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Abstract

Background: The effect of preoperative physical activity on recovery and complications after primary breast cancer surgery is un-
known. The objective of this trial was to evaluate whether a recommendation of non-supervised physical activity improved recovery
after breast cancer surgery.

Methods: This parallel, unblinded, multicentre interventional trial randomized women in whom breast cancer surgery was planned.
The intervention consisted of an individual recommendation of added aerobic physical activity (30 min/day), before and 4 weeks af-
ter surgery. The control group did not receive any advice regarding physical activity. The primary outcome was patient-reported
physical recovery at 4 weeks after surgery. Secondary outcomes included mental recovery, complications, reoperations, and readmis-
sions.

Results: Between November 2016 and December 2018, 400 patients were randomized, 200 to each group. Some 370 participants (180
intervention, 190 control) remained at 4 weeks, and 368 at 90 days. There was no significant difference in favour of the intervention
for the primary outcome physical recovery (risk ratio (RR) 1.03, 95 per cent c.i. 0.95 to 1.13). There was also no difference for mental re-
covery (RR 1.05, 0.93 to 1.17) nor in mean Comprehensive Complication Index score (4.2 (range 0–57.5) versus 4.7 (0–58.3)) between the
intervention and control groups.

Conclusion: An intervention with recommended non-supervised physical activity before and after breast cancer surgery did not im-
prove recovery at 4 weeks after surgery. Registration number: NCT02560662 (http://www.clinicaltrials.gov).

Introduction
Breast cancer effects more than 2.1 million women worldwide ev-
ery year1. The standard treatment is surgical excision followed by
adjuvant treatment, including radiation therapy, chemotherapy
and endocrine therapy2. Most breast cancers are removed using
breast-conserving surgery, and axillary staging is performed us-
ing sentinel lymph node biopsy. For some patients the preferred
surgical option is still mastectomy with or without reconstruction
and axillary lymph node dissection (ALND)2.
Any surgical procedure is followed by a recovery phase, and ad-
juvant therapy for patients with breast cancer is initiated at the
end of the recovery period. Complications after surgery or a pro-
longed recovery period can result in delaying the start of
adjuvant treatment3, and this may affect the patient’s resilience

to any adverse effects of such treatment4. Preoperative interven-

tions to enhance recovery after surgery have gained attention;

smoking and alcohol intake cessation have reported benefits5,6,

and these strategies have been implemented into clinical rou-

tine.
Results from observational studies7,8 indicate that physical ac-

tivity after a breast cancer diagnosis is associated with decreased
breast cancer-specific and overall mortality. In patients undergo-
ing adjuvant treatment for breast cancer, interventions with
physical exercise have been reported to reduce fatigue9,10 and in-
crease quality of life11–13.

Little is known about the use of physical activity as prehabili-
tation for improved recovery after breast cancer surgery. In an
observational cohort study of patients who underwent breast
cancer surgery, it was shown that those who undertook regular
physical activity for at least 2–3 h per week had a higher probabil-
ity of feeling physically recovered 3 weeks after surgery than
physically inactive patients14. There are no reports of interven-
tional studies examining the effects of prehabilitation on postop-
erative outcomes after breast cancer surgery15. An intervention
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enhancing recovery after breast cancer surgery would not only be
of importance for the individual, but might also have an effect on
resource consumption in society, taken the large number of
patients with breast cancer.

The primary objective of this trial was to evaluate whether an
intervention consisting of recommended physical activity before
and after surgery improved physical recovery at 4 weeks after
breast cancer surgery.

Methods
PhysSURG-B was a randomized, controlled, multicentre open-
label trial. Patients were recruited at one university hospital and
one county hospital in western Sweden. The trial was registered
at ClinicalTrials.gov (NCT02560662) on 25 September 2015. The
Regional Ethics Committee in Gothenburg, Sweden, approved the
trial (522-15) on 14 September 2015 (trial protocol version 1.1,
dated 12 June 2015; updated trial protocol v.1.3 in Appendix S1).
Patient recruitment started on 2 November 2016 and ended on 14
December 2018. PhysSURG-B was designed within the
Scandinavian Surgical Outcomes Research Group (http://www.
ssorg.net).

Participants
Women aged 18 years or older and scheduled for surgery for con-
firmed or suspected breast cancer (index surgery) were recruited.
The exclusion criteria were: inability to understand information
provided, inability to perform the intervention, stage IV breast
cancer at diagnosis, and receipt of neoadjuvant treatment.
Patients were recruited at outpatient clinics at the time of diagno-
sis and when scheduled for surgery. Written informed consent
was mandatory and patients could withdraw their consent at any
time.

Randomization and masking
After receiving general information about the trial and providing
written consent, participants were randomized through an online
system with a 1 : 1 allocation in permutated blocks, to the inter-
vention or control group. Patients were enrolled by their treating
surgeon, and randomization was performed by a research nurse.
The research nurse collected information in an electronic case re-
port form regarding the surgery and secondary outcomes (dura-
tion of hospital stay, postoperative complications, reoperations,
and readmissions). Neither research nurses nor participants were
blinded because of the nature of the intervention. Patient alloca-
tion was, however, not actively communicated to healthcare per-
sonnel involved in routine care.

Procedures
The intervention took place before and after surgery. Participants
in the intervention group were individually instructed by a phys-
iotherapist to add 30 min of aerobic physical activity daily, before
surgery (usually 2 weeks, 61 week) and for 4 weeks after dis-
charge from hospital. The physical activity was to be of medium
intensity, resulting in shortness of breath, but retaining the abil-
ity to talk. The patients chose the type of activity, which was per-
formed without supervision. To increase adherence, patients in
the intervention group received a diary in which they were
instructed to mark each day that they performed the recom-
mended activity. They also received two follow-up telephone
calls from the physiotherapist, one during the preoperative and
one during the postoperative intervention period. The control
group followed routine care and were merely informed about

their group allocation after randomization; they did not receive
any advice regarding physical activity. All participants, however,
received standardized information from a physiotherapist re-
garding early mobilization and shoulder movement before dis-
charge from hospital after surgery.

Outcomes
The primary outcome was physical recovery at 4 weeks after sur-
gery, measured using self-administered questionnaires. The
question, used in several previous studies14,16,17, was: ‘To what
extent do you feel physically recovered after surgery?’. Response
categories were: not applicable, ‘I don’t feel recovered at all’,
25 per cent recovered, 50 per cent recovered, 75 per cent recov-
ered, and 100 per cent recovered. The primary outcome was di-
chotomized between 0–50 and 75–100 per cent according to the
statistical analysis plan (Appendix S2). The question was expert-
validated and face-validated in patients with breast cancer before
use.

Secondary outcomes were self-reported mental recovery at
4 weeks after surgery (answering alternatives as described above
for the primary outcome; these were validated in a similar man-
ner), duration of hospital stay for index surgery, unplanned reop-
erations requiring general anaesthesia, unplanned readmissions,
and complications (highest grade according to the Clavien–Dindo
classification18,19, and Comprehensive Complication Index
(CCIVR registered and owned by the University of Zurich20), within
90 days after the index surgery. Planned reoperations and read-
missions were those owing to a positive resection margin or com-
pletion ALND.

Data collection
Patient questionnaires were collected at three time points: before
operation, after 4 weeks and at 12 months after surgery. The base-
line questionnaire included general background questions on
height, weight, lifestyle factors, co-morbidity, and socioeconomic
factors used in previous studies of patients with cancer21–23.
Physical and mental recovery was assessed using specific ques-
tions used in previous studies, including a cohort of patients with
breast cancer14,16,17. The Saltin–Grimby Physical Activity Level
Scale (SGPALS)24 was used to assess physical activity; this is a
highly reliable and validated four-level single question form, asso-
ciated with cardiovascular risk factors, morbidity, and mortality.
The Alcohol Use Disorders Identification Test (AUDIT-C)25 was
used to evaluate alcohol risk consumption (AUDIT-C score � 4).
The questionnaires can be accessed in Swedish on request.

Electronic case report forms for data such as ASA physical sta-
tus grade, type of surgery, use of drainage, antibiotic and throm-
boembolic prophylaxis, duration of hospital stay, complications,
reoperations, and readmissions were retrieved from medical
records. Tumour characteristics (size, grade, oestrogen receptor
status, progesterone receptor status, HER2 gene amplification,
and nodal status) were retrieved from the Swedish national
breast cancer registry. Baseline questionnaires were adminis-
tered at inclusion and returned by mail. Before the postoperative
questionnaires and return envelopes were sent by mail, all in-
cluded patients received a letter, followed by a telephone call
from a research nurse for renewed consent. Patients in the inter-
vention group received a diary at their visit to the physiothera-
pist, and were instructed to mark each day of physical activity
according to the recommendation with an X, to improve and al-
low evaluation of adherence to the intervention. Adverse events
could be reported in the diary. The diary was sent to the
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secretariat together with the 4-week questionnaire. Time points
for data collection are shown in a SPIRIT diagram (Table S1).

Statistical analysis
A sample size estimation was performed using the first 100
evaluable patients. This preplanned interim analysis was con-
ducted by an independent committee that was unaware of the
group allocation, and showed a 9 per cent difference in the pri-
mary endpoint between the two groups (88 versus 97 per cent).
This was considered to be a true difference that was important to
detect (if present), and for a two-sided test with 5 per cent signifi-
cance, a total of 314 patients (157 evaluable patients per group)
would yield a power of 80 per cent. Considering a detected drop-
out frequency of 8 per cent, the study aimed to include 400
patients.

A statistical analysis plan was prespecified before accessing
the data set (Appendix S2). The participants were analysed quan-
titatively according to randomization (intention-to-treat analysis).
To account for low adherence to the recommended intervention,
a post hoc per-protocol analysis was undertaken with inclusion of
those who fulfilled the intervention, defined as recording at least
five days/week of added physical activity during the intervention
period. The two subgroups were identified by whether the pa-
tient had marked X for added physical activity in the diary � 10
days before surgery and less than 20 days after surgery (sub-
group 1), or � 10 days before surgery and � 20 days after sur-
gery subgroup 2). No correction for multiplicity was performed. A
statistical significance level of 5 per cent and 95 per cent confi-
dence intervals were used.

For recovery, the risk ratio (RR) was calculated using Poisson
regression with a robust error variance; a RR point estimate in fa-
vour of the intervention exceeded 1.00, whereas a value of less
than 1.00 was in favour of the control26. All other secondary end-
points were tabulated. No imputation of missing values was done
for the outcome variables. When there was at least one missing
value for co-variables or factors in a multiple regression model,
the default approach was listwise deletion, whereby the entire re-
cord was excluded from analysis.

The primary analysis was adjusted for the following variables:
type of surgery (breast-conserving surgery versus mastectomy
and ALND versus non-ALND), age as a continuous variable, and
baseline physical activity level (grouped as inactive, low physical
activity versus merged moderate–vigorous physical activity from
the SGPALS). Statistical analysis was carried out using SASVR ver-
sion 9.4 (SAS Institute, Cary, North Carolina, USA) and SPSSVR ver-
sion 24 (IBM, Armonk, New York, USA).

Results
Patients were recruited between 2 November 2016 and 14
December 2018. Of 1254 screened patients, 997 were assessed for
eligibility. Of these, 288 met the exclusion criteria and 309 de-
clined to participate. The remaining 400 patients were random-
ized to intervention (200) and control (200) groups. After
randomization, 20 participants (17 intervention, 3 control) with-
drew consent during the preoperative intervention period and 10
others (3 intervention, 7 control) withdrew consent during the
postoperative phase, and provided no information regarding the
patient-reported outcomes. A total of 370 participants (180 inter-
vention, 190 control) remained in the trial at the time of analysis
of the primary endpoint; these patients constitute the cohort for
the intention-to-treat analysis.

Of these, 318 of 370 participants (85.9 per cent) returned both
the baseline and 4-week questionnaires; 149 of 180 (82.8 per cent)
in the intervention group and 169 of 190 (88.9 per cent) in the con-
trol group (Fig. 1). The response rate was between 83 and 90 per
cent for the individual questionnaires. Two patients, one in each
group, withdrew consent between 30 and 90 days after surgery,
leaving 368 participants (179 intervention, 189 control) for analy-
sis.

Baseline characteristics were distributed evenly between the
groups (Table 1). The median age was 62 (range 30–89) years and
218 participants (64.1 per cent) had one or more co-morbidities.
The highest educational level (university or equivalent) was
reported by 55.8 per cent. Assessment of preoperative physical
activity level using the SGPALS showed that 71 patients (21.0 per
cent) reported a moderate to vigorous level of activity. Risk con-
sumption of alcohol was seen in 32.7 per cent of patients in the
intervention group and 30.2 per cent in the control group (Table
1).

The majority of patients had breast-conserving surgery (79.2
per cent) and sentinel lymph node biopsy (88.7 per cent). Analysis
of the invasive tumour characteristics showed that 87.4 per cent
of patients had hormone receptor-positive disease and 24.0 per
cent had positive lymph node status (Table 2).

Some 95 of 180 patients (52.8 per cent) in the intervention
group and 90 of 190 (47.4 per cent) in the control group under-
went day surgery. The mean duration of hospital stay was 1.2
days in control group compared with 1.1 day in the intervention
group, including the day of surgery.

The physical activity diary was returned by 151 of 180 women
(83.9 per cent) in the intervention group. The mean registered ad-
ditional physical activity was 14 (median 10, range 0–46) days be-
fore surgery and 20 (21, 0–34) days after operation. Eighty-one
participants (53.6 per cent) reported more than 10 days of activity
before surgery, and 86 (56.9 per cent) reported more than 20 days
of added activity after operation. To further describe the differ-
ence in level of physical activity, the change in SGPALS score was
analysed for each individual, both at inclusion and 4 weeks after
surgery (Table 2). In the intervention group, 64.1 per cent did not
report any change in physical activity level, comparable to 66.0
per cent in the control group.

The primary outcome, physical recovery at 4 weeks after sur-
gery, was reported by 316 participants (148 intervention, 168 con-
trol). Of these, 302 patients had all the data necessary for an
adjusted analysis. In the intervention group, 130 patients (87.8
per cent) reached 75–100 per cent physical recovery compared
with 143 (85.1 per cent) in the control group (RR 1.03, 95 per cent
c.i. 0.95 to 1.13). Similar results were found in the adjusted analy-
sis (RR 1.02, 0.93 to 1.11) (Table 3).

A supporting analysis for complete physical recovery (100 per
cent) showed that 71 of 148 patients (48.0 per cent) in the inter-
vention group and 76 of 168 (45.2 per cent) in the control group
had a full physical recovery (RR 1.14, 0.92 to 1.40) (Fig. 2). The ad-
justed analysis yielded similar results (RR 1.18, 0.97 to 1.43). In
the post hoc analyses of physical recovery (75–100 per cent recov-
ery), the RR was 1.04 to 1.06 (not significant), with the largest ef-
fect size in subgroup 2 (Table 3 and Fig. S1).

The crude RR between the groups for self-reported mental re-
covery (75–100 per cent) at 4 weeks was 1.05 (0.93–1.17), and the
adjusted RR was 1.05 (0.94 to 1.18). Evaluation of complete men-
tal recovery (100 per cent) showed similar results for the unad-
justed (RR 1.03, 82 to 1.31) and adjusted (RR 1.12, 0.88 to 1.42)
analyses (Table 3 and Fig. 2). In per-protocol analyses, the RR was
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1.08–1.14 (not significant) for feeling 75–100 per cent mentally re-
covered, with the greatest effect size in subgroup 2.

Complications developed within 30 days of surgery in 28 of
180 patients (15.6 per cent) in the intervention group compared
with 35 of 190 (18.4 per cent) in the control group. None of the
participants had a grade IV complication, and grade III compli-
cations were documented in five patients in the control and
one in the intervention group (Table S2). The mean CCIVR score
within 30 days after surgery was 2.3 (range 0–40.6) in the inter-
vention group compared with 3.1 (0–42.7) in the control group
(Table S3).

At 90 days after primary surgery, 368 patients remained for
evaluation (179 intervention, 189 control). Complications were
seen within 90 days of surgery in 42 of 179 patients (23.5 per
cent) in the intervention group compared with 47 of 189 (24.9
per cent) in the control group. One patient in the control
group had one grade IV complication; grade III complications
were recorded for five patients in the control group and two in
the intervention group (Table 4). The mean CCIVR score at 90
days after operation was 4.2 (range 0–57.5) in the intervention
group compared with 4.7 (range 0–58.3) in the control group
(Table 4).

Assessed for eligibility
n= 997

Randomized
n= 400

Excluded n= 597
Did not meetinclusioncriteria n= 288
Declined to participate n= 309

Allocated to control n= 200 Allocated to intervention n= 200
Received intervention n= 183
Did not receive intervention n= 17
Withdrew consent n= 17

Lost to follow-up n= 11
Withdrew consent before surgery n= 3
Withdrew consent <30 days n= 7
Withdrew consent 30–90 days n= 1

Lost to follow-up n= 21
Withdrew consent before surgery n= 17
Withdrew consent <30 days n= 3
Withdrew consent 30–90 days n= 1

Analysed at 90 days n= 189
Excluded from analysis n= 11
Withdrew consent n= 11

Analysed at 90 days n= 179
Excluded from analysis n= 21
Withdrew consent n= 21
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Analysed for primary outcome n= 168
Excluded from analysis n= 32
Withdrew consent n= 10
Did not report primary outcome n= 22

Analysed for primary outcome n= 148
Excluded from analysis n= 52
Withdrew consent n= 20
Did not report primary outcome n= 32

Fig. 1 CONSORT diagram for PhysSURG-B trial
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Fig. 2 Recovery at 4 weeks after surgery (intention-to-treat analysis)

Risk ratios for intervention versus control are shown with 95 per cent confidence intervals.

Heiman et al. | 35

academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaa007#supplementary-data
academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaa007#supplementary-data


In total, 68 reoperations were performed within 90 days of sur-
gery. These included 52 planned procedures (owing to inadequate
tumour margin or completing ALND) and 16 unplanned opera-
tions. Of the 16 unplanned procedures (8 in each group), nine
were for complications such as infection or bleeding, one patient
underwent a second-stage reconstruction and the remaining six
procedures were for unrelated reasons (Table S4). The rate of
unplanned readmissions within 90 days was 8.4 per cent (15 of
179) in the intervention group compared with 5.3 per cent (10 of
189) in the control group.

Discussion
PhysSURG-B is an RCT examining the effect of prehabilitation
with physical activity before and after breast cancer surgery15.

The hypothesis was that added physical activity would improve
recovery and reduce complications after breast cancer surgery.
No significant effect on the primary endpoint, self-reported phys-
ical recovery (75 per cent recovery and above) at 4 weeks after
surgery, was found in the intervention group compared with the
control group.

This could be because the hypothesis was incorrect, but other
explanations include an insufficient intervention, poor adher-
ence and/or that the primary endpoint lacked sensitivity for this
patient group. It is reasonable to assume that a higher level of ad-
herence could have been accomplished with supervised exercise,
but with greater inclusion bias, increased cost and reduced feasi-
bility. The intervention was chosen with this in mind, to be
implementable in routine healthcare, if proven efficient. The di-
ary showed lower adherence to the intervention than anticipated

Table 1 Baseline characteristics of study participants

Control group (n¼ 200) Intervention group (n¼ 200)

Age (years)* 63 (54–71; 38–89) 61 (52–68; 30–84)
BMI (kg/m2)* 25 (23–28; 19–39) 25 (22–29; 18–48)
ASA physical status grade

I 75 of 194 (38.7) 92 of 179 (51.4)
II 108 of 194 (55.7) 83 of 179 (46.4)
III 10 of 194 (5.2) 4 of 179 (2.2)
IV 1 of 194 (0.5) 0 of 179 (0)
Missing 6 21

Co-morbidities
None 63 of 175 (36.0) 59 of 165 (35.8)
Any 112 of 175 (64.0) 106 of 165 (64.2)
Diabetes mellitus 13 of 175 (7.4) 10 of 165 (6.1)
Cardiovascular disease 37 of 175 (21.1) 28 of 165 (17.0)
Pulmonary disease 5 of 175 (2.9) 8 of 165 (4.8)
Psychiatric illness 15 of 175 (8.6) 15 of 165 (9.1)
Chronic pain 12 of 175 (6.9) 14 of 165 (8.5)
Missing 25 35

Active smoker
Yes 12 of 173 (6.9) 4 of 164 (2.4)
No 161 of 173 (93.1) 160 of 164 (97.6)
Missing 27 36

Alcohol consumption
AUDIT-C score < 4 115 of 171 (67.3) 113 of 162 (69.8)
AUDIT-C score P 4† 56 of 171 (32.7) 49 of 162 (30.2)
Missing 29 38

Physical activity at baseline‡

1 (inactive) 28 of 175 (16.0) 22 of 163 (13.5)
2 (low) 115 of 175 (65.7) 102 of 163 (62.6)
3–4 (moderate–vigorous) 32 of 175 (18.3) 39 of 163 (23.9)
Missing 25 37

Residence
Rural 16 of 175 (9.1) 16 of 164 (9.8)
Urban 159 of 175 (90.9) 148 of 164 (90.2)
Missing 25 36

Educational level
University or higher 85 of 175 (48.6) 104 of 164 (63.4)
� 12 years 90 of 175 (51.4) 60 of 164 (36.6)
Missing 25 37

Relationship status
Married or in relationship 118 of 175 (67.4) 123 of 163 (75.5)
No relationship 57 of 175 (32.6) 40 of 163 (24.5)
Missing 25 37

Occupational status
Working full or part time 101 of 176 (57.4) 114 of 165 (69.1)
Not working 75 of 176 (42.6) 51 of 165 (30.9)
Missing 24 35

Values in parentheses are percentages unless indicated otherwise.
* Values are median (i.q.r.; range).
† Risk consumption defined as Alcohol Use Disorders Identification Test (AUDIT-C) score P4.
‡ Measured using Saltin–Grimby Physical Activity Level Scale.
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for this patient group, even though the type of activity was indi-

vidualized by the physiotherapist, agreed with the patient, and

expected to represent a window of opportunity for lifestyle

changes.
There was also only a limited increase in the level of physical

activity as measured using SGPALS, between baseline and 4

weeks after surgery in the intervention compared with the con-

trol group (Table 2). It is possible that patients diagnosed with,

and operated for, breast cancer require supervised exercise or re-

peated instructions to undertake additional physical exercise,

which could explain why the method had limited results. This

highlights the drawback of recommendations regarding lifestyle

changes, commonly used at a population level, and presented

here for a group of patients with breast cancer. Tailored exercise

Table 2 Tumour and surgical characteristics

Control group (n¼ 200) Intervention group (n¼ 200)

Type of breast surgery
Breast-conserving surgery 154 of 197 (78.2) 147 of 183 (80.3)

Bilateral surgery 7 of 154 (4.5) 3 of 147 (2.0)
Mastectomy 43 of 197 (21.8) 36 of 183 (19.7)

Bilateral surgery 4 of 43 (9.3) 6 of 36 (16.7)
Direct reconstruction 4 of 43 (9.3) 2 of 36 (5.6)

Missing 3 17
Type of axillary surgery

None 12 of 197 (6.1) 11 of 183 (6.0)
SLNB 176 of 197 (89.3) 161 of 183 (88.0)
ALND 9 of 197 (4.6) 11 of 183 (6.0)
Missing 3 17

Postoperative drains used 37 (18.5) 32 (17.4)
Tumour type

Invasive cancer 180 of 197 (91.4) 170 of 183 (92.9)
Cancer in situ 17 of 197 (8.6) 12 of 183 (6.6)
Other 0 (0) 1 of 183 (0.5)
Missing 3 17

Tumour size (mm)† 16 (1–137) 17 (0–108)
Oestrogen receptor-positive 154 of 180 (85.6) 152 of 170 (89.4)
Progesterone receptor-positive 134 of 180 (74.4) 130 of 170 (76.5)
HER2-positive 19 of 180 (10.6) 14 of 170(8.2)
Nodal metastasis (N1) 37 of 180 (20.6) 47 of 170 (27.6)
Change in SGPALS score (before versus after surgery)

Increase 18 of 162 (11.1) 25 of 142 (17.6)
Decrease 37 of 162 (22.8) 26 of 142 (18.3)
No change 107 of 162 (66.0) 91 of 142 (64.1)
Missing 38 58

Values in parentheses are percentages unless indicated otherwise.
* Values are median (range).

ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; HER2, human epidermal growth factor receptor 2; SGPALS, Saltin–Grimby Physical
Activity Level Scale.

Table 3 Recovery at 4 weeks after surgery

Recovery (%) Risk ratio

Physical recovery Mental recovery

75–100 Intention to treat Crude 1.03 (0.95, 1.13) 1.05 (0.93, 1.17)
Adjusted* 1.02 (0.93, 1.11) 1.05 (0.94, 1.18)

100 Intention to treat Crude 1.14 (0.92, 1.40) 1.03 (0.82, 1.31)
Adjusted* 1.18 (0.97, 1.43) 1.12 (0.88, 1.42)

75–100 Per protocol, subgroup 1 Adjusted* 1.04 (0.94, 1.15) 1.08 (0.95, 1.23)
75–100 Per protocol, subgroup 2 Adjusted* 1.05 (0.93, 1.18) 1.14 (0.99, 1.30)

Values in parentheses are 95 per cent confidence intervals. Subgroup 1: P 10 days of physical activity before surgery and less than 20 days of physical activity after
operation added according to diary; subgroup 2: P 10 days of physical activity before surgery and P20 days of physical activity after surgery added according to
diary. Risk ratios for intervention versus control are shown with 95% confidence intervals.

* Adjusted for age, physical activity (Saltin–Grimby Physical Activity Level Scale) at baseline, and type of surgery (breast-conserving surgery or mastectomy and
sentinel lymph node biopsy or axillary lymph node dissection).

Table 4 Secondary outcomes at 90 days after surgery

Control (n¼ 189) Intervention (n¼ 179)

Complications (Clavien–Dindo grade)
I 23 (12.1) 23 (12.8)
II 18 (9.5) 17 (9.5)
IIIa 1 (0.5) 0 (0)
IIIb 4 (2.1) 2 (1.1)
IV 1 (0.5) 0 (0)

CCIVR score* 4.7 (0–58.3) 4.2 (0–57.5)
Reoperations† 8 (4.2) 8 (4.5)
Readmissions† 10 (5.3) 15 (8.4)

Values in parentheses are percentages unless indicated otherwise.
* Values are mean (range). CCIVR , Comprehensive Complication Index

(range 0–100).
† Unplanned.
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intervention strategies based on fitness level, including super-
vised exercise and non-supervised exercise in the adjuvant set-
ting, are expected to be further clarified through the ongoing
EBBA-II (Energy Balance and Breast Cancer Aspects-II) trial
(NCT02240836).

Limitations regarding objective measures concerning the type,
amount and intensity of exercise, fulfilment of the recommenda-
tion, and difference in physical activity between the study groups
are evident in the present study, aside from using the SGPALS in-
strument. Using accelerometers could have been useful for this
purpose, but could also have introduced bias in the control group,
blurring evaluation of the simple recommendation. The physical
activity diary was not used to collect information about the phys-
ical activity performed, but acted primarily as a tool to enhance
and evaluate adherence to the recommendation. The aim of this
trial was not to assess the quantifiable dimensions of physical ac-
tivity, and the authors acknowledge the loss of information about
the actual physical activity performed. The objective was to eval-
uate whether an individual recommendation and follow-up was
enough to influence recovery. The method was chosen in order to
put minimal strain on the healthcare system and offer enough
flexibility to be accepted by the majority of patients with breast
cancer. The findings may provide useful information when plan-
ning new studies aiming to improve recovery of patients with
breast cancer.

A low level of surgical morbidity after breast cancer surgery is
typically coupled with a high level of recovery, resulting in a
small-to-moderate improvement possible with any intervention.
Self-reported recovery was chosen with the aim of evaluating a
patient-reported outcome with relevance to clinical breast cancer
management. The results showed that almost 90 per cent of all
patients reached this level of recovery (75 per cent or more), and
a ceiling effect can be expected to partially mitigate the effect of
physical activity. A previous observational study18 revealed an
association between physical activity level before surgery and
physical recovery at 3 weeks after operation using the same ques-
tion and same dichotomization, but at 6 weeks there was no such
association. Unfortunately, this may indicate that the dichotomi-
zation for recovery (75–100 per cent) was appropriate at the 3-
week follow-up in the observational study, but not at the 4-week
follow-up in this RCT. The majority of patients undergo one or
more modalities of adjuvant treatment, the start of which often
coincides with the evaluation period, and this may have affected
the feeling of recovery.

The strengths of this trial include the design, being an RCT
with a large sample size. The ability to implement the interven-
tion within the standard care of patients with breast cancer is an-
other strength. The key assets of the trial also create the main
limitations, including the outcome measure used and the
intentionally non-supervised, non-measured physical activity,
which precluded detailed analyses of adherence to, or specifica-
tion of, added physical activity in relation to the recovery experi-
enced.

The authors’ hypothesis was that a recommendation to un-
dertake physical activity would improve recovery, but a signifi-
cant effect was not shown. There may be several reasons for this
finding, including a weak intervention or a ceiling effect. Another
explanation might be that for breast cancer surgery, with rapid
recovery and few surgical complications, the beneficial effect of
physical activity may be related to improved resilience to the
side-effects of the subsequent adjuvant therapy. These long-term
effects as well as late effects after breast cancer treatment will be

further analysed using 12-month data from the PhysSURG-B
trial.
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