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Abstract
Purpose To determine if cardiopulmonary exercise testing
(CPET) was useful in predicting response to exercise in cancer
patients preoperatively. A secondary aim was to explore if
exercise was associated with improved postoperative
outcomes.
Methods A retrospective cohort study was performed on con-
secutive cancer patients from 2012 to 2014, referred for exer-
cise prehabilitation and had two CPET preoperatively.
Results Twenty-six patients were analysed. There was a sig-
nificant overall increase in oxygen uptake at anaerobic thresh-
old (AT) from 10.4 to 11.6 ml kg−1 min−1 (ΔAT=1.2±
3.0 ml kg−1 min−1 [9 %]; p=0.046); peak oxygen uptake
(pVO2) from 16.0 to 17.7 ml kg−1 min−1 (ΔpVO2=1.7±
2.4 ml kg−1 min−1 [9 %]; p=0.002); and pVO2/BSA from
658 to 726 ml min− 1 m− 2 ; (ΔpVO2/BSA = 68 ±
112.3 mL min−1 m2 [10 %]; p=0.004). Fifty percent of pa-
tients were responders to exercise, defined as having >10 %

increase in AT. Responders had a median increase in AT of
26 % [IQR 7 %, 45 %] with an absolute increase in AT of
2.5 ml kg−1 min−1 [IQR 1.1, 3.9] (p=0.002) and a median
increase in pVO2 of 22% [IQR 11.5, 32.5 %] with an absolute
increase in pVO2 of 3.8 ml.kg−1.min−1 [IQR 2.0, 5.7]
(p<0.001). Responders weremore likely to have a lower base-
line AT (9.1 ml kg−1 min−1; p=0.002).
Conclusions Exercise improved cardiorespiratory fitness pri-
or to major cancer surgery. Not all patients responded the
same, with only 50 % of the study cohort being responders
to exercise. A low AT, pVO2 and ratio of AT/pVO2 at baseline
were good predictors of response to exercise, with a tendency
for responders to suffer fewer major postoperative
complications.
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Introduction

Patients are often deconditioned due to their underlying dis-
ease, associated medical comorbidities and through lifestyle
choice. In cancer patients, neoadjuvant chemoradiotherapy
further reduces physical fitness [1]. Cardiopulmonary exercise
testing (CPET), the gold standard for assessing the integrated
cardiorespiratory, vascular and metabolic (mitochondrial) sys-
tems, allows for objective evaluation of functional capacity
and preoperative risk stratification; with gas exchange derived
variables such as oxygen consumption at anaerobic threshold
(AT) and oxygen consumption at peak exercise (peak VO2)
identified as good predictors of postoperative morbidity [2–8].

Exercise programs in cancer patients and, more specific to
perioperative medicine, prehabilitation programs prior to ma-
jor surgery are an emerging field of investigation [1, 9, 10].
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Prehabilitation involves multimodal interventions targeted to
improve psychological, nutritional and physical well-being
from time of cancer diagnosis to definitive treatment, includ-
ing surgery [10]. Li and colleagues showed that a trimodal
prehabilitation program using exercise, nutrition and psycho-
logical support improved recovery of functional capacity
8 weeks after surgery [11]. Patients who had prehabilitation
were able to walk further at 2 months postoperatively com-
pared with those that only had rehabilitation [10]. Since cancer
surgery is often urgent, but not emergent, it allows for
prehabilitation of deconditioned patients to improve their
functional capacity prior to major surgery, with potential for
reduced postoperative morbidity (which often requires costly
extensive postoperative rehabilitation). However, implemen-
tation of a 4–6-week prehabilitation program with exercise
prior to surgery is relatively resource and time intensive, and
it is unknown if all patients will be responders to such an
exercise program, and if response to exercise improves post-
operative outcomes. Bouchard and colleagues reported that
genomics plays a central role in response to an exercise pro-
gram and improved peak VO2 [12].

Although there have been studies published on the efficacy
of an exercise program in patients from various cancer types
or selected surgeries [1, 10, 13–18], data on predicting the
response to exercise programs and the impact on associated
postoperative outcome is still unknown. Determining which
group of patients are more likely to improve their functional
capacity in response to an exercise program would be useful,
allowing rational use of resources with selective referral for
prehabilitation and associated postponement of surgery.

Given the current paucity of evidence to support the notion
that postponement of cancer surgery to allow recovery of
physiologic capacity is beneficial to cancer patients, this study
sets out to determine the effectiveness of a prehabilitation
exercise program at improving preoperative functional capac-
ity, and if CPET-derived gas exchange variables were useful in
predicting a response to exercise prehabilitation programs. A
secondary aim of the study explored if exercise prehabilitation
was associated with improved postoperative outcomes in can-
cer patients.

Methods

Patients

The Peter MacCallum Cancer Centre (PMCC) Human Ethics
Research Committee approved this retrospective cohort study
(#13/44 L). For this type of study, formal consent is not re-
quired. All consecutive patients referred to exercise physiolo-
gy for a structured exercise program preoperatively at PMCC
between September 2012 and August 2014 were included in
this study. The exclusion criteria were patients who did not

have two CPETevaluations (baseline and postprehabilitation),
patients who did not proceed to surgery and patients who had
their exercise program commenced prior to their first CPET,
as they did not have a baseline CPET result. Patients who were
referred for exercise physiology input were a high-risk cancer
group who were deconditioned and deemed at risk of postop-
erative complications during preoperative CPET evaluation.
Surgery types included oesophagogastrectomy, complex co-
lorectal (pelvic exenterat ion, anter ior resect ion,
abdominoperineal resection, hyperthermic intraperitoneal
chemotherapy) and thoracic cancer surgery. They were re-
ferred to haematology for preoperative optimisation of
haemoglobin or for nutritional input prior to surgery, from
the preadmission clinic, at the discretion of the anaesthetist,
if clinically warranted. Patients received standard periopera-
tive care. Their anaesthetist determined their postoperative
destination either intensive care unit (ICU), high dependency
unit (HDU) or ward.

Cardiopulmonary exercise testing

Patients underwent a baseline CPET test (CPX1) prior to their
exercise program and a final CPET test following
prehabilitation prior to surgery (CPX2). Some patients
underwent an extra CPET test between their baseline and final
CPET test, usually after completion of their neoadjuvant
chemoradiotherapy.

CPET was chosen as the measurement tool in this study
because it provides a non-invasive and objective global as-
sessment of the body’s response to exercise. CPET incorpo-
rates cardiovascular, pulmonary, metabolic, haemopoietic and
musculoskeletal systems and surpasses individual end-organ
tests as a method of assessing progress of cardiopulmonary
fitness. CPET has been shown to have good inter-observer
reliability of 4.5 % [19] with a 10 % coefficient of variation
for repeated testing [20].

CPET was performed as per the American Thoracic
Society/American College of Chest Physicians (ATS/ACCP)
practice guidelines [21]. A static respiratory function test was
performed prior to exercise. Baseline data, collected with the
patient at rest for 3 min, included the following: blood pres-
sure, continuous 12-lead electrocardiogram (ECG), oxygen
saturation and breath-by-breath gas exchange through a tight
fitting mask (CardiO2/CP System, Medical Graphics Corpo-
ration, USA). During the exercise phase, patients cycled at
60–70 RPM on a cycle ergometer: 3 min of unloaded cycling,
then a ramp protocol of 20 W per minute through increasing
pedal resistance until peak exercise, and then 5 min of
unloaded cycling during the recovery period. A clinician
was present throughout. Ramping was stopped after achieving
peak exercise at the patient or clinician’s discretion, either due
to patient fatigue, dyspnoea, chest pain, leg pain or signs of
myocardial ischaemia, hypotension or arrhythmia. AT was
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determined using both the V-slope and ventilator equivalent
methods [22] by two experienced anaesthetists trained in car-
diopulmonary exercise testing. Two independent reviewers
analysed and crosschecked the CPET data to ensure accuracy.

Exercise program

The Australia Association for Exercise and Sport Science po-
sition statement on optimising cancer outcomes through exer-
cise recommends an individualised exercise prescription,
consisting of both aerobic and resistance exercises, taking into
consideration the patient’s disease process, treatment stage
and level of function [23]. An exercise physiologist prescribed
individualised exercise programs according to the patient’s
baseline CPET results. The exercise program was adapted to
the needs of the patient and patient’s environment (either
home-, community- or hospital-based), with weekly follow-
up and assessment of compliance. The program consisted of
progressive aerobic (interval training) and strength training
exercises, three to five times per week, at an intensity of 60
to 80% of the maximum heart rate at peak VO2, and lasting 20
to 45 min in duration.

Patient characteristics and outcome measures

Using case note review, data was collected on patient demo-
graphics, comorbidities, neoadjuvant treatment, prescribed
exercise program, surgical procedure, postoperative compli-
cations and mortality at 30 days, 6 months and 1 year.

In our study, we defined responders to the exercise pro-
gram as having >10 % improvement in AT, since 10 % is
reported as the coefficient of variation for repeated testing
during CPET [20]. Non-responders were defined as patients
who had ≤10 % increase in AT after their exercise program.
Major postoperative complications were defined as those rep-
resented by a Clavien-Dindo classification >3, representing a
life threatening complication, either single organ or multi-
organ failure, requiring ICU management, or death. This cut-
off was chosen as a Clavien-Dindo classification ≤3 may be
the result of surgical technique or surgical complications, rath-
er than impaired cardiopulmonary reserve.

Statistical analysis

Statistical analysis was performed using SPSS Statistics Ver-
sion 22 (IBM Corp. in Armonk, NY). Continuous variables
are presented as mean +/− standard deviation (SD) if normally
distributed ormedian +/− interquartile range [IQR] for skewed
data, and categorical variables are presented as the absolute
number with percentages (%). Parametric data was analysed
using paired Student’s t test or independent Student’s t test.
Non-parametric data was analysed using Mann-Whitney U
test. Categorical data was analysed using Fisher’s exact test.

Multivariable analysis using an exact logistic regression mod-
el assessed for predictors of a major postoperative complica-
tion (Clavien-Dindo classification >3) and also whether re-
sponders could be predicted from CPX1 or if CPX2 was re-
quired. Odds ratios are presented. As this was hypothesis gen-
erating, p<0.1 was considered significant for predictors of a
major postoperative complication and worth consideration for
further research. There was no adjustment for multiple testing
in the analysis for non-primary outcomes. A p value <0.05
was considered statistically significant for the remaining
analysis.

Results

Thirty-two consecutive patients were referred for a
prehabilitation exercise program within the defined study pe-
riod. Of the patients eligible for the study, six were excluded:
One patient had only one CPET, one patient did not proceed to
surgery and four patients had exercise programs that were
initiated prior to their baseline CPET. The remaining 26 pa-
tients were analysed. Baseline patient characteristics are re-
ported in Table 1.

Following prehabilitation, a significant overall improve-
ment in functional capacity was observed for the study cohort
across three measured CPET-derived domains: AT increased
9 % from 10.4 to 11.6 ml kg−1 min−1; p=0.046; pVO2 in-
creased 9 % from 16.0 to 17.7 ml kg−1 min−1; p=0.002; and
p e a k VO2 /BSA i n c r e a s e d 1 0 % f r om 658 t o
726 ml min−1 m−2; p=0.004 (Tables 2, 3 and 4). The exercise
program consisted of aerobic exercise only in 35 % of the
patients and aerobic combined with resistance exercise pro-
grams in 65 % of patients. Location of exercise program was
as follows: 50 % of patients conducted their exercise program
at home, 27 % in the community and 23 % at a hospital. The
median duration of exercise program was 74 days [IQR 28,
120 days]; (range 26 to 461 days).

Fifty percent of the cohort was considered responders to
their tailored exercise program. Responders had a median
increase in AT of 26 % [IQR 7 %, 45 %] with an absolute
increase in AT of 2.5 ml kg−1 min−1 [IQR 1.1, 3.9] (p=0.002)
and a median increase in pVO2 of 22 % [IQR 11.5, 32.5 %]
with an absolute increase in pVO2 of 3.8 ml kg−1 min−1 [IQR
2.0, 5.7] (p<0.001). Of the non-responders, 19 % of patients
did not have a change in AT, and 31 % of patients had a
decline (>10 % decline from baseline) of their functional
capac i ty. Responders had a lower base l ine AT
(9.1 ml kg−1 min−1) and AT/pVO2 ratio (62 %) when com-
pared to the non-responders, who had a higher baseline AT
(11.6 ml kg−1 min−1) (p=0.002) and AT/pVO2 ratio (70 %)
(p=0.002) (Tables 2, 3 and 4). Figure 1 demonstrates a plot of
VO2 at AT and peak VO2 at CPX1 and CPX2 in responders
and non-responders. There was a median improvement in
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peak work performed in all patients between CPX1 and CPX2

by 14 % from 100 to 113 W; p=0.018. Responders had a
19 % increase in peak work from 94 to 115W; p=0.024. This
improvement was not observed in the non-responder group;
p=0.40 (Tables 2, 3 and 4).

Univariate analyses and multivariable logistic regression
were performed to examine for differences in baseline charac-
teristics and determine if there were any predictors of respond-
er vs. non-responder groups. However, there was no statisti-
cally significant difference between the baseline characteris-
tics of the responder and non-responder groups (Table 1).
Non-responders trended toward suffering more major postop-
erative complications (Clavien-Dindo classification
>3=30.8 % in non-responders vs. 0 % in responders;

p=0.096). Responders were less likely to experience compli-
cations: Odds ratio=0.15 (95 % CI 0.00–0.98); p=0.10
(Table 5). There was no difference in major complication rates
between the two sub-groups of non-responders: those that
showed ‘no change’ and those who showed a decline in func-
tional capacity during the exercise program.

Responder status could be predicted from CPET-derived
variables at CPX1: AT, AT/pVO2 ratio or from variables com-
bined from CPX1 and CPX2: absolute and percentage differ-
ence in AT and pVO2, absolute and percentage difference in
AT/pVO2 ratio (Table 6). Univariate and multivariate logistic
regression did not detect any other predictors of suffering a
major complication. All postoperative details and complica-
tions are presented in Table 7.

Table 1 Baseline patient
characteristics Variable All patients

(n=26)
Responders
(n=13)

Non-responders
(n=13)

Age 67.7 (9.6) 65.6 (10.1) 69.9 (8.9)

Male gender (%) 22 (85 %) 11 (85 %) 11 (85 %)

ASA

II 12 (46 %) 5 (38 %) 7 (54 %)

III 13 (50 %) 8 (62 %) 5 (38 %)

IV 1 (4 %) 0 (0 %) 1 (8 %)

BMI 29.3 (6.0) 27.4 (6.7) 31.1 (4.9)

Smoking (current/past) 16 (62 %) 6 (46 %) 10 (77 %)

Comorbidities

Ischaemic heart disease 6 (23 %) 2 (15 %) 4 (31 %)

Diabetes mellitus 4 (15 %) 2 (15 %) 2 (15 %)

Congestive cardiac failure 3 (12 %) 1 (8 %) 2 (15 %)

Chronic obstructive airway disease 6 (23 %) 3 (23 %) 3 (23 %)

Cerebrovascular event 2 (8 %) 1 (8 %) 1 (8 %)

Neoadjuvant chemo +/− radiotherapy 11 (42 %) 6 (46 %) 5 (38 %)

POSSUM Physiology Score 18.8 (7.4) 18.0 (5.8) 19.5 (8.8)

POSSUM Operative Score 18.2 (7.6) 18.0 (7.2) 18.3 (8.3)

Type of surgery

Oesophagogastrectomy 10 (38 %) 4 (31 %) 6 (46 %)

Complex colorectal 15 (58 %) 8 (62 %) 7 (54 %)

Thoracic 1 (4 %) 1 (8 %) 0 (0 %)

Results are displayed as mean (standard deviation) or absolute number (percentage %)

Table 2 CPET-derived variables
All patients (n=26) CPX1 CPX2 % difference between

CPX1 and CPX2

CPX1 vs.
CPX2 p value

VO2 at AT (ml kg−1 min−1) 10.4 (2.2) 11.6 (2.5) 9 [−7.5, 25.5] 0.046

Peak VO2 (ml kg
−1 min−1) 16.0 (4.9) 17.7 (5.2) 9 [−3.5, 21.5] 0.002

VO2/BSA (ml min−1 m−2) 658 (185) 726 (199) 10 [−3, 23] 0.004

Peak work (watts) 100 (46) 113 (46) 14 [2, 26] 0.018

AT/pVO2 (%) 68 [61.5, 74.5] 65 [57.5, 72.5] −4 [−15.5, 7.5] 0.732

CPET cardiopulmonary exercise testing

Results are displayed as mean (standard deviation) or median [interquartile range]
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Responders were less likely to have completed their exer-
cise program at home (31 %); in contrast, the majority (69 %)
of non-responders completed their exercise programs at home
(p=0.03). In terms of exercise compliance, 77 % of re-
sponders and 39 % of non-responders had excellent compli-
ance with their exercise program—defined as completing
>80 % of their prescribed exercise, but this was not statistical-
ly significant (p=0.097).

Eleven patients had a third test in between CPX1 and
CPX2, of which seven patients had this test after completion
of neoadjuvant chemotherapy (nCRT). In these patients, func-
tional capacity showed an insignificant decline following neo-
adjuvant chemoradiotherapy (AT decreased 5.1 % [IQR
−5.9 %, 16.1 %] from 10.4±2.8 to 9.7±1.3 ml kg−1 min−1;
p=0.23 and pVO2 decreased 6.8 % [IQR −3.6 %, 17.2 %]
from 15.7±4.6 to 14.7±3.0 ml kg−1 min−1; p=0.24). A sig-
nificant improvement in cardiopulmonary fitness was ob-
served from this test when compared to the final presurgical
CPET (CPX2) test (AT increased 13.6 % [IQR 4.6 %, 22.7 %]
from 9.7±1.3 to 11.4±1.6 ml kg−1 min−1, p<0.001 and
pVO2 increased 11.2 % [IQR 2.7 %, 19.8 %] from 14.7±
3.0 to 16.5±3.6 ml kg−1 min−1, p=0.004).

Discussion

This study adds to the emerging body of evidence that
prehabilitation of patients with an exercise program prior to

major cancer surgery can improve functional capacity without
causing harm [1, 9, 10, 13, 15–18, 24–27]. We have also shown
that patients, particularly those in the responder group, have
increased their peak work performance. This can be attributed
to the success of the exercise program. Using a statistically valid
conservative measure of success (10 % increase in AT), this
study was able to differentiate responders from non-
responders to exercise. Responder’s status could be predicted
from CPX1 and CPX2 variables: absolute and percentage differ-
ence in AT and absolute and percentage difference in AT/pVO2

ratio (Table 6). An interesting finding of this study was that
responders were associated with lower baseline levels of cardio-
respiratory fitness—AT (OR=0.13; 95 % CI 0.01-0.56; p=
0.002) and AT/pVO2 ratio (OR=0.1; 95 % CI 0.01–0.53; p=
0.002). The reason for this is unclear. It is plausible that more
deconditioned patients derived greater benefit from the exercise
program, but could also be attributed to yet undiscovered geno-
mic factors [12]. More evident factors include the findings that
responders were more likely to have completed their exercise
program in a community or hospital environment, rather than at
home, with a trend toward improved compliance as potential
confounding factors. Previous research has found that patients
who exercised at home without supervision had lesser adher-
ence to their exercise program [28]. This supports further work
by our team examining the role of technology aids (bluetooth-
linked heart rate monitors and smartphone applications [apps])
to assist with real-time monitoring to allow improved supervi-
sion of home- and community-based exercise programs.

Table 3 CPET-derived variables

Responders (n=13) CPX1 CPX2 % difference between
CPX1 and CPX2

CPX1 vs. CPX2

p value
Responder vs. non-responder
p value

VO2 at AT (ml kg−1 min−1) 9.1 (1.7) 12.4 (2.8) 26 [7, 45] 0.002 CPX1 0.002, CPX2 0.099

Peak VO2 (ml kg
−1 min−1) 15.8 (5.6) 18.9 (6.1) 22 [11.5, 32.5] <0.001 CPX1 0.846, CPX2 0.23

VO2/BSA (ml min−1 m−2) 628 (221) 760 (247) 22 [8, 36] 0.001 CPX1 0.42, CPX2 0.40

Peak work (watts) 94 (55) 115 (58) 19 [9, 29] 0.024 CPX1 0.51, CPX2 0.82

AT/pVO2 (%) 62 [57, 67] 66 [55, 77] 6 [−11.5, 23.5] 0.064 CPX1 0.002, CPX2 0.98

CPET cardiopulmonary exercise testing

Results are displayed as mean (standard deviation) or median [interquartile range]

Table 4 CPET-derived variables
Non-responders (n=13) CPX1 CPX2 % difference between

CPX1 and CPX2

CPX1 vs. CPX2

p value

VO2 at AT (ml kg−1 min−1) 11.6 (2.0) 10.8 (1.9) −6 [−15, 3] 0.041

Peak VO2 (ml kg
−1 min−1) 16.2 (4.3) 16.4 (4.0) −1 [−7.5, 5.5] 0.68

VO2/BSA (ml min−1 m−2) 687 (143) 693 (139) −2 [−9, 5] 0.77

Peak work (watts) 106 (37) 111 (34) 8 [−4, 20] 0.40

AT/pVO2 (%) 70 [63, 77] 65 [59, 71] −9 [−14, −4] 0.009

CPET cardiopulmonary exercise testing

Results are displayed as mean (standard deviation) or median [interquartile range]
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Patients who responded to exercise showed a trend toward
a lower rate of life-threatening postoperative complications, in
spite of the observed poorer baseline functional capacity. This
may suggest an innate ability to mount a better metabolic
response to stress. Poor baseline fitness and impaired
chronotropic response to exercise have been shown to predict
response to exercise programs in cardiac rehabilitation studies
[29]. This concept is further supported by research showing
that patients with increased mobilisation of endothelial pro-
genitor cells into their peripheral circulation after exercise
were more likely to have a reduced risk of postoperative

complications [30]. Our study suggests that patients that are
more deconditioned, with lower baseline AT and AT/pVO2

ratio on CPET, are more likely to be responders and may
derive more benefit from an exercise program and potentially
result in less major complications postoperatively. In a labo-
ratory controlled animal model, non-response to aerobic exer-
cise training was associated with pronounced metabolic dys-
function, insulin resistance and increased inflammatory sig-
nalling [31] and may provide an insight into the greater ten-
dency for life-threatening complications in our study patients.
Given the ability to identify responder vs. non-responder to
exercise, patients predicted to be non-responders should be
monitored more closely for postoperative complications, e.g.
postoperative care in a high dependency unit (HDU).
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Table 5 Associations between CPET-derived variables and occurrence
of major postoperative complications (Clavien-Dindo classification >3)

Variable Exact logistic regression
model

n=26 Odds ratio
(95 % CI)

p value

VO2 at AT at CPX1 (ml kg
−1 min−1) 1.58 (0.53–5) 0.41

VO2 at AT at CPX2 (ml kg
−1 min−1) 0.36 (0.05– 1.57) 0.26

Peak VO2 at CPX1 (ml kg
−1 min−1) 0.72 (0.17–2.21) 0.62

Peak VO2 at CPX2 (ml kg
−1 min−1) 0.45 (0.06–1.74) 0.33

Difference in VO2 at AT (ml kg−1 min−1) 0.22 (0.02–1.15) 0.13

Difference in peak VO2 (ml kg
−1 min−1) 0.57 (0.16–1.73) 0.34

% difference VO2 at AT 0.1 (0–1.11) 0.14

% difference peak VO2 0.4 (0.07–1.55) 0.25

VO2 at AT/peak VO2 at CPX1 (ratio 1) 2.94 (0.82–13.38) 0.13

VO2 at AT/peak VO2 at CPX2 (ratio 2) 1.09 (0.36–3.08) 0.87

Difference in ratio 0.3 (0.04–1.31) 0.15

% difference in ratio 0.21 (0.01–1.49) 0.25

Responder 0.15 (0.00–0.98) 0.10

Odds ratios correspond to the increase in odds of complications with a 1
SD increase in the CPET-derived variable

Table 6 Associations between CPET-derived variables and responder
status

Variable Exact logistic regression model

n=26 Odds ratio (95 % CI) p value

VO2 at AT at CPX1 (ml kg
−1 min−1) 0.13 (0.01–0.56) 0.002

VO2 at AT at CPX2 (ml kg
−1 min−1) 2.46 (0.89–8.95) 0.09

Peak VO2 at CPX1 (ml kg−1 min−1) 0.92 (0.41–2.04) 0.86

Peak VO2 at CPX2 (ml kg−1 min−1) 1.76 (0.73–5.27) 0.25

Difference in VO2 at AT (ml kg−1 min−1) >1000 (164.18 - .) <0.0001

Difference in peak VO2 (ml kg−1 min−1) 5.75 (1.75–29.49) 0.001

% difference VO2 at AT >1000 (476.53 - .) <0.0001

% difference peak VO2 7.6 (1.85–51.37) 0.001

VO2 at AT/peak VO2 at CPX1 (ratio 1) 0.1 (0.01–0.53) 0.002

VO2 at AT/peak VO2 at CPX2 (ratio 2) 1.1 (0.51–2.44) 0.81

Difference in ratio 8.05 (1.87–65.21) 0.001

% difference in ratio 15.23 (2.06–252.41) 0.002

Odds ratios correspond to the increase in odds of response with a 1 SD
increase in the CPET-derived variable

2282 Support Care Cancer (2016) 24:2277–2285



Table 7 Postoperative details and complications

Variable All patients (n=26) Responders (n=13) Non-responders (n=13) p value

Elective HDU/ICU admission 24 (92 %) 11 (85 %) 13 (100 %) 0.48

Emergency HDU/ICU admission 4 (15 %) 3 (23 %) 1 (8 %) 0.59

ICU length of stay (days) 3 [1.5, 4.5] 3 [1.5, 4.5] 2 [0.5, 3.5] 0.88

Return to theatre 3 (12 %) 2 (15 %) 1 (8 %) 1.0

Postoperative rapid response call (MET) 5 (19 %) 4 (31 %) 1 (8 %) 0.32

Day 5 Postoperative Morbidity Survey (POMS)38

Pulmonary 3 (12 %) 1 (8 %) 2 (15 %) 1.0

Infectious 7 (27 %) 4 (31 %) 3 (23 %) 1.0

Renal 2 (8 %) 0 (0 %) 2 (15 %) 0.48

Gastrointestinal 6 (23 %) 3 (23 %) 3 (23 %) 1.0

Cardiovascular 4 (15 %) 1 (8 %) 3 (23 %) 0.59

Neurological 0 (0 %) 0 (0 %) 0 (0 %) –

Wound 1 (4 %) 0 (0 %) 1 (8 %) 1.0

Haematological 0 (0 %) 0 (0 %) 0 (0 %) –

Pain 7 (27 %) 3 (23 %) 4 (31 %) 1.0

Hospital admission complications

Any complication 14 (54 %) 9 (69 %) 5 (38 %) 0.24

Wound infection 4 (15 %) 2 (15 %) 2 (15 %) 1.0

Urinary infection 3 (12 %) 3 (23 %) 0 (0 %) 0.22

Respiratory infection 5 (19 %) 2 (15 %) 3 (23 %) 1.0

Thrombo-embolism 0 (0 %) 0 (0 %) 0 (0 %) –

Myocardial infarction/ arrhythmia 5 (19 %) 3 (23 %) 2 (15 %) 1.0

Renal failure 3 (12 %) 0 (0 %) 3 (23 %) 0.22

Stroke 0 (0 %) 0 (0 %) 0 (0 %) –

Anastomotic leak 1 (4 %) 1 (8 %) 0 (0 %) 1.0

- Ileus 5 (19 %) 2 (15 %) 3 (23 %) 1.0

Major bleeding 4 (15 %) 4 (31 %) 0 (0 %) 0.10

Wound breakdown 3 (12 %) 1 (8 %) 2 (15 %) 1.0

Blood transfusion 10 (39 %) 5 (39 %) 5 (39 %) 1.0

Clavien-Dindo classification 0.06

Grade 0 3 (12 %) 2 (15 %) 1 (8 %)
Grade 1 2 (8 %) 0 (0 %) 2 (15 %)

Grade 2 13 (50 %) 7 (54 %) 6 (46 %)

Grade 3 4 (15 %) 4 (31 %) 0 (0 %)

Grade 4 2 (8 %) 0 (0 %) 2 (15 %)

Grade 5 2 (8 %) 0 (0 %) 2 (15 %)

Major complication (Clavien-Dindo grade >3) 4 (15 %) 0 (0 %) 4 (31 %) 0.096

Discharge destination 0.50

Home 21 (80 %) 10 (77 %) 11 (85 %)

Rehabilitation hospital 3 (12 %) 2 (15 %) 1 (8 %)

Death 1 (4 %) 0 (0 %) 1 (8 %)

Hospital-in-the-home 1 (4 %) 1 (8 %) 0 (0 %)

Length of stay (days) 13 [7.5, 18.5] 16 [6.5, 25.5] 11 [7.5, 14.5] 0.15

30-day mortality 1 (4 %) 0 (0 %) 1 (8 %) 1.0

6-month mortalitya 2 (8 %) 1 (8 %) 1 (8 %) 0.83

1-year mortalityb 2 (11 %) 1 (11 %) 1 (10 %) 0.45

Results are presented as mean (standard deviation), median [interquartile range], or as absolute number (%)

p values are presented for difference between responder and non-responder groups
a Follow-up to 6 months in 24 patients
b Follow-up to 1 year in 19 patients
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This is the first study that has made the differentiation be-
tween responders and non-responders to exercise in cancer
patients and supports that notion that not all patients respond
to exercise in the same manner. The heterogeneity of the pop-
ulation studied makes the results more generalizable to
deconditioned surgical patients preoperatively.

Weaknesses of this study include the small sample size and
retrospective nature. Validated general performance status
tools such as ECOG were not recorded at the time of data
collection. As this is a retrospective study, these tools were
therefore not able to be included in our analysis. However,
ECOG has been included in our data collection for the pro-
spective randomised control trial that we are currently under-
taking. In addition, the study was conducted in a single insti-
tution, and the majority of patients went to HDU for postop-
erative care due to the complexity of surgery, rather than med-
ical risk. Although this is allowed for standardised manage-
ment of patients postoperatively to reduce confounders, it also
warrants caution in extrapolating results to practice in other
hospitals that may not routinely provide HDU care postoper-
atively. This study, within a high-risk cancer surgery group,
was not adequately powered to identify risk factors for major
postoperative complications by univariate and multivariate
analysis. Therefore, only observed trends have been discussed
to allow future studies to investigate them further.

Cost of medical care increases significantly when patients
develop postoperative complications [32]. In addition to stud-
ies examining predictors of postoperative outcomes to identify
these high risk patients [33], further research should investi-
gate the cost effectiveness of selective referral to
prehabilitation exercise program, in conjunction with Accel-
erated / Enhanced Recovery After Surgery (ERAS) programs
[34], as strategies to improve postoperative outcomes and
thereby build on delivering the value proposition (value=out-
comes/cost) in healthcare. The Metapredict Study currently
underway in Europe may provide us with a better understand-
ing of whether biomarkers could be used to predict how
humans respond to aerobic and high intensity training (HIT)
protocols [35]. The causality and pattern on non-response to
exercise also warrant further investigation. Our research group
is currently conducting a prospective randomised control trial
investigating the effect of prehabilitation on colorectal cancer
patients and their outcomes.

Conclusions

Prehabilitation with an individualised exercise program result-
ed in an overall increase in cardiorespiratory fitness prior to
major cancer surgery. However, only 50 % of patients were
considered responders to exercise in this study. Although re-
sponders were more likely to be deconditioned and have lower
AT and AT/pVO2 ratio at their first CPX1, they appeared to

have derived more benefit from their exercise program, with
more significant improvements in their CPET results and a
trend for less major complications postoperatively. Selective
referral (based on evaluation by cardiopulmonary exercise
testing) of more deconditioned patients to prehabilitation and
greater supervision of exercise programs may select for cost
effective improvement of patient outcomes.
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