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Abstract
Background: Cancer cachexia is a syndrome of progressive weight loss. Non-small cell lung cancer patients
experience a high incidence of cachexia of 61%. Research into methods to combat cancer cachexia in various
tumour sites has recently progressed to the combination of agents.
The combination of the anti-cachectic agent Eicosapentaenoic acid (EPA) and the cyclo-oxygenase-2 (COX-2)
inhibitor celecoxib has been tested in a small study with some benefit. The use of progressive resistance training
(PRT) followed by the oral ingestion of essential amino acids (EAA), have shown to be anabolic on skeletal muscle
and acceptable in older adults and other cancer groups.
The aim of this feasibility study is to evaluate whether a multi-targeted approach encompassing a resistance training
and nutritional supplementation element is acceptable for lung cancer patients experiencing cancer cachexia.
Methods/Design: Auckland’s Cancer Cachexia evaluating Resistance Training (ACCeRT) is an open label,
prospective, randomised controlled feasibility study with two parallel arms. All patients will be treated with EPA
and the COX-2 inhibitor celecoxib on an outpatient basis at the study site. In the experimental group patients will
participate in PRT twice a week, followed by the ingestion of essential amino acids high in leucine. A total of 21
patients are planned to be enrolled. Patients will be randomised using 1:2 ratio with 7 patients enrolled into the
control arm, and 14 patients into the treatment arm. The primary endpoint is the acceptability of the above multitargeted approach, determined by an acceptability questionnaire.
Discussion: To our knowledge ACCeRT offers for the first time the opportunity to investigate the effect of
stimulating the anabolic skeletal muscle pathway with the use of PRT along with EAA alongside the combination
of EPA and celecoxib in this population.
Trial registration: Netherlands Trial Register (NTR): ACTRN12611000870954

Background
Cancer cachexia is a syndrome of progressive weight
loss, metabolic alterations, fatigue and persistent reduction of body cell mass in response to a malignant
tumour in the presence or absence of anorexia [1-3].
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Cancer cachexia involves relatively similar losses of adipose (fat) and muscle tissue which differs from simple
starvation or conditions such as anorexia nervosa, where
the majority of weight loss is from adipose rather than
muscle tissue [2,4-6].
The incidence of cachexia in cancer patients is dependent on the type and site of the tumour, and can range
from 31% to 87% of all cancer patients. While low incidences are reported in Non-Hodgkin’s lymphoma, breast
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cancer and sarcomas, rates up to 83% in pancreatic cancer patients and over 85% in patients with gastric cancer
have been reported. Small-cell and Non-small-cell lung
cancer (NSCLC) patients also experience a high incidence of cachexia, at 57% and 61% respectively [6-9]. It is
estimated that cachexia is present in up to 80% of cancer
patients at death, and the main cause of death in 20% of
all cancer patients [6,9].
Cancer cachexia is associated with a deterioration of
functional status and quality of life and is also associated
with poor survival [6]. Cachectic patients have lower
response rates to chemotherapy and shorter median survival [7]. While much of the cachectic weight loss is
from adipose tissue, it has been suggested that it is the
loss of muscle mass that accounts for mortality and
morbidity [10]. Muscle wasting is the main cause of
impaired function, leading to respiratory complications
and fatigue [11].
Recently there has been a shift from the use of the
cytotoxic platinum-based drug carboplatin to cisplatin in
the treatment of NSCLC. Cisplatin is associated with side
effects, amongst these cachexia and anorexia, thereby
confounding the symptom [12].
A recent review has shown that over the last few decades a number of studies have attempted to reduce
patients’ cachexia. This has involved the investigation of
several pharmacological agents. Unfortunately these studies demonstrated either no or limited benefit [13].
Research into methods to combat cachexia has therefore
recently progressed to the combination of agents e.g.
megestrol acetate and ibuprofen [14], Eicosapentaenoic
Acid (EPA) and nutritional supplements, nutritional support, anti-inflammatory and anaemia support, all again
with mixed results [13].
Such results would suggest that there is a need for a
new approach to the management of cancer cachexia.
Based on the literature for rheumatoid arthritis cachexia
group [15], older adults [16], and other cancer groups
[17,18] the combined use of anti-inflammatory agents,
improved food intake, especially protein and the performance of progressive resistance training (PRT) anabolic
exercise, to stabilize the cachectic patient would appear
worthwhile investigating [13].
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growth inhibitory and anti-tumour preventive effects in
animal models [19].
The use of celecoxib has been investigated in eleven
cachectic patients with head and neck and gastrointestinal cancer [20]. Patients were randomised to celecoxib
200 mg twice daily or placebo for 3 weeks. The patients
on celecoxib reported good compliance and no adverse
events were seen [20]. Patients receiving celecoxib
showed a non-significant increase in body weight, (mean
change +1.0 kg compared with placebo group mean
change -1.3 kg), and a significant increase in mean
change score of the Quality of life (QoL) Functional
Assessment of Anorexia/Cachexia Treatment (FAACT)
questionnaire compared to a decrease in the placebo
group (P = 0.05). These results would appear to suggest
that only targeting inflammatory suppression may have
some benefits but will not produce a clinically significant
increase in lean body mass.
Recently, Mantovani and colleagues conducted a phase
II non-randomised prospective study investigating celecoxib at a dose of 300 mg per day for four months in
twenty-four advanced cancer patients (mixed tumour
sites) [21]. Results (see Table 1) showed a significant
decrease in the pro-inflammatory cytokine tumour necrosis factor-alpha (TNF-a) levels and a significant increase
in lean body mass (by bioelectrical impedance). Significant
improvements were also seen in QoL European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire-C30 (EORTC QLQ-C30), performance status according to the Eastern Cooperative Oncology Group
(ECOG ) PS scale, Glasgow prognostic score (GPS) and
grip strength, along with good compliance and again no
grade 3 or 4 toxicities [21].
Eicosapentaenoic acid (EPA)

EPA is an omega-3 polyunsaturated fatty acid found in
oily fish which has been shown to have anti-tumour and
anti-cachexia activity in animal cachexia models [22,23].
A recent review examined the results for five hundred
and eighty-seven patients across five studies and found
Table 1 Endpoints from study investigating single agent
celecoxib by Mantovani et al [21]
Baseline

Non-steroid anti-inflammatory drugs (NSAID)

The use of NSAIDs in cancer patients is not widespread
due to concerns regarding cyclo-oxygenase-1 (COX-1)
inhibition, and its effect on gastrointestinal mucosal lining resulting in gastrointestinal bleeding and perforation
[19]. The development of selective COX-2 inhibitors has
led to the possibility of their use in reducing tumourmediated prostaglandin levels safely and could help alleviate or control cancer cachexia. The selective COX-2
inhibitor celecoxib has shown potent anti-tumour

After treatment

p values

TNF-alpha (pg/ml)

36.8 ± 14.1

29.9 ± 12.2

0.007

LBM (Kg)

45.4 ± 6.7

45.8 ± 6.6

< 0.0001

QoL

66.3 ± 19.9

75.3 ± 10.1

0.024

ECOG PS

1.5 ± 0.67

1.2 ± 0.59

0.0023

GPS

1.3 ± 0.77

0.8 ± 0.7

0.0004

Grip strength

20. 8 ± 4.7

24.0 ± 5.5

0.004

TNF-alpha = Tumour Necrosis Factor-alpha, LBM = Lean body mass, QoL =
Quality of life, ECOG PS = Eastern Cooperative Oncology Group (ECOG)
Performance status, GPS = Glasgow prognostic score. Data are reported as
mean ± SD.
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that there was insufficient data to establish a therapeutic
benefit of EPA compared to placebo or to define the
optimal dose [24]. Internationally 2 g per day of EPA is
used as the ideal study dose in cancer cachexia studies
due to the following two studies [25,26]. Weight stability
has been shown with 2 g per day in eighteen unresectable pancreatic cancer patients. While all subjects
experienced progressive weight loss before treatment,
three quarters became either weight-stable, or gained
weight after treatment (P < 0.002) [26]. Furthermore,
Barber et al [25] reported a significant increase in lean
body mass with 2.1 g per day in twenty progressive
weight losing, unresectable pancreatic cancer patients
after 3 weeks (P = 0.024), and after 7 weeks of treatment
(P = 0.033) [25]. Overall it has been concluded from the
above review [24] along with the additional results from
a large double-blind, placebo-controlled study which
looked at EPA at two different dosages, that EPA on its
own has only marginal effects on cachexia and that it
should be used in combination with other agents [27].
Combined therapies

A range of clinical multimodal studies have been conducted examining the combined effects of Ibuprofen and
megestrol acetate [14], COX-2 (celecoxib), Medroxyprogesterone acetate and oral food supplements [28], and
home total parenteral nutrition, anti-inflammatory (indomethacin) and erythropoietin therapy on cachexia [29].
COX-2 (celecoxib) and EPA

To date only one study has examined the potential benefits of COX-2 inhibitors and EPA in reducing the effects
of cachexia. This study involved twenty-two advanced
stage IIIb-IV NSCLC patients randomised to 2 g per day
of fish oil/placebo vs. 2 g per day of fish oil/200 mg celecoxib twice daily [30].
Results indicated that the patients in both groups
showed significantly less fatigue, lower C-reactive protein
(CRP) levels and increased appetite when compared to
their baseline values.
When comparing both groups, results showed significantly higher increases in hand-grip scores and body
weights were seen in the fish oil/celecoxib group (Table 2).
Lean mass and fat mass also showed a trend of increasing
in this group [30]. Total dose of EPA used in this study
was 1.080 g per day, a value approximately half of previous
studies which used 2 g per day [25,26].
In the present study it was clinically decided that the
ingestion of EPA 2 g per day along with celecoxib would
be an acceptable control group medication.
Aetiology of muscle wasting

Muscle wasting is a combination and balance of the anabolic and catabolic pathways, with decreased protein
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Table 2 Endpoints from study investigating EPA/placebo
vs. EPA/celecoxib by Cerchietti et al [30]
Fish oil/placebo

Fish oil/celecoxib

p values

Grip strength

1.16 (0.3)

3.12 (0.95)*

P = 0.002

Body weight (Kg)

-1.4 (0.84)

1.5 (1.2)*

P = 0.05

LBM (Kg)

-0.6 (0.67)

0.4 (0.6)

NS

Fat Mass (Kg)

-0.6 (0.8)

1.2 (0.64)

NS

LBM = Lean body mass. Data are recorded mean with SE in parentheses.*P <
0.02 compared to their respective baseline value.

synthesis combined with increased protein breakdown
[31]. It is hypothesised that the increase in protein degradation may reflect the increased activity of the ubiquitinproteasome pathway and the lysosmal system, and that
the ubiquitin-proteasome pathway has the predominant
role in patients experiencing weight loss [8]. Conversely
the anabolic pathway involves the activation of the P13K/
Akt and mTOR pathway [32], leading to phosphorylation
and activation of its downstream target proteins, the
eukaryotic initiation factor 4E binding protein and p70
ribosomal S6 kinase 1 [8]. The decrease in protein synthesis is hypothesised to be due to changes to the phosphorylation of these initiation factors [8].
Progressive resistance exercise training (PRT)

While a variety of pharmacological approaches have been
examined for their ability to reduce or reverse cachexia in
humans, one approach that has been largely ignored is
that of PRT. This is most surprising as PRT has been
shown to be a potent stimulus for enhancing muscle
growth and strength and mass in a variety of groups
including athletes, older adults and for other cancer
groups [33]. PRT may down-regulate pro-inflammatory
cytokine activity and increase the phosphorylation of intramuscular amino acid signalling molecules mTOR and p70
ribosomal S6 kinase 1 [33].
PRT has been used in patients with well-controlled
rheumatoid arthritis with cachexia. This phase II study
reported that when PRT was performed an average 2.5
times a week for 12 weeks, significant increases in total
body skeletal muscle mass occurred with an adjusted
(post-test scores adjusted for pre-test scores) total lean
mass of 45.0 ± 0.3 kg in the training group and by 43.8 ±
0.3 in the control group (P= 0.005). PRT seemed to be a
safe and effective intervention with no exacerbation of the
activity of the disease [15].
Aerobic exercise and PRT has become popular in the
cancer community in recent years. There is now extensive literature supporting PRT as the most effective
method for improving muscle function and strength, and
reducing the effects of sarcopenia in older adults [34].
Physical activity has showed consistent improvements in
patient rated QoL scores, by patients that are experiencing
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both health and disease [35]. This benefit has been investigated in patients with cancer, although mainly in the
breast cancer patient population [35]. A recent New Zealand study described a positive relationship between quality
of life and physical activity in prostate cancer survivors on
androgen-deprivation therapy [36]. The positive relationship between physical activity levels and quality of life in
these prostate cancer survivors concurs with the findings
of a systematic review examining body composition, functional performance, QoL and physical benefit of exercise
in prostate cancer patients [17]. Results support the benefits of exercise in improving muscular endurance, aerobic
endurance and overall QoL as well as reducing fatigue in
prostate cancer patients. This review also recommended
that the exercise performed should include a substantial
PRT component and be group-based to facilitate greater
psychosocial benefits [17]. A recent systematic review
examined the benefit of an exercise intervention on health
related QoL and exercise capacity specifically in NSCLC
patients [37]. Exercise interventions included resistance
training, stretching exercises, aerobic training and education regarding exercise, under supervised or unsupervised
conditions. Sixteen studies involving thirteen patient
groups were assessed. The studies included two randomised controlled trials and nine case series. It was concluded that improvements were seen in patients’ exercise
capacity when participating in exercise pre-operatively.
For patients participating in exercise post-treatment,
improvements in exercise capacity was seen, but results
for health-related QoL were conflicting [37]. None of the
above studies looked at exercise in relation to the symptom of cachexia.
Combined approach

In a recent review it has been shown that resistance exercise and amino acids can independently stimulate skeletal
muscle synthesis and that muscle synthesis is greatly
increased if amino acids, especially leucine are ingested
after the resistance training exercise [38]. Studies in the
older adult have confirmed that providing this nutrition
after exercise increases muscle synthesis, although at a
slower rate, to levels similar to younger adults [38].
Recently an open non-randomized phase II study looked
at the efficacy and safety of an oral amino acid functional
cluster supplementation in twenty-five cachectic cancer
patients [39]. All patients had advanced cancer at mixed
tumour sites. The results of this study showed a significant
increase in grip strength (28.2 ± 9.5 vs. 30.4 ± 9.2, P <
0.0001), along with the trend of an increase in body weight
(Kg) (53.1 ± 10.6 vs. 54.2 ± 11.1, P = 0.056). Improved
levels of fatigue on the QoL multidimensional fatigue
symptom inventory-short form (MFSI-SF) were seen. A
decreasing score is associated with a lower level of fatigue
(25 ± 8.1 vs. 22 ± 7.3, P = 0.181). Decreasing CRP (24.7 ±
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18.1 vs. 17 ± 11.4, P = 0.066) and interleukin-6 (IL-6 pg/
ml) levels (21.3 ± 16.4 vs. 13.7 ± 4, P = 0.157) were also
seen. This study suggests that amino acid supplementation
may be a beneficial option for the treatment of cancer
cachexia, and the integration of an amino acid supplementation into a multi-dimensional approach based on diet,
exercise, nutritional support and molecularly targeted
drugs for the management of cancer cachexia should be
the next step [39].
Such results provide further evidence that PRT is a
potent anabolic stimulus and that the anabolic response
to PRT can be augmented with pharmacological agents
that target selected aspects of the catabolic pathways.
The application of such a paradigm in cachectic cancer
patients would therefore warrant investigation.
Essential amino acids ± resistance training

Intravenous and orally administered amino acids have
been investigated in a number of settings in relation to
protein synthesis [40]. Exercise has been shown to also
have a profound effect on both muscle protein breakdown
and protein synthesis [40]. After reviewing oral composition studies [39-50], of ingestion doses between 6.7 g and
40 g, it was decided to use the amino acid composition
used by the studies of Fujita et al and Dreyer et al [47,50]
as reviewed in a recent systematic review (see table 3) [38].
Therefore, the ingestion dosage for the current investigation is 20 g.
Study rationale/purpose

The optimal treatment for cancer cachexia is the complete removal of the tumour. Unfortunately in many
advanced solid tumours this is unachievable, especially
in the case of NSCLC patients. The next best options
are to increase nutritional intake and to counteract the
weight loss, address the anorexia and reduce inflammation, along with the metabolic alterations i.e. loss of
body fat and the skeletal muscle wasting [6,51].
Therefore, the current investigation aims to examine a
novel treatment regimen that may alleviate and/or
Table 3 Essential amino acids composition
Essential amino acid

(g)

%

Histidine

1.6

8%

Isoleucine

1.6

8%

Leucine

7.0

35%

Lysine

2.4

12%

Methionine

0.6

3%

Phenylalanine

2.8

14%

Threonine

2.0

10%

Valine

2.0

10%

Total

20.0 g

100%
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stabilise this weight loss. With the goal of increasing
muscle anabolism with PRT and essential amino acids
high in leucine post exercise, the overall aim is to stabilise the effect of muscle catabolism/anabolism to a net
gain in muscle mass. The investigation shall employ a
multi-targeted approach by utilizing data gained from
the literature to target and decrease the pro-inflammatory cytokines by using a COX-2 inhibitor (celecoxib)
and decrease the ubiquitin proteolytic pathway with a
proteasome inhibitor EPA. This feasibility study is
required before recruiting to a full study to determine if
a multi-targeted therapy including PRT is acceptable to
this study population along with gaining data around
recruitment and retention and safety around this type of
clinical study. Variance and intra-patient correlation of
the secondary outcomes will then be used to power the
main study.

Methods/Design
Trial organisation

Auckland’s Cancer Cachexia evaluating Resistance Training (ACCeRT) is designed and coordinated by the Department of General Practice and Primary Health Care,
University of Auckland, New Zealand. University of Auckland is responsible for overall trial management, regulatory
affairs, statistical planning and analysis, trial registration
(ACTRN12611000870954), and reporting as well as quality assurance. The trial will be performed at North Shore
Hospice, Auckland, New Zealand.
Participants

Twenty-one patients will be recruited from local hospice
day centres in Auckland and from referring clinicians
based at Auckland City Hospital, Auckland.
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of the trial will be explained by a physician (or Principal
Investigator) in detail. The investigator will not undertake any measures for the clinical trial until valid consent has been obtained.
Study objectives

The primary objective of this clinical trial is to evaluate
whether a multi-targeted approach encompassing resistance training element is acceptable for lung cancer
patients experiencing cancer cachexia. This will be
assessed by the analysis of a patient-rated Likert scored
questionnaire asking 10 questions on the acceptability of
the above multi targeted approach, both at week12/visit
5 and end of study visit.
Eligibility criteria
Inclusion criteria

1. Patients ≥ 18 years old
2. Histological confirmed non-small cell carcinoma
of the lung. Histological or cytological specimens
must be collected via surgical biopsy, brushing,
washing or core needle aspiration of a defined lesion.
Sputum cytology is not acceptable
3. Patients should be aware of the diagnosis of
cancer
4. Patients able to give written informed consent
obtained according to local guidelines
5. Karnofsky Score (KS) ≥ 60 or ECOG Performance
Status 0,1, 2 or 3
6. Recently completed first-line platinum-based chemotherapy (minimum of 1 month post last cycle)
7. Life expectancy ≥ 20 weeks
8. Fulfils the following ‘cachectic definition’

Medication supply

Patient selection

EPA will be supplied by Health World Limited, celecoxib (Celebrex) by Pfizer Australia and New Zealand,
and essential amino acids prepared by Musashi, Notting
Hill, Australia.

NSCLC cachectic patients as determined by the following definition [52]
Q1 Has lost 5% of oedema-free body weight in the
previous 3-6 months
Q2 Classification of cachexia either Mild > 5%, Moderate > 10%, Severe > 15% weight loss
Q3 If no documented weight loss, Is body mass index
< 20.0 kg/m2
Q4 At least 3 out of the following 5

Ethics, informed consent and safety

The final protocol was approved by the Northern Y
Ethics Committee, Hamilton, New Zealand (NTY/11/06/
064) on the 2nd of September 2011. The clinical trial
complies with the Helsinki Declaration from 2008, the
Medical Association’s professional code of conduct, the
principles of Good clinical practice guidelines and the
Federal Data Protection Act.
Written informed consent for the clinical trial
ACCeRT will be obtained from each participating
patient in the oral and written form before inclusion in
the trial. The nature, scope and possible consequences

• Patient reported decreased muscle strength
• Fatigue as demonstrated in a maximum volume of
oxygen (VO2 max) test or patient reported reduced
physical activity
• Patient reported anorexia
• Low fat-free mass index (low muscle mass) by
bioelectrical impedance
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• Abnormal biochemistry: either CRP > 5.0 mg/L,
IL-6 > 4.0 pg/ml, haemoglobin < 12.0 g/dL or
hypoalbuminemia < 3.2 g/dL
Exclusion criteria

1. Concurrent use of other appetite stimulants e.g.
medroxyprogestrone acetate, megestrol acetate, 4 mg
daily dexamethasone or 30 mg daily prednisolone
2. Patients with systolic BP > 160 mmHg and/or diastolic > 90 mmHg
3. Pleural effusion that causes ≥ CTC grade 2
dyspnoea
4. Radiotherapy ≤ 2 weeks prior to randomisation.
Patients must have recovered from all radiotherapyrelated toxicities
5. Patients having central nervous system (CNS)
metastases. Patients having any clinical signs of CNS
metastases must have a Computerised Tomography or
Magnetic resonance imagining (MRI) of the brain performed to rule out CNS metastases in order to be eligible for study participation. Patients who have had
brain metastases surgically removed or irradiated with
no residual disease confirmed by imaging are allowed
6. Patients with recent haemoptysis associated with
NSCLC (> 1 teaspoon in a single episode within 4
weeks)

Secondary objectives are

Secondary safety outcomes are: Serious Adverse Events
(SAEs) and Adverse Events (AEs);
GPS; KS; Progression-free survival (PFS) at the end of
the study; Overall compliance; Percentage of patients
eligible from total number recruited; Response evaluation criteria in solid tumours (RECIST) data (if
available).
The following outcomes will be measured in this
study, for use in planning the main study, at the following time points: screening visit, week 1, 3, 6, 9, 12,
16 and 20 weeks after intervention commencement.
Secondary measured outcomes: Lean body mass
assessed by bioelectrical impedance analysis (Tanita BC418 Segmental Body Composition Analyzer, Tanita);
QoL and fatigue assessed by the following questionnaires
MFSI-SF, FAACT, and WHOQOL-BREF; Serum levels
of proinflammatory ‘classic cachexia cytokines’ (IL-1, IL6 and TNF-a) measured by Bio-Plex Pro assay, Bio-Rad);
Hand grip strength assessed by hand grip dynamometry
of the dominant hand, the average of three attempts with
1 minute rest between attempts (Jamar); Leg grip
strength assessed by back/leg dynamometry of the right
leg, the average of three attempts with a 1 minute rest
between attempts (PE018 Back Dynamometer, Access
Health).
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Secondary measured outcome MRI thigh skeletal muscle values as assessed ‘blinded’ by University of Auckland
and Auckland District Health Board MRI departments.
Scans will be performed at screening visit and week 20
after intervention commencement only.
Randomisation and standardised treatment scheme

All patients enrolled will be identifiable throughout the
study. The investigator will maintain a personal list of
patient numbers and patient names. Upon consent each
patient will receive a unique identification number.
After the patient’s eligibility for randomisation has been
assessed he/she will be randomly assigned to one of the
two treatment arms in a 1: 2 ratio (EPA and celecoxib
vs. EPA and celecoxib, PRT and EAA).
Treatment scheme

Both study arms receive for a period of 20 weeks; 2.09 g
EPA Ethical Nutrients Hi-Strength Liquid Fish Oil oral
liquid (fruit punch flavour), 5.5 mls per day and 300 mg
per day of celecoxib.
Experimental group

Additionally, patients in the experimental group
undergo two sessions a week for 20 weeks of a tailored
PRT programme under the supervision of a trained
exercise therapist. All PRT sessions will be carried out
at North Shore Hospice. There will be a 5-10 minute
warm up, followed by the exercise prescription, and a 5
minute cool-down. 20 g of essential amino acids high in
leucine will be administered to the patients 1 hour after
PRT.
All patients are invited to continue with compassionate use after the end of the study.
Evaluation and follow-up

All patients must have appropriate laboratory analysis
and MRI study conducted prior to study enrolment to
meet eligibility criteria. Laboratory parameters will be
obtained three weekly. The patient will be asked at each
visit for any adverse event (SAE and AE) as well as concomitant medication. QoL questionnaire (MFSI-SF,
FAACT and WHOQOL-BREF) will be handed out to
all patients on screening visit, weeks 1, 3, 6, 9, 12, 16
and 20.
Patients can withdraw from study participation at any
time. Patients will be taken off the study if unacceptable
toxicity appears. Unacceptable toxicity is defined as serious side effect or irreversible grade 3 toxicity. After the
individual ending of the study subjects will receive the
best available medical and nutritional care. Patients will
undergo MRI at the beginning and at the end of study.
Patients will be tracked and followed up until death.
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Statistical consideration

The intent-to-treat population including all patients who
are randomised with study medication assignment designated according to initial randomisation, regardless of
whether patients receive study medication or receive a different medication from that to which they were randomised. This will be the primary population for evaluating
the acceptability, and measured outcome endpoints. The
safety population consisting of all patients who received at
least one dose of study medication or treatment.
Primary analysis

This will be assessed by the summary of a patient-rated
Likert scored questionnaire asking 10 questions on the
acceptability of the above multi targeted approach, both
at week12/visit 5 and end of study visit. Medians and
ranges will be estimated.
Secondary analysis

All safety outcomes will be summarised by group. Efficacy outcomes will be analysed using general or generalised linear mixed models to obtain estimates of
variances and co-variances for use in powering of a
future study. Group, time and their interaction will be
included as explanatory variables with a spatial covariance structure across time. Trends over time will also
be examined to inform on the design of the future study
(timing of measures and the most appropriate outcome
measures).

Discussion
As outlined in the background section, patients with
advanced NSCLC patients experiencing cachexia often
result in a shorter life-expectancy and deterioration in
performance status and reduced QoL. There are data
indicating that a multi-targeted approach is the way forward in this condition. This study aims to provide the
information required to conduct a full study to identify
a novel treatment regimen that will alleviate and/or stabilise cancer cachexia weight loss and is acceptable to
patients with this condition. ACCeRT offers to our
knowledge for the first time the initial step required to
investigate the importance of stimulating the anabolic
skeletal muscle pathway with the use of PRT followed
by essential amino acids, alongside the use of this combination of the anti-cachectic agent EPA and antiinflammatory drug celecoxib in this population.
List of abbreviations
ACCeRT: Auckland’s Cancer Cachexia evaluating Resistance Training; AEs:
Adverse Events; CNS: Central nervous system; CRP: C-reactive protein; COX-1/
COX-2: Cyclo-oxygenase-1/-2; ECOG: Eastern Cooperative Oncology Group;
PS: Performance status; EPA: Eicosapentaenoic acid; EAA: Essential amino
acids; EORTC QLQ-C30: European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire-C30; FAACT: Functional Assessment
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of Anorexia/Cachexia Treatment; GPS: Glasgow prognostic score; IL-6:
Interleukin-6; KS: Karnofsky Score; MRI: Magnetic resonance imagining; MFSISF: Multidimensional fatigue symptom inventory-short form; NSCLC: Nonsmall-cell lung cancer; NSAID: Non-steroid anti-inflammatory drugs; PFS:
Progression-free survival; PRT: Progressive resistance training; QoL: Quality of
life; RECIST: Response evaluation criteria in solid tumours; SAEs: Serious
Adverse Events; TNF-α: Tumour necrosis factor alpha.
Acknowledgements
The authors are grateful to Health World Ltd for donated EPA, Pfizer
Australia and New Zealand for donated Celebrex, Musashi (Notting Hill,
Australia) for the donated essential amino acids, along with University of
Auckland and the Louisa & Patrick Emmet Murphy Foundation, Managed by
Public Trust (New Zealand) for their generous grants to accomplish this
clinical study.
Author details
University of Auckland, Department of General Practice and Primary Health
Care, Auckland, New Zealand. 2Auckland City Hospital, Department of
Oncology, Auckland, New Zealand. 3North Shore Hospice, Takapuna,
Auckland, New Zealand. 4University of Auckland, Department of
Epidemiology and Biostatistics, Auckland, New Zealand. 5Charles Sturt
University, School of Human Movement Studies, Bathurst, Australia. 6Bond
University, Faculty of Health Sciences and Medicine, Gold Coast. Australia.
7
AUT University, Centre for Physical Activity and Nutrition Research,
Auckland, New Zealand.
1

Authors’ contributions
ESR conceived the study. ESR, RDM, and JWLK participated in the design of
the study. JS was responsible for the statistical planning of the trial. ESR and
RDM wrote the study protocol. SPB provided general oversight of the study
and critical revision of the manuscript. All authors read and approved the
final manuscript.
Competing interests
All authors declare that they have no competing interests. Disclosure:
Stephen P Bird is a consultant to Musashi & PowerBar, Nestle Performance
Nutrition.
Received: 17 October 2011 Accepted: 23 November 2011
Published: 23 November 2011
References
1. Tisdale MJ: Cancer anorexia and cachexia. Nutrition 2001, 17(5):438-442.
2. Brennan MF: Uncomplicated Starvation versus Cancer Cachexia. Cancer
Research 1977, 37(7 Part 2):2359-2364.
3. Mantovani G, Macciò A, Madeddu C, Gramignano G, Serpe R, Massa E,
Dessì M, Tanca FM, Sanna E, Deiana L, et al: Randomized phase III clinical
trial of five different arms of treatment for patients with cancer
cachexia: interim results. Nutrition 2008, 24(4):305-313.
4. Tisdale MJ: Cancer cachexia: Metabolic alterations and clinical
manifestations. Nutrition 1997, 13(1):1-7.
5. Thomas DR: Distinguishing starvation from cachexia. Clinics in Geriatric
Medicine 2002, 18(4):883-891.
6. Inui A: Cancer Anorexia-Cachexia Syndrome: Current Issues in
Research and Management. CA A Cancer Journal for Clinicians 2002,
52(2):72-91.
7. Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM, Bertino JR, Cohen MH,
Douglass JHO, Engstrom PF, Ezdinli EZ, et al: Prognostic effect of weight
loss prior to chemotherapy in cancer patients. The American Journal of
Medicine 1980, 69(4):491-497.
8. Tisdale MJ: Mechanisms of Cancer Cachexia. Physiological Reviews 2009,
89(2):381-410.
9. Bruera E: ABC of palliative care: Anorexia, cachexia, and nutrition. British
Medical Journal 1997, 315(7117):1219-1222.
10. McMillan DC: An inflammation-based prognostic score and its role in the
nutrition-based management of patients with cancer. Proceedings of the
Nutrition Society 2008, 67(03):257-262.
11. Muscaritoli M, Bossola M, Aversa Z, Bellantone R, Rossi Fanelli F: Prevention
and treatment of cancer cachexia: New insights into an old problem.
European Journal of Cancer 2006, 42(1):31-41.

Rogers et al. BMC Cancer 2011, 11:493
http://www.biomedcentral.com/1471-2407/11/493

12. Garcia JM, Cata JP, Dougherty PM, Smith RG: Ghrelin Prevents CisplatinInduced Mechanical Hyperalgesia and Cachexia. Endocrinology 2008,
149(2):455-460.
13. Fearon KCH: Cancer cachexia: Developing multimodal therapy for a
multidimensional problem. European Journal of Cancer 2008,
44(8):1124-1132.
14. McMillan DC, O’Gorman P, McArdle CS: A prospective randomized study
of megestrol acetate and ibuprofen in gastrointestinal cancer patients
with weight loss. British Journal of Cancer 1999, 79(3/4):495.
15. Marcora SM, Lemmey AB, Maddison PJ: Can progressive resistance
training reverse cachexia in patients with rheumatoid arthritis? Results
of a pilot study. The Journal of Rheumatology 2005, 32(6):1031-1039.
16. Carroll CC, Dickinson JM, LeMoine JK, Haus JM, Weinheimer EM, Hollon CJ,
Trappe TA: Ibuprofen and acetaminophen promote muscle hypertrophy
and strength gains during resistance exercise in the elderly. FASEB J
2008, 22(1 Meeting Abstracts):753, 731-753.
17. Keogh JW, MacLeod RD: Body Composition, Physical Fitness, Functional
Performance, Quality of Life and Fatigue Benefits of Exercise for Prostate
Cancer Patients: A Systematic Review. Journal of Pain and Symptom
Management 2011.
18. Daley AJ, Crank H, Saxton JM, Mutrie N, Coleman R, Roalfe A: Randomized
Trial of Exercise Therapy in Women Treated for Breast Cancer. Journal of
Clinical Oncology 2007, 25(13):1713-1721.
19. Davis TW, Zweifel BS, O’Neal JM, Heuvelman DM, Abegg AL, Hendrich TO,
Masferrer JL: Inhibition of Cyclooxygenase-2 by Celecoxib Reverses
Tumor-Induced Wasting. Journal of Pharmacology and Experimental
Therapeutics 2004, 308(3):929-934.
20. Lai V, George J, Richey L, Kim HJ, Cannon T, Shores C, Couch M: Results of
a pilot study of the effects of celecoxib on cancer cachexia in patients
with cancer of the head, neck, and gastrointestinal tract. Head & Neck
2008, 30(1):67-74.
21. Mantovani G, Macciò A, Madeddu C, Serpe R, Antoni G, Massa E, Dessì M,
Panzone F: Phase II nonrandomized study of the efficacy and safety of
COX-2 inhibitor celecoxib on patients with cancer cachexia. Journal of
Molecular Medicine 2010, 88(1):85-92.
22. Tisdale MJ, Dhesi JK: Inhibition of Weight Loss by Omega-3 Fatty Acids in
an Experimental Cachexia Model. Cancer Research 1990, 50(16):5022-5026.
23. Dagnelie P, Bell J, Williams S, Bates T, Abel P, Foster C: Effect of fish oil on
cancer cachexia and host liver metabolism in rats with prostate tumors.
Lipids 1994, 29(3):195-203.
24. Dewey A, Baughan C, Dean T, Higgins B, Johnson I: Eicosapentaenoic (EPA,
an omega-3 fatty acid from fish oils) for the treatment of cancer
cachexia. Cochrane Database of Systematic Reviews 2007, 1.
25. Barber MD, Ross JA, Voss AC, Tisdale MJ, Fearon KCH: The effect of an oral
nutritional supplement enriched with fish oil on weight-loss in patients
with pancreatic cancer. British Journal of Cancer 1999, 81(1):80.
26. Wigmore SJ, Ross JA, Stuart Falconer J, Plester CE, Tisdale MJ, Carter DC, Ch
Fearon K: The effect of polyunsaturated fatty acids on the progress of
cachexia in patients with pancreatic cancer. Nutrition 1996, 12(1
Supplement 1):S27-S30.
27. Fearon KCH, Barber MD, Moses AG, Ahmedzai SH, Taylor GS, Tisdale MJ,
Murray GD: Double-Blind, Placebo-Controlled, Randomized Study of
Eicosapentaenoic Acid Diester in Patients With Cancer Cachexia. J Clin
Oncol 2006, 24(21):3401-3407.
28. Cerchietti LCA, Navigante AH, Peluffo GD, Diament MJ, Stillitani I, Klein SA,
Cabalar ME: Effects of celecoxib, medroxyprogesterone, and dietary
intervention on systemic syndromes in patients with advanced lung
adenocarcinoma: a pilot study. Journal of Pain and Symptom Management
2004, 27(1):85-95.
29. Lundholm K, Daneryd P, Bosaeus I, Körner U, Lindholm E: Palliative
nutritional intervention in addition to cyclooxygenase and
erythropoietin treatment for patients with malignant disease: Effects on
survival, metabolism, and function. Cancer 2004, 100(9):1967-1977.
30. Cerchietti LCA, Navigante AH, Castro MA: Effects of Eicosapentaenoic and
Docosahexaenoic n-3 Fatty Acids From Fish Oil and Preferential Cox-2
Inhibition on Systemic Syndromes in Patients With Advanced Lung
Cancer. Nutrition and Cancer 2007, 59(1):14-20.
31. Boddaert MSA, Gerritsen WR, Pinedo HM: On our way to targeted therapy
for cachexia in cancer? Current Opinion in Oncology 2006, 18(4):335-340.
32. Mantovani G, Macció A, Madeddu C, Gramignano G, Lusso MR, Serpe R,
Massa E, Astara G, Deiana L: A Phase II Study with Antioxidants, Both in

Page 8 of 9

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

the Diet and Supplemented, Pharmaconutritional Support, Progestagen,
and Anti-Cyclooxygenase-2 Showing Efficacy and Safety in Patients with
Cancer-Related Anorexia/Cachexia and Oxidative Stress. Cancer
Epidemiology Biomarkers & Prevention 2006, 15(5):1030-1034.
Al-Majid S, Waters H: The Biological Mechanisms of Cancer-Related
Skeletal Muscle Wasting: The Role of Progressive Resistance Exercise.
Biological Research for Nursing 2008, 10(1):7-20.
Galvao DA, Nosaka K, Taaffe DR, Spry N, Kristjanson LJ, McGuigan MR,
Suzuki K, Yamaya K, Newton RU: Resistance Training and Reduction of
Treatment Side Effects in Prostate Cancer Patients. Medicine & Science in
Sports & Exercise 2006, 38(12):2045-2052.
Temel JS, Greer JA, Goldberg S, Vogel PD, Sullivan M, Pirl WF, Lynch TJ,
Christiani DC, Smith MR: A Structured Exercise Program for Patients with
Advanced Non-small Cell Lung Cancer. Journal of Thoracic Oncology 2009,
4(5):595-601, 510.1097/JTO.1090b1013e31819d31818e31815.
Keogh JW, Shepherd D, Krageloh CU, Ryan C, Masters J, Shepherd G,
MacLeod R: Predictors of physical activity and quality of life in New
Zealand prostate cancer survivors undergoing androgen-deprivation
therapy. The New Zealand Medical Journal 2010, 123(1325):20-29.
Granger CL, McDonald CF, Berney S, Chao C, Denehy L: Exercise
intervention to improve exercise capacity and health related quality of
life for patients with Non-small cell lung cancer: A systematic review.
Lung Cancer 2011, 72(2):139-153.
Drummond MJ, Dreyer HC, Fry CS, Glynn EL, Rasmussen BB: Nutritional and
contractile regulation of human skeletal muscle protein synthesis and
mTORC1 signaling. Journal of Applied Physiology 2009, 106(4):1374-1384.
Madeddu C, Macciò A, Astara G, Massa E, Dessì M, Antoni G, Panzone F,
Serpe R, Mantovani G: Open phase II study on efficacy and safety of an
oral amino acid functional cluster supplementation in cancer cachexia.
Mediterranean Journal of Nutrition and Metabolism 2010, 3(2):165-172.
Tipton KD, Ferrando AA, Phillips SM, Doyle D, Wolfe RR: Postexercise net
protein synthesis in human muscle from orally administered amino
acids. American Journal of Physiology - Endocrinology And Metabolism 1999,
276(4):E628-E634.
Rasmussen BB, Tipton KD, Miller SL, Wolf SE, Wolfe RR: An oral essential
amino acid-carbohydrate supplement enhances muscle protein
anabolism after resistance exercise. Journal of Applied Physiology 2000,
88(2):386-392.
Tipton KD, Rasmussen BB, Miller SL, Wolf SE, Owens-Stovall SK, Petrini BE,
Wolfe RR: Timing of amino acid-carbohydrate ingestion alters anabolic
response of muscle to resistance exercise. American Journal of Physiology
- Endocrinology and Metabolism 2001, 281(2):E197-206.
Tipton KD, Borsheim E, Wolf SE, Sanford AP, Wolfe RR: Acute response of
net muscle protein balance reflects 24-h balance after exercise and
amino acid ingestion. American Journal of Physiology - Endocrinology And
Metabolism 2003, 284(1):E76-E89.
Paddon-Jones D, Sheffield-Moore M, Zhang X-J, Volpi E, Wolf SE,
Aarsland A, Ferrando AA, Wolfe RR: Amino acid ingestion improves
muscle protein synthesis in the young and elderly. American Journal of
Physiology - Endocrinology And Metabolism 2004, 286(3):E321-E328.
Katsanos CS, Kobayashi H, Sheffield-Moore M, Aarsland A, Wolfe RR: Aging
is associated with diminished accretion of muscle proteins after the
ingestion of a small bolus of essential amino acids. The American Journal
of Clinical Nutrition 2005, 82(5):1065-1073.
Katsanos CS, Kobayashi H, Sheffield-Moore M, Aarsland A, Wolfe RR: A high
proportion of leucine is required for optimal stimulation of the rate of
muscle protein synthesis by essential amino acids in the elderly.
American Journal of Physiology - Endocrinology And Metabolism 2006, 291(2):
E381-E387.
Fujita S, Dreyer HC, Drummond MJ, Glynn EL, Cadenas JG, Yoshizawa F,
Volpi E, Rasmussen BB: Nutrient signalling in the regulation of human
muscle protein synthesis. The Journal of Physiology 2007, 582(2):813-823.
Aquilani R, Viglio S, Iadarola P, Opasich C, Testa A, Dioguardi FS, Pasini E:
Oral Amino Acid Supplements Improve Exercise Capacities in Elderly
Patients with Chronic Heart Failure. The American Journal of Cardiology
2008, 101(11 Supplement 1):S104-S110.
Solerte SB, Gazzaruso C, Bonacasa R, Rondanelli M, Zamboni M, Basso C,
Locatelli E, Schifino N, Giustina A, Fioravanti M: Nutritional Supplements
with Oral Amino Acid Mixtures Increases Whole-Body Lean Mass and
Insulin Sensitivity in Elderly Subjects with Sarcopenia. The American
Journal of Cardiology 2008, 101(11 Supplement 1):S69-S77.

Rogers et al. BMC Cancer 2011, 11:493
http://www.biomedcentral.com/1471-2407/11/493

Page 9 of 9

50. Dreyer HC, Drummond MJ, Pennings B, Fujita S, Glynn EL, Chinkes DL,
Dhanani S, Volpi E, Rasmussen BB: Leucine-enriched essential amino acid
and carbohydrate ingestion following resistance exercise enhances
mTOR signaling and protein synthesis in human muscle. American
Journal of Physiology - Endocrinology And Metabolism 2008, 294(2):
E392-E400.
51. Murphy KT, Lynch GS: Update on emerging drugs for cancer cachexia.
Expert Opinion on Emerging Drugs 2009, 14(4):619-632.
52. Evans WJ, Morley JE, Argilés J, Bales C, Baracos V, Guttridge D, Jatoi A,
Kalantar-Zadeh K, Lochs H, Mantovani G, et al: Cachexia: A new definition.
Clinical Nutrition 2008, 27(6):793-799.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/11/493/prepub
doi:10.1186/1471-2407-11-493
Cite this article as: Rogers et al.: A randomised feasibility study of EPA
and Cox-2 inhibitor (Celebrex) versus EPA, Cox-2 inhibitor (Celebrex),
Resistance Training followed by ingestion of essential amino acids high
in leucine in NSCLC cachectic patients - ACCeRT Study. BMC Cancer
2011 11:493.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

