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KROP & KREFT ®

RCT 2003 (n=269) , implemented 2007

Cancer patients in chemotherapy (app. 50% breast cancer)
Six-week, 9-hours weekly; Team training

Multimodal, high- and low-intensity components
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Cardio exercise awareness Cardio exercise Free Cardio exercise
Relaxation Relaxation Relaxation Relaxation
Massage Massage

Adamsen et al., 2009

Copenhagen University Hospital, Rigshospitalet, Denmark




Cancer-related lymphedema

* A result of acquired interruption or damage to the axillary lymphatic
system due to cancer treatment or cancer itself

= lymphatic load exceeds transport capacity

Too simplistic! Does not explain variations in lymphedema presentation!

* A likely predispostion
* Inherent variations in lymph flow
* Higher lymphatic flow; transport capacity already near maximum
» Additional insult (e.g., surgery) further predisposes

Cintolesi et al. 2016, Rockson et al. 2019

Copenhagen University Hospital, Rigshospitalet, Denmark




Incidence estimates of
lymphedema in various cancers

Breast (2013)
Sentinel Node 6%
Axillary dissection 20%

Gynaecological (2017)
24 months postop. 37%

Melanoma (2017)

Sentinel node axilla 5%

Axillary dissection 31%
Sentine node inguinal 35%
Inguinal dissection 83%

Head & Neck (2016)

External 7%
Internal 30%
Ext. & Int. 38% Rockson et al., 2019

Copenhagen University Hospital, Rigshospitalet, Denmark



Challenges in quantifying CRL:

examples from breast cancer

No standardized measurement method or cutoff criteria

* 5% lymphoscintagraphy vs. 28% more than one measure
Timing
* ‘I incidence up to two years post surgery (up to 80%)
* Transient swelling (60% dissipated within the first year)

Treatment burden
* Prevalence range of 13% - 65% depending on treatments received

Kilbreath et al., 2013; Disipio et al., 2013;
Gartner et al., 2010; McLaughlin, Brunelle & Taghian, 2020

Copenhagen University Hospital, Rigshospitalet, Denmark
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BCRL risk factors:
strong™® or moderate levels of evidence

Demographic Treatment related Lifestyle

Axillary surgery BMI > 25 at diagnosis*
-Number of metastatic lymph nodes Physical inactivity

-Number of lymph nodes removed*
-Four fold* incidence ALND vs. SNB*

Mastectomy*

Adjuvant treatments
- Radiotherapy
- Chemotherapy

Similar considerations apply to CRL in the upper and lower extremities, but the evidence is
not equally robust because fewer studies have been performed.

Disipio et al., 2013; Rockson et al., 2019

Copenhagen University Hospital, Rigshospitalet, Denmark
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Risk reduction recommendations

Historically, risk reduction recommendations included avoidance of exercise as
exercise, especially “vigorous” exercise or exercise that included heavy lifting, was
considered unsafe and controversial.

K. Johansson & S. Hayes, 2020

Copenhagen University Hospital, Rigshospitalet, Denmark
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Abreast in a boat

Fig. 1: The Abreast in a Boat team braving the rough waters of Wellington Harbour, New Zealand, at
the World Club Crew Championships.

Don McKenzie, 1998

Copenhagen University Hospital, Rigshospitalet, Denmark



Cancer-related lymphedema
AND exercise

Publications, 2000-2022
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Abstract The purpose of this stdy was to assess the
safety and efficacy of progressive msistance training (PRT)
in breast cancer. Randomized controlled trials (RCTs)

published to November 2013 that reported on the effects of
PRT (=6 weeks) on bmeast cancerrelated lyvmphedema
(BCRL) (incidence/exacerbation, arm volume, and symp-
tom severity), physical functioning {upper and lower body
muscular strength), and  health-related  quality of life
(HR(QoL) in breast cancer patients were inchaded. OF 446
citations mtrieved, 15 RCT= m 1,652 patients wemne inclu-
ded and yielded five studies on BCRL inddence/exacer-
bation (N = 647), four studics on arm volume (N = 384)
and BCRL symptom scventy (N = 479), 11 studics on
upper body muscular strength (N = 1,252), nine studies on
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Weight training is not harmful for women with breast cancer-related
lymphoedema: a systematic review

Vincent Singh Paramanandam®, Dave Roberts®

* Bhysiotherapy Department, Tata Memorial Hospital, India; ® Faculty of Health and Life Sciences, Oxfard Broakes University, United Kingdom
KEYWORDS ABSTRACT

Breast neoplasm Question: Is weight-training exercise intervention harmful to women with or at risk of breast cancer-

Lymphaedema 7 Design: Systematic review with meta-analysis of randomised trials
“&:@h[ taining Participants: Women with or at risk of breast cancer-related lymphoedema. Intervention: Progressive
reise

weight-traming exercise. Qutcome measures: The primary mes were severity (volume difference)
and incidence of arm lymphoedema. Secondary outcomes included musele strength of the upper and
lower limbs, quality of life and body mass index. Results: Eleven studies from eight trials invalving 1091
women were inchuded. Weight-training exercise of low to moderate intensity with relatively slow
progression significantly improved the upper limb strength (SMD 0.93, 95% C10.73 to 1.12) and lower
limb strength (SMD 0.75, 85% C1 0.47 1o 1.04) without increasing the arm volume (SMD -0,09, 955 C1
-0.23 to 0.05] or incidence of breast cancer-related lymphoedema (RR 0.77, 95% C1 052 o 115} No
significant effects were noted for body mass index (SMD -0.10, 955 -0.31 o 0.11), Some aspects of
quality of li y improve with weaght training, Participants in all trials used pressure garments and
received supervision; no trials used high-intensity weight training. Conclusions: Weight training
appears 1o be safe and beneficial in improving limb strength and physical components of quality of e in
women with or at risk of lymphoedema, Pressure garments, supervision and limiting the intensity of the
weight Lraining may each be important, but this eould not be confiemed with this review. Registration:
PROSPERO CRD42012002737. [Paramanandarn VS, Roberts D (2014) Weight training is not harmful
for women with breast cancer-related ic review. Journal of
60: 136-143]
@ 2014 Austrelizn Physiotherapy Association. Published by Elsevier BV, This is an apén access arlicle
under the CC BY-NC-ND license (hutp: fereativecommons.org/licenses(by-nc-nd3.0])
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A HISTORICAL ACCOUNT OF THE ROLE OF E
IN THE PREVENTION AND TREATMENT OF CANCER- RELATED
LYMPHEDEMA

K. Johansson, S. Hayes

Department of Health Sciences (KJ), Lund University, Lund, Sweden, and Menzies Health Institute
Queensland (SH). Griffith University, Queensland, Australia

ABSTRACT

In the absence of guidance from scientific
evidence, a range of lymphedema prevention
and management, guidelines were developed by
relevant organizations around the world. These
became publicly available, promoted and
endorsed, particularly to women with breast
cancer. The recommendations advised
avoidance of any activity that could overload or
restrict the lymphatic system and need for
caution when participating in specific physical
activities. However, over the past 20 years
evidence has accumulated which has
significantly challenged the safety of these
recommendations, in particular for those with
cancer. There now exists consistent and
compelling evidence in support of exercise
following a diagnosis of cancer. Participating
in exercise during and following cancer
treatment improves function and quality of life,
reduces treatment-related morbidity, and may
improve survival. Further, exercise, including
resistance exercise at moderate or high load, is
considered safe for those at risk- or with
Ivmphedema. That is, exercise has not been
shown to cause or worsen cancer-related
Ivmphedema. This article provides a historical
account of the advice given to patients in the
prevention and management of lymphedema
and how this advice has evolved.

Keywords: lymphedema, physical activity,
exercise, cancer, prevention, treatment

Lymphedema manifests as a consequence
of lymphatic system insufficiency where
lymph transport capacity is lower than lymph
load (1). It is a debilitating condition of
worldwide concern and is prevalent in
developing and developed countries (2). The
major contributing factors to its development
differ between countries. In developed nations,
it is largely associated with the presence of
chronic diseases, including obesity, type 11
diabetes, and cardiovascular disease, although
is most well-known as a consequence of
treatment for cancer (2).

Removal of lymph nodes and receipt of
adjuvant therapy, such as radiotherapy and
chemotherapy have been identified as the
primary treatment-related risk factors for the
development of cancer-related lymphedema
(3). These represent common treatment
options for the most prevalent cancers,
including breast, prostate, colorectal, and
melanoma, but also for the treatment of other
solid cancers, such as gynecological,
genitourinary, and head and neck cancers.
Following a meta-analysis, the incidence of
upper-limb lymphedema associated with
breast cancer has been estimated to be 21%
(3), however with more invasive treatment the

Copenhagen University Hospital, Rigshospitalet, Denmark
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The Effect of Exercise for the Prevention and
Treatment of Cancer-Related Lymphedema: A
Systematic Review with Meta-analysis

SANDRA CHRISTINE HAYES', BEN SI__NGE[:. HILDEGARD REUL-HIRCHE'”, KIRA BLOOMQUIST,
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ABSTRACT

7 13891399, 2022, Introduction: The pupmse of this systemetc review md metalyss v o evahe the oot
el exerciae an (1) the preveniin of emcersebatal lrmphedems (CRL) md () the treatrent of CRL, lymrphedeme-ssocisied symplms, =nd other
health cukormes s indvihass with CRL. Methods: An dectronic serch was undetaken for exsrctse stulies meswring hyrphedars and in-
volving incividusls o risk of devekoping or with CHL. The Effective Public Heslih Prctice Project Quality scale was wsed o ssens study quality, nd
everal| quatity of evidenas was sssessed using the Cirling of Recommendstion, Asesamant, Developmentand Bval uston spprosch, Mets-anelyses
were performed B evaluzie effects of exerciie on CRL mcidence, exigting CRL status, lymphedems-ssoc isted sympioms, snd health ou-
comes. Results: Twelve stulies (n = 1955, 75% modente-high quality) snd 36 studies (n = 1741; 58% moderstedigh quality) wene in-
cludal in the prevention znd teament xim, respectively. Relative risk of developing CRL fir those in the exerciie group comperal with
the monexerciie goup was .90 (95% comfidence interval (C1), 0.72 1o 1.13) overall and (.49 (95% CL 0.2 1o 0.45) fr those with five
e mume lymeph nodes removal. For those with CRL i th grou, the st tred mesn il (SMID) before to sfer exerciie
af CRL was —0.11 {95% CL, ~0.22 100,01}, and comparad with usua] esre pestinievention, the SMID vas —0.10 {95% C1, 024 1o 0.04)
Iy emients afler miervention were observed for pin, ipper-bady fimeton snd stenpth, lowerbody strength, Eetigue, = quality of life
A13, 0.3-0.8; P 005 ). Conchesions: Findimgs sapport the spplicstion of svarciie pide nes forthe wider cancer
poprulation & fhene with or risk of CRL. This ined udes promotin of zembic sd s , andl nol just resisd
wmipervied exentie suded by syplom resporse. Key Words: LYMPHEDEMA, CANCER, AEROBIC
EXERCSE, EXERCISE ONCOLOGY

for those in the exarcise group
cise ke s well &
{RCISE, RESISTANCE

yvmphedema is a pathobogical swelling that affscts the
limbs or other body segments. In developed couniries,
lymphedema is most commonly wiated withcancer
treatment that causes obstruction or disruption of lymph fow
(1), meluding surgical removal of ymph nodes or domage to
lvmphatics through mdiation therapy, and/or increases i lvin-
phatic load, such as through chemotherapy (2,.3). Consequently,

Address for Cormspondence: Mebmie Lowse Phnangs, PhD, Mendes Health
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Qe bercl, Australiz; Eorsil: mmplinsings Do adu sy
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cmeer-related limphedema (CRL) has been reponted among
mdividuals treated for a range of cancers including mela-
noma, breast, genitourinary, pynecological, and head and
neck (4

Approximately 20% of breast cancer survivars will develop
lvmphedema within the first 2 vrs afler diagnosis (2), and al-
though less well understood, incidence of lymphalema associ-
ated with treatrnent for other solid tumaors ranges between 7%
and 38%, depending on the cancer type, and method and
timing of lymphedemna assessment (4). Mo extensive lymph
node dissection represents the most consistent and strongest
risk factor for the devd opment of lyvmphedema (2). The sever-
ity of lymphedema may progress over time fom mild edema
to severe, chromic edema, and is associated with pain, heavi-
ness, and tighness in the affered region (5,6). The societal
wost of the condition 15 significant. Those with CRL are more
likdy to experience physical impaiments, depression, anxi-
wial avoidance, disturbances in relationships, higher fi-
mmcial toxicity, and significantly lower quality of life com-
pared with cancer survivors without lymphedema (7,8).

S3DN3105 ddrddv

Hayes et al., 2022

Copenhagen University Hospital, Rigshospitalet, Denmark
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Main objectives

Evaluate effects of exercise on:

1. The prevention of CRL in at-risk populations

2. Treatment; swelling, lymphedema-related
symptoms, and other health outcomes in individuals
with CRL

o
i

Copenhagen University Hospital, Rigshospitalet, Denmark . -
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Total records identified n=6,047

(n=85)

* Wrong patient
population (n=16) _| * Nolymphedema outcome

* Abstract (n=5) (n=34)
* Exercise intervention *  Wrong study design
could not be isolated v \ 4 (n=15)

F 3

S
= Records Records Records Records Records Records
3 identified identified in identified in identified in identified in identified in
= Cochrane CINAHL/ EMBASE PubMed Scopus ProQuest
= (n=339) sportdiscuss (n=616) (n=990) (n=3,338) (n=52)
o (n=712)
— | | ] ] ] ]
— ‘
Duplicates removed
3 n=1,522
=
)
o 4
(=]
v . . Titles and abstracts screened )
Prevention review ned 525 Treatment review
—_— »
n=4,402 records excluded |« » n=4,340 records excluded
= Jr v
= _
E n—1N11 recorlds ex{clugg;j Full-text articles Full-text articles
- . o control arm (n= . .,
=) + No lymphedema reviewed reviewed n=149 records excluded
w incidence/prevalence n=123 n= 185 * Cancer population
(n=33) without lymphedema
—
S
o
Q
el
=
o
=
—

(n=7) Included studies Included studies * Notan exercise
*  Wrong study design n=12 n=36 intervention (n=15)

(n=13)
+ Notan exercise \\/ \\/

intervention (n=6) l )
* Duplicate (n=2) — — Published prior to March 1, 2021

Acute studies Intervention
(n=10) studies (n=26)

FIGURE 1—PRISMA flow diagram.

Copenhagen University Hospital, Rigshospitalet, Denmark
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Eligibility criteria: Prevention

* Population: “at risk” of developing CRL and treated for cancer (of any type)

* |ntervention: regular exercise with CRL assessed before and after intervention

* Excluded:
* acute studies that assessed the effects after a single bout of exercise
» exercise + other interventions if effects of exercise could not be isolated

* Comparator: no exercise, usual care, CRL prevention intervention without
exercise

* QOutcomes: CRL (swelling) via any method (e.g., self-reported, BIS,
circumference) with or without CRL-related symptoms

Copenhagen University Hospital, Rigshospitalet, Denmark
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The Effect of Exercise for the Prevention and
Treatment of Cancer-Related Lymphedema: A
Systematic Review with Meta-analysis

Subgroup

=> Mode
Aerobic
Resistance
Combined
Other
Length
Less than 12 weeks
12 weeks or longer
> Supervision
Fully supervised
Mostly supervised
Mostly unsupervised
Fully unsupervised
Lymphedema type
=  Upper-limb
Lower-limb
Node dissection

<5 nodes removed

# 5+ nodes removed

=p Lymphedema (overall)

Studies
(n)

[3%] [2+] -1 (]

[ ]

10

12

Participants

(m)

153

552

1787

Risk Ratio
[95%CI]

0.90 [0.52, 1.56]
0.81[0.53, 1.23]
0.52[0.23,1.21]
0.57[0.10,3.31]

0.42[0.12, 1.41]
0.92 [0.69, 1.22]

0.73 [0.34, 1.58]
Not estimable
0.71[0.39, 1.28]
1.01 [0.71, 1.45]

0.89 [0.69, 1.15]

Not estimable

0.61 [0.06, 6.52]
0.49 [0.28, 0.85]

0.90 [0.72,1.13]

Heterogeneity

®»

16%

8%

20%
NA

2%

14%

< favours exercise

Tes

N DR
o

B

A relative risk ratio (RR) < 1
suggests reduced risk of CRL
for the exercise group

o
L

0

.

favours control =

Copenhagen University Hospital, Rigshospitalet, Denmark
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Eligibility criteria: Treatment

Population: with CRL.

* |ntervention: regular exercise with CRL assessed before and after intervention
and acute studies that assessed the effects after a single bout of exercise

* Excluded:
* exercise + other interventions if effects of exercise could not be isolated
e exercise as component of complete decongestive therapy

* Comparator: no exercise, usual care, a different mode of exercise (including
different dose or intensity), other intervention, or single-group studies with no
comparator

* Qutcomes: CRL (swelling) via any method (e.g., self-reported, BIS,
circumference) with or without CRL-related symptoms

Copenhagen University Hospital, Rigshospitalet, Denmark
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Results: Treatment (n = 23

Subgroup Study arms Participants SMD Heterogeneity = =
(m) () [95%CI] 1) E
Mode :
Aerobic 3 51 0.02 [-0.37,0.41] 0% ..
) Resistance 12 311 -0.15 [-0.31, 0.00] 0% —.—i
Combined 5 148 -0.04 [-0.27, 0.19] 0% . i
Other 7 97 -0.12 [-0.40, 0.17] 0% L i
Length i
» Less than 12 weeks 17 293 -0.20 [-0.36, -0.04] 0% —— i
12 weeks or longer 10 314 -0.03 [-0.18, 0.13] 0% —.§—
=) Supervision i
Fully supervised 13 209 -0.18 [-0.37, 0.01] 0% B E
Mostly supervised 3 59 0.06 [-0.31, 0.42] 0% E B
Mostly unsupervised 7 244 -0.05[-0.23, 0.13] 0% +
Fully unsupervised 4 94 -0.19 [-0.48, 0.09] 0% B i
Lymphedema type i
o Upper-limb 23 552 -0.08 [-0.20, 0.03] 0% E
Lower-limb 2 17 20.10 [-0.77, 0.58] 0% . Values <0 suggests
. reduced swelling after
! . . .
i the exercise intervention
=== | ymphedema (overall) 27 study arms 607 -0.11 [-0.22, 0.01] 0% ‘E
i
—(}I, 8 JUI. 6 —(J‘, 4 —(]I,Z ('] ()I, 2 0,I 4 (Ij 6 OI, 8
< Reduction in outcome Increase in outcome >

Copenhagen University Hospital, Rigshospitalet, Denmark
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Results: Treatment
[ ]
Outcome Study arms Participants SMD Heterogeneity ‘
(n) (n) [95%CI] 1)
» Pain 7 142 0.57 [0.09, 1.04] 73% i
Heaviness 2 49 0.37[-0.03,0.77] 0% i L
Tightness 2 49 0.36 [-0.04, 0.76] 0% B
- Quality of life 8 138 0.69 [0.45, 0.94] 0% S —
DASH 10 214 0.3470.14, 0.53] 0% o
Aerobic fitness 5 78 0.13 [-0.30, 0.55] 40% : B
| Values > 0 suggests
Upper-body strength 10 239 0.73[0.54, 0.93] 70% ! — B
Improvement n symptoms
Lower-body strength 3 135 0.82 [0.43, 1.21] 53% !
and health-related outcomes
Fatigue ’ ! 0811033,1.28) 2% after exercise intervention =
Body weight 4 105 0.11[-0.16,0.37] 0% — .
Body mass index 5 131 0.11[-0.13, 0.35] 0% s e
Body fat 5 123 0.06 [-0.19, 0.30] 0% ——
-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50
< worsening in outcome improvement in outcome >

Copenhagen University Hospital, Rigshospitalet, Denmark
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Aerobic Resistance Other
Prevention studies

Mode Exercises on cycle ergometer, treadmill, or elliptical;  Upper- and lower-body, machine, free-weight, and Football fitness, deep breathing, stretches;
step aerobics; brisk walking; water-based Therabhand resistance exercises; individual or individual or group-hased (classes)
exercises; individual or group-based (classes) group-based (classes)

Intensity Low-high Low-high Low-high

Duration of session 15-40 min per session; weekly total of 150 min 45-90 min 45-60 min

Frequency 3-4 sessions per week 2-4 sessions per week; daily (P9, P15) 2-4 sessions per week; daily (43)

Intervention duration 8 wk—6 months; duration of chemotherapy (39) 8 wk—24 months; duration of chematherapy (39) 6 wk=24 months

Progression When specified: aerobic intensity progression weeks 1-6 at 60% V0 gy Weeks 7-12 at 70%, >week 12 at 80% (39). Duration progression week 1 to 3 for

15 min, 5-min increase every 3 wk up to 45 min (39). Resistance: progressed individually per week or increase resistance weight by 5%-10%

Treatment studies
Acute studies

Mode Nordic (pole) walking; treadmill walking Upper body, machine and free-weight resistance Tai chi, repetiive active arm exercises with/
Bxercises out equipment
Intensity Low-high Low-high Low-moderate
Session duration <60 min <60 min <60 min
m Intervention studies

Mode Walking, jogging, cycling, swimming, aerobics, Upper- and lower-body, machine, free-weight and Yoga, Pilates, Tai chi, water-based exercises;
Nordic (pole) walking, arm ergometry, floor-based Theraband resistance exercises; individual or individual or group-based (classes)
aerobic exercise to music, water-based aerobics; group-based (classes)
individual or group-based (classes)

Intensity Low=high Low=high Low=high

Session duration 10-60 min per session, performed as continuous 35-90 min per sessions; weekly total of 150-180 min -~ 30-90 min

aerobic exercise or 1-6 bouts of 1-20 min; weekly
total of 150-180 min

Frequency 2-7 sessions per week 1-7 sessions per week; twice daily for <10 min 2-3 sessions per week
of bouts
Intervention duration 4 wk—12 months 4 wk=12 months 612 wk
Progression When specified: Aerobic: increase in 1-2 metabolic equivalents per week; or progressive increase in exercise time and/or intensity to maintain prescribed total

exercise dose if there was no worsening in lymphedema. Resistance: individualized exercise progression involving adding 1-2 new exercises per week or
increase resistance weight by 5%-10%. Generally, exercise was progressed if (i) no changes in swelling or lymphedema-related symptoms, (i) a given
level of resistance could be performed with proper form, and/or (iii) individuals were able to perform more repetitions than the prescribed amount during
a set without changes in lymphedema or symptoms

Indications to stop or  Excessive fatigue, postexercise muscle soreness >48 h, or a worsening of swelling or symptoms during or after exercise

reduce exercise
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In summary

* Overall CRL prevention and treatment favored participation in
exercise, although this was only supported statistically for the
effect of exercise on CRL prevention for women with breast
cancer with 5 + nodes removed.

* In individuals with CRL; benefits observed in pain, fatigue,
upper-body function, strength, and quality of life underscore
the importance of regular exercise.

* Findings reflect breast cancer survivors. However, consistent
trends favoring exercise suggest that the physical activity and
exercise guidelines promoted to the wider cancer population
are likely applicable to those at risk or with CRL.
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In summary

* Findings support that exercise, no matter the type, should be
encouraged and promoted. This importantly allows for patient
exercise preferences to be considered.

* Findings also support that patients with or at risk of CRL should be
encouraged and empowered to exercise, even in the absence of
supervision.

* Importantly, an individualized approach should be taken to
exercise prescription letting lymphedema symptom response
guide pace and increments of progression in exercise duration,
intensity and frequency.
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