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Abstract Energy restriction from a low-calorie diet and
increased energy expenditure induced by physical activity
(PA) could promote weight loss/maintenance and be impor-
tant determinants of breast cancer (BC) prognosis. The aim of
this study was to assess participation and adherence of over-
weight and obese BC survivors to a lifestyle intervention and
to demonstrate the capacity of this intervention to induce
weight loss and nutritional changes. This single-arm pre—post
study, which involved one-hourly weekly diet sessions
delivered by a dietician and 75-min bi-weekly PA sessions of
moderate-to-high intensity led by PA monitors, was offered to
overweight and obese BC survivors shortly after treatment.
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Before and after the intervention, anthropometry, dietary
information, quality of life (QoL) and cardiorespiratory fitness
(CRF) were collected. A total of 112 BC survivors were
invited to participate: 42 of them started the intervention and
37 completed it. Participants attended more than 90 % of the
sessions offered and showed a significant weight loss of
5.6 £ 2.0 kg, as well as significant decreases in body mass
index, fat mass and waist circumference. Significant decreases
in total energy (—25 %), fat (—35 %), saturated fat (—37 %)
and carbohydrate (—21 %) intakes were observed while QoL
and CRF showed significant increases. This feasibility study
demonstrated the success of a short-term diet and PA
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intervention to induce weight loss and promote healthful
changes in BC survivors. Assessing the long-term effects of
these changes, and in particular their possible impact of BC
prognosis, and designing interventions reaching a wider
number of BC survivors are still issues to be addressed.

Keywords Breast cancer - Survivors - Weight loss -
Diet - Physical activity

Introduction

Breast cancer (BC) is by far the most common cancer in
women worldwide. In Western Europe, its incidence has
increased over the past decades to reach an age-standard-
ized incidence rate of 89.7 per 100,000 women in 2008 [1].
Since BC prognosis has significantly improved in devel-
oped countries due to earlier diagnosis and treatment
improvements [2], there is a growing population of women
living with a history of BC. For this reason, improving their
survival as well as their daily physical and psychological
health is a new goal for cancer epidemiology.

Obesity has been shown to affect survival in women
diagnosed with BC. A recent review of 43 prospective stud-
ies, assessing the effect of obesity on BC prognosis, showed
poorer overall and BC-specific survival among obese com-
pared with non-obese women [3]. Weight gain after BC
diagnosis has also been linked to poorer prognosis [4—
8];however, previous results have not always been consistent
and significant, and some studies also indicated that weight
loss could be associated with poorer survival [7]. On the other
hand, there is evidence showing that post-diagnosis physical
activity (PA) in BC survivors is inversely associated with BC
mortality and all causes mortality [9, 10]. The biological
mechanisms that could explain these associations are not yet
completely identified. Nevertheless, the mechanisms under-
lying the association between obesity and survival in cancer
patients are likely to involve factors such as insulin, insulin-
like growth factor 1 (IGF1) and steroid hormones known to
be associated with adiposity and to influence tumour initiation
and progression [3, 5, 11-13]. On the other hand, the positive
association between PA and BC survival still needs to be
better described, but previous studies have indicated that
exercise might be associated with insulin, leptin and IGF1 and
IGF-binding protein 3 levels [14-16] as well as with
inflammation [17] and blood immune function markers [18].
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Besides being associated with BC survival, PA after
diagnosis has also been shown to have positive effects on
body composition, cardiorespiratory fitness (CRF) and
psychological outcomes such as anxiety or depression and
quality of life (QoL) [19-22]. However, previous inter-
vention studies involving PA have very heterogeneous
designs, ranging from highly structured training programs
involving up to five group sessions per week to very flex-
ible tailored home-based programs. Since the type of
intervention will define participation and compliance,
designing a pilot study in order to find the most adequate
intervention for a specific target population is essential.

Nutritional patterns post-diagnosis are also thought to be
associated with BC prognosis; however, the two largest ran-
domized trials run so far have provided controversial results
[23, 24]. In the Women’s Intervention Nutrition Study
(WINS), the intervention group followed a low-fat diet
(<15 % energy from lipids) and experienced a 5-year cumu-
lative incidence of recurrences of 9.8 %, which was signifi-
cantly lower than the 12.4 % observed in the control group
[23]. In contrast, the Women’s Healthy Eating and Living
(WHEL) study did not find any significant difference between
a diet rich in vegetables, fruit and fibre, and low in fat [24].
Several reasons were put forward to explain these discrepan-
cies; however, the most remarkable difference was the weight
loss observed only in WINS. This observation suggests that
besides diet, energy balance could play a determinant role in
BC prognosis and that interventions involving calorie restric-
tion from diet as well as energy expenditure induced by PA
might improve BC prognosis. In order to corroborate this
hypothesis, we designed a multicentric randomized trial to
assess the effect of an intervention based on weight loss/
control through diet and PA on BC outcome. However, before
starting this multicentric trial, we set up the present study to
assess the feasibility of this intervention in our population.

The primary aims of the present study were as follows:
(a) to assess the capacity of a diet and PA intervention to
induce weight loss in BC survivors who had recently
achieved their BC treatment (excluding hormonal therapy
and treatment for human epidermal growth factor receptor
2) and (b) to evaluate the participation and compliance
rates in this intervention. The secondary objectives of this
feasibility study were to assess short-term effects of the
intervention on diet-related choices, CRF and QoL.

Patients and methods
Participants and eligibility
The present feasibility study was a Phase II single-arm trial

including only an intervention group. Potentially eligible
patients with BC who had completed chemotherapy and/or
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radiotherapy at the Catalan Institute of Oncology (Spain)
during the 6 months preceding recruitment were identified
through hospital records and invited by the Head of the BC
unit by mail to participate in a study involving a diet and
PA intervention. A total of 112 female BC survivors, aged
18-75, with a body mass index (BMI) of 25 kg m~2 or
more, received this postal invitation. Exclusion criteria
included non-first cancer, tumours of stage IIIB and above,
morbid obesity (BMI > 40 kg m~2) and any condition that
would not allow patients to follow the diet and PA inter-
vention offered. Ethical approval was obtained from the
Clinical Research Ethics Committee (CEIC) of the Bell-
vitge University Hospital.

After the patients received the postal invitation, they
were contacted by phone and the intervention was
explained to them in detail before inviting them to come to
the hospital for a first visit. During this first visit, the
fulfilment of the inclusion and exclusion criteria was
checked, the content of the intervention was explained
again to the patients, and a consent form was signed by the
patients interested in participating in the intervention. A
total of 42 patients signed this consent and started the
intervention.

Trial intervention

The intervention, planned to last 12 weeks, included a
dietary and a PA component, with the combined aim of
promoting a weight loss representing at least three per cent
of baseline weight. The dietary part of the intervention
included a total of 12 weekly one-hour sessions led by a
trained dietician. At the beginning of each session, the
participants were weighed. The first half of the session was
theoretical and focused on food groups, the food pyramid,
making healthy choices, preparing and cooking hypo-
caloric meals (from 1,200 to 1,500 kcal day ' on average)
and planning weekly menus and shopping lists. The second
half of the session was a group discussion focusing on the
weight loss goals and achievements of each participant,
providing tools and tips to help overcoming weight loss
barriers as well as motivational group activities. The PA
component of the intervention included 24 bi-weekly ses-
sions of 75 min each led by two trained PA monitors. Each
session started with a 10-min warm-up and was then
divided into two 25-min sessions of aerobic and muscle-
strengthening exercises, respectively. The aerobic exercise
part was done using static bicycles aiming at a moderate/
high intensity rate corresponding to 70 % of the maximum
workload that was re-evaluated every 2 weeks. The mus-
cle-strengthening part was based on group and individual
exercises using mats, stability balls and resistance bands.
The last 10 min was dedicated to stretching and relaxation.
All participants received a pedometer at the beginning of

the intervention and were encouraged during the inter-
vention to increase their daily walking to 10,000 steps by
the end of the intervention. All diet and PA sessions took
place in the hospital, and both morning and evening classes
were offered to the participants.

Assessments

Participants were assessed over a 2-week period before and
after the intervention. At baseline, a trained technician
filled in a lifestyle questionnaire for each participant
designed to collect socio-economic status, PA level,
tobacco consumption, and medical and reproductive his-
tory at time of diagnosis. PA was assessed using the vali-
dated questionnaire developed for the European
Prospective Investigation into Cancer and Nutrition Cohort
study focused on PA in occupational, recreational and
household domains [25]. Occupational activity relied on a
five-category variable: non-worker, sedentary, standing,
manual and heavy manual. Household activities were
divided into activities of light (such as cooking, cleaning
dishes and ironing) and moderate (such as cleaning win-
dows and bathroom, and playing actively with kids)
intensities, while recreational time PA included walking,
cycling and sport activities. The weekly duration of rec-
reational and household activities was multiplied by their
respective intensity using the Compendium of Physical
Activities values [26] to obtain a number of metabolic
equivalent (MET)-hours per week. The medical history
questionnaire was designed for the study and used to assess
the presence of co-morbid conditions at baseline. This
information was completed with the medical records used
to obtain information related to cancer diagnosis and
treatments. At baseline, participants were also asked to fill
in a validated self-administered food frequency question-
naire (FFQ) designed to measure habitual food and nutrient
intake [27], and eight items related to soy and soy product
consumption were added to the FFQ to give a total of 143
food items. The frequency of consumption of the different
food items was converted into number of intakes per day
and then multiplied by the portion size indicated in the
FFQ. Before and after the intervention, three 24-h dietary
recalls (24hDR) were conducted by a dietician. Total
energy and macronutrient intakes were obtained from the
FFQ and 24hDR using the Spanish food composition tables
[28, 29]. For anthropometric measurements (taken before
and after the intervention), the dietician weighed the par-
ticipants without shoes and measured their height as well as
their waist and hip circumferences. Lean and fat mass were
obtained from bioimpedence (tanita BC-418MA). Height
and weight were used to calculate BMI.

Quality of life was also assessed at baseline and after the
intervention using a questionnaire targeted at cancer
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patients, the European Organisation for Research and
Treatment of Cancer Core Quality of Life Questionnaire
C30 (EORTC QLQ-C30), and a general measure of QoL,
the 36-Item Short Form Health Survey (SF-36). The first
instrument, a 30-item questionnaire, comprises functioning
and symptom scales as well as a scale of global QoL [30].
These scales were transferred to a 0—100 scale using the
scoring manual provided by the EORTC [31]. The second
instrument, the SF-36, does not target any specific group
and is a validated generic measure that yields an 8-scale
profile of functional health and well-being scores ranging
from O to 100 [32, 33].

Before and after the intervention, all the participants
were asked to take a CRF test. The first test was used not
only to establish baseline CRF level but also to discard any
health condition that would prevent participation in the PA
intervention. These tests were performed in the physiology
laboratory of the University of Barcelona where partici-
pants were tested on a precalibrated cycle ergometer
(Excalibur, Lode, Groningen, the Netherlands), cycling at
50 rpm. After a 4-min period cycling at 0 W, participants
followed a 20 W min~" ramp protocol up to exhaustion,
which was the maximal test. Oxygen uptake and carbon
dioxide production were measured by an automatic gas
analysis system (Metasys TR-plus, Brainware SA, La Va-
lette, France) equipped with a pneumotach and making use
of a two-way mask (Hans Rudolph, Kansas, USA). Before
each test, gas and volume calibration took place, according
to the manufacturer’s guidelines.

Outcomes

The participants’ participation and compliance to the
intervention, as well as weight change between the
beginning and the end of the intervention, were the primary
outcomes of this feasibility study. Participation was defined
by the ratio of the number of women who signed the
informed consent form and the number of women who
were invited to this study. Compliance was defined by the
number of diet and PA sessions attended divided by the
number of sessions offered. In terms of weight loss, the
objective was a loss equivalent to at least three per cent of
the weight measured at baseline. Changes in CRF, QoL and
macronutrients consumption pattern were the secondary
outcomes of the present study.

Statistical analysis

Shapiro—Wilk’s tests were used to check the normality of
the data prior to analysis. The general characteristics of the
patients who accepted and did not accept to participate
were compared using #-tests and Wilcoxon—Mann—Whitney
tests for continuous variables, according to the normality of
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the distribution within each group. Fisher exact tests were
used for categorical variables, as all of them showed some
expected values below 5. The effect of the intervention on
weight, BMI, CRF, QoL and nutritional pattern was based
on the data provided by the participants who completed the
intervention. The data obtained before and after the inter-
vention were compared using paired z-tests when the dif-
ference was normally distributed and Wilcoxon signed-
rank tests for paired samples otherwise. Sensitivity analy-
ses were performed for the main outcome variable (weight
change), imputing a weight change of zero to all the par-
ticipants who did not complete the intervention.

Results

One hundred and twelve BC survivors were eligible to
enter the present feasibility study, of which 42 women
accepted to participate and signed the informed consent
form, 20 women were not interested in participating, 46
women could not participate (the main reasons given were
they had grandchildren to look after, they worked or they
lived far from the hospital) and four women said they could
not without giving a specific reason. Therefore, the present
study had a participation rate of 38 %. Table 1 compares
the patients who accepted to participate to those who did
not. This table does not show any major difference between
the two groups. The only statistically significant difference
was observed for type of treatment, for which we observed
a higher proportion of patients who received surgery and
chemotherapy but no radiotherapy in the group who
accepted to participate.

The baseline characteristics of the 42 patients who
accepted to participate are shown in Table 2. The age of
the participants at recruitment ranged from 33 to 70 years,
and the participants had a mean BMI of
30.4 + 3.8 kg m~2. At diagnosis, 60 % of the participants
were postmenopausal, 81 % were married or lived with
their partner, 40 % were not working and the median level
of leisure PA was 22.5 MET-h week ' (quartile range
21-46). Inclusion criteria did not originally include stage
IIIB; however, a patient with a stage IIIB (T4bNOMO)
tumour was included on request of one of the oncologists
involved in the study.

During the 12 weeks of the intervention, five partici-
pants dropped out. Two of them left the study for personal
reasons not related with the intervention, two were diag-
nosed with medical conditions that needed a medical
treatment incompatible with the design of the intervention
and one was diagnosed with local and distant metastasis.
Among the 37 participants who completed the intervention,
the attendance to the diet and PA sessions reached 92 and
91 %, respectively (results not shown).
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Table 1 Baseline characteristics of eligible patients who participated and did not participate in the study

Characteristics Eligible patients who participated Eligible patients who did not p value®
in the study (n = 42) participate in the study (n = 70)
Mean (SD)
Age (year) 54.8 (8.7) 56.2 (10.1) 0.372
Weight (kg) 73.0 (10.2) 73.5 (9.7)° 0.811
Time since treatment completion (day) 87.6 (62.9) 94.3 (52.1) 0.471
Characteristics n (%) n (%) p value®
Distance from house to hospital
<10 km 25 (59.5) 44 (62.8)
11-20 km 10 (23.8) 11 (15.7)
21-30 km 1(24) 5(.1) 0.593
>30 km 6 (14.3) 10 (14.3)
Stage
I 19 (45.2) 32 (45.7)
A 11 (26.2) 19 (27.1)
1B 8 (19.0) 12 (17.1) 0.832
1IA 3(7.1) 7 (10.0)
1B 1(24) 0
Oestrogen and progesteron receptors
ER+/PR+ 30 (71.4) 44 (62.9)
ER+/PR— 3(7.1) 11 (15.7)
ER—/PR— 9 (21.4) 13 (18.6) 0.463
Missing 0 2(2.9)
Treatment type
Surgery + radiation 14 (33.3) 28 (40.0)
Surgery + chemotherapy 4 (9.5) 0 0.034
Surgery + chemotherapy + radiation 24 (57.1) 42 (60.0)

SD standard deviation

* t-test or Wilcoxon—-Mann—Whitney test for continuous variables and Fisher exact test for categorical variables

®n=69

Table 3 describes the 37 participants who completed the
intervention and shows anthropometric values, macronu-
trient intakes, CRF and QoL measured before and after the
intervention as well as the percentage changes from base-
line assessment and the p values indicating whether the
changes observed were statistically significant. Over the
12-week intervention, the participants lost on average
5.6 + 2.0 kg, which represents 7.8 2.9 % of their
baseline weight. Not only this weight difference but also
the changes in BMI, waist and hip circumferences, fat
percentage and fat mass were statistically significant.
Besides these changes in anthropometry, we also observed
significant changes in dietary intakes. During the inter-
vention, the participants decreased their total energy intake
by 25 %, and the most relevant changes were significant
decreases in fat, and in particular saturated fat, and car-
bohydrates intakes. Before the intervention, participants

consumed an average of 1,904 kcal day~" of which 16 %
were from proteins, 42 % from lipids and 43 % from car-
bohydrates, while after the intervention, patients consumed
1,390 kcal day_1 of which 22 % were from proteins, 34 %
from lipids and 44 % from carbohydrates.

At baseline, the participants showed a low peak rate of
oxygen consumption (VOapea) (19.0 &= 2.8 mL kg71 minfl),
which significantly increased by 27 % during the intervention
to reach 24.0 + 4.1 mL kg~' min~" at the end of the inter-
vention. A significant improvement was also observed for peak
power output with respect to body mass that increased from
13403 to 1.7 = 0.3 W kg '. No adverse event such as
lymphedema was observed during the intervention.

Finally, both questionnaires, the SF-36 and the EORTC
QLQ-C30, showed significant increases in QoL over the
time of the intervention. At the end of the intervention, the
participants perceived that their health in general, and their
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Table 2 Baseline

characteristics of the 42 Characteristics Participants inclﬁded
. . K . in the study (n = 42)
participants included in the Mean (SD)
study
Anthropometrics

Height (cm) 155.0 (6.2)

Weight (kg) 73.0 (10.2)

Body mass index (kg m~?) 30.4 (3.8)

Waist circumference (cm) 96.6 (8.9)*

Hip circumference (cm) 108.2 (8.2)*

Fat (%) 39.7 (5.1)

Fat-free mass (kg) 43.2 (4.4)

Median (QR)?

Household and leisure PA at diagnosis

Housework of light intensity (h week ') 14 (11-21)°
Housework of moderate intensity (h week ') 4 (2-7)°
Leisure activity (walking, cycling, sport) (MET-h week ™) 22.5 (21-46)
n (%)
Marital status at diagnosis
Single, never married 2 (4.8)
Married or living with partner 34 (81.0)
Separated or divorced 4 (9.5)
Widowed 2 (4.8)
Smoking status at diagnosis
Never 21 (50.0)
Former 16 (38.1)
Current 5(11.9)
Menopausal status at diagnosis
Premenopausal 14 (33.3)
Perimenopausal 3(7.1)
Postmenopausal 25 (59.5)
L Occupational activity at diagnosis
SD standard deviation, QR K
quartile range (Q1-Q3) Not working 17 (40.5)
@y = 41, = 40, n = 39, Sedentary 6 (14.3)
9 median and QR were used for Standing 7 (16.7)
these continuous variables as their Manual 12 (28.6)
distribution was highly skewed to Heavy manual 0 (0.0)

the right

physical health in particular, had significantly improved,
and this was true for which ever tool we used to measure
perceived health.

The sensitivity analyses performed for weight change,
imputing a weight change of zero to the five participants
who did not complete the intervention, showed a significant
weight loss of 5.0 & 2.7 kg corresponding to 6.8 & 3.7 %
of baseline weight (results not shown).

Discussion

The participation rate in this one-arm pre—post feasibility
study involving a diet and PA intervention was reasonably

@ Springer

low, with only 38 % (42 out of 112) of the eligible women
contacted accepting to participate. On the other hand, the
compliance with the intervention was very high with 88 %
(37 out of 42) of the participants completing the inter-
vention after having attended more than 90 % of the 36
supervised group-based sessions offered over a 12-week
period. Among the women who completed the interven-
tion, we observed a significant weight loss of 5.6 kg cor-
responding to 7.8 % of baseline weight. Apart from weight
change, significant decreases in total energy, fat, saturated
fat and carbohydrates were also observed as well as sig-
nificant increases in CRF and QoL.

The participation rate observed in the present study was
low; nevertheless, previous intervention studies in BC
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Table 3 Changes in outcome variables in participants who completed the intervention (n = 37)

Characteristics Before the intervention After the intervention % of change from p value®
mean (SD) mean (SD) baseline mean (SD)
Anthropometrics
Weight (kg) 73.3 (10.2) 67.6 (10.1) —7.8 (2.9) <0.001
Body mass index (kg m?) 30.5 (3.9) 28.1 (3.9) —7.8 (2.9) <0.001
Waist circumference (cm) 96.8 (9.3)° 90.8 (9.9) -59 @3.2) <0.001
Hip circumference (cm) 108.6 (8.1)b 103.6 (8.3) —4.6 (24) <0.001
Fat (%) 39.7 (5.4) 354 (6.9) —11.2 (8.2) <0.001
Fat-free mass (kg) 43.8 (3.8) 43.1 3.4) —1.4 (3.0) 0.020
Daily dietary intake
Energy intake (kcal) 1,903.8 (422.0) 1,387.8 (223.7) —24.5(17.2) <0.001
Lipids (g) 86.6 (25.0) 52.7 (11.7) —34.6 (21.3) <0.001
Saturated fat (g) 222 (8.2) 12.3 (4.6) —37.0 31.7) <0.001
Proteins (g) 74.7 (16.8) 75.6 (14.1) 5.7 (30.8) 0.743
Carbohydrates (g) 199.8 (49.4) 151.1 (34.9) —21.3 (21.9) <0.001
Fibre (g) 15.7 (4.6) 16.0 (4.2) 8.2 (33.3) 1.000
Cardiorespiratory fitness
VOypear (ML kg™' min™") 19.0 (2.8) 24.0 (4.1) 26.7 (16.9) <0.001
Peak power output: Body mass (W kgfl) 1.3 (0.3) 1.7 (0.3) 34.3 (19.5) <0.001
Quality of life
SF-36
Physical functioning 68.4 (22.5) 81.8 (14.1) 57.1 (196.6) <0.001
General health 62.2 (16.8) 68.8 (19.7) 13.7 (32.8) 0.017
Mental health 63.6 (21.7) 73.5 (17.1) 32.6 (63.6) 0.058
EORTC QLQ-C30
Global health status 69.1 (18.1) 79.5 (18.4) 22.0 (42.9) <0.001
Physical functioning 84.7 (12.8) 89.7 (9.6) 7.5 (14.8) 0.004

SD standard deviation

* Wilcoxon signed-rank test or paired t-test according to the normality of the distribution of the difference, ®n = 36

survivors have shown participation rates of different
magnitudes. Indeed, the two largest intervention studies
focusing on diet showed participation rates of 45 % for the
WINS [23] and 71 % for the WHEL study [24], while two
trials involving PA showed participation rates of 42 % for
the FRESH START trial [34] and 78 % for the BC and
exercise (BREX) study [35]. A study in Sheffield observed
a 39 % response rate to the invitation letter sent by the
clinicians to eligible patients [36]. On the other hand, the
high compliance observed in the present study was some-
what higher than the compliance observed in previous
studies involving PA, such as the BREX study that showed
a compliance of 62 % [37] or another intervention study
carried out in women recovering from early-stage BC that
also involved PA and hypocaloric healthy eating that
showed that participants completed on average 80 % of the
sessions offered to them [38]. While the BREX study was
similar to the present study and involved a 12-week
intervention, the study published by Scott et al. involved a

6-month intervention. Since one of the aims of this feasi-
bility study was to assess participation and compliance, it is
important to mention that these factors are probably
defined by the type and timing of the intervention offered
and that focussing on these aspects is essential. Flexible
trials, involving tailored home-based programs, provided
by mail or telephone, are more likely to reach a wider range
of participants and offering them a broader selection of
activities to choose from that may enhance participation.
On the other hand, highly structured training programmes,
based on supervised group-based sessions two to five times
per week, might be more motivating for the participants
who would get more direct contact with intervention
monitors and other participants from whom they will get
support. So finding the right balance between these two
concepts is the challenge for future intervention studies. In
a recently published one-arm treatment trial undertaken in
rural BC survivors, based on a group-based weight control
intervention delivered through conference calls, Befort
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et al. [39] combined the two approaches and observed a
high participation rate of 83 % and a very good average
session attendance of 91 % in the women who completed
the study (31 out of 34 women).

The other primary aim of the present study was to assess
whether the intervention offered could induce a weight loss
representing at least three per cent of baseline weight. The
weight loss of 5.6 kg (7.8 % of baseline weight) that we
observed definitely shows that the intervention reached its
main objective. Previous intervention studies, carried out in
overweight BC survivors, which involved diet and PA and
lasted 6 months or less, have also reported significant
weight losses; nevertheless, these losses were of inconsis-
tent magnitudes. McTTiernan et al. [40] in 1998 and Scott
et al. [38] in 2013 reported a very modest weight loss at the
end of their interventions that, respectively, lasted 8 and
24 weeks. Campbell et al. [41] reported a somewhat higher
weight difference —3.83 4 5.0 kg while Befort et al. [39],
who offered a 6-month intervention based on conference
call technology in rural BC survivors, observed weight
changes of 12.5 £ 5.8 kg or 139 £ 5.9 % of baseline
weight. While part of the differences observed between
studies might be explained by baseline weight, BC survi-
vors in Befort et al. weighed at baseline 89.8 £+ 13.6 kg
while in the other three studies, baseline weight ranged
from 77 to 79 kg, this factor cannot explain all the dif-
ferences observed. Besides showing changes in weight at
the end of the intervention, the present study, as well as
those of similar characteristics mentioned before, also
showed significant decreases in fat mass and waist cir-
cumference. These anthropometric changes are of major
importance as obesity and adiposity have been found to be
associated with increased levels of insulin, free IGF1, free
testosterone and free oestradiol (in postmenopausal women
only), and these hormones and proteins have been shown to
inhibit apoptosis and promote cell proliferation [12, 13].

Dietary changes were among the secondary objectives
of the present study, which involved nutrition classes
aimed at reducing total energy intake as well as working
towards a better distribution of energy intake coming from
proteins, fat and saturated fat and carbohydrates. Changes
in dietary pattern were clearly observed in the present study
where total energy intake decreased by 25 %. More spe-
cifically, the amount of calories coming from fat and sat-
urated fat, respectively, represented 42 and 11 % of total
calorie intake at baseline and only 34 and 8 % of total
calorie intake at the end of the intervention. Baseline val-
ues in the present study were higher than those reported by
previous studies of similar characteristics, but the magni-
tude of the changes was in the range of those previously
observed [38—41]. The proportion of saturated fat at the end
of the intervention was below 10 % as recommended by
WHO; however, the total amount of fat was still above the
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range of 15-30 % recommended by WHO in order to
prevent chronic diseases [42]. Although BC patients tend to
be younger than cancer patients in general, a lot of them
will have comorbid conditions at diagnosis or will acquire
them after diagnosis, because of age or because cancer
survivors are at higher risk of getting comorbid conditions
[43]. Therefore, reaching the population nutrient intake
goals needs to be a priority for BC survivors in order to
increase survival as well as health and well-being.

The present study showed a significant increase in CRF,
and in particular significant increases in VO,,cq and peak
power output with respect to body mass. These results are
in agreement with the results of four clinical trials that
previously showed significant increases in VOypeqr [38, 41,
44, 45] and peak power output [44, 45] at the end of PA
interventions of 824 weeks, offered to BC survivors who
had completed their adjuvant treatment. Since CRF is
related to the ability to carry out day-to-day activities, it is
important to underline that the present study showed very
poor baseline CRF (VOjpeq = 19.0 £ 2.8 mL kg7l -
min~"). These low values stress the need to promote
interventions able to increase CRF in order to increase the
health and well-being of BC survivors.

During the present study, the participants perceived
significant changes in their QoL. Significant increases were
observed for general and physical health while mental
health showed an increase that was of borderline statistical
significance. Increases in QoL after a PA intervention have
previously been described in several reviews [19-21].
However, summarizing the evidence is difficult as studies
tend to differ in many aspects such as population (age,
menopausal status, BMI), type of intervention (PA only,
PA and diet), intervention duration and timing (during
adjuvant treatment, shortly after, a long time after) or tools
used to assess QoL. In a study such as the present one,
identifying the possible mechanisms that may explain the
changes observed is also a challenge as besides the fact that
the absence of control group prevents us from attributing
these changes to the intervention, several hypotheses can
be made and are difficult to disentangle. Since the inter-
vention was based on 3 weekly group sessions, part of the
results observed might be explained by the support the
participants got from the group. During the intervention,
the participants who shared the same new lifestyle goals
and previously had the same BC experience formed very
cohesive groups that probably helped them to get over
some personal issues related to their recent BC diagnosis
and to gain mental strength and optimism. On the other
hand, since all these women who were overweight and
obese at baseline lost important amounts of weight, part of
their increase in QoL might be attributable to this weight
loss that may have helped them to have a better image of
themselves as well as to feel lighter and more dynamic.
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The present study has several limitations and strengths
that need to be acknowledged. Among the limitations, the
most important one is the absence of a control group.
Without a control group, it is impossible to attribute the
changes observed to the intervention. Nevertheless, these
changes and in particular the significant change in weight
observed in the present study do not reflect the pattern
generally observed in BC survivors outside of any inter-
vention. A recent review on weight change during and after
BC treatment by Vance et al. [46] indicates that more than
half of the women experience weight gain during treatment
and that some women who manage to remain stable during
treatment then report weight gain after treatment. This
hypothesis is confirmed by the fact that in our study there
was no difference in weight at baseline between the women
who finished their treatment <3 months before recruitment
and those who finished it from three to 6 months before
recruitment. For this reason, it is reasonable to think that
the change in weight observed was due to the intervention.
Also, and as pointed out by Saarto et al. [37], randomiza-
tion in studies involving willingness to make changes is
difficult to implement and control as participants who sign
the informed consent form are generally willing to enter the
intervention group and change their habits and quite likely
to try to make these changes even if they end up in the
group that does not benefit from the intervention. This
process of contamination of the control group may then
mask the real effect of the intervention. On the other hand,
not having a control group in the present study may have
affected the participation, compliance and results of the
intervention. Indeed, signing an informed consent form
knowing it means entering an intervention is not the same
that signing having only a 50 % chance to be allocated in
the intervention group. For this reason, the participation,
compliance and major changes observed in the present
study will need to be extrapolated cautiously, remembering
they might be based on BC survivors who are highly
motivated and ready to make changes. However, this
acceptation rate is likely to reflect the proportion of women
willing and ready to change their diet and increase their PA
shortly after treatment in order to increase the prognosis of
their disease. These results are in line with those published
by Alfano et al. [47] who indicated that 58 % of long-term
BC survivors reported having made positive changes in
exercise and/or dietary intake since their diagnosis (32 %
reporting increases in PA, and 40-45 % reporting changes
in fat, fibre, or fruits and vegetables intakes).

Another limitation of the present study is related to the
type of intervention. Although classes programmed at
different times of the day were offered to eligible partici-
pants, having to come to the hospital three times per week
at specific times, to participate in predefined activities,
without being able to choose them, may have reduced the

participation rate into the study or failed to reach the entire
target population.

The use of validated questionnaires to assess dietary
habits and QoL is one of the strengths of the present study.
Nevertheless, the use of a questionnaire designed to assess
QoL in cancer patients may not be the best option to assess
QoL in survivors, and future intervention studies may
benefit more by completing the use of a general question-
naire such as the SF-36 by questionnaires focussed on
anxiety and depression, two psychological dimensions that
may not have been sufficiently taken into account in the
present study. On the other hand, the use of objective and
reliable measures of CRF obtained from a cycloergometer
test with ECG monitoring performed by exercise physiol-
ogists is another strength of this study.

The content of the intervention involved in the present
study, which relied on both diet and PA, is also a strength
of this study. Indeed, since the biological mechanisms
involved in the association between obesity, and more
generally energy balance, and BC prognosis are likely to
rely on more than one pathway [12], designing and eval-
uating the effect of interventions likely to affect multiple
pathways is essential. Furthermore, adding PA to a diet
designed to lose weight is on the one hand likely to
increase the probability of success of the intervention and
to help the participants to maintain the changes obtained
over time, and on the other hand, an opportunity to adopt a
new habit known to also reduce the risk of hypertension,
coronary heart disease, stroke and diabetes [48].

The present feasibility study, carried out in a Spanish
population of BC survivors, produced valuable results that
helped the authors to design a multicentric randomized trial
aimed to assess the effect of an intervention based on
weight loss/control through diet and PA on BC outcome in
the very same population. The high adherence to the
intervention and the major changes observed at the end of
the intervention showed that the intervention offered was
well received by the population and able to produce the
weight loss and lifestyle changes expected. However, the
authors also believe it would be necessary to extend the
intervention duration from 12 to 20 weeks to make sure the
changes observed are long-lasting changes relying on the
adoption of new habits likely to improve the BC prognosis,
and health in general, of the participants. In order to help
instigate these new habits, and in particular to encourage
participants to add exercise to their daily routine, the
authors decided to add three home-based sessions of
physical exercise per week, on top of the two sessions led
by PA monitors already included in the intervention of the
feasibility study. On the other hand, the low participation
rate observed indicates that special efforts need to be made
to reach a larger proportion of the target population. To
meet this objective, the authors are planning to
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prospectively recruit participants instead of retrospectively.
Indeed, instead of receiving a postal invitation during the
few months following treatments, the patients will hear
about the clinical trial before finishing chemotherapy and/
or radiotherapy and will be invited to participate by a
member of the clinical team treating them. The aim of this
change is to help them view the intervention offered as a
continuation of their treatment, which could possibly
increase participation.

Conclusion

The present feasibility study confirms that BC survivors are
willing to make changes and adopt healthier habits and that
a short-term lifestyle intervention based on diet and PA can
induce weight loss, promote healthful changes in dietary
habits and increase CRF and QoL. Further research is
needed to define interventions that increase participation
rate by reaching a wider number of BC survivors and to
determine the long-term effects of this type of intervention
and in particular the possible impact of these lifestyle
changes on BC prognosis.
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