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Abstract

Background: Cancer cachexia causes significant morbidity and mortality in advanced lung cancer patients. Clinical
benefit of B-hydroxy-B-methylbutyrate, arginine, and glutamine (HMB/Arg/GIn) was assessed in newly diagnosed
patients.

Methods: NOURISH, a prospective, two-arm, open-label, multi-centre, randomised controlled phase Il trial
compared cachexia in patients who received HMB/Arg/GIn with those who did not. All patients received structured
nutritional, exercise and symptom control via a Macmillan Durham Cachexia Pack. Conducted in five UK centres,
patients aged > 18 years, with newly diagnosed advanced small cell lung cancer (SCLC) or non-small cell lung
cancer (NSCLC), who were able to take oral nutrition, with a performance status of 0-to-2 and a life expectancy >4
months were eligible for trial entry. Patients suitable for treatment with curative intent were ineligible. The trial was
designed as a signal-seeking pilot study with target recruitment of 96 patients. One-to-one randomisation was
stratified by diagnosis (SCLC or NSCLQ), stage of disease (locally advanced or metastatic) and performance status.
The primary outcome measure was treatment success defined as a patient being alive without significant loss of
lean body mass (not > 5%) by 12 weeks. Secondary outcome measures included quality of life.

Results: Between February-2012 and February-2013, 38 patients were recruited, 19 to each arm. Baseline
characteristics were balanced. The trial was halted due to slow accrual and partial adherence. Trial data
demonstrated no evidence of treatment benefit. No serious adverse events were reported during the trial.
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Conclusions: Further evaluation of HMB/Arg/GIn in this setting could not be recommended on the basis of this

trial.

Clinical trial registration: ISRCTN registry: 39911673; 14-Apr-2011 https:.//doi.org/10.1186/ISRCTN39911673.

Keywords: Cachexia, Advanced lung cancer, Nutritional supplement, Supportive care, Clinical trial

Background

Cancer cachexia results in significant morbidity and
mortality. It is very common among patients with ad-
vanced lung cancer, with an estimated incidence of be-
tween 36 and 76% [1-3], and its presence is associated
with worse outcomes [4, 5].

Patients with cancer cachexia experience a number of
distressing symptoms, functional impairment and de-
creased tolerance of cancer treatment [6, 7]. Cancer
cachexia is described as a multifactorial syndrome de-
fined by an ongoing loss of skeletal muscle mass (with
or without loss of fat mass) that cannot be fully reversed
by conventional nutritional support and leads to pro-
gressive functional impairment [4].

In recent years there has been a significant increase in
research in the field of cachexia resulting in greater un-
derstanding of pathophysiology and an appreciation that
cancer cachexia represents a continuum of pre-cachexia,
cachexia and refractory cachexia [4, 8]. Although its
pathophysiology remains incompletely understood, it is
known to be multifactorial in nature and characterised
by a negative protein and energy balance and abnormal
metabolism [4, 9]. A number of different pathways have
been associated with, and contribute to, the pathogenesis
of cancer cachexia including the secretion of inflamma-
tory cytokines such as tumour necrosis factor-a (TNFa),
proteolysis-inducing factor (PIF), lipolysis and lipid-
mobilising factor (LMF), as well as abnormalities in glu-
cose, fat and protein metabolism, and abnormalities in
mitochondrial energy metabolism which contribute to
tissue catabolism, all promoting cancer cachexia [8].

This increased understanding of the pathology behind
the development of cachexia has led to some promising
new angles of investigation of potential therapeutic
agents. It has long been recognised that cancer cachexia
cannot be reversed by nutritional support alone [9].
However, despite a large number of randomised clinical
trials of investigational agents including, amongst others,
progestins [10], cannabinoids [11], corticosteroids [12],
non-steroidal anti-inflammatory drugs (NSAIDs) [13]
and thalidomide [14], there is currently no effective
treatment for cancer cachexia in clinical use. It is pos-
sible that this, in part, is because clinical trials of investi-
gational agents for cancer cachexia often recruit patients
with very advanced disease or refractory cachexia. These
patients have severe muscle wasting, catabolism and a

low performance status and are unlikely to benefit from
any cachexia therapy. This frequently results in poor re-
cruitment and high dropout rates. In this situation, it is
possible that a potentially effective agent has been un-
able to demonstrate clinical efficacy due to trial design.
One promising agent has recently emerged however,
anamorelin, which has demonstrated benefit in patients
with advanced non-small cell lung cancer (NSCLC)-as-
sociated cachexia [15-17], although it still remains to be
adopted into routine clinical care.

At the time of the NOURISH trial’s inception, an
agent with a strong biological rationale for use in cancer
cachexia was [B-hydroxy p-methyl butyrate (HMB) in
combination with arginine and glutamine (HMB/Arg/
Gln). The oral nutritional supplement was initially re-
ported to improve wound healing via improved protein
and collagen synthesis [18]. B-hydroxy p-methyl butyrate
is an active metabolite of the amino acid leucine that
may improve muscle protein turnover [19]. Arginine
may synergise with HMB to attenuate muscle loss [20],
with studies suggesting glutamine can upregulate muscle
protein synthesis [21]. All three components of this
amino acid rich supplement may work together to de-
crease muscle damage from reactive oxygen species and
pro-inflammatory cytokines [20-22]. Of relevance to
NOURISH, clinical studies suggested HMB/Arg/Gln
supports maintenance of lean body mass (LBM) in older,
healthy adults [23]. A large randomised trial of 472 pa-
tients with advanced cancer and who experienced 2—
10% weight loss were given HMB/Arg/Gln or placebo
for 8 weeks [24]. Although, no significant difference in
LBM was observed at the end of treatment, a trend to-
wards higher LBM in the intervention arm compared to
placebo was noted. These data supported an earlier
smaller randomised trial where 49 patients with ad-
vanced cancer and weight loss greater than 5% were ad-
ministered HMB/Arg/Gln or control [25]; a significant
increase in fat-free mass (FFM) in the intervention arm
was observed (1.6 kg +/- 0.94; P < 0.05). Both trials how-
ever experienced a high dropout rate; only 37 and 18%
completing the trial, respectively. Therefore, further in-
vestigation specifically in advanced lung cancer was
warranted.

We postulated that to test the effectiveness of an inter-
vention it not only needed to be given early in the dis-
ease process before the onset of refractory cachexia but
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also in conjunction with attention to nutritional support,
exercise support, symptom control and appropriately
targeted anticancer therapy. It was important that this
supportive therapy was deliverable within everyday clin-
ical practice. We identified the Macmillan Durham
Cachexia Pack (MDCP) as a vehicle with which to de-
liver a standardised symptom control programme [26,
27]. The MDCP was a resource developed in 2007 by a
Durham-based team with support from professionals
around the UK. It provided an evidence-based guide for
healthcare professionals to assess and manage common
symptoms and problems seen in patients with anorexia-
cachexia syndrome. The pack also contained a number
of leaflets to help patients and their families deal with
the emotional and psychological impact of the condition,
however, efficacy of the packs use by clinicians remains
unpublished. The MDCP used during the NOURISH
trial has been included in Supplementary Appendix 1.

The NOURISH trial was, therefore, a randomised
phase II trial designed as a pilot to detect a signal that
dietary supplementation with HMB/Arg/Gln, on a back-
ground of structured nutritional and symptom support,
delays the onset of cachexia in patients with advanced
lung cancer sufficiently to justify further investigation in
a larger phase III trial. Unlike previous trials before it,
patients recruited into NOURISH were not required to
have weight loss or other symptoms of cachexia. This
paper reports the results from the NOURISH trial,
which despite the limited data, can still contribute to the
pool of evidence in this important clinical area.

Methods

Study design

The NOURISH trial was a multicentre, open label, two-
arm, randomised controlled phase II clinical trial recruit-
ing patients from five hospitals in the United Kingdom.

Patients

Patients with newly diagnosed advanced small cell lung
cancer (SCLC) or NSCLC who were able to take oral nu-
trition with a performance status of 0 to 2 and a life ex-
pectancy greater than 4 months were eligible for this
trial. Patients who were suitable for radical treatment
with curative intent, and/or patients who had already
commenced first line chemotherapy or radiotherapy,
and/or those in whom the diagnosis of lung cancer was
made more than 8 weeks previously, were not eligible
for trial entry.

Randomisation

Eligible patients were randomly assigned on a 1:1 basis
to receive the HMB/Arg/Gln nutritional supplement or
not. Treatment allocation was by a computerised
minimisation algorithm, accessed by investigators via
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telephone, which was developed and run by the Can-
cer Research UK Clinical Trials Unit (CRCTU) at the
University of Birmingham. Randomisation was strati-
fied by diagnosis (SCLC or NSCLC), stage of disease
(locally advanced or metastatic) and WHO perform-
ance status (0, 1 or 2). These were balanced across
the treatment groups.

Procedures

Patients were randomised to receive either the experi-
mental arm of HMB/Arg/Gln (one sachet twice daily)
for 12 weeks or until intolerable, or the control arm of
no HMB/Arg/Gln. Each sachet contained HMB 1.2 g, ar-
ginine 7 g, glutamine 7 g and was 78 cal and was dis-
solved in 240-300 ml of cold water or juice.

All patients received structured nutritional, exercise
and symptom control advice through use of the MDCP
at each trial visit [26]. Patients completed the Patient
Generated Subjective Global Assessment (PG-SGA) [28]
contained within the MDCP, which was reviewed by a
member of the research team who then offered appro-
priate advice and/or interventions as guided by the
MDCP. As specified within the MDCP, an abridged PG-
SGA was then completed by patients at each trial visit
(Fig. 1).

All patients received treatment for their underlying
condition as felt appropriate by their oncologist. This
could include palliative chemotherapy, radiotherapy or
active symptom control.

Study visits were conducted at six time points during
the trial; baseline, 3-, 6-, 9- and 12-weeks during
treatment, with a final visit taking place 6 weeks after
completion of the trial intervention. At each visit, meas-
urement of LBM was performed by bioelectrical
impedance analysis (BIA) using a bioelectrical imped-
ance leg-to-leg analyser. In addition, handgrip strength
was measured using the Jamer™ dynamometer.

The Functional Assessment of Anorexia Cachexia
Therapy (FAACT) questionnaire [29], was administered
by research nurses at baseline and week 12 visits to as-
sess quality of life (QoL). The questionnaire was com-
pleted independently by patients.

Outcomes

The primary outcome measure was treatment success
defined as a patient being alive without significant loss
of LBM (not more than 5%) by 12 weeks.

Secondary outcomes consisted of change in LBM mea-
sured from baseline to week 12, LBM at 3-weekly inter-
vals from start of treatment intervention for 12 weeks,
functional status assessed by handgrip strength across
trial visits and change in FAACT QoL score between
baseline and week 12.
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1. Weight

In summary of my current and recent weight:

| currently weigh about

| am about tall

One month ago | weighed about

Six months ago | weighed about

During the past two weeks my weight has:
O Decreased O Not changed O Increased

2. Food Intake

As compared with my normal intake, | would rate my food intake during
the past month as:

O Unchanged [0 More than usual [ Less than usual

| am now taking:
O Normal Food, but less than normal amount

O Little solid food

O Only liquids

O Only nutritional supplements

O Very little of anything

O Only tube feedings or nutrition by vein

See Sections
2and 5

3. Symptoms

| have had the following problems that have kept me from eating enough
during the past two weeks (tick all that apply):

O No problem eating O Vomiting

O No appetite, did not feel like eating O Nausea

O Constipation O Diarrhoea

O Mouth sores O Dry mouth

O Food tasting funny / having no taste O Smells bother me

O Pain: where? Problems swallowing
O Other* U Feeling full quickly

*Examples: fatigue (see Section 3 ‘Pacing and Daily Activities'), depression, financial
concerns (see Section 5) or dental problems

See Management Algorithm (Section 4)

4. Activities and Function

Over the past month, | would generally rate my activity as
(please tick only one box):
O Normal with no limitations (no action required)
O Not my normal, but able to be up and about
with fairly normal activities
I Not feeling up to most things, but in bed or chair
for less than half of the day

O Able to do little activity and spend most of the }See Section 3

See Section 3
Algorithm /

Programme 1

day in bed or chair Algorithm /
O Pretty much bedridden, rarely out of bed Programme 2

See also ‘Pacing and Daily Activities’ (Section 3)

Appendix 1)

Fig. 1 Abridged Patient-Generated Subjective Global Assessment. Taken from the Macmillan Durham Cachexia Pack, 2007 (Supplementary

Statistical analysis

The statistical design was based on the binary primary
outcome measure of treatment success, as defined above,
and used an extension of Simon’s two-stage design for
single arm phase II trials, described by Jung et al, [30] .
Assuming a treatment success rate of 40% on the control
arm and taking a relaxed significance level of 0.2, appro-
priate for a signal-seeking pilot phase II trial, it was de-
termined a sample size of 48 patients per arm has power
of 0.85 to detect an absolute improvement in the treat-
ment success rate of 20% on the experimental arm i.e.
improvement to 60%. Therefore, the trial aimed to re-
cruit 96 patients randomised in a 1:1 ratio between the
two arms and if the number of treatment successes on
the experimental arm was greater than or equal to five
then it would be deemed sufficiently beneficial to war-
rant further investigation in a larger phase III trial.

As stipulated in the protocol, a Data Monitoring
Committee (DMC) was not planned for this short-
term, phase II trial. However, an interim analysis was
scheduled to take place when recruitment had
reached 50%, at which point trial data would be
reviewed by an independent statistician to assess pro-
gress and give advice on whether the accumulated
data from the trial, together with the results from
other relevant trials, justified continued recruitment.
There were no formal stopping rules.

With the trial not reaching its target recruitment, pri-
mary outcome analysis based on the Jung design was not
possible. Therefore, trial treatment arms were compared
in terms of treatment success rate using an odds ratio
with 95% confidence interval, with estimates based on
the intention-to-treat principle.

For secondary outcomes, descriptive analysis was used
to report the change in LBM, handgrip strength and
QoL over time.

All statistical analyses were performed using SAS ver-
sion 9.3.

The trial was registered on ISRCTN: 39911673.

Results

Between February-2012 and February-2013, 95 patients
were screened for the trial of which, 38 patients were
randomised; 19 to HMB/Arg/Gln and 19 to no HMB/
Arg/Gln (Fig. 2). Collection and analysis of patient
screening logs revealed the common reasons patients
failed eligibility included; greater than 8 weeks from
diagnosis, poor performance status, entry into other
treatment trials and patients’ unwillingness to attend the
extra hospital visits required.

In February 2013, there was a temporary halt to re-
cruitment due to concerns over the lack of adherence
and early discontinuation from treatment, together with
patient withdrawals and deaths and an interim analysis
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* 6 With LBM at baseline
and 12 weeks
* 4 Deaths

« 8 Attended — 6 LBM measures taken
* 2 Missed visits

Screened
(n=95)
]
Randomised
(n=38)
|
' i
HMB/Arg/Gln No HMB/Arg/Gln
(n=19) (n=19)
Death (n=1) l 1
Withdrawn (n=1)
Baseline Baseline
(n=17) (n=19)
* 17 Attended — 17 LBM measures taken * 19 Attended — 19 LBM measures taken
l !
Week 3 Visit Week 3 Visit
(n=17) (n=19)
* 14 Attended — 12 LBM measures taken * 18 Attended — 18 LBM measures taken
* 3 Missed visits ¢ 1 Missed visit
2 Deaths
— 3 Withdrawals
1 Withdrawal and death A
Week 6 Visit
Week 6 Visit (n=19)
(n=11) * 18 Attended — 17 LBM measures taken
* 11 Attended — 11 LBM measures taken ¢ 1 Missed visit
N | I 1 Death
1 Withdrawal 1 Withdrawal
Week 9 Visit Week 9 Visit
(n=10) (n=17)
* 9 Attended — 9 LBM measures taken ¢ 15 Attended — 15 LBM measures taken
* 1 Missed visit * 2 Missed visit
! | :
E"a'”a(l:flzé)’“e”ts Week 12 Visit Week 12 Visit E"a'”a(lr’fl';é)’“e”ts
(n=10) (n=17)

* 12 With LBM at baseline
and 12 weeks
¢ 1Death

13 Attended — 12 LBM measures taken
4 Missed visits

1 Withdrawal |

Week 18 Visit (End of Study)
(n=9)
¢ 7 Attended — 6 LBM measures taken
* 2 Missed visits

Week 18 Visit (End of Study)
(n=16)
* 10 Attended — 8 LBM measures taken
* 6 Missed visits

Fig. 2 NOURISH trial profile. LBM, lean body mass
A

was initiated. A futility analysis was requested by the ex-
ternal independent statistician to determine the prob-
ability a significant result would be observed in favour of
the experimental arm if the trial was to continue recruit-
ing. The results demonstrated a<1% chance of a posi-
tive outcome being observed. It was therefore
recommended by the external independent statistician
the trial be discontinued, which was agreed by the Trial
Management Group in December-2013 and the trial was
closed to recruitment with 38 patients included.

Patient characteristics and stratification variables at
baseline were well balanced across the treatment arms
(Table 1). Of the 38 patients randomised, 68% were aged
over 60, 61% male, and 76% had performance status of 1
or more. The majority of patients randomised were diag-
nosed with NSCLC (84%) with a large number of pa-
tients having metastatic disease (63%). NOURISH was
designed as a pragmatic study with minimal data

collection so details about the primary cancer treatment
being received by the patients during the trial were not
collected, but these patients would typically have been
receiving palliative chemotherapy such as gemcitabine
and carboplatin, or carboplatin and etoposide.

Of the 38 patients randomised, one withdrew and one
died prior to the baseline visit on the HMB/Arg/Gln
arm (Fig. 2). All 36 patients who attended their baseline
visit completed the PG-SGA contained within the
MDCP. As a result, 14 patients received advice at this
time, 4 randomised to receive HMB/Arg/Gln and 10
randomised to the control arm. The main interventions
given were verbal advice (n = 5) , exercise advice (n = 4)
, and verbal advice with a dietary referral (n = 2). Data
were collected following completion of an abridged PG-
SGA within the MDCP from 96 of the 106 subsequent
trial visits on weeks 3, 6, 9 and 12. Sixteen interventions
were made, five to patients randomised to receive
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Table 1 Baseline patient characteristics
HMB/Arg/GIn No HMB/Arg/GIn All
n=19 n=19 n=38
N (%) N (%) N (%)
Age 60 or below 6 (32) 6 (32) 12 (32)
Over 60 13 (68) 13 (68) 26 (68)
Sex Male 12 (63) 11 (58) 23 (61)
Female 7 (37) 8 (42) 15 (39)
Diagnosis SCLC 3(16) 3(16) 6 (16)
NSCLC 16 (84) 16 (84) 32 (84)
Staging” Locally advanced 8 (42) 6 (32) 14 (37)
Metastatic 11 (58) 13 (68) 24 (63)
WHO Performance status 0 2 (10.5) 7 37) 9 (24)
1 15 (79) 11 (58) 26 (68)
2 2 (10.5) 15 3(8)

“Correlative staging has been added retrospectively for information, but was not collected at the time of the trial: Locally advanced = Stage 3B NSCLC;

Metastatic = Stage 4 NSCLC and extensive stage SCLC

SCLC small-cell lung cancer, NSCLC non-small-cell lung cancer, HMB/Arg/GIn -Hydroxy B-Methylbutyrate/Arginine/Glutamine

HMG/Arg/GIn and eleven to not receiving HMG/Arg/
GIn. The most common interventions were exercise ad-
vice, and verbal advice, each made six times during the
subsequent visits.

Adherence to treatment and scheduled study visits on
both treatment arms are summarised in Figs. 2 and 3.
Of the 19 patients randomised to the HMB/Arg/Gln
arm, 17 attended the baseline visit and were provided
with treatment but only 7 patients were still taking ex-
perimental drug at the time of their next visit; 4 patients
went on to take treatment for the full 12 weeks as
planned (with one of these having a 3-week break), one
took treatment for 9-weeks, one for 6-weeks and one for
3-weeks. The main reason stated for non-adherence of
10 patients between the baseline and week 3 visit was
“Not Acceptable/Unpalatable” trial treatment (4; this in-
cluded 2 patients who subsequently withdrew their con-
sent from the trial). Further reasons included withdrawal
of consent from trial (n = 1)and deterioration of the pa-
tients’ condition (n = 1), with the remainder unspecified.
At subsequent visits, patient withdrawal (n = 5) and for-
getting to take the trial treatment (n = 3) were noted as
the main reasons for non-adherence. In terms of adher-
ence to study visits in the experimental treatment arm,
only 7 patients attended all their planned visits during
the 12-week study period, with the remainder being 6
withdrawals, 3 deaths and 3 with missing visits.

Of the 19 patients randomised to the no HMB/Arg/
Gln arm, one died and one withdrew during the 12-
week study period, and 13 attended all their planned
study visits during this time. Four patients missed
visits.

There were no Serious Adverse Events reported in the
trial.

Of the 38 patients randomised for the primary ana-
lysis, 10 were evaluable for primary outcome analysis
from the HMB/Arg/Gln arm, and 13 from the control
(Fig. 2). Three treatment successes were reported in the
experimental arm compared to nine in the control arm
(Table 2). For an intention-to-treat (ITT) analysis, pa-
tients with missing primary outcome data were com-
bined with those who were recorded as failures and
those who died. The main reasons for data not being
available were withdrawal of patients within the HMB/
Arg/Gln arm, and patients not attending the week 12
clinic visit in the no HMB/Arg/Gln arm (Table 2). The
ITT analysis shows treatment success rate of 16% on the
HMB/Arg/GIn arm and 47% on the control arm. The
odds ratio comparing the success rate for experimental
treatment versus control is estimated as 0.210 with 95%
confidence interval 0.045 to 0.960. This indicates that
the odds of treatment success are reduced with HMB/
Arg/Gln, the opposite to that hypothesised.

Analysis of secondary outcomes showed no evidence
of a difference between arms in terms of change in LBM
and handgrip strength over the 12 weeks post random-
isation and no clear trend over time in either measure
(Figs. 4 and 5). In terms of the FAACT QoL score, the
mean change at 12 weeks from baseline was a decrease
of —12 i.e.,, worsening, on the HMB/Arg/Gln arm com-
pared to an increase of + 6 i.e. improvement, on the con-
trol arm.

Discussion

The NOURISH trial was a randomised phase II trial de-
signed as a pilot to detect a signal that dietary supple-
mentation with HMB/Arg/Gln, on a background of
nutritional and symptom support, delays the onset of
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Fig. 3 Adherence to treatment and scheduled study visits by randomised patients. Swimmer plots to visualise adherence to treatment and
attendance at scheduled study visits of patients randomised to receive HMB/Arg/GIn (A) or patients randomised receive no HMB/Arg/GIn (B). The
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cachexia in patients with advanced lung cancer suffi-
ciently to justify further investigation in a randomised
phase III trial. It was the intention that a phase III trial
would formally test the hypothesis that the intervention
results in clinical benefit.

The interim and final analyses demonstrated poor
treatment adherence. In addition, the analysis provided
no evidence to show that the intervention delayed the
onset of cachexia in this patient population. The conclu-
sion from this trial therefore, was further evaluation of

HMB/Arg/Gln in this setting could not be recom-
mended without strategies to address the slow recruit-
ment and tolerability of the intervention.

Although recruitment issues were anticipated, as ob-
served in other interventional trials for cancer cachexia
reported prior to initiation of this trial [24, 25], the trial
remained open for 2 years in the anticipation that re-
cruitment would improve in this most clinically relevant
population of patients receiving palliative treatment.
This issue was addressed in a randomised controlled
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Table 2 Primary outcome analysis

HMB/Arg/ No HMB/Arg/
GIn GIn
n=19N n =19 N (%)
(%)
Success (alive without a drop of >5% 3 (16) 9 (47)
in LBM)
Failure (alive with a drop of >5% in 3(16) 3(16)
LBM)
Died 4(21) 1(5)
Data not-available 9 (47) 6 (32)
Reasons for unavailable data
Patient withdrawal 6 (67) 1(17)
None attendance at week 12 visit 2 (22) 4 (66)

Measure not taken 1(11) 1(17)

HMB/Arg/GIn B-Hydroxy B-Methylbutyrate/Arginine/Glutamine LBM Lean
body mass

trial of different service delivery models to improve pain
control in the palliative setting, published after the
NOURISH trial was stopped [31]. Furthermore, even
though recruitment during the NOURISH trial was fo-
cused at the earliest point in the clinical pathway, rather
than only after symptoms of cachexia were noted, this
trial concluded these issues still persisted suggesting
most if not all patients who took part were not pre-
cachectic. It is interesting to note that, given the high
proportion of NOURISH trial patients with NSCLC with
metastatic disease, a very recent study suggests the ma-
jority of patients with advanced NSCLC present with
some degree of cachexia [32].
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A contributory factor to the high dropout rate may have
been intolerance of the product (powder dissolved in cold
water or juice); feedback from the patient diaries sug-
gested that many patients found the trial intervention un-
palatable. Although the supplement was reported to be
well tolerated in healthy subjects [23], it may be less toler-
ated in this patient cohort. Whether this is due to disease-
related symptoms and toxicities associated with other
treatments such as chemotherapy which rendered patients
less able to tolerate the trial intervention is unknown.

Of note, initial concepts for, and development of this
trial included placebo control to minimise bias. Ethical ap-
proval was obtained for this study design and site initi-
ation arranged on this basis. During set-up of this trial,
although the trial intervention and a matched placebo
were sourced, the offer to fund this element of the trial
was withdrawn in 2011 due to the changes in research pri-
orities of the company during an economically uncertain
period. As a result, the trial was redesigned as an open-
label study and a substantial amendment approved by the
ethics committee. This change in trial design had a nega-
tive effect on the planned opening of one site which with-
drew their participation due to the lack of placebo control.
This also negatively impacted on trial recruitment.

Since closure of the NOURISH trial, two Japanese trials
have assessed the clinical benefit of HMB/Arg/Gln within
supportive care measures in patients undergoing chemo-
radiotherapy due to head and neck cancers [33], and peri-
operatively in patients scheduled to undergo open surgery
for abdominal malignancies [34]. Adherence rates in both
trials were high, with conclusions generally in favour of
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Fig. 4 Change in lean body mass. Median and interquartile ranges of patients’ lean body mass comparing those randomised to receive HMB/
Arg/Gln (red) or no HMB/Arg/GIn (blue). The number of patients included at each assessment is noted within the graph, under the relevant
assessment, and colour-coded per arm. Only those patients with available measurements were included. * Estimates of normal LBM range
assumes the following: Ideal body weight of a 5'10" male = 73 kg, with approximate LBM of 80%, and; ideal body weight of 5’5" female = 61.5 kg,
with approximate LBM of 70%. B/L, baseline; W, week; HMB/Arg/Gln, 3-Hydroxy 3-Methylbutyrate/Arginine/Glutamine
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further investigation in larger phase III trials to reduce the
incidence of chemoradiotherapy-induced oral mucositis
and post-operative wound complications, respectively. Its
use in patients with cachexia and or advanced lung cancer
however has not been repeated in any subsequent trials.
Since the time this trial was conceived and developed,
there has been an important shift in the approach to re-
search in cancer cachexia resulting in the formation of an
international consensus group to address the lack of
consistency in cancer cachexia definition, diagnosis and
trial design [4]. In addition, a recent review has urged
medical regimens to not only treat the cancer site but to
provide a personalised nursing-based intervention specific
to cachexia in the hope of inhibiting progression of this
debilitating syndrome and improve patient QoL [8]. To
this end the use of the MDCP was successfully incorpo-
rated by nurses and dieticians across the five hospitals in-
volved in this trial. Anecdotal evidence from trial patients
reported benefit of the nutritional supplements (including
HMB/Arg/Gln), pharmacological interventions and exer-
cises that were prescribed. An unexpected but important
success of the trial was the raised awareness of the MDCP
in participating centres, which we hope the principles it
contains will continue to be employed beyond the context
of the trial. The Mulitmodal-Exercise, Nutrition and Anti-
inflammatory medication for Cachexia (MENAC) trial
which is currently open to recruitment aims to address

these issues through a multi-modality approach to cancer
cachexia [35].

Conclusions

The NOURISH trial sought to assess whether the nutri-
tional supplement HMB/Arg/Gln given on a background
of structured nutritional and symptom support, could
delay the onset of cachexia in patients with advanced
lung cancer sufficiently to justify further investigation in
a larger phase III trial. The key novelty of NOURISH
was that patients did not require weight loss to be eli-
gible for the trial. In addition, the incorporation of the
MDCEP for all eligible patients, and its specificity for pa-
tients with advanced lung cancer, set it apart from previ-
ously published trials at the time. Early closure of the
trial due to slow recruitment and partial adherence, sug-
gests that further investigation within this setting may
not be appropriate unless the issue of palatability is ad-
dressed. In addition, any future trials will need to be de-
signed with improved strategies for recruitment. Despite
these issues, however, the NOURISH trial demonstrated
that the use of the MDCP for cancer cachexia by health-
care professionals may be considered as a useful tool in
the care of these patients. The benefit of this type of ap-
proach is supported by recent trials testing the use of
new psychoeducational interventions in patients with
cancer cachexia [36, 37].
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