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”Sidehoved / Sidefod”.
Indføj ”Sted og dato” i 

CIRE: Center for Integrated Rehabilitation of Cancer Patients

Patients enrolled Nov. 
2015 

Final sample size Intervention 
adherence rate

Self-esteem in children and young adults during and after 
cancer treatment - ’RESPECT’ Intervention group: 69 Intervention group: 120 97%

Preoperative & early initiated rehabilitation in patients with 
operable lung cancer - ’PROLUCA’ 

Feasibility 40
RCT 213

Feasibility 40Ö
RCT   213

Feasibility 
73%

‘Four critical moments’ - within rehabilitation in patients 
with operable lung cancer 58 58Ö 93%

An exercise intervention in inoperable lung cancer patients 
undergoing chemotherapy - ‘EXHALE’ 

Feasibility 25
216

Feasibility 25Ö
216

Feasibility 
73%

Diagnosed with cancer – ‘A window of opportunity’ to 
change sedentary lifestyles in patients with breast- or 
colon cancer undergoing chemotherapy - ’SEDENTARY’ 

Feasibility 45
RCT 153

Feasibility 45Ö
154

70%

The effect of recreational football training in men with 
prostate cancer receiving Androgen Deprivation Therapy -
‘FC-Prostate’ 

57 57Ö 77%

Protract Progressive Resistance training and patients with 
testicular cancer undergoing chemotherapy - ‘PROTRACT’ 45 45Ö 70 %

Patient Activation through Counseling and Exercise –
Acute Leukemia - ’PACE-AL’ 

Feasibility 20
RCT 70

Feasibility 20Ö
70Ö

71%

Neuro-Oncology Rehabilitation: Rehabilitation of patients 
with high-grade glioblastoma and their relatives – ’NEON-
REHAB’ 

84 84Ö 81%



Forskningsprogrammet for fysisk inaktive kvinder med brystkræft 
indbefatter:

• et randomiseret feasibility/pilotstudie (n=45) 

• et eksplorerende kvalitativt studie (n=33)

• et randomiseret kontrolleret effektstudie (RCT) af to forskelligartede 12-ugers 
interventioner (n=154)

• Et sub-studie af RCT på effekten af træning på lymfødem og styrketræning (n=153)

National Danish recommendations for physical activity: (Screening 
criteria)

• Udfører mindst 150 minutters moderat fysisk aktivitet pr. uge i
fritiden
•
•Udfører mindst 2 X 20 minutters anstrengende fysisk aktivitet om
ugen (styrketræning, kondition)
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Pulsmåler

Dance Resistance training Spinning

HR Time in sport zones

Minimum Average
Maximu

m
50-59 60-69 70-79 80-89 90-100

02:25:55 77 127 187 00:32:15 00:28:00 00:36:45 00:33:40 00:15:15

Max HR: 177 43,0% 71,0% 105,0% 22,0% 19,2% 25,2% 23,1% 10,5%
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ABSTRA
CT

Introduc
tion: Ant

i-neoplas
tic treatm

ent is

synonym
ous with

an inactive
daily life

for a sub
stantial

number of pa
tients. It

remains unc
lear wha

t is the

optimal setting
, dosage

and combination
of exerci

se

and health promoting components
that best

facilitate

patient a
dherence

and symptom management in order

to support
cardio-re

spiratory
fitness a

nd lifestyle

changes
in an at-risk p

opulation
of pre-ill

ness

physicall
y inactiv

e cancer
patients.

Methods:
Patients

with breast o
r colon

cancer

referred
to adjuvant

chemotherapy
and by the

oncolog
ists pre-scre

ening verified
as physical

ly

inactive
were eligible to enter a randomised three-

armed feasibilit
y study comparing a 12-week

supervis
ed hospital-

based moderate
to high intensity

exercise
intervent

ion or altern
ate an instructi

ve

home-based1
2-week pedometer inte

rvention
, with

usual ca
re.

Results:
Using a recommendation

based physical

activity screenin
g instrument in order to

correspo
nd

with cardio-re
spiratory

fitness (VO2 peak) pr
oved to

be an applicab
le method to identify

pre-illne
ss

physical
ly inactive

breast a
nd colon cancer p

atients.

The study demonstrated
convinci

ng recruitm
ent

(67%), safety
and intervent

ion adherenc
e among

breast c
ancer pa

tients; w
hile the attendan

ce rate for

colon cancer p
atients was notably

lower (3
3%). VO2-

peak declined
on average

12% across study groups

from baseline
to 12 weeks though indices towards

sustainin
g watt per

formance and reduce fat mass

favoured
the hospital-

based intervent
ion. Ped

ometer

use was well ada
pted in both breast a

nd colon

cancer p
atients.

Conclus
ions: De

spite a fa
ir adhere

nce and
safety, th

e

current s
tudy call

s into question
whether

aerobic

exercise,
regardles

s of inte
nsity, is

able to increase

VO2-pea
k during

texane-b
ased chemotherapy

in

combination
with Neulasta

in physicall
y inactiv

e breast

cancer p
atients.

Trial Re
gistratio

n: ISRCT
N249016

41

BACKGR
OUND

In Denmark, 4637 people
were diagnos

ed

with breast
cancer

and 2551 with colon

cancer
during

2011.
1 Improved

treatment

has increas
ed the expecte

d 5-year
survival

rate to 79% for breast
cancer

and 52% for

colon cancer.
1 2 A Europe

an survey
among

cancer
survivor

s reporte
d recentl

y that

<25%
meet the current

physica
l activity

guidelin
es.

3 Studies
on exercise

oncolog
y are

Strength
s and limitations

of this s
tudy

▪ The feasibilit
y study demonstrated

that pred
iag-

nostic physicall
y inactive

patients
with breast o

r

colon cancer m
ay be identified

by clinician
s by

using a simple screenin
g instrument base

d on

national
recommendation

s for physical
activity

that associate
s with low cardiores

piratory
cap-

acity at o
nset of a

djuvant c
hemotherapy

.

▪ Physical
ly inactive

patients
with breast cancer

may be motivated
to participa

te in supervis
ed

comprehensi
ve or home-based

exercise
interven-

tions of moderate-
to-high

intensity
at onset of

adjuvant
chemotherapy

. The low recruitm
ent and

high attrition
of patien

ts with colon cancer m
ade

it inadequa
te to raise a clear conclusi

on on

feasibilit
y.

▪ Both intervent
ions were well tim

ed and showed

fair adherenc
e and safety among patients

with

breast cancer but were partly inconclu
sive for

patients
with colon cancer r

egarding
timing and

volume of exer
cise com

ponents.

▪ The current
feasibilit

y study calls into question

whether
aerobic

exercise,
regardles

s of intens
ity,

is able to increase
cardiores

piratory
capacity

during taxane-b
ased chemotherapy

in combin-

ation with Neulasta
among patients

with breast

cancer.
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Baggrund og relevans:

Er fysisk inaktivitet et særligt sundhedsproblem hos 
kvinder med brystkræft?



n=11.190

Low risk Framingham score

90 % survival vs. 72 %



÷ 25%



N=301

Baseline Post kemoterapi

÷ 9-13%



N=230

÷ 9-17%



2009 Jones et al, The ‘Multiple-Hit’ hypothesis

Jones et al. Journ of the American College of Cardiology, 2007

STATE-OF-THE-ART PAPER

Early Breast Cancer
Therapy and Cardiovascular Injury

Lee W. Jones, PHD,* Mark J. Haykowsky, PHD,‡ Jonas J. Swartz, BS,* Pamela S. Douglas, MD,†
John R. Mackey, MD§

Durham, North Carolina; and Edmonton, Alberta, Canada

Although recent advances in curative-intent therapies are beginning to produce significant survival gains in early
breast cancer, these improvements may ultimately be attenuated by increased risk of long-term cardiovascular
mortality. This paper reviews emerging evidence on the cardiovascular effects of breast cancer adjuvant therapy
and proposes a new entity that we have labeled the “multiple-hit” hypothesis. The evidence that lifestyle modifi-
cation, especially exercise therapy, may mitigate these adverse effects is also reviewed. These issues are of con-
siderable practical importance for cardiovascular clinicians, as identification and intervention in those at high
risk for cardiovascular complications may reduce a major cause of mortality in women with early breast
cancer. (J Am Coll Cardiol 2007;50:1435–41) © 2007 by the American College of Cardiology Foundation

Breast cancer is the most common malignancy in American
women, with approximately 213,000 new cases diagnosed in
2006 (1). Although the incidence of breast cancer has
increased by 0.2% per year between 1997 and 2000, im-
provements in detection and therapy have resulted in
significant survival gains with breast cancer-specific mortal-
ity decreasing almost 24% between 1990 and 2000. As a
result, approximately 2.3 million American women are now
living with a previous history of breast cancer, with sufficient
survival to be at risk for cardiovascular disease (CVD). The
purpose of this paper is to review the cardiovascular effects
of current and forthcoming adjuvant therapies for the
treatment of early breast cancer so that clinicians will be
better able to care for this emerging cohort of new cardio-
vascular patients. We also review the evidence supporting
the potential treatment efficacy of conventional cardiovas-
cular risk factors with both drugs and lifestyle modifications,
including exercise therapy, to mitigate and/or prevent
therapy-induced CVD in this population.

Early Breast Cancer Patients:
A Population at Risk for CVD at Diagnosis

The association between traditional risk factors and CVD
has been well studied among women in the general popu-
lation. For example, an analysis of the Framingham data (2)
estimated a 39% lifetime risk of developing CVD in women

at age 50 years. At this age, 40% of women in the
population had at least 1 existing risk factor, and 17% had
2 or more risk factors, the latter associated with a 50%
lifetime CVD risk. The presence of diabetes at age 50 years
in either gender confers the highest lifetime risk for CVD of
any single risk factor, with a CVD risk in women to age 75
years of 57% (2). These findings were confirmed by recent
data from the Chicago Heart Association Detection Project
in Industry, which found that, in comparison with women
with favorable CVD risk profile, those with !3 risk factors
had a substantially greater risk of CVD-related mortality
(3). On the basis of this evidence, it is likely that a
substantial fraction of breast cancer patients, at the time of
diagnosis, will have a significant risk of developing CVD,
which is then added to by the direct and indirect effect of
breast cancer treatment. Importantly, as reviewed in this
paper, the presence of pre-existing CVD risk factors is itself
a strong predictor for the development of therapy-induced
cardiovascular injury, making the likely lifetime risk for
CVD much greater.

Indeed, although many factors have been associated with
a primary breast cancer diagnosis, other established but
lesser-known risk factors are physical inactivity and obesity.
Recent estimates suggest that physical inactivity confers a
population-attributable risk of breast cancer among white
women of 2% to 15% (4), with overweight and obesity being
associated with a 34% and 63% increased breast cancer risk,
respectively (5). It could be speculated, therefore, that
physical inactivity and obesity rates may be even greater
among early breast cancer patients that, in turn, may
translate into greater CVD risk independent of the effects of
adjuvant therapy. Irwin et al. (6) reported that 62% of breast
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wide range of established and novel CVD risk factors
among early breast cancer patients following completion of
primary therapy. Overall, in comparison to age/gender-
matched controls, breast cancer patients had a significantly
worse cardiovascular risk profile, thus supporting our con-
tention of the “multiple hit” (33,34).

Although the current and future consequences of the
“multiple-hit” hypothesis will be clinically devastating, it is
currently not possible to predict which patients are at
increased risk of late-occurring CVD. Current monitoring
techniques (e.g., echocardiography, radionuclide angiogra-
phy) have limited ability to detect early cardiac damage (35).
In response, the utility of sensitive imaging modalities (i.e.,
single-photon emission computed tomography, magnetic
resonance imaging; exercise or dobutamine stress testing) as
well as novel biochemical markers (brain natriuretic peptide,
troponin I) that allow more accurate detection and quanti-
fication of subclinical cardiac damage have been explored.
For example, Cardinale et al. (36) demonstrated that in-
crease in troponin I was a strong predictor of LV dysfunc-
tion soon after chemotherapy among cancer patients.

Breast Cancer and Cardiovascular Injury:
Prevention and/or Treatment Approaches

Preventive and/or treatment strategies will be required to
define and offset the acute and long-term clinical conse-
quences of the “multiple hit.” Unfortunately, it is not
currently known whether treatment of risk factors modifies
CVD incidence among women with breast cancer to the
same extent as in general population. However, at least one
clinical trial has examined the effects of angiotensin-
converting enzyme inhibition (ACEI) on preventing cardiac
dysfunction among cancer patients. Based on their prior

work, Cardinale et al. (37) randomized patients who expe-
rienced an increase in troponin I shortly after chemotherapy
to receive an ACEI (enalapril) or usual care for 12 months.
Results indicated a significant reduction in LV function
among usual care patients only (37). In a retrospective study,
Ewer et al. (38) reported that maximum-tolerated doses of
ACEI and beta-blockers allowed therapy to be reinitiated
among breast cancer patients who initially had treatment
discontinued due to trastuzumab-induced heart failure. On
the basis of these findings and our own clinical experience,
treatment of risk factors consistent with the American
Heart Asssociation guidelines for prevention of CVD in
women (39) appears prudent. Effective strategies to preserve
LV function are of major importance because therapy is
withheld when LVEF decreases !50% and not resumed
until LVEF is !50%, which has obvious implications for
clinical outcome of breast cancer patients.

Recommendations for the treatment of major risk factors
include optimal lifestyle behaviors in conjunction with
pharmacotherapy, as required. Specifically, beta-blockers
and/or ACEI, with the addition of other agents (e.g.,
thiazides), are recommended for the initial therapy of
hypertension. Regarding hypercholesterolemia, the use of
3-hydroxy-3-methyl-glutaryl coenzyme A reductase inhib-
itors (statins) is recommended to achieve low-density li-
poprotein cholesterol !100 mg/dl. The use of sulfonylurea
or biguanide (metformin) is recommended for women with
type II diabetes mellitus to achieve a glycosylated hemoglo-
bin (HbA1c) !7% (39). Of note, exercise training may be
effective in this setting because of its demonstrated effects on
cardiovascular reserve, individual risk factors, and overall
reductions in CVD mortality (40,41). Moreover, a recent
meta-analysis (42) reported that exercise training resulted in

Figure 1 The “Multiple-Hit” Hypothesis

A schematic representation describing the “multiple-hit” hypothesis. At diagnosis, a significant proportion of early breast cancer patients present with pre-existing or
heightened cardiovascular disease (CVD) risk factors, which increase the risk of adjuvant therapy-associated cardiovascular injury. Independently, many adjuvant thera-
pies used in breast cancer are associated with unique and varying degrees of direct adverse effects on the cardiovascular system. These direct effects occur in the con-
text of concomitant lifestyle perturbations (indirect effects) that combine to reduce cardiovascular reserve. Collectively, these changes may leave the patient more
susceptible to further cardiovascular insults and at higher risk of premature death due to cardiovascular mortality.
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Very low Low Middle High Very
high

n = 70 
(46%)

n = 67 
(44%)

n = 16 
(10%)

n = 0 n = 0

90%

VO2-peak i RCT (brystkræft) 
overfor normalbefolkning

Rekruttering / 
sygeplejerskernes screening



Exercise safety: Lymphedema (ACTA Oncol)

Rigshospitalet, Københavns Universitet



Fysiologiske fund / VO2-peak: RCT



Præliminær konklusion: RCT
• Erhvervsaktive fysisk inaktive kvinder med brystkræft i medicinsk 

adjuverende behandling kan verificeres ved screening i klinikken og udgør 
’en ny risikopopulation’.

• Kvinderne er via intervention i stand til at vedligeholde deres maksimale 
ydeevne fra tidspunktet for opstart af adj. kemoterapi til afsluttet primær 
behandling med kemo- og radioterapi.

X


