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Sport Medicine in the Prevention and
Management of Cancer

Hao Luo, MEd'?({)), Daniel A. Galvio, PhD?,
Robert U. Newton, PhD?>* , Ciaran M. Fairman, PhD? ,
and Dennis R. Taaffe, PhD, DSc, MPH*?

Abstract

Physical inactivity is a major concern in cancer patients despite the established preventative and therapeutic effects of
regular physical exercise for this patient group. Sport not only plays an important role in supporting the development and
maintenance of a physically active lifestyle but also is increasingly used as a health promotion activity in various populations.
Nevertheless, the potential of sport as an effective strategy in the prevention and management of cancer has gained little
attention. Based on the scant evidence to date, participation of cancer patients in supervised, well-tailored sport programs
appears to be safe and feasible and is associated with an array of physical and psychological benefits. We propose that sport
participation may serve as an alternative strategy in the prevention of cancer and sport medicine in the management of
cancer. As with the traditional exercise modes, benefits derived from sport participation will be dependent on the sport
undertaken and the physical/physiological, motor, and cognitive demands required. To this end, further work is required
to develop a solid evidence base in this field so that targeted sport participation can be recommended for cancer patients.
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from 23.3% in 2010) did not meet the World Health
Organization recommendations on minimum physical
activity for health, that is, at least 150 minutes of moderate-
intensity, or 75 minutes of vigorous-intensity physical
activity per week, or equivalent combinations. With regard
to cancer patients in developed countries, the prevalence of
a sedentary lifestyle is much higher. The National Cancer
Institute recently reported®® that 34.8% of adult cancer
patients engaged in no physical activity in 2016. In addi-
tion, an estimated 88% of prostate cancer patients in

Introduction

Cancer is a worldwide problem and imposes a tremendous
disease burden. In 2018, the expected number of new cancer
cases globally was 18.1 million." For most cancer patients,
the disease and related treatments will have a severe adverse
effect on physical, mental, and social health with the most
common symptoms being fatigue,”® pain,*’ nausea,®’
reduced functional capacity,®® depression,'™"" anxiety,”"
and social disconnectedness.'*'* In addition, cancer patients

are also more vulnerable to other chronic comorbidities such
as cardiovascular disease, diabetes, osteoporosis, and sarco-
penia.'>"” Therefore, strategies that can reduce the risk of
cancer and mitigate a wide range of health sequelae related
to the disease and its treatments are of clinical importance.
Regular physical exercise is associated with a reduced
risk of many types of cancers'®'? and cancer recurrence® as
well as attenuated treatment-related symptoms in cancer
patients.">?"*> However, physical inactivity or an insuffi-
cient level of physical activity, irrespective of a cancer diag-
nosis, remains a major concern. According to data recently
published,” worldwide 27.5% of adults in 2016 (rising

Australia do not meet the recommended physical activity
level, of which 47.5% are totally inactive®; while in
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Canada, only 21% of cancer patients were considered active
in 2005,%° with similar results also reported in the 2009-
2010 National Health Survey round.”’

Sport participation is commonly advocated by policy
makers to facilitate the development and maintenance of an
active lifestyle in the general public. As suggested by Khan
and colleagues,”™ sport contributes to a healthier nation
through improved physical activity level of the population.
Individuals who play sports are more likely to meet the rec-
ommended physical activity level for health than those who
are not active in sport.”’ Sport, through varied forms of
interactive (such as partnered-based and group-based activ-
ity) and match/contest play, may have the potential to
increase participation rate and maintain exercise continu-
ance in various populations.*®!

In recent years, a range of sports as a health promotion
activity has been examined in the noncancer populations. A
period of participation in organized sport activities were
reported to result in a broad spectrum of cardiometabolic
and musculoskeletal benefits in both the apparently healthy
population and patients with common chronic diseases such
as diabetes, hypertension, and osteoporosis.*** In addition,
sport participation is often associated with a wide array of
psychological benefits including enhanced self-esteem and
self-efficacy and a general feeling of well-being.** However,
the potential of sport as an effective intervention in the man-
agement of cancer has gained little attention. This may be
partially related to a prevailing dogma that vigorous exer-
cise, which would include a wide range of sport activities,
may increase the risk of immunosuppression thereby com-
promising the immune system against tumor cells. However,
a recent review by Campbell and Turner®® dispelled such a
misconception and concluded that acute vigorous exercise
may actually enhance immunological health.

To date, there is no definitive evidence that would pre-
clude sport participation in cancer patients. On the contrary,
a recent review by Ruiz-Casado et al*® synthesizing numer-
ous preclinical and human mechanistic studies concluded
that an active lifestyle (and this could be achieved through
exercise and sport) through multiple biological mechanisms
(such as vascular normalization, myokine secretion, etc)
may potentially exert an antitumorigenic effect. In addition,
emerging clinical trials’”** have showed preliminary effi-
cacy of prescribed sport activities (such as soccer, triathlon,
wall climbing, and dragon boat racing) in patients with
common types of cancers (predominantly prostate and
breast cancers) on a variety of supportive care outcomes.
Therefore, we propose that participating in structured sport
programs may serve as an alternative strategy to conven-
tional clinic-based and community-based physical exercise
programs and could be implemented more widely in the
prevention and management of cancer. In this review, we
discuss the positive association between sport participation
and the risk of cancer and cancer-specific and overall

mortality, present studies reporting sport activities in the
management of cancer, provide initial recommendations on
sport participation for cancer patients, and finally discuss
future opportunities for research in this emerging field of
oncology.

In order to facilitate discussion on this topic, in this article
sport is defined as an activity requiring physical effort and
skills with predetermined rules and objectives, which typi-
cally requires multifaceted physical and physiological
demands depending on various factors such as movement
components and forms of play.””** Evidence regarding sport
participation for cancer management in this review was
obtained through a systematic literature search. Briefly, elec-
tronic searching was undertaken in PubMed, Web of Science,
SPORTDiscus, PsycINFO, and Google Scholar databases
using keywords for population (cancer OR tumor OR malig-
nancy) AND keywords for intervention (sport OR individual
sports OR team sports OR specific sport disciplines based on
the current list of Summer and Winter Olympics), with data-
bases searched up until May 2019. In addition, the reference
lists of relevant primary and secondary studies (review arti-
cles, commentaries, and editorials) were also checked to
identify potential eligible studies. Due to the limited evi-
dence on sports for cancer management, studies on exercise
programs primarily composed of sport-related activities
(including sport skills practice and targeted physical training
preparation for a specific sport such as triathlon) in cancer
patients were also included in this review.

Sport, Cancer Risk, and Cancer
Mortality

It is well established that sport participation reduces the risk
of all-cause mortality and improves life expectancy in vari-
ous populations.”* In the cancer context, individuals
repeatedly exposed to sports (including the general public,
amateur/collegiate athletes, and professional/elite athletes)
also have decreased risk of cancer and cancer-related death,
although disparity exists in their training levels and physi-
cal condition. An early observational study® suggested that
regular sport participation led to a lower rate of cancer inci-
dence in middle-aged and older men. In a similar fashion,
life-time sport-active adult women have a reduced inci-
dence of breast cancer (>50% reduction) compared with
age-matched nonactive women with stronger protective
effects observed in those with earlier sport engagement and
higher activity level.* In amateur/collegiate athletes with
higher training volume and intensity, a lower rate of cancer
risk has also been observed. An early large-scale survey®’ in
5398 female former collegiate athletes and nonathletes indi-
cated that long-term participation in organized sport activi-
ties was associated with a reduced risk of not only breast
cancer but also gynecologic cancers; while a 15-year fol-
low-up®™ of these subjects also indicated that previous
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Table I. Summary of Benefits of Sport Participation in Untrained, Healthy/Asymptomatic Individuals and Noncancer Patients.

Increased Decreased
Muscle mass®*¢%-? Body far5456:58,60-63
Bone mineral densit:y‘r""‘"’&z‘64 Heart rate5566!63

: . 42,54-58,60-62,64
Cardiorespiratory fitness

Muscular strength*¢3
Functional capacity
Physical performance
Mental wellness**¢?

42,63
61,62

55-58,60,61
Blood pressure

Blood glucose "¢
Insulin resistance
Plasma triglycerides
Low-density lipoprotein cholesterol®®®®
Proinflammatory cytokines>**®

Stress and anxiety*

58,63
58,60,61,63

college sports experience conferred a life-time prophylactic
effect against breast cancer. Recently, a retrospective study®
in French athletes demonstrated that the longer life expec-
tancy in elite athletes of numerous sports was primarily
attributed to the lower risk of cancer.

Regarding cancer mortality, several cohort studies
and a meta-analysis® have demonstrated that, in comparison
with the general population, elite professional athletes and
Olympians (mostly men) have fewer cancer-specific deaths.
As reported in the meta-analysis,” the pooled standard mor-
tality ratio for cancer was 0.60 (95% confidence interval =
0.38-0.94) in professional or Olympic-level athletes.
Therefore, encouraging evidence suggests that engagement
in sports may be conducive in reducing cancer incidence and
cancer-specific and overall mortality in adult men and
women with varied sport training backgrounds, which may
be attributable to a healthier lifestyle including less smoking
and more physical activity in sport active people.”

50-52

Sport and Cancer Management

Work to date indicates that sport participation as a health
promotion activity has a broad spectrum of physical and
psychological benefits in not only healthy/asymptomatic
individuals but also clinical populations with common car-
diometabolic comorbidities including hypertension, diabe-
tes, and obesity regardless of age, sex, and socioeconomic
background. A summary of beneficial effects resulting from
a period of participation in individual and team-based sport
activities including golf,** rugby,*** soccer,’™® basket-
ball,*! handball,®? and floorball®®* in untrained, healthy/
asymptomatic individuals and noncancer patients is pre-
sented in Table 1. Likewise, a small but growing number of
studies®”” have shown that regular participation in individ-
ual and team-based sports (including triathlon, wall climb-
ing, dragon boat racing, and soccer) is also effective as an
exercise therapy for persons previously diagnosed with can-
cer (mostly breast and prostate cancer) in alleviating disease-
related and treatment-related adverse effects on physical,
physiological, and psychological function (Tables 2 and 3).

Physical and Physiological Benefits

Positive adaptations in physical performance, functional
ability, cardiovascular fitness, and body composition have
been observed in cancer patients following short-term to
long-term participation in structured soccer and dragon boat
(team paddling in a heavy, dragon-shaped boat) programs
with some of the changes more notable than those engaging
in other fitness activities (Table 2). For example, a short-
term (8-week) program of dragon boating resulted in sig-
nificant improvement in muscular strength and aerobic
capacity in adult cancer patients.”’ In middle-aged and older
breast cancer (BCa) patients,” cardiac diastolic function
substantially improved following long-term (48 months)
participation in dragon boating compared with healthy
women undertaking predominantly traditional cardiorespi-
ratory activities including running, cycling, and swimming.
In addition, BCa patients engaged in a twice-weekly dragon
boat program for over 6 months had lower lymphedema
incidence than a comparison group undertaking other forms
of aerobic exercise including Pilates, yoga, tai-chi, jogging,
and walking.”” A randomized controlled trial (RCT) demon-
strated that recreational soccer training up to 32 weeks in
duration induced marked improvement in lean body mass,”
bone mineral density,”® and lower limb muscle strength and
function’® in men with locally advanced or metastatic pros-
tate cancer (PCa) undergoing androgen deprivation therapy.
In a subsequent 5-year follow-up,”® the beneficial effects on
the skeleton were maintained through regular participation
in self-organized recreational soccer games with significant
improvement observed in femoral neck bone mineral den-
sity compared with those undergoing resistance training,
aerobic exercise, and yoga.

Beyond soccer and dragon boat racing, other sports
including triathlon and wall climbing (adapted indoor rock
climbing), albeit less examined in cancer patients, have also
shown initial efficacy in improving physical functioning
(Table 2). For instance, a 14-week program culminating
with participation in a sprint distant triathlon (800-m swim-
ming, 20-km cycling, and 5-km running), which comprised
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Integrative Cancer Therapies

twice-weekly team triathlon training and 3 to 7 hours per
week home-based exercise, significantly increased maxi-
mal oxygen uptake in BCa patients.* In addition, in under-
taking an 8-week wall climbing program (including various
specific skills practice and climbing strategy drills) in gyne-
cologic cancer patients, significant improvement was
observed in aerobic capacity, muscular strength, agility,
dynamic balance, and flexibility.*'

The improvements observed in cancer patients are pos-
sibly related to the physical and physiological demands of
the respective sport activity. Soccer is a lower limb—driven
intermittent locomotor activity with various vigorous, high-
impact movements,* which predominantly results in adap-
tations in cardiorespiratory and lower body musculoskeletal
systems. Dragon boat racing, like most paddle sports (such
as canoeing and rowing), is a non—weight-bearing, upper
limb—driven endurance activity, which predominantly may
result in changes in the cardiovascular system and upper
body muscle endurance.®® Triathlon is a multisport endur-
ance event consisting of 3 continuous and sequentially per-
formed races including swimming, road cycling, and
distance running.™ Wall climbing, which is adapted from an
outdoor sport—rock climbing, primarily requires muscular
strength/power, aerobic endurance, flexibility, and balance
in climbers.*

Psychological and Social Benefits

In addition to physical and physiological endpoints, partici-
pation in sports are accompanied by psychological and
social benefits in cancer patients with the most frequently
reported positive findings being enhanced psychological
well-being and quality of life (QoL; Table 3). For instance,
various dimensions of psychological well-being (such as
emotional, social, and spiritual well-being) in adult BCa
patients were enhanced through participating in dragon boat
racing.®%“’? In addition, health-related QoL was also
improved in BCa patients®”*>** and other unspecified
adult cancer patients’' after a period of dragon boating or
triathlon training; and the improvement in BCa patients was
comparable with age-matched healthy women.®” A recent
retrospective study’’ indicated that BCa patients who par-
ticipated in a short-term low-frequency dragon boat pro-
gram had better QoL compared with a group undertaking
commonly used therapies (such as compression therapy and
lymphatic drainage) and aerobic exercise including Pilates,
yoga, tai-chi, jogging, and walking. Regaining of social
support and personal control was also observed in middle-
aged BCa patients following long periods (19 months to 8
years) of engagement in dragon boat programs.®®”
Moreover, both observational®” and intervention-based”'
studies indicate that adult cancer patients (mainly BCa)
within a team format developed strong cohesiveness after a
period of dragon boating, which was at a higher

level compared with those undertaking other group-based
activity (eg, walking)’' and comparable with those in female
sport teams,”” and was crucial to exercise initiation and
maintenance.® Last, it has been reported that participation
in small-sided soccer games by men with PCa is accompa-
nied by improved mental health.”

Aside from the studies dedicated to a specific sport pro-
gram mentioned above, cross-sectional studies™ also
indicate that participation in a range of sports (such as golf,
swimming, hockey, tennis, etc) after a cancer diagnosis is
associated with improved psychosocial outcomes in
patients. The mechanisms underlying the improvements in
psychosocial functioning in cancer patients participating in
sports are possibly related to the social/interactive, support-
ive, and enjoyable/challenging environment featured in
sports and in particular team sports.****” In team-based
sports, participants are required to work closely toward a
common goal, which tends to generate greater bonding
among team peers compared with undertaking other exer-
cise modalities. In addition, there is also evidence that can-
cer patients consider peer support and shared experience
with co-participants as motivational factors in their sport
participation.®*?!-2

Safety and Feasibility

In undertaking sport activities, the cancer patient’s safety
needs to be ensured. With regard to exercise in general, the
Exercise and Sports Science Australia (ESSA) position
stand” and the American College of Sports Medicine
(ACSM) roundtable statement on exercise for cancer
patients® concluded that exercise training is well tolerated
during and after cancer treatment and is safe in patients of
common cancers. In addition, numerous systematic reviews
and meta-analyses’"'" published within the past decade
further support this conclusion, adding that resistance-based
and aerobic-based exercises, irrespective of mode, inten-
sity, duration, frequency, and supervision, are safe in com-
mon adult and pediatric cancer patients at different stages or
having received different therapies, with either no adverse
events or only minor exercise-related injuries (such as mus-
cle soreness, sprains, and strains) and discomforts observed.

Similar findings were also reported in patients with
breast, gynecologic, and prostate cancers undertaking var-
ied sport programs, although the incidence and frequency of
adverse events or injuries were not always explicitly
reported by the investigators (Table 4). For example, in
nonmetastatic BCa patients following intensive treatments,
no adverse events and only one case of a non-training—
related injury were reported in a 4-year supervised dragon
boat program’> and a 14-week team triathlon training pro-
gram,” respectively. Similarly, in an 8-week wall climbing
program in 24 gynecologic cancer survivors,®' only one
participant suffered a leg scratch during training. Even in



'pa14oda. S3WODINO puE UONEIND UOIUDAISIUI JUSISYIP YIIM [BLI) SWES,
“J9dued 91e150.4d ‘eDd ‘pariodal 10U ‘YN (9IBJ 1IBSY WNWIXEW ‘XeWYH 192Ued 2180]023UAS ‘e L1adued Iseauq ‘eDg ‘Adesayn uonealidsp usdopue | QY SUOHEIABIGQY

*(sarnlur |g303 Y3 Jo %/ 404 Sununodde
suteads pue ureays sppsnw se Yyons sarinful
Joujw ‘09 = u) saLInful paleaJ-49220s (|| =
S|0J3UOD SA J432205) y3eap dydads-a3oued pue

(sypuow 9) %65 “(ZT: 11 = $|043u0d SA 49220s) uonezieaidsoy
pue (s)eam 7|) %p9 = (]:] = $]0J3UOD SA 19220S) 24Mde) ((9:0| 1AV Uo %95
94 ddUBpUINE (SYrUuOW = $|0J2UOD SA J3220s) s||e} Suipnpdul ‘(0€:€T pue (Adesaypolped pue ‘Adesaypowayd ‘Awordaeisold
9) %56 PUe (M 7|) = §]0J3UOD SA J9220S ‘8303 Ul) §|03U0d Y2 Suipnpur) pa19|dwod syuswIeaI) SAISUIUI ‘sisouSelp
%86 = 91ed UONUIA ul yaim padedwod ulure.y 4a220s Y3 Ul uoIssas Ja1je JeaAk ¢ ‘(siseasersw auoq 3uipnpul) BDd padueApe
{9406 = 914 JUSWIINIDDY POAISSGO SIUSAD ISJIDAPE SSI| UDAD 0 JUB[eAINDT  Juiw 09 “j@am/g ‘syauow 9 pue a3e1s-A|ued ‘sueak g'/9 ‘DeW ‘40| = 422005 (6107) ,,I& 20 2aualg
(suolssas
pa129J9s ¢ ul ulioluow 1AV yum sauedpnaed
Uo paseq) XewWyH %08< Suluren 33 JO %G} ‘Sisouselp Ja1je Jeak | USAO ‘eDd PIOUBAPE
Apsow tsawn /°| = J2220s pasiatadnsun A||e20] 40 padueApe ‘saeak €|/ ‘9jew ‘(aduapioul Aunlul
9ouepuaNE APjPam a3eIaAY (7 = u) Aunlui parejpu-1aods payadsun ‘paziue.o-J|as Jo sueak g pue @duepusNE J19Y) paldodau ¢ A|uo) || = J49230§ (8100) g% YN
*(Adeaspowsyd
pue ‘Adesaypoiped ‘A1aduns Suipnjpul) paisjdwod
SIUSWIIBDIY AISUSIUI ‘SISOUSEIP JO SUBIA T UBY) SSI)
(paJinbau uonenunuodsip uolssas  (%/9) Apsow ‘(UoissiwSJ Ul 4O pPaJnd) D)D) deISEISW
%8 = 91k 9dUEpUANY SUlUIRI] PUB BJED [BDIPAW OU ‘| = U) YdIedds 827  Juil 07| “|9IM/T ‘S)9aMm g 10 Pazi[ed0| ‘suedk 7§ ‘DBWSy ‘b7 = Suiquui]d |[BAA (£107) gle 32 paoyme
‘(Adeaay jeuowioy pue
uoissas  ‘Adessipoiped ‘Adessyrowsyd ‘Aissans) sauswies.s asod
%p8 = 918l uonuady (| = u) Aunfur parepu—3ulureai-uou paypadsun UL g DPIM/T ‘POM | SJBIA § ‘BDQ |||-0 98e1S ‘SUedA g} ‘D[eWd) ‘| 7 = Uo|yael | (£100) e 2@ BN
uolIssas/ulw
%T9Yy = d3ed DdUEPUINY “(F10T ‘|2 32 yan 995) 2AOQR S 09-G HIIM/E-T ‘DIPIM 7€ (10T ‘e 39 yan 295) dr0qe sy 9100) 4,18 30 YN
‘(Adeaspoiped
pue ‘Adesayzowayd ‘Awoldajuelpenb ‘Awoldsisew
uolssas [e302) sauswiea.al pue sisoudelp Jaye Jeak | ‘BDg
N SIUSAD 3SJUBAPE ON /Ul (7| “YP9M/T ‘syauow gy JpeIseIBWUOU ‘sueak /G ‘Dewdy ‘GG = Suneoq uodelq (S107) ¢, [® 30 1ugjoag
Sulure.) pawNsaJ pue JuUsWILdIY
SAIIBAISSUOD JU3B PAISA0IAU IsoW ING (| =
u) urens sppsnw sdadripenb (| = u) ureads
apjue ‘(| = u) aumdnu uopual saj|Iydy |enJed ek | < | QV ‘sisouSelp Ja)je Jeak | J9A0
XeWYH %58~ (7 = u) sumdedy aenqy Suipnjoul salinful uolssas/uiw ‘(siseaseaow auoq Yaim asoya 3uipnjdul) D PIadUBAPE
{9469/ = dkJ DUBPUINY [e39]djso[nasnwi pey (%/ | ~) sueddnaed A1y 09-Gf NPIM/E-T ‘SHPOM T| A|[ed0] 40 pasueApe ‘sueak |'/9 ‘BeW ‘67 = J9230§ F100) ¢, B3 1N
(zoo
=4 80| SA £T]) 3upjem ‘sjuswiIeR.) Jadued Jaye (%G/) Apsow
paseq-dnou3 3upjelapun ‘sisougelp 491t sJeak ' ‘(sadAa payidadsun Jsyio pue
$|0J3U0D Y3 UBY) UOISSOS/UIW 9 oM ‘eDd ‘®Dg) S190UBd INpE Al-| 9883s (%58~) Apsow
aduepuale a3eaAe JaySiH AN /T ‘PuUNOU/SHP9M g ‘spunod ¢ ‘saeak g'¢G ‘ojeway pue djew ‘g9 = Suneoq uodeuq (T107) |, I8 30 4onreD
(93ey 2dUBpPULIIY (34meN/A11ISASS ‘9OUSPIDU]) SIUSAT 9SISAPY uoneunQ uolssag (sausuwnyeau ) (4ea ) doyany
‘uonURY WBUNINIIDY) ‘Aousnba.y ‘poliad Sulured)  paAleday/BuloduQ ‘sues | pasouselq ues|y ‘@dA] Jsdue)
sawomnQ Aljiqisea ‘a8uey 28y a8y ues| ‘xag ‘Jaquin]) sauedidnued 1uodg

'syuaney Jaoue) ul uonedidnaey 140dg jo sswomnnQ Aljiqises pue A19jes ‘p d|qe |



Integrative Cancer Therapies

more advanced (=T3n) PCa patients (including those with
bone metastases) undergoing androgen deprivation therapy,
the incidence of adverse events was not severe with only 5
of the 29 participants experiencing a musculoskeletal injury
in a 32-week supervised trial*”’® and 2 of 11 soccer partici-
pants suffering an injury in 5 years of unsupervised soccer
training.”® Moreover, in a recent large-scale RCT in men
with early-stage and advanced PCa’ participating in 6
months of twice-weekly supervised soccer, the injury rate in
the soccer players was equivalent to that in the control
group receiving exercise instruction by telephone and reha-
bilitative therapy, with the vast majority of injuries minor
including muscle strain or sprains. Although participating
in soccer games appears to be associated with a risk of
injury, men with PCa might instead perceive the risk a posi-
tive reinforcement of their masculinity.'®

In addition to the safety profile, the feasibility outcomes
observed in various cancer patients undertaking sport-based
programs also appears promising (Table 4). For instance, in
the wall climbing program in women diagnosed with gyne-
cologic cancer, on average 13.5 out of 16 sessions were
attended.®' Similarly, in the 14-week, twice-weekly team
triathlon program for BCa patients, 21 out of 25 participants
completed the training program and assessments.*® Carter
et al reported that adult cancer patients undertaking dragon
boating on average attended more sessions than controls
performing group-based walking over an 8-week period.”"
However, attendance may alter with program duration as
evidenced in the soccer program by Uth and colleagues,
with attendance of ~77% at 12 weeks”* but only 46% at 32
weeks.”® Last, in a 6-month soccer trial with early-stage and
advanced PCa patients,” 214 out of 238 eligible partici-
pants were recruited with a retention rate of 95% and atten-
dance of 59% at 6 months.

Therefore, the preliminary evidence suggests that partici-
pation in supervised, well-tailored sport programs by cancer
patients is feasible and is of low risk, and may only result in
mild sport injuries that are common for people engaging in
any form of physical exercise. Nevertheless, additional stud-
ies are necessary to develop this evidence base.

Opportunities and Recommendations for Sport
Programs in Cancer

Classification of sports based on the principle of specificity
is an essential prerequisite underpinning the effectiveness
of a sport program for cancer management, as sport activi-
ties with homogencous physical and physiological profiles
will result in similar responses and adaptations for the par-
ticipants. Almost all sports require a combination of coordi-
nation, strength/power, speed, and aerobic and anaerobic
fitness. In accordance with the predominant characteristics
involved in a particular sport and the potential physiologi-
cal loads imposed by motor activity and movement

demands,'”""'% sport disciplines can be divided into 4 cate-

gories, that is, skill-dominant/precision sports, strength/
power-dominant sports, endurance-dominant sports, and
mixed sports. However, it should be noted that there are
multiple ways to categorize sports.''® Although sport activi-
ties within a category share a similar profile, variability in
the demands of different energy systems and movement
components may still exist across the different sports within
a category due to intrinsic patient-centered characteristics,
such as skill level and motivation, and extrinsic factors such
as skills/competitiveness of the opponent/competitors or
fellow team members and environmental factors.

o Skill-dominant/precision sports. We define skill-
dominant/precision sports as activities requiring a
higher level of bodily coordination and skills to
achieve a precise execution of movement (eg, golf,
table tennis, gymnastics, diving, and archery). In
general, skill-dominant sports include only a short
bout of action that predominantly requires cognitive
function, body control, quick reaction, and physical
strength with only modest stress to the cardiorespira-
tory system.

e Strength/power-dominant sports are activities requir-
ing a higher level of physical strength and power out-
put (eg, weightlifting, speed skating, shotput,
sprinting, and triple jump). In general, strength/
power-dominant sports include rapid forceful motion
against body weight and/or an external resistance,
which predominantly requires a higher rate of force
development.

e Endurance-dominant sports are activities requiring
both cardiorespiratory and muscle endurance (eg,
canoeing, road cycling, swimming, rowing, and ori-
enteering). In general, endurance-dominant sports
basically involve cyclic motion that requires sus-
tained, repeated contraction of large muscle groups
and maximum involvement of the cardiorespiratory
system with comparatively lower demands on mus-
cle strength and power.

e Mixed sports. We define mixed sports as activities
requiring involvement of a wide range of systems
with nearly equal demands in technical skills,
strength/power, speed, acrobic, and anaerobic fitness
(eg, soccer, basketball, ice/field hockey, rugby, and
boxing). In general, mixed sports include an assort-
ment of repetitive dynamic movement components
such as jogging, sprinting, acceleration, deceleration,
stopping and cutting, jumping, and so on.

Evidence indicates that people participating in different
types of sport demonstrate different physical and physio-
logical adaptations. For example, a cross-sectional study'"
in frail older women indicated that participating in table
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tennis resulted in better cognitive function than nonpartici-
pants. In addition, older golfers showed better balance con-
trol than age-match nongolfers.''? Male and female athletes
in higher resistance and impact-loading sports consisting
mainly of strength/power-dominant (such as judo and
karate) and mixed sports (such as soccer) show greater mus-
cle mass and bone density compared with non—weight-bear-
ing or low-impact sports (such as swimming and water
polo) with more increases observed in athletes of longer
participation and at sites of more intensive stress.'*''® In a
similar fashion, sport activities with higher aerobic compo-
nents (such as swimming) elicit more improvement in car-
diopulmonary function.'”

Accordingly, along with the aforementioned positive
changes in cancer patients undertaking various sport-based
programs,” >3 788081 e hropose that sport activities with
similar profiles and comparable exercise load stimulus
would also result in similar beneficial effects in cancer
patients. Specifically, cancer patients participating in endur-
ance-dominant sports would predominantly improve car-
diovascular fitness, and cancer patients participating in
strength/power-dominant sports would predominantly gain
lean mass, muscular strength, endurance, and bone density.
For mixed sports, positive adaptations in circulatory and
respiratory systems as well as in body composition and
functional ability would be elicited. In addition, cancer
patients with treatment-related cognitive deficit would ben-
efit from undertaking skill-dominant/precision sports.
However, as variability of demands in the body systems
exist across sports within a category, substantial secondary
adaptions would also be possible in cancer patients through
regular participation.

Given the paucity of evidence with regard to sport par-
ticipation for cancer management as well as the diversified
characteristics across sports, specific recommendations on
dosage for a particular sport in cancer patients still remains
impractical. However, the general guidelines for physical
exercises proposed by ACSM** and ESSA” could be con-
sidered as a basis for dosage prescription (ie, weekly 60-150
minutes of exercise at a moderate to vigorous intensity).

Additional Considerations

Several other factors should be taken into account when
planning and implementing a sport program for cancer
patients. First, a sport program should always be practical
for cancer patients. To this end, it is vital to simplify techni-
cal skills, reduce exercise load, and avoid high-risk activity
components (such as body contact) of a sport activity
according to participant’s physical capacity at different
phases of treatment.'"® For example, in mixed sport events
(such as soccer and basketball), playing rules, field-of-play,
number of players per side, and game duration can be
adjusted to manage the training load and avoid risk factors.

Second, a selected sport activity should appeal to potential
participants. In this regard, the participant’s personal prefer-
ence and previous experience in sport participation should
be taken into consideration when prescribing sport pro-
grams.'"®'?! Third, a separate familiarization period before
regular sport participation may be required for participants
to learn and acquire the necessary skills related to the sub-
sequent sport program, which should also be regarded as an
indispensable part of a sport program to further ensure
safety and maintain the participant’s playing interest and
enjoyment as well as facilitate exercise continuance. Finally,
in order to increase the participation rate of cancer patients
in a sport program, the prevalence of different sport events
within a region and availability of facilities should be con-
sidered.'** For example, rugby is one of the most played and
widely watched sports in Australia among men and women
across all age groups, while basketball is one of the most
popular sports in the United States. However, apart from
referring to sport popularity and facility availability, provi-
sion of a list of sport program options for cancer patients
may assist in contributing to a higher sport uptake and
adherence rate.'*

Despite all these considerations, a cautious attitude
should still be taken when implementing sport programs in
cancer patients. Overall, for health and fitness, it is highly
recommended for practitioners who are interested in con-
ducting sport medicine programs in cancer patients to fol-
low the general contraindications and reasons for starting
and stopping exercise proposed in the ACSM roundtable
statement.”” In addition, special attention needs to be
attached to patients undergoing active treatments and when
implementing sport programs outdoors.

Perspectives and Future Directions

Although the benefits of physical exercise for cancer man-
agement has been well established, insufficient engagement
and low adherence rate in cancer patients often compromise
the beneficial effects of regular exercise training. Evidence
to date indicates that in cancer patients the lack of ability
and motivation, as well as the tedious and repetitive nature
of exercise, are among the frequently reported barriers to
regular exercise participation.'**'?® Conversely, a support-
ive environment during exercise is a facilitator to regular
engagement in physical exercise.'**'**!% Sport participa-
tion is recognized as an enjoyable experience and intrinsi-
cally involves many motivational aspects such as personal
challenge, competitive climate, and goal orientation, and
may facilitate exercise participation and adherence in can-
cer patients.

Sport participation is associated with lower risk of can-
cer and cancer-related death. Based on preliminary evi-
dence, participating in sport activities is feasible and can be
well tolerated by cancer patients. In addition, sport
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participation can play a vital role in countering a range of
physical and psychological adverse effects related to the
cancer and its treatments. Therefore, sport participation
could be considered as an alternative strategy to frequently
used fitness exercises in the prevention and management of
cancer. We believe that sport participation as adjunct ther-
apy for cancer management would especially appeal to
those with previous and current experiences in sport includ-
ing sports fans as well as retired professional/recreational
athletes. In general, cancer patients are encouraged to par-
ticipate in different types of sports according to their per-
sonal circumstance and preference.

Although there is a developing body of evidence that
sport participation can enhance physical and psychosocial
functioning in cancer patients, it needs to be recognized that
the evidence base contains few RCTs with only a few sports
investigated and is dominated by pilot studies with only
small sample sizes. Therefore, at this stage, the efficacy of
sport participation in cancer management should be inter-
preted with caution, and further work in this field is required
to develop the evidence base. Robust RCTs are required to
investigate the effectiveness of different sport activities in
cancer patients at different stages of the cancer continuum
and while receiving different treatments. In addition, sport-
specific guidelines and practical strategies in planning sport
programs are warranted. At present, only a handful of sports
have been examined in cancer management with the major-
ity being team-based. Therefore, comparative studies on the
beneficial effects between individual, partner-based, and
team-based sports are also required.
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