises)

Secondary: lymphedema symptoms, anxiety,
mobility, QoL

Primary: volume reduction. Secondary: pain,
physical function

Volume reduction

Morbidity of lymphedema, volume reduction,
range of motion

Primary: percent of volume reduction.
Secondary: subjective symptoms and joint
mobility

Primary: arm circumference, volume.
Secondary: grip strength, pain scores

Author, year  Intervention Control K N Outcome Main result
Manual
lymphatic
drainage
Shao, MLD Standard therapy (variety of 3 181 Primary: volume reduction. Secondary: Significant volume reduction by adding MLD.
20177 compression garments, exercise, symptoms and arm function Mean difference 72.10 (95% Cl 13.65-130.55)
skin care, education) No subgroup analyses
McNeely, MLD + compression Compression bandage or garment 5 198 Primary: volume reduction. Secondary: QoL,  Significant effect of addition of MLD to
2011°° garment or and self-massage for some function, and lymphedema symptoms (pain,  treatment (effect 0.37, p-value 0.02)
bandage + self- tension, heaviness, discomfort) No subgroup analyses
massage for some
Lytvyn, MLD, compression  Standard therapy 4 276 Primary: volume reduction. Secondary: fatigue, Network meta-analysis. Low to very low
2020" garment, function, lymphedema symptoms, pain, QoL evidence of effect of conservative treatment
compression pump
or combination
Huang, MLD + standard care Compression or simple lymphatic 6 237 Volume reduction No significant effect of additional MLD (mean
2013% drainage or sequential pneumatic difference 75.12; 95% Cl -9.34 to 159.58)
compression or a combination No subgroup analyses
Ezz0, 2015°° MLD + compression Compression bandaging 2 83 Primary: volumetric changes in arm, hand, No significant difference in volume reduction.
bandaging breast, or trunk; adverse effects. Secondary: ~ Mean difference 26.21 ml (95% Cl -1.04 to
functional measures (Range of motion, 53.45)
strength), subjective sensations, QoL, cost of ~ Subgroup: significant percent volume
care, any other outcome reported by the trial reduction (MD 12.09%; 95% Cl 0.15-24.04%,
n =36, p = 0.05) for mild BCRL (defined as
<23% excess volume) but not for moderate/
severe. No difference in relation to BCRL
duration
Liang, MLD Compression bandaging or standard 8 338 Volume reduction No significant difference in volume reduction.
2020 therapy SMD -0.09 (95% CI -0.85 to 0.67)
Subgroup: significant volume reduction for
those <60 years: SMD -1.77 (95% Cl -2.23
to -1.31; k = 2, n = NR) and when treatment
>4 weeks: SMD: -1.77 (95% Cl -2.23 to -1.30;
k = 4, n = NR). No difference for research
region, publication year, sample size, type of
surgery, >60 years, <4 weeks treatment, or
the statistical analysis method
Qiao, 2023*" MLD Compression bandaging or standard 8 457 Primary: volume or circumference reduction.  No significant difference in volume reduction.

SMD 0.43 (95% Cl -0.10 to 0.96)

Subgroup: Significant volume reduction in
favor of MLD when duration >2 weeks SMD
0.23 (95% Cl 0.02-0.44; k = 5 n = 347) or >20
sessions SMD 0.33 (95% Cl 0.03-0.58; k = 3
n = 213). No difference for pain. SMD -0.09
(95% Cl -0.43 to 0.25)

Significant reduction in volume. SMD -0.18
(95% Cl 0.35-0.00). No difference for pain or
function

Volume reduction with additional use of
pump. SMD -0.54 (95% Cl -1.01 to -0.064).
Other analyses include women at risk of BCRL
and are thus not relevant here

No difference in volume reduction. Mean
difference 4.51 (95% Cl -7.01 to 16.03)
Significant improvement in range of motion
No difference in adding compression pump to
MLD. Mean percent difference 4.51 (95% Cl
-7.01 to 16.03)

No subgroup analyses

No difference in volume reduction. SMD 0.04
(95% Cl -0.32 to 0.41). No difference in arm
circumference: SMD -0.47 (95% Cl -1.34 to 0.39)
Subgroup: No difference in strength or pain

(Table 2 continues on next page)
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Author, year  Intervention Control K N Outcome Main result
(Continued from previous page)
Smoot, Laser therapy Sham laser or no treatment or 4 138 Upper extremity swelling and pain Reduction in volume with addition of laser.
20157 compression Pooled effect size -0.62 (95% Cl -0.97
to -0.28)
No difference in pain
Exercise
Yeung, Water based exercise Any comparison intervention, 2 66 Lymphedema limb volume measured by water No difference in volume reduction. SMD 0.14
2018°° including standard care, habitual displacement, perometer, or circumferential (95% Cl -0.37 to 0.64)
activity, wait and see, or alternative tape measure, tissue fluid measurement via No difference in function
land-based exercise TDC or BIS, physical function (strength, ROM),
symptoms (e.g., pain, heaviness, tightness),
QoL
Lytvyn, Exercise (resistance, ~ Standard therapy 11 523 Primary: volume reduction. Secondary: fatigue, Network meta-analysis. Low to very low
2020"° aerobic, yoga or function, lymphedema symptoms, pain, evidence of effect of exercise
water based) quality of life
Kinesio
taping
Kasawara, Kinesio Standard treatment (variety of MLD, 6 199 Lymphedema limb volume measured by No difference between KT and control in
2018° taping + standard CDP, compression pump) perimetry or volumetry reduction of lymphedema volume (SMD 0.04;
treatment 95% Cl -0.24 to 0.33)
No subgroup analyses
Gatt, 2017°  Kinesio taping Compression bandaging or 4 159 Primary: limb volume and/or circumference,  No difference in volume reduction. Mean
compression hosiery with or adverse effects. Secondary: patients’ subjective difference -413.45 ml (95% Cl -896.55 to
without CDP (complete experience, severity of lymphedema 69.64)
decongestive physiotherapy) symptoms, QoL No difference in QoL, discomfort, itching
Acupuncture
Hou, 2019*  Acupuncture Non-acupuncture therapy, including 5 374 Total effective rate, extent of lymphedema,  Significant improvement in total effective rate
Western medicine, functional adverse effects with acupuncture. OR 4.62 (95% Cl 2.61-8.17)
exercise, and sham acupuncture Subgroup: significant improvement in arm
circumference. Mean difference 0.79 (95% Cl
0.57-1.01)
Jang, Manual acupuncture, Sham acupuncture, medicine 2 133 Climacteric symptoms, pain, nausea and Significant reduction in arm circumference in
2020°° ear acupuncture, and  (venlafaxine, hormone therapy), vomiting, lymphedema (level of edema, arm  control group. Mean difference -1.61 cm (95%

BIS = bioimpedance spectroscopy; CDP = complex decongestive physiotherapy; 95% Cl = 95% confidence interval; K = number of RCTs; KT = kinesio taping; MLD = manual lymphatic drainage; N = total
number of participants in the RCTs; QoL = quality of life; ROM = range of motion; SMD = standardized mean difference; TDC = tissue dielectric constant. *The meta-analysis by Rangon et al. includes the

electrofacupu ncture

exercise, relaxation, enhanced self-
care, no-treatment, and wait-list
control groups

same RCTs multiple times and thus is the sample size (n) not the number of unique participants.

circumference), neuropathic pain, cognitive
impairment, and gastrointestinal symptoms

Cl -1.92 to -131)
No subgroup analyses

Table 2: Results of systematic reviews with meta-analyses.

This result remained statistically significant when
excluding three outliers in a sensitivity analysis (Hed-
ge’s g = 0.24, I* = 0.66, p = 0.004). With respect to in-
dividual treatment modalities, a statistically significant
pooled effect was observed for exercise compared to
various control conditions (Hedge’s g = 0.26, I* = 0.44,
p =0.022). The effects of other modalities failed to reach
statistical significance. It was possible to meta-analyse
the effect of exercise on QoL while there were not suf-
ficient data to conduct meta-analyses for other secondary
outcomes. Compared with the control conditions,
the combined effect on QoL of exercise was small
and statistically non-significant (Hedges g = 0.10,
> =0.10, p = 0.43) (Supplementary File 7). Funnel plots
and Eggers’ tests showed no indications of publication
bias.

The moderator analyses suggested that the effects on
volume reduction were: a) smaller in patients with
ALND for all interventions; b) larger for CDP in older

patients; and c) larger for CDP in patients with longer
lymphedema duration (Supplementary File 8).

The supplementary Bayesian meta-analyses con-
firmed the weak evidence for the efficacy of lymphe-
dema treatments (Supplementary File 9). The results
indicated only anecdotal evidence for an overall effect of
treatment (k = 40), with an effect different from zero
being only 1.85 times more likely than the null hy-
pothesis. Likewise, the effect of exercise being different
from zero was only 2.28 times more likely than the null
hypothesis (k = 13). Similarly, while the analysis of CDP
favored the null hypothesis, it was only 2.31 times more
likely than the alternative hypothesis.

Across all interventions, the volume reduction was
119.7 ml (95% CI 135.0-104.5) for the intervention
groups and 88.0 ml (95% CI 99.0-77.1) for the control
groups (Table 4). While the overall mean between-group
difference in volume reduction was small (6.1 ml) but
statistically significant (p = 0.039), the mean between-
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Sample Heterogeneityb Mean diff (ml)  Combined effect size®

size®

K N Q p I? Tau’ Hedge's g*  95% Cl p 95% PI°
Overall effect (all interventions vs. all comparisons) 40 1970 1841 <0.001 0.79 031 -6.1 0.20 0.00-0.40 0.047 -0.95 to 1.35
Overall effect (w. Sensitivity analysis)F 37 1857 1064 <0.001 0.66 0.16 -45 0.24 0.08-0.40 0.004 -0.59 to 1.07
Overall effect vs. active control 30 1573 1656 <0.001 0.83 038 -10.5 0.20 -0.05 to 0.44 0.12 -1.09 to 1.49
Overall effect vs. non-active control 10 397 183 0.032 0.51 011 -3.8 0.23 -0.06 to 0.52 0.12 -0.61 to 1.07
Exercise vs. all comparisons 13 684 214  0.022 044 0.06 -7.2 0.26 0.04-0.47 0.022 -0.33 to 0.85
Kinesio taping vs. all comparisons 4 146 159 <0.001 0.81 0.50 +453.4 -0.46 -123t0 031 024 -3.94 to 3.02
Laser vs. all comparisons 4 179 11.8 0.008 0.75 0.28 -5.4 0.50 -011to 112 011 -2.15 to 3.15
CDP (Complex Decongestive physiotherapy) (vs. all) 13 685 1023 <0.001 0.88 0.62 -19.6 0.31 -0.15to 0.77 0.8 -1.49 to 2.12
MLD? + compression vs. compression 6 336 301 <0.001 0.83 038 +5.7 -0.20 -0.75t0 035  0.48 -2.08 to 1.68
MLD + compression + pump vs. MLD + compression 3 159 125 <0.001 0.84 0.56 -4.6 0.36 -0.57to 129  0.44 -10.90 to 11.62

P-values of <0.05 are marked with bold. *K indicates number of published studies. ®Q statistic: p values <0.1 taken to suggest heterogeneity; I statistic: 0% (no heterogeneity), 25% (low heterogeneity),
50% (moderate heterogeneity), 75% (high heterogeneity). “Effect size = Hedge's g. Standardized mean difference, adjusting for small sample bias. A positive value indicates an effect size in the hypothesized
direction, e.g., larger reduction in volume or a relative smaller increase in volume in the intervention group. To ensure independency, if a study reported results for more than one measure, the effect sizes
were combined (mean), ensuring that only one effect size per study was used in the calculation. “If analyses (Eggers test: p < 0.05) had indicated the possibility of publication bias, missing studies would
have been imputed and an adjusted effect size rate calculated with a random effects model. However, for the effects with a sufficient number of studies (K > 10), there were no robust indications of
publication bias. Pl = 95% prediction interval: The interval in which 95% of future observations will fall, given the observed data, calculated for heterogeneous ESs (I > 0). Sensitivity analysis(Hedges' g):
Omitting three studies (Andersen et al., 2000, Smykla et al. 2013, and Sitzia et al., 2002) with effect sizes 2 standard deviations away from the pooled effect size (0.22 + 1.57: <-1.35 OR >1.79). Sensitivity
analyses (mean diff. ml): Omitting one study (Smykla et al., 2013). 9MLD = manual lymphatic drainage.

Table 3: Pooled effect sizes of randomized controlled trials of the effect of treatment on lymphedema volume.

group differences in volume reduction were small and
non-significant for all individual treatment modalities.

Discussion

This is the first overview evaluating the efficacy of
different treatment modalities for BCRL. Six modalities,
namely MLD, compression pump, exercise, kinesio tap-
ing, laser therapy, and acupuncture were identified with
between two and seven SRMAs assessing each modality.
Overall, the methodological quality of the SRMAs was
low, the risk of bias of the included primary studies were
high, and they reached different conclusions for most

treatment modalities, with the exception of kinesio taping
where the two SRMAs were unable to demonstrate an
effect. Further, our meta-analysis of the RCTs included in
the SRMAs revealed no clear benefit of any of the treat-
ment modalities, regardless of whether they were
compared to active or non-active control conditions. This
conclusion was further supported by the results of the
Bayesian meta-analyses indicating only small differences
between the probabilities of the null and alternative hy-
potheses and thus neither clear evidence to support nor
refute the efficacy of these treatments.

The top research priorities within lymphedema
management identified by patients and clinicians

Sample size® Mean volume reduction (ml)®

K< N Intervention (95% Cl) Control (95% Cl) Difference” (95% Cl)
Overall effect (all interventions vs. all comparisons) 38 1800 -119.7 (-135.0 to -104.5) -88.0 (-99.0 to -77.1) -6.1 (-11.9 to -0.4)
Overall effect (w. Sensitivity analysis)® 35 1689 -80.2 (-94.4 to -66.1) -69.5 (-79.8 to -59.2) -4.5 (-9.2 to +0.2)
Overall effect vs. active control 29 1432 -199.8 (-229.1 to -170.5) -143.7 (-162.9 to -124.5) -10.5 (-20.5 to -0.57)
Overall effect vs. non-active control 9 368 +7.2 (-14.0 to 28.4) -13.4 (-36.3 to +9.4) -3.8 (-9.2 to +1.7)
Exercise vs. all comparisons 11 514 -48.1 (-78.2 to -18.1) -36.7 (-61.9 to 11.5) -7.2 (-18.1 to +3.7)
Kinesio taping vs. all comparisons 4 146 -448.5 (-843.6 to -53.5) -1525.2 (-2415.2 to -635.2) +453.4 (-113.8 to +1020.5)
Laser vs. all comparisons 4 179 +22.9 (+8.9 to +37.0) +17.8 (+8.2 to +27.4) +5.4 (+1.5 to +9.2)
CDP vs. all comparisons 12 640 -232.5 (-278.1 to -186.8) -184.6 (-219.3 to -149.9) -19.6 (-41.7 to +2.6)
MLD' + compression vs. compression 6 336 -228.4 (-288.7 to -168.1) -241.7 (-318.5 to -165.0) +5.7 (-70.9 to +82.3)
MLD + compression + pump vs. MLD + compression 3 78 -30.4 (-51.5 to -9.2) -23.9 (-55.5 to +7.6) -4.6 (-16.2 to +7.1)

K indicates number of published studies in the analysis; N indicates total number of participants in the study. ®Negative values indicate volume reduction, positive values indicate volume increase. K may
vary between mean volume reductions for the intervention (max K = 34), control (max K = 34), and difference (max K = 38), due to missing data. u‘Negative values indicate volume difference in favor of
intervention; positive values indicate volume difference in favor of control. “Sensitivity analysis (Hedges' g): Omitting three studies (Kim 2010, Smykla et al. 2013, and Sitzia et al., 2002) with volume
reductions 2 standard deviations away from the pooled effect size (+841.6 or £1787.6). ‘MLD = manual lymphatic drainage.

Table 4: Volume reduction and between-group difference of randomized controlled trials.
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include identification of the most efficacious treat-
ments.* Given the inconclusive evidence regarding the
superiority of treatments, even when compared to non-
active control conditions, this remains the principal
research priority. In line with our findings, two recent
overviews of acupuncture'® and laser therapy® reported
poor quality of evidence and inability to demonstrate
superiority of these treatments in reducing volume for
BCRL. Other research priorities are to test the efficacy
of MLD.* Based on the available evidence, there
appears to be no volume reduction of MLD (mean
difference +5.7 ml, n = 336), compression pump
(—4.6 ml, n = 78), or exercise (—7.2 ml, n = 514), which is
in line with recently published work.***

There are several challenges when evaluating the ef-
ficacy of the treatment modalities, particularly the com-
ponents of CDP, due to substantial overlap in treatments
being delivered in groups. In addition, heterogeneity in
treatment regimens (i.e., level of compression, dose of
intervention), and populations (i.e., BCRL severity) may
contribute to the inconsistent conclusions in the SRMAs
and high heterogeneity in our meta-analyses. Due to the
relatively few and small studies, their high risk of bias,
many different criteria for BCRL based on inter-arm
differences and treatment combinations, it is difficult to
disentangle the efficacy of the different treatment ap-
proaches. As such, individual patient data meta-analyses
are warranted to investigate the efficacy of each treat-
ment component and its moderators.* Particularly the
heterogeneity in diagnostic criteria for lymphedema is a
major limitation to research and reaching consensus
regarding standardization of lymphedema diagnosis
should be a top research priority. An ongoing systematic
review aims to establish criteria for early/sub-clinical
lymphedema and chronic lymphedema based on psy-
chometric properties of measurement tools.*

Of note, none of the SRMAs tested the efficacy of
compression garments alone. This is unfortunate as: a)
compression garments are widely used; b) lymphedema
therapists have empirical evidence for the benefit of
these, particularly for the early stages of lymphedema;
and c) compression bandages and garments are recom-
mended by international guidelines.”* Recent RCTs
address the efficacy of compression alone in reducing
volume or preventing progression of BCRL.“** Bundred
et al. found that compression garments (compression
class (ccl) 2) worn for 12 months did not prevent the
increase of volume after 24 months compared to no
compression among 143 women with mild BCRL
(defined as 4-9% arm volume increase from pre-sur-
gery).”” In contrast, Blom et al. found volume reductions
but no difference in symptoms among women with mild
BCRL (defined as skin thickness and either 5-8% volume
or local tissue water increase compared to the unaffected
arm) who wore daily compression garments (circular, ccl
1) for six months vs no garment.”* Of note, 43% of par-
ticipants in the no compression group did not experience

volume progression even without treatment.® These
participants may have had transient swelling or may have
been misclassified with BCRL due to the criteria used by
Blom et al. which rely on differences between arms and
not within-arm increase from pre-surgery. Adherence to
compression was not reported by Bundred et al., while
93% of participants in the study by Blom et al. reported to
wear compression the whole day. The limited evidence of
efficacy of compression garments on volume reduction
or prevention of progression in volume warrants more
research. As such, a SRMA is needed to investigate the
efficacy of compression including level (ccl 1-4), type
(circular or flat knit), timing (start of intervention), time
(daytime, nighttime) and duration of compression
interventions.

Our quality check revealed inconsistent reporting of
the RCTs across the SRMAs. For this reason, we
extracted data from all the RCTs, which revealed incor-
rect reporting by almost half of the SRMAs. While some
of these issues may not have impacted the conclusions
of a SRMA (e.g., incorrect registration of sample size),
other issues may directly have impacted the result (e.g.,
pooling of different types of outcome measures). In
contrast to the conclusions of some SRMAs, we only
found a significant effect of one treatment modality,
namely exercise. This underscores the absolute impor-
tance of a rigorous approach to conducting SRMAs.

Observing no benefit of any of the treatment modal-
ities compared to active control conditions raises the
question whether all modalities are equally beneficial or
inefficacious. Across modalities, the mean volume
reduction was 119 ml in intervention groups and 88 ml
in control groups, with even smaller reductions in
non-active controls (13 ml). It is important to note that
clinically important differences in arm volume may be
defined differently by the patient, the lymphedema ther-
apist, and the health care system. Lymphedema thera-
pists will typically aim for “maximum” reduction until
sufficient stabilization of the condition to order a
compression garment, the patient may want a “sufficient”
reduction for the swelling to be invisible or have mini-
mum impact on everyday activities, and the health care
system will aim for “minimum” to reduce costs of hos-
pitalization due to infection. Given the progressive nature
of lymphedema where the condition is expected to
worsen if left untreated,” the treatment modalities may
be considered to be equally beneficial. Importantly, as
volume reductions are also seen in the control groups, it
is unclear whether the reductions found in the inter-
vention groups can be attributed to the intervention
rather than spontaneous remission. Certainly, more work
is needed by the research community to develop
evidence-based treatments, including surgical in-
terventions,'> for BCRL which affects hundreds of thou-
sands of women worldwide. Thus, strategies to prevent
BCRL are even more important. Recent and ongoing
trials contribute to evidence for preventing BCRL using
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prospective surveillance and early management®** or
prophylactic use of compression sleeves® for those at
high risk.

This is the first comprehensive overview that features
the highest level of evidence (e.g., SRMAs of RCTs)
across all treatment modalities for BCRL. Second, we
used well-defined criteria for study selection and
appraisal of the included SRMAs. Third, we examined
not only the different interventions but also different
control interventions and consulted with clinical experts
when making decisions about classifying and pooling
interventions. Fourth, as a consequence of our
comprehensive quality check, we identified several in-
consistencies and extracted data from all RCTSs included
in the SRMAs, and conducted a state-of-the-art meta-
analysis of these data, including not only classical fre-
quentist approaches but also supplementary Bayesian
methods, which—given the available data—allow for the
evaluation of the relative probability of the alternative
and null hypotheses.

A limitation of the overview approach is that conclu-
sions are based on data included in the SRMAs, leaving
out possible RCTs not included in SRMAs. To address
this, we performed a search in five databases for RCTs
and identified 22 newly published trials. Of these, six
report significant volume reductions and the remaining
have statistically non-significant findings (Supplementary
File 10). There were not sufficient data to conduct meta-
analyses on this material. Further, most RCTs in the
SRMAs were small (48 of 51 with <100 participants), and
while most RCTs had high risk of bias (29 of 40), our
analysis could not assess the impact of risk of bias for
each treatment modality. All RCTs used inter-arm dif-
ferences to define BCRL which bares the risk of
misclassification due to arm asymmetry.”* However,
while intra-arm differences based on changes from pre-
surgery are ideal to define BCRL, such pre-surgery
measurements are not available to most women with
breast cancer. Thus, lymphedema therapists use inter-
arm differences along with symptoms and clinical ex-
amination to quantify BCRL severity. Ideally, futures
studies should use relative changes from pre-surgery as
inclusion criteria to minimize risk of misclassification.
Finally, the considerable variation of interventions and
control conditions used in the SRMAs limited the pos-
sibility to disentangle the effects of each treatment
component which may wash out potential effects and
hinder firm conclusions regarding specific treatment
components that are (in)efficacious.

Based on the currently available data, there is no clear
evidence of superiority of any one treatment on volume
reduction nor any solid research refuting these treat-
ments. Thus, definitive conclusions to inform clinical
practice about the efficacy of these treatments cannot be
drawn. Generally, research in this area is weak and more
work is needed to untangle the efficacy of each treatment
component for different stages of BCRL. Health care
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providers should not consider the lack of evidence a
reason to refute these treatments to patients. Instead, it is
recommended to closely monitor benefit with reliable,
valid, and sensitive measures of improvement.
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