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Simple Summary: Cancer-related muscle wasting and inflammation, known as cachexia, leads to
weight loss and worsened physical function, quality of life (QOL), and survival. The main barrier
to current treatments is the lack of improvement in clinically relevant outcomes (function, QOL).
Nutraceuticals are naturally occurring food products, which may be of benefit in cancer cachexia.
This review describes the effect of nutraceuticals in animal models and in clinical trials in patients
with cancer cachexia. Human studies mostly tested fish oil (or something similar) or amino acids
(the building blocks of proteins). Body weight was the main focus, while some also assessed muscle
mass and QOL, and very few measured physical function. The safety and efficacy of nutraceuticals
in treating cancer-related muscle wasting remains uncertain. More animal and large human studies
are needed, and they should focus on clinically meaningful outcomes, such as physical function
and QOL.

Abstract: Cancer cachexia is largely characterized by muscle wasting and inflammation, leading
to weight loss, functional impairment, poor quality of life (QOL), and reduced survival. The main
barrier to therapeutic development is a lack of efficacy for improving clinically relevant outcomes,
such as physical function or QOL, yet most nutraceutical studies focus on body weight. This review
describes clinical and pre-clinical nutraceutical studies outside the context of complex nutritional
and/or multimodal interventions, in the setting of cancer cachexia, in view of considerations for
future clinical trial design. Clinical studies mostly utilized polyunsaturated fatty acids or amino
acids/derivatives, and they primarily focused on body weight and, secondarily, on muscle mass
and/or QOL. The few studies that measured physical function almost exclusively utilized handgrip
strength with, predominantly, no time and/or group effect. Preclinical studies focused mainly on
amino acids/derivatives and polyphenols, assessing body weight, muscle mass, and occasionally
physical function. While this review does not provide sufficient evidence of the efficacy of nutraceuti-
cals for cancer cachexia, more preclinical and adequately powered clinical studies are needed, and
they should focus on clinically meaningful outcomes, including physical function and QOL.

Keywords: nutraceuticals; cancer cachexia; physical function; muscle mass; quality of life; handgrip
strength; patient-reported outcomes

1. Introduction

Cancer cachexia is a complex metabolic syndrome characterized by loss of muscle—with
or without loss of fat mass—that is not reversed by conventional nutritional supplementa-
tion and leads to progressive functional impairment [1]. Factors such as inflammation and
insulin resistance drive negative protein/energy balance, and they lead to poorer quality
of life (QOL), as well as declines in physical function [2—4]. The operational definition of
cachexia is unintentional weight loss and/or low body mass index (BMI) or muscle mass
(>5% weight loss over six months, BMI < 20 kg/m? with >2% weight loss, or sarcopenia
with >2% weight loss) [1]. Cachexia is present in up to 80% of patients with cancer, and it is
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associated with up to 30% of cancer-related deaths [5], yet there are no treatments currently
approved for this indication by the U.S. Food and Drug Administration or the European
Medicines Agency. This is primarily due to the lack of clinically meaningful improvements
in physical function reported by phase III clinical trials to date, despite that many improved
muscles mass [6-10]. However, muscle mass, unlike physical function and QOL, is not
considered a clinically relevant outcome, and novel interventions to improve functional
performance and QOL are needed to advance therapeutic development.

Multimodal interventions, including exercise and individualized nutrition, are thought
to have the most potential for mitigating cachexia [11], but effective strategies for improving
functional performance and QOL have yet to be identified. Natural food /herbal medicine
products, loosely termed nutraceuticals, display anti-inflammatory, antioxidant, and anti-
cancer properties, making them promising adjuvant treatments in the setting of cancer
cachexia [12]. Additionally, some plant-based food products have shown favorable effects
on physical function in healthy older adults [13]. However, the primary outcome of
most nutraceutical studies in the broader cancer setting is body weight, with few studies
including a measure of muscularity, patient-reported (PR-)QOL, and/or subjective physical
function, as reviewed elsewhere [14-16]. Even fewer studies report objectively measured
physical function, but as phase III cancer cachexia trials have shown, increased body
weight and muscle mass are often not associated with improved PR-QOL or physical
function [6-10].

There is no consensus on the most clinically important functional outcome(s) that
should be measured in the setting of cancer cachexia. This review set out to describe the
efficacy of nutraceuticals for improving cachexia outcomes such as body weight and muscle
mass while highlighting clinically relevant outcomes, including physical function, mea-
sured subjectively or objectively, and QOL, in view of considerations for future clinical trial
design. In contrast to recently published reviews examining nutraceuticals in the context
of exercise [17] or restricted to preclinical data [18], the current review focuses on pub-
lished clinical trials and animal studies, evaluating the effect of nutraceutical interventions
on clinically relevant outcomes in the setting of cancer cachexia. Clinical studies mostly
utilized polyunsaturated fatty acids (PUFA; alone or with anti-inflammatories) or amino
acids/derivatives, and they primarily focused on body weight and, secondarily, on muscle
mass, QOL, and/or physical function, reporting minimal to no improvement. Preclinical
studies mainly focused on polyphenols or amino acids, mainly assessing body weight along
with muscle mass and, occasionally, physical function. The potential for nutraceuticals to
benefit body weight, muscle mass, physical function, and QOL in cancer cachexia remains
unclear in humans; animal studies, in general, seem to show more positive results. More
preclinical and adequately powered clinical studies are needed, and they should focus on
clinically meaningful outcomes, such as physical function and QOL.

2. Materials and Methods

The databases used to search were Google Scholar, PubMed, PubMed Central, and
ClinicalTrials.gov (last accession date: 17 January 2023 for ClinicalTrials.gov). The search
was limited to studies published in English between 1996 and 2023 (July). Search terms
included: nutraceutical + one of the following [cancer cachexia, muscle wasting, muscle
mass, physical function, body weight, PR-QOL]; cachexia + one of the following [eicosapen-
taenoic acid (EPA), 3-hydroxy -methylbutyrate (HMB), fatty acids, protein, probiotics,
amino acids, antioxidants]. This resulted in 182 publications being retrieved, with 46 papers
discarded for being reviews and 78 original articles discarded due to the inclusion and
exclusion criteria. This left a total of 37 preclinical and 21 clinical studies. Animal studies
had to assess muscularity and/or physical function in addition to body weight (Table 1);
clinical trials were required to include at least two of the following outcomes: body weight,
muscularity, physical function, or PR-QOL (Table 2). The following study designs were
excluded: (1) highly complex nutritional or multimodal interventions, (2) unrelated to
cancer cachexia, and (3) in vitro studies.


ClinicalTrials.gov
ClinicalTrials.gov
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Table 1. Preclinical data of nutraceutical interventions in tumor-bearing animals.

Strain Tumor Model Intervention A Duration Outcomes of Interest Ref
Amino Acids and Metabolites/Derivatives
Amino Acids
. . . Weight: No effect of HLD between TB groups.
3/4-wk-old male Control diet or High-Leu diet (HLD) (3%). ) .
Wistar rats. Walker 256 (breast CA). Arms: CD; HLD; TB; TB + HLD (n = 8-10). 12 days. Musc.le. Larger. GSN in TB + HLD than TB. [19]
Physical Function: Not assessed.
PBS, Leu, IsoLeu, or valine (1 g/kg BW)/d by
NMRI mice (sex and gavage. Initiated when mice lost 5% BW Weight: Leu & valine attenuated WL in TB.
NR) MAC 16 (colon CA). (12-15 days post-TT) 4-5 days. Muscle: Larger SOL with Leu in TB. [20]
age ' Arms: TB; TB + Valine; TB + Leu; TB + IsoLeu. Physical Function: Not assessed.
(n=6).
CD (8.7% Leu/g of PRO) or Leu chow [high Weight: No effect of Leu.
7-8 wks-old male : (14.8% Leu/g of PRO) or low dose (9.6% Muscle: Greater TA and GSN in TB + high than
CD2F1 mice. 26 (colon CA). Leu/g of PRO)]. 21 days. TB; no difference b/w TB + high or + low. (211
Arms: CON; TB; TB + low; TB + high (n = 6). Physical Function: Not assessed.
13-wk-old female Walker 256 (breast CA) Isocaloric diets = CD (1.6% Leu) or HLD (3%). 21 davs xilsgc}ll; gfz;zc]fglr?zfge&rﬁ:sga [22]
Wistar rats. " Arms: CD; HLD; TB; TB + HLD (TBL) (n = 6). ye. . . '
Physical Function: Not assessed.
13-wk-old male HLD (4.6%) or CD (1.6% Leu) Isocaloric for Weight: Greater weight gain in TBL than TB.
Wistar rat Walker-256 (breast CA). 21 days. 21 days. Muscle: Greater GSN mass in TBL than TB. [23]
star rats. Arms: CD; HLD; TB; TB + HLD (TBL) (n = 10). Physical Function: Not assessed.
12-wk-old Male CD (18% PRO) or HLD diet: 18% PRO with 3% Weight: TBL improved BW in TB.
Wistar rat Walker 256 (breast CA).  Leu B added. 18 days. Muscle: Greater TA mass in TBL than TB. [24]
star rats. Arms: CD; HLD; TB; TB + HLD (TBL) (n = 6). Physical Function: Greater HGS in TBL than TB.
B-hydroxy B-methylbutyrate/Glycine
Male NMRI mice Ef éli(\?jogﬂ/;fg I{l;% (I;I?I\O/IIEI)(%}ZISgEé:gge/ C}kitc)izi};;i Weight: FIMB attenuated WL in TB mice.
(age NR) MAC16 (colon CA). 9 days after TI ' 9 days. Muscle: All had greater SOL mass than CON. [25]
Arms: CON; EPA; HMB; HMB + EPA (n = 6). Physical Function: Not assessed.
. . . 4% HMB—.enrlched chow or standard chow Weight: HMB prevented WL in TB rats.
Male Wistar rats Yoshida ascites (CD). Initiated 16 days before TI and .
. 24 days. Muscle: HMB attenuated GSN loss in TB. [26]
(age NR). hepatoma. continued for 8 days.

Arms: CD; HMB; TB; TB + HMB (n = 12-15).

Physical Function: Not assessed.
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Table 1. Cont.

Strain Tumor Model Intervention 4 Duration Outcomes of Interest Ref
1 g/kg/d of Glycine (Gly) or Saline in PBS via Weight: No effect on BW.
14-wk-old male SC injections. Muscle: Glycine attenuated wasting in TB.
CD2F1 mice. C-26 (colon CA). Arms: CON + PBS; TB + PBS; TB + Gly 21 days. Physical Function: Greater latency to fall and [27]
(n =12-16). HGS in TB + Gly than TB CON.
Carnitine
Weight: No effect with CAR.
7/9-wk-old male Oral I.“_CAR at4.5 mg /kg/d or 18 mg/kg/d Muscle: Greater GSN mass in TB + CAR than
BALB/c. C-26 (colon CA). or saline (2 mL). Initiated 12 days after TI. 7 days. TB CON. [28]
Arms: CON; TB CON; TB + CAR (n = 5-8). Physical Function: Not assessed.
Weight: Inconsistent BW effect.
5-wk-old male Yoshida ascites Daqy ig. dose.of CAR (1 g/kg of BW/d) or Muscle: TB + CAR reported inconsistent gains in
Wistar Rats hepatoma vehicle (corn oil). 7 days. some muscles than TB CO. [29,30]
’ ’ Arms: TB; TB + L-CAR (n = 8-24). Physical Function: Activity (not HGS) improved
(2012); not measured in other (2020).
Creatinine
8 g/L of CRE monohydrate in drinking water Weight: CRE prevented WL in TB mice.
Male Wistar rats (1.0 £ 0.1 g/kg/d). Initiated 11 days before TI Muscle: CRE attenuated CSA of SOL and EDL
(age NR). Walker 256 (breast CA). and maintained for 10 days after. 21 days. but had no effect on muscle weight. [31]
Arms: CON; TB CON; TB + CRE (n = 10). Physical Function: Not assessed.
Weight: CRE alleviated WL in TB mice.
7-wk-old mal Daily i.p. injection of CRE (125 mM) in PBS for Muscle: CRE attenuated muscle wasting in TB
B ABL‘; ae C-26 (colon CA). 7 days. 7 days. (TA, GSN, EDL, and SOL weight). [32]
< Arms: CON; TB CON; TB + CRE (n = 6). Physical Function: Greater HGS in TB + CRE
than TB.
Polyunsaturated Fatty Acids
PUFAs Alone
CD = 12% peanut oil + 3% rapeseed oil or Fish
Oil (FO): 8% peanut oil + 2% rapeseed oil + 5%
DHD /K12 colon CA FO. Some were pair fed (PF) and the rest fed Weight: FO had no effect on BW in TB mice.
10-wk-old BDIX rats. PROb clone ’ ad libitum. Initiated 6 wks before TI and 53 days. Muscle: No effect with FO on BW. [33]

continued for 11 days.
Arms: CD; TB + CD; CD + PF; FO; TB + FO;
FO + PF (n = 10-18).

Physical Function: Not assessed.
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Table 1. Cont.
Strain Tumor Model Intervention A Duration Outcomes of Interest Ref
Walnut (4.5 w-6/w-3 ratio) or CON (23.3
w-6/ w-3 ratio) diet for a variable duration €.
Pair feeding (PF) began on day 31. The walnut Weight: No effect on BW in TB groups.
Male Fischer 344 rats diet was initiated on day 0 or the day after TI Muscle: No difference in GSN muscle mass
(age NR). Ward (colon CA). (day 21). 49-70 days. between TB groups. (341
Arms: CON diet; CON + walnut crossover; Physical Function: Not assessed.
walnut diet (n = 6). Subgroups of Non TB;
Non TB + PF; and TB in all 3 groups.
400 mg/kg of EPA-PL (EPA- enriched Weight: EPA partially rescued BW loss.
7-wk-old phospholipids) in corn oil or corn oil alone Muscle: EPA alleviated muscle wasting in TB
C57BL /6] mi LLC (lung CA). (CON) via gavage once a day. Initiated 8 days 20 days. QUAD and GSN (not TA, SOL, or EDL). [35]
ce. after TL. Physical Function: TB + EPA had greater HGS
Arms: CON; TB CON; TB + EPA-PL (n = 8). than TB CON.
PUFAs with Antioxidants
Normal diet (AIN93-M) + 22 g of FO (69 g
EPA and 3.1 g DHA), 16 g/kg/d Leu, and/or Weight: TB + FO + Leu + HPD attenuated WL.
7-8 wks old ; HPD (151 g casein/kg/d). Muscle: Only TB + FO + Leu + HPD attenuated
male CD2FI. =26 (colon CA). Arms: CON; TB; TB + HPD + Leu; TB + FO; 20 days. muscle wasting (TA). [36]
TB + FO + HPD; TB + FO + Leu + HPD Physical Function: Not assessed D
(n = 10-40).
20 mg FO (EPA and DHA) and /or 0.69 mg Weight: TB + FO + SY attenuated WL in
6-7 wks old male . lune CA selenium yeast (SY) with standard diet. d TB groups. 3
BALB/CBy] mice. Line-1 ung . Arms: CON,' TB; TB + FO; TB + SY} 42 ays. Muscle: Greater GSN mass in TB + FO + SY than [‘ 7]
TB + FO + SY (n = 6-10). TB-CON, TB + FO, and TB + SY.
Physical Function: Not assessed.
Polyphenols
Quercetin
25 mg/kg/d of Q or vehicle (tang juice + Weight: TB + Q had less relative WL.
water) via gavage. Treatment started when Muscle: Greater muscle mass (GSN not QUAD)
15/18-wk-old male . .
Colon CA. mice lost 1-4% BW. 21 days. in Q + TB than TB CON. [38]

C57BL or ApcMin/ +.

Arms: C57BL/6; C57BL/6 + Q; TB CON,
TB + Q (n = 5-8).

Physical Function: Greater HGS in Q + TB than
TB CON.
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Table 1. Cont.

Strain Tumor Model Intervention # Duration Outcomes of Interest Ref
Weight: TB + Q mice gained BW whereas
. TB + CD lost; significant group difference.
8-wk-old male CD2F1 Regular or Q._eITnChed (250 mg/kg) chow. Muscle: TB + Q presented greater GSN muscle
. C-26 (colon CA). Expected daily intake of 35 mg/kg). 21 days. [39]
F1 mice. Arms: CD; TB + CD; TB + Q (n = 10) mass than TB + CD.
B ¢ i Physical Function: Both TB groups increased
HGS; no group difference.
Fluorouracil (5 FU) 30 mg/kg of lean mass via Weight: Q had no impact on BW when
i.p. with daily Q in propylene glycol compared to TB + 5 FU E.
14-wk-old male } (50 mg/kg of BW) or vehicle (propylene Muscle: Greater EDL (not GSN, SOL, TA, or
CD2F1 mice. =26 (colon CA). glycol) via gavage. Initiated 10 days after TL 5 days. Plant) muscle mass and CSA in Q + TB + 5 FU [40]
Arms: CON; TB CON; TB + 5 FU; than TB + 5 FU.
TB+5FU+Q (n=05). Physical Function: Not assessed.
Curcumin
. . . lelr.cumm (Curc) 20 mg/kg/d or vehicle i.p. Weight: TB + Curc gained less BW than TB.
Male Wistar rats Yoshida ascites Initiated 1 day after TI. 6 davs Muscle: No effect [41]
(age NR). hepatoma. Arms: CON; CON + Curc; TB CON; TB + Curc ys: L L
(n = 6-10). Physical Function: Not assessed.
100 .mg/kg/d or.2.50 mg/kg/d of Curc or Weight: Both Curc doses improved BW.
vehicle orally. Initiated 10-12 days after TI . .
6-7-wks-old male o Muscle: Greater GSN mass in Curc-treated mice
S MACI16 (colon CA). (5-7% WL). 21 days. [42]
athymic mice. than TB CON.
Arms: CON; TB; TB + 100 mg/kg; Physical Function: Not assessed
TB + 250 mg/kg (n = 5). y : :
old mal Daily i.p. injectélondof ZOOfmg/ kg of curcumin Weight: Greater BW in TB + Curc than TB CON.
6-wk-old male R or PBS. Initiated 9 days after TL Muscle: TB + Curc had greater GSN and TA
BALB/c mice. =26 (colon CA). Arms: CON; CON + Curc; TB CON; TB + Curc 7 days. muscle mass than TB C(%N. [43]
(n=12-13). Physical Function: Not assessed.
. Weight: WL attenuated in both interventions.
10-wk-old female iersr;geﬁal:tgr(/)ld c())1f ;:11;;?3;:}20 E%t/i:t%édl;fda S Muscle: Greater mass (GSN and SOL) in TB +
LPO7 (lung CA). ! b y 15 days. Curc or Resv than TB CON. [44]

BALB/c.

after TL.
Arms: TB CON; TB + Curc; TB + Resv (n = 10).

Physical Function: Greater HGS in TB + Curc or
Resv (higher in + Curc) than TB CON.
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Strain Tumor Model Intervention # Duration Outcomes of Interest Ref
“0.2 mL Curcumin solution of 150 mg/dL” or Weight: Greater BW in TB + Curc vs. TB CON.
equal amount of saline avage. Initiate uscle: Greater mass in TB + Curc than
6-wk-old female qual f saline by gavage. Initiated Muscle: G GSN inTB + C h
BALB,/c mice ’ 4T1 (breast CA). 1 wk after TL 28 days. TB + saline. [45]
’ Arms: CON + Saline; TB + CON; TB + Curc Physical Function: Greater HGS at 2 and 4 wks
(n=8). in TB + Curc than TB + Saline.
Silibinin
200 mg/kg/d silibinin (SLI) or solvent control ‘{\X‘E:iﬁ SGI;IEZ:Z(ETIE;:C}GV?I:I;ILT? Bm:c;tl o
6-8 wks-old athymic =~ Human pancreatic CA  (form of administration NR). Initiated 7 days 18 davs TBC ON [46]
female mice. S2-013. after TI. Y- Physical .Function' Greater HGS and latency to
Arms: CON; TB CON; TB + SLI (n = 8). fall in TB + SLI than TB CON.
Cisplatin (DDP) 4 mg/kg or saline i.p. across
7 days (4 injections) +i.g. 0.3% sodium Weight: SLI attenuated DDP WL in TB mice.
carboxymethyl cellulose, silibinin uscle: Greater an in an
5-wk-old male boxymethyl cellul ilibinin (SLI) Muscle: G GSN and TA in SLI 40 and 80
C57BL/6 LLC (lung CA). 40 mg/kg/d (low dose), 0 or 80 mg/kg/d 8 days. than TB + DDP. [47]
' (high dose). Initiated 7 days after TL Physical Function: SLI improved HGS in a
Arms: CON; TB CONS; TB + DDP; dose-dependent manner in TB + DPP groups.
TB + DDP + SLI 40; TB + DDP + SLI 80 (n = 5).
Isoflavones
CD with or without Isoflavones (obtained Weight: No difference between TB groups.
8-wk-old male from soya flavone). Muscle: TB + Isoflavone presented greater
C57BL/6 mice. LLC (lung CA). Arms: CD; CON + Isoflavone; TB; 21 days. muscle mass than TB (GNS. Not TA, SOL, EDL). (48]
TB + Isoflavone (n = 5-6). Physical Function: Not assessed.
Resveratrol (Resv)
5-wk-old male Wistar  Yoshida ascites Resveratrol 1, 5, or 25 n}g /kg of BW or Welg}}t: No effe?ct with resveratrol, even in
rats and 12 wk old hepatoma or LLC 3mg/kg + 1 mL of FOi.g. 7 days combination with FO. [49]
C57B1/6 mice (lung CA) Arms: CON; CON + Resv; TB CON; TB + Resv ’ Muscle: No difference between groups.
’ 8 ’ +/— FO (n = NR). Physical Function: Not assessed.
Resveratrol (100-500 mg/kg/d) or control Weight: WL attenuated in TB + Resv 200 and
N olea vehicle by gavage. Initiated on the 6th day 500 mg/kg vs. TB CON.
8-10-wks-old female C-26 (colon CA). of TL. 11 days. Muscle: Greater LBM and QUAD in TB + 200 [50]

CD2F1 mice.

Arms: CON; CON + Resv 100-500 mg/kg; TB
CON; TB + Resv 100-500 mg/kg (n = 4-8).

and 500 mg/kg vs. TB CON.
Physical Function: Not assessed.




Arms: CON; TB; TB + kimchi diet (n = 10).

Physical Function: Not assessed.
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Strain Tumor Model Intervention A Duration Outcomes of Interest Ref
Alkaloids
é(g;t(lglls_ghg/o)r?i gtcalli)diroé ozliﬁtogzeieilgz S Weight: BB and CR prevented WL in TB F.
6-wk-old male C-26/ clone 20 TN $ %8 y Muscle: BB and CR prevented muscle wasting
BALB/c mice (colon CA) prior to TI. 18 days. in TB (51]
’ ’ Arms: CON; TB + CR (1-2%); TB; TB + BB Ph i. | Function: Not d
(0.1-0.4%) (n = 6-9). ysical Function: Not assessed.
Matrine (M) (50 mg/lfg/d) or sophoc.arp.me Weight: M and SPH attenuated WL in TB mice.
. (SPH) (50 mg/kg/d) in 0.2 mL of Saline i.p. .
Male BALB/c mice o Muscle: M and SPH attenuated muscle wasting
C-26 (colon CA). Initiated 12 days after TI. 5 days. . . [52]
(age NR). ) . . . in TB mice.
Arms: CON + Saline; TB + Saline; TB + M; Phvsical Function: Not assessed
TB + SPH (n = 10). y : :
Daily i.g. dose of theophylline (TPH), Weight: No effect in BW with TPH in TB.
5-wk-old male Yoshida ascites 50 mg/kg BW dissolved in corn oil or corn 7 davs Muscle: TB + TPH resulted in greater SOL mass (53]
Wistar rats. hepatoma. oil alone. ys- (not GSN or TA) than TB CON.
Arms: CON; TB; TB + TPH (n = 6). Physical Function: Not assessed.
Probiotics
L. reuteri (3.5 x 10° organisms/mouse/d) in Weight: Greater muscle to BW ratio in L. reuteri
8-wk-old (sex NR). drinking water, replaced 2 x /wk. Initiated than TB CON.
ApcMin/+ mice. Colon CA. 8 wks of age. 15 whs. Muscle: Larger GSN CSA in L. Reuteri. (541
Arms: TB; TB + L. reuteri (n = 6). Physical Function: Not assessed.
Probiotic-enriched Kimchi-diet (5.1 mg/kg/d) ) ) o
6-wk-old male C2 lon CA or normal diet (100 g/wk). Pellets were 21d Weight: Kimchi diet attenuated TB WL.
BALB/c mice. -26 (colon CA). changed weekly. ays. Muscle: TB kimchi- preserved leg mass. (551

A The intervention was initiated the same day as tumor inoculation (TI), unless otherwise noted. B The addition of 3% leucine was followed by a 1% reduction in corn starch (38.7%),
dextrin (12.2%), and sugar (9%). € The experiment lasted for 70 days. On day 0, animals began with the control or walnut diet. Additionally, one day after tumor inoculation (day 21), half
the animals on control diet were changed to the walnut diet. ® Physical function was only assessed in an experiment where a diet containing all nutraceuticals was administered, together,
without evaluating each separately. F Tumor-bearing control mice died on day 13, while the other groups were sacrificed on day 16. F CR at 2% greatly reduced food intake, reducing WL
even more than TB CON. Wk(s), week(s); Leu, leucine; HDL, High Leucine Diet; TI, Tumor Inoculation; CD, Control Diet; TB, Tumor bearing; CON, Control; GSN, Gastrocnemius;
NMRI, Naval Medical Research Institute; NR, not reported; MAC, Murine Adenocarcinoma; PBS, Phosphate Buffered Saline; g, gram; kg, kilogram; BW, body weight; d, day; WL,
Weight loss; SOL, Soleus; PRO, protein; TA, Tibialis Anterior; HGS, handgrip strength; EPA, Eicosapentaenoic acid; HMB, Hydroxymethylbutyrate; Gly, glycine; SC, Subcutaneous; CAR,
Carnitine; i.g., Intragastric; CRE, Creatinine; CSA, cross-sectional area; EDL, Extensor Digitorum; i.p., intraperitoneal; CA, Cancer; FO, fish oil; DHA, Docosahexaenoic acid; HPD, High
Protein Diet; mg, milligram; Apc, Adenomatous polyposis coli; Min, Multiple Intestinal Neoplasia; Q, Quercetin; PLAN, plantaris muscle; LLC, Lewis lung carcinoma; LBM, Lean Body
Mass; QUAD, Quadriceps; L. reuteri, Lactobacillus reuteri.
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Table 2. Prospective nutraceutical interventions in patients with cancer cachexia.

Purpose Design Intervention Efficacy Outcomes Ref
Amino Acids and Metabolites/Derivatives
HMB
EXP: HMB (3 g/d), Arg (14 g/d), Gln Body Weight: No effect by time or treatment in
(14 g/d) juice. intent-to-treat analysis.
T the effi ¢ HMB * Cohort: stage IV solid tumors. CON :isocaloric (180 keal/d), . M;lslczlekMass: EIE)I\I{ICha?%i (E’IA) YZ}?S gtreatgr ?tv‘\/]\{(kzlréiﬁp
0 assess the ethicacy o B+ cachexia I/E: WL > 5% (time isonitrogenous (7.19 g N/d) with (+1. g) vs. (-1 g) with a trend a -2al [56]
Arg + GIn in cancer cachexia. P o - tial ami id (+1.60 kg) vs. CON (+0.48 kg).
rame unspecified). non-essential amino acids. ] ]
PR-QOL: No changes or group difference in SF-36
e  Assessed every 4 wks for 24 wks. or FACT-G
EXP (n=16 M/9F); CON (n=19M/5F).  physical Function: Not measured.
.\ . EXP: HMB (3 g), Arg (14 g), GIn (14 g); bid. . . .
Cohort: stage III/IV solid or CON: isonitrogenous, isocaloric Body Weight: No group difference in change.
To assess the efficacy of HMB + metastatic cancer of any mixture; bid. Muscle Mass: No group difference in LBM change by BIA,
Arg + Gln.on prevention o.f initial s.tage. e Assessed after 8 wks. skin fold, or body plefchysmongaphy. . [57]
LBM loss in cancer cachexia. Cachexia I/E: 2-10% WL over PR-QOL: No group difference in Schwartz Fatigue score.
prior 3 mos. EXP (n =145 M/75 F); CON Physical Function: Not measured.
(n =143 M/83 F).
Carnitine
EXP: L-carnitine 1 g in 10 mL syrup.
CON: syrup (formulation not provided). Body Weight: Not measured.
e  Blinded phase: 5 mL/d for 2 d then Muscle Mass: Not measured.
Determine the effect of * Cohort: advanced cancer with 5 mL bid for 2 d then 10 mL twice/d PR-QOL: No group difference in FACT-An or LASA change
carnitine on fatigue in cancer fatigue and carnitine deficiency. for 10 d (2 wks total). (significance of within-group change NR; however, after [58]
patients with Cachexia I/E: none and didnot e  Open phase (2 wks): same syrup controlling for baseline age and fatigue, FACT-An fatigue
carnitine deficiency. report BW at Pre or BW change. progression as blinded phase +2 g improved in L-carnitine vs. CON) after blinded phase.

L-carnitine bid.
° Assessed at 2 and 4 wks

EXP (n =9 M/8 F), CON (n = 4 M/8 F).

Physical Function: No group difference in KPS or FACT-An
Functional Well-being sub-category after blinded phase.
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Table 2. Cont.

Purpose Design Intervention Efficacy Outcomes Ref
» ) Body Weight: L-Carnitine gained weight vs. placebo.
Determine the effect of * Cohort: unresectable EXP: L—carn.ltme o/r.al for.mulatlon 4g/ d;, Muscle Mass: BIA was measured but only body cell mass
carnitine treatment in patients adenocarcinoma of CON: described as “identically formulated”.  and body fat were reported.
with advanced p the pancreas. e  Assessed after 12 wks (caloric content  PR-QOL: Global QOL and GI symptoms from EORTC [59]
ancreatic cancer Cachexia I/E: none but 90% not provided). QLQ-C30 improved in L-carnitine vs. CON; no difference
p ’ had WL >10% in prior 6 mos. EXP (n =20 M/18 F); CON (n =23 M/11 F). between groups in BFI.
Physical Function: Not measured.
Body Weight: No change.
Cohort: solid tumors Muscle Mass: LBM (BIA) increased at 2- (~1.7 kg) and 4-wks
undergoing (~2.4 kg) vs. baseline.
Efficacy and safety of anti-cancer treatment. L-carnitine: 6 g/d (2 g tid); n=2M/10F).  PR-QOL: MFSI-SF QoL “General Scale”, QoL-OS (all [60]
L-carnitine in advanced cancer. ~ Cachexia I/E: none, but Assessed at 2- and 4-wks. sub-scales), and EQ5Dyag improved at 4-wks vs. baseline.
patients had to display fatigue Physical Function: MFSI-SF QoL “Physical Scale” and
and/or elevated ROS. QoL-OS “Physical Scale” improved at 4-wks; no change
in HGS.
Creatine
* . .
ugggogrotir%iieifi?g;;g EXP: creatine monohydrate. Body Weight: Increased in CON only.
Evaluate the effect of creatine Cachexia I/E: none, but . CON: cellulose Muscle Mass: No change in MAMC or body cell mass (BIA)
- . . ’ ’ e  Loading phase (1 wk): 5 g qid. for either group (did not report lean mass from BIA).
on muscle function and QOL in  cachexia was a key feature of - [ a0 o o bhase (7 wks): 2.5 ¢ bid PR-QOL: No change in EORTC QLQ-C30 for either grou [61]
atients with CRC. the background (results state P P g DIC . [ang . . group-
P none had >10% WL e  Assessed after 8 wks. Physical Function: HGS increased for non-dominant hand in
at Baseline). EXP (n =10 M/6 F); CON (n = 10 M/5 F). EXP; no change for either group in knee ext or hip flex.
EXP: creatine monohydrate.
* Cohort: incurable malignancy CON: “identical-appearing placebo” Body Weight: No change in either group.
To test the efficacy of creatine as (except primary brain tumor). e Loading phase (5d): 20 g/d. Muscle Mass: No change in BIA parameters for either group
a supportive careystrategy in Cachexia I/E: WL > 51bin ° Maintenance phase (indefinitely): (assessed in small sub-set). [62]

patients with cancer cachexia.

2 mos, and/or estimated caloric
intake < 20 kcals/kg/d and
weight perception 4.

2¢g/d.
assessed after 1; median treatment
was ~2 mos for each group).

EXP (n = 83 M/51 F); CON (n = 80 M/59 F).

PR-QOL: No change in FAACT or linear analog
self-assessment for either group.
Physical Function: No change in HGS for either group.

Polyunsaturated Fatty Acids

PUFAs Alone
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Table 2. Cont.

Purpose Design Intervention Efficacy Outcomes Ref
) ) ) Body Weight: Weight gain of 0.3 kg/mo at 3-mos was
. o Cohort: unresectable Fish oil: 2 g/d increased weekly by 2 g to a significantly different vs. rate of change at baseline
Study the effect of fish oil in . max dose of 16 g/d
weight losing pancreatic adenocarcinoma of : (—2.9 kg/mo). [63]
. the pancreas. e  Assessed at 1-mo and 3-mos. Muscle Mass: No change in MAMC.
cancer patients. . . .
Cachexia I/E: none. EXP (n = 18); sex unspecified. PR-QOL: Not measured.
Physical Function: Not measured.
B EPA: initially 1 g/d increased to 6 g/d over Body Weight: Baseline WL averaged 13%; rate of loss was
To evaluate the acceptability Cohort: pancreas or ampulla . reduced at 4-12 wks.
. 1 st 4 wks, then 6 g/d for remaining 8 wks;
and effect of oral EPA in (unresectable). Muscle Mass: Not measured. [64]
. . . . (n=12M/14F).
weight-losing cancer patients. Cachexia I/E: none. Assessed at 4 8. and 12 wks PR-QOL: Not measured.
T ’ Physical Function: No change in WHO performance status.
Fish oil: started at 0.3 g/kg/d fish oil,
reduced to 0.15 g/kg/d after 13 patients; Body Weight: Number of days receiving fish oil was
Examine the efficacy of fish 0il ~ Cohort: malignancy not (n=29M/14F). correlated with weight gain for those taking the capsules
to slow weight loss and amenable to curative treatment. . Assessed variablv over 4 mos for >30d. [66]
improve QOL in Cachexia I/E: WL > 2% prior 2 mos minimumy ’ Muscle Mass: Not measured.
cancer cachexia. 1 mo. ) ’ ) PR-QOL: No change in FAACT or FACT-G.
Dose derived from Phase I study with Physical Function: Not measured.
similar outcomes [65].
ils\flk(s)ﬂ: 30mL/d (EPA 4.9 g + DHA 32 g); Body Weight: No group difference in weight change at Wk 4
Cohort: metastatic or locally . or Wk 8.
Melatonin: 18 mg/d; 4 wks.
. . advanced GI cancer not . Muscle Mass: Not measured.
Study the effects of fish oil . Cross-over: After initial 4 wks of treatment, . .
.. amenable to curative or . PR-QOL: No group difference in EORTC QLQ-C30
and/or melatonin in L all patients consumed both supplements for [67]
cancer cachexia standard palliative treatment. an additional 4 wks (all received Global QoL.
’ Cachexia I/E: >10% WL in . . Physical Function: Baseline EORTC QLQ-C30 physical
. diet counseling) : . . .
prior 6 mos. Fish Oil (n = 7 M/6 F), Melatonin function was lower in Melatonin and increased at Wk 4 for
! Fish Oil; no group difference in KPS change.
(n=7M/4F).
o ) Body Weight: Trend for between-group difference in change
EXP: EPA 1 g in diester oil (2 or 4 g EPA/d). (relative to CON) at wk 8: 2 g (+1.2 kg) vs. 4 g (+0.3 kg).
To assess the effects of EPAon  * Cohort: GI or lung. CON: MCT 1 g/d in diester oil. Muscle Mass: No group difference in LBM (BIA) change.
weight and LBM in Cachexia I/E: >5% loss of e  Assessed after 8 wks PR-QOL: No group difference in EORTC QLQ-C30 [68]

cancer cachexia.

pre-illness stable weight.

2 g/d EPA (n =117 M/58 F); 4 g/d EPA
(n=115M/57 F); CON (n = 123 M /48 F).

fo appetite.
Physical Function: Physical function (EORTC QLQ-C30)
improved in EPA 2 g vs. others; no group difference in KPS.




pancreatic cancer patients
with cachexia.

(Building on their prior pilot
study [72]).

° Both have same ratio EPA:DHA; total
w-3-FA dose 300 mg/d both groups.
e  Assessed after 6 wks

MPL (n =9 M/6 F); Fish oil (n=7M/11 F).

PR-QOL: EORTC QLQ-C30 (no change in either group),
PAN26 (hepatic function improved in MPL only).
Physical Function: Not measured.
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Table 2. Cont.
Purpose Design Intervention Efficacy Outcomes Ref
To assess the effects of Cohort: advanced wple  EXDL Atractylenolide I (1.32 g/d; 6 ml bid). f/?dy IW;i[ghtf ;TO group gﬁfffference in ratte Offl\‘jlfziﬁlct C?lange-
largehead atractylodes rhizome y to'r - advaniced, tnresectable  EXP2: Fish Oil (0.45 g/d; 4 pills bid). PRu—SQC(;L' 2;5& t N grto upf \;A;rence ;rl s iner t3 : dange.
in alleviating séas }?C carf;;r diminished ° 3 wks treatment, 1 wk rest, 3 more 7 wks i .EXrIf? er rg;P(; appetite increase at 5 an [69]
cytokine-mediated symptoms achexia N 1S .e or wks treatment; assessed after 7 wks. w s mn ,Vs' . .
) hexia absent appetite (undefined). Physical Function: Greater rate of KPS increase at 3 and
In cancer cache: . EXP1 (I‘l = 11); EXP2 (I‘l = 11),' sex NR. 7 wks in EXP1 vs. EXP2.
EXP: 7.5 mL echium oil (235 & 30 mg/mL Body Weight: No group difference.
* Cohort: HNC initiating ALA + 95+ 13 mg/mL ALA SDA +79 £+ Muscle Mass: No group difference in FFM and LBM (DXA)
. . ., radio-chemotherapy. 10 mg/mL GLA) bid :
To test the efficacy of echium oil Cachexia I/E: none but average mg/m . ) decrease; no change by BIA (DXA and BIA assessed at Wk 4).
as a supportive care strategy in WL was 2.4 /’ at baseline an dg CON: 7.5 mL sunflower oil (no w-3-FA) bid.  pR-QOL: EORTC QLQ-C30 and -H&N35; no within-group [70]
HNC in systemic therapy. 30% had N 50‘} om0 WL e  From therapy initiation, assessed after ~ changes or between-group difference.
at baseline. 7 wks. Physical Functlor}: no w1th1n-gr0up changes or
EXP (n =36 M/7 F); CON (n =35 M/7 F). between-group difference in HGS change.
EXP: “Fish Oil” ) o
EPA 0.1 g/mL + DHA 0.12 g/mL. Body Weight: No WL in either group.
Assess if fish oil has beneficial =~ * Cohort: advanced lung cancer  —oN: “Rapeseed Oil” ALA 0.078 g/mL. Muscle Mass: No change in MAMC for either group.
effects on weight loss in lung undergoing chemotherapy. e  60mL/d (20 mL/meal/d); average PR-QOL: No change in EORTC QLQ-C30 or Lung Cancer-13 [71]
cancer patients. Cachexia I/E: none. treatment duration was 48/419 d 8 for either group.
’ Physical Function: No change in HGS for either group.
EXP (n=13M/7 F); CON (n=9 M/13 F)
EXP1: “MPL” (35% w-3-FA phospholipids +
Cohort: pancreas 65% neut.ral liPidS)' Body Weight: No change in either group.
Compare MPL and fish oil on Cachex'iapI/E- WL > 5% EX}’Z: CFl;h oil” (60% EPA/DHA + Muscle Mass: “Muscle mass” (undefined) not different
. . . : Z 7 40% MCT
weight, appetite, and QOL in since diagnosis between groups at Wk 6. 73]

PUFAs with Antioxidants
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Table 2. Cont.

Purpose Design Intervention Efficacy Outcomes Ref
. . EXP: “Fish oil” EPA 170 mg, DHA 115 mg + ) o
Investigate the effect of PUFA's Cohort: solid tumors. Vitamin E 200 mg; 6 pills tid. Body Weight: No change in either group.
. Cachexia I/E: none but groups Ly 7. 6 oills H Muscle Mass: Not measured.
on T-cell subsets and cytokine . . CON: “sugar tablets”; 6 pills tid.
duction i . were divided into Total Fish Oil ) ¢ PR-QOL: Not measured. [74]
production in cancer patients . . otal Fish Oil 18 g/d; assessed after . . . .
. . o well-nourished and Physical Function: Increased KPS in malnourished EXP
with or without malnutrition. . B 40 days. .
malnourished . patients only.
EXP (n =17 M/13 F); CON (n = 19 M/11 F).
EXP: “Fish Oil” 1000 mg = EPA 180 mg, o Weiah . o
Determine whether fish oil at * Cohort: advanced cancer. DHA 120 mg, and vitamin E 1 mg. Body Weight: No group Lerencen change.
. ) . . CON: 1000 live oil Muscle Mass: No group difference in FEM (BIA) change.
high doses improves symptoms  Cachexia I/E: anorexia (>3 on : mg olive o1 . . .
. . o . PR-QOL: No group difference in VAS change for appetite, [75]
in advanced cancer patients VAS) + >5% WL from e  asmany as tolerated, up to 18 pills/d . .
. . . : . nausea, tiredness, or overall well-being.
with weight loss and anorexia.  pre-illness weight. for 2 wks . . . .
Physical Function: No group difference in KPS change.
EXP (n = 10 M/20 F); CON (n =7 M/23 F).
EXP: 16 g PRO, 6 g fat, 1.1 g. EPA and
antioxidants [Vitam.ins A25241U,E751U,  Body Weight: No group difference in change. Supplement
Assess the effects of a fatty acid C 105 mg, and selenium 17.5 mg]); 2 cans/d  jntake correlated with weight gain in EXP; trend for weight
and antioxidant enriche dy * Cohort: unresectable (620 keals/d). gain over 8 wks in compliant vs. WL in non-compliant.
supplement on weieht bod adenocarcinoma of CON: 16 g PRO, 6 g fat; 2 cans/d Muscle Mass: No group difference in LBM (BIA) change.
CorI;p osition. diet ai d/QOLyin the pancreas. (620 keals/d) Supplement intake correlated with LBM gain in EXP. [76]
wei I;t losin, an,creatic CachexiaI/E: WL > 5% in prior e  Assessed after 8 wks PR-QOL: Supplement intake correlated with EuroQol
canzoyer patie rg1t]s;) 6 mos. EXP (n =54 M/41 F); CON (n =56 M/49 F). EQ5Dingex increase in. EXP; tregd for better EORTC
Separate post-hoc analysis for compliant QLQ-C30 over 8 wks in compliant vs. non-compliant.
(>1.5 cans/d) vs. non-compliant Physical Function: Not measured.
(<1.5 cand/d).
Polyphenols
Curcumin
* Cohort: HNC or EXP: Curcumin (2000 mg bid: 4 capsules of  Body Weight: NR, but BMI change was not different
nasopharyngeal receiving 500 mg each).. between groups.
Determine the effect of chemo- or radiotherapy + CON : rr.latfhmg placeb.o made from Muscle Mass: LBM (BIA) change after 8 wks was
feeding tube. probiotics” (2000 mg bid: 4 capsules of significantly different between curcumin (+0.46 kg) and [77]

curcumin in HNC cachexia.

Cachexia I/E: >5% WL in prior
6 mos or 2-5% WL +
BMI < 20 kg/m?.

500 mg each).
° Assessed after 8 wks.

EXP (n =10); CON (n = 10); sex NR.

CON (—1.05 kg).
PR-QOL: Not measured.
Physical Function: No change in HGS for either group.
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Table 2. Cont.

Purpose Design Intervention Efficacy Outcomes Ref

* Cohort: advanced solid EXP: Curcumin (800 mg bid). Body Weight: No within- or between-group differences.

Evaluate the effect of curcumin tumors, undergoing CON: Corn starch (800 mg bid). Muscle Mass: Skeletal muscle mass (BIA), no within- or

on body composition in systemic treatment. e Assessed after 8 wks (caloric content between-group differences. 78]

y . Cachexia I/E: WL > 5% in . PR-QOL: Not measured.

cancer cachexia. 2 not provided). " . o .
12 mos or BMI < 20 kg/m~ + Physical Function: No within- or between-group differences
3 criteria C. EXP (n=12M/5F); CON (n =14 M/2F). in HGS.

* Randomized controlled trial. Samples sizes reflect randomization/baseline numbers. Within-group and between-group differences or changes are statistically significant unless
otherwise noted. A Patients had to perceive loss of weight/appetite as a problem, and physicians had to view weight gain as beneficial; B Well-nourished [<10% WL in prior 6 mos,
serum albumin > 30 g/L, serum transferrin > 2.0 g/L, and KPS > 60] vs. malnourished [>10% WL in prior 6 mos, serum albumin < 30 g/L, serum transferrin < 2.0 g/L, and KPS < 60]; c
Additional criteria: deceased muscle strength, fatigue, anorexia, low fat-free muscle index, or abnormal biochemistry (increased inflammatory markers: C-Reactive Protein/Interleukin-6;
Anemia: hemoglobin < 12 g/dL; low albumin: <3.2 g/dL). ALA, x-linolenic acid (omega-3 PUFA); Arg, L-arginine; BFI, Brief Fatigue Inventory; BIA, bioelectrical impedance
analysis; bid, twice a day; BMI, body mass index; BW, body weight; CON, control/placebo group; CRC, colorectal cancer; d, day; DHA, docosahexaenoic acid (omega-3 PUFA); DXA,
dual-energy x-ray absorptiometry; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; EPA, eicosapentaenoic acid (omega-3
PUFA); EuroQol EQ5Djpgex, EuroQol-5 Dimensions-3 Level; EXP: Experimental; F, females; FAACT, Functional Assessment of Anorexia/Cachexia Therapy; FACT-G/An, Functional
Assessment of Cancer Therapy-General/ Anemia; FFM, fat-free mass; GI, gastrointestinal; GLA, y-linolenic acid (omega-6 PUFA); Gln, L-glutamine; HGS, handgrip strength; HMB,
B-hydroxy-8-methylbutyrate; HNC, head and neck cancer; I/E, inclusion/exclusion; keals, kilocalories; KPS, Karnofsky Performance Score; LASA, Linear Analogue Scale Assessments;
LBM, lean body mass; M, males; MAMC, mid upper-arm muscle circumference; MCT, medium chain triglyceride; MFSI-SF QoL, Multidimensional Fatigue Symptom Inventory-Short
Form; mos, months; MPL, Marine phospholipids; NR, not reported; NSCLC, non-small cell lung cancer; w-3-FA, omega-3-fatty acid(s); PAN26, QOL in pancreatic cancer patients;
PR-QOL, patient-reported quality of life; PRO, protein; PUFA, polyunsaturated fatty acid; qid, four times a day; QoL-OS, quality of life related to oxidative stress; ROS, reactive oxygen
species; SDA, stearidonic acid (omega-3 PUFA); SF-36, Short Form-36 Health Survey; tid, three times per day; VAS, visual analog scale; WHO, World Health Organization; wk(s), week(s);

WL, weight loss.
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3. Results
3.1. Amino Acids and Metabolites

Amino acids are the primary constituents of proteins, are critical for modulation of
many cell signals, and are known to promote growth of skeletal muscle [79]. We identified
14 animal studies that administered amino acids to tumor-bearing mice via gavage, enriched
diet, or subcutaneous injection. All studies assessed body weight and muscle mass, with
8 reporting body weight improvement and 11 reporting attenuation of muscle wasting.
There were four studies that assessed physical function through grip strength, latency
to fall, and/or physical activity [24,27,29,31]. All four studies reported improvement in
physical function and muscle mass, but only two reported a concomitant improvement in
body weight (Table 1) [24,31].

Among human studies utilizing amino acids or metabolites/derivatives as a stand-
alone intervention [58-62] or part of a multi-component strategy [56,57], seven were identi-
fied. There were six that utilized a controlled design [56-59,61,62] and one was a single-arm
study [60]. There were six studies that measured body weight and muscle mass by bio-
electrical impedance (BIA; one study also measured mid upper-arm muscle circumference
“MAMC”); one study did not measure weight or muscle mass, but all studies measured
PR-QOL. Among the studies, three assessed objective physical function by HGS, and three
assessed subjective physical function. Additionally, three studies assessed all four outcome
categories: body weight, muscularity, PR-QOL, and physical function [60-62]. Some im-
provements were reported for body weight [59], muscle mass [56,60], PR-QOL [58-60], and
subjective physical function [58,60]; only one study reported an improvement in objective
physical function (non-dominant HGS) [61].

3.1.1. Essential Amino Acids

Leucine, isoleucine, and valine are essential branched-chain amino acids which may
reduce proteolysis and enhance protein synthesis by activating the mTOR pathway (the
primary anabolic pathway in skeletal muscle), and they may attenuate inflammation by in-
creasing glutamine availability [80,81]. We identified five animal studies that administered
leucine-rich diets for 2 to 3 weeks after tumor inoculation [19,22,23]. Leucine attenuated
weight loss in three of these studies [22-24], and all five reported attenuated muscle wast-
ing measured by select cross-sectional areas or muscle mass to body weight ratios. Only
one assessed physical function and reported higher grip strength than tumor-bearing
control [24]. A sixth leucine study initiated the intervention after animals had lost 5%
body weight (12-15 days after tumor inoculation), and it was carried out until weight loss
reached 20% (4-5 days) [20]. In that study, leucine, isoleucine, valine, or phosphate-buffered
saline (PBS; control) was administered by oral gavage to mice. Leucine and valine each
attenuated weight loss and increased gastrocnemius protein synthesis; leucine also in-
creased soleus weight and reduced soleus protein degradation compared to the control [20].
No clinical studies were identified within our search parameters, although one recent
study administered hypercaloric, hyperproteic leucine enriched oral supplements to cancer
weight-losing patients, which resulted in the maintenance of body weight and an improve-
ment of physical function, but it was no different than the control. It is important to note
that the control arm was administered a standard hypercaloric, hyperproteic diet that also
contained polyunsaturated fatty acids, had greater casein content, and less vitamin D [82].

3.1.2. HMB, Arginine, Glutamine, and Glycine

Beta-hydroxy-3-methylbutyrate (HMB) is a metabolite of leucine which also upregu-
lates the mTOR /p70 s6K pathway in muscle [20]. Glycine, another non-essential amino acid
with anti-inflammatory properties, has displayed a benefit of muscle wasting on animal
models, but the exact mechanism of its effect is unclear [83]. We identified three animal
studies that assessed the effect of HMB or glycine in tumor-bearing animals. Male rats
were given HMB-enriched (4%) or standard chow for 16 days prior to, and 1 week after,
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tumor inoculation [26]. Weight increased with HMB and decreased with standard chow
compared to weight at tumor inoculation, and gastrocnemius weight (relative to body
weight) increased with HMB compared to standard chow [26]. Male mice were treated with
HMB (0.25 g/kg/d), EPA (0.6 g/kg/d), both, or PBS by oral gavage for 12 days, starting
9 days after tumor inoculation [25]. There was no effect of any treatment group on body
weight, but all three treatments equally improved soleus mass and protein degradation
compared to control [25]. Glycine did not attenuate weight loss, but it did attenuate muscle
loss in some muscles, as well as improve latency to fall and grip strength, compared to
the control after administration to male mice via subcutaneous injection for 3 weeks after
tumor inoculation [27].

In humans, a meta-analysis of various patient cohorts with muscle atrophy reported
that HMB, in combination with arginine (Arg) and glutamine (Gln), both non-essential
amino acids, improved muscle mass, while HMB alone—or provided as a nutrient-dense
oral nutritional supplement (ONS)—improved muscle strength, but it did not improve body
weight [84]. In a recent systematic review of patients with active cancer (not specifically
cancer cachexia), HMB supplementation, typically with Arg and GIn or in a nutrient-dense
ONS, improved muscle mass in four out of four studies and physical function in two of
two studies, but it did not improve PR-QOL or body weight [85]. However, determination
of the benefits of HMB, Ar