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Applied nutritional investigation
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bstract Objective: In April 2005 a phase III randomized study was started to establish which was the most effective
and safest treatment of cancer-related anorexia/cachexia syndrome and oxidative stress in improving identified
primary endpoints: increase of lean body mass, decrease of resting energy expenditure (REE), increase of total
daily physical activity, decrease of interleukin-6 and tumor necrosis factor-�, and improvement of fatigue
assessed by the Multidimensional Fatigue Symptom Inventory–Short Form (MFSI-SF).
Methods: All patients were given as basic treatment polyphenols plus antioxidant agents
� -lipoic acid, carbocysteine, and vitamins A, C, and E, all orally. Patients were then randomized
to one of the following five arms: 1) medroxyprogesterone acetate/megestrol acetate; 2)
pharmacologic nutritional support containing eicosapentaenoic acid; 3) L -carnitine; 4) thalid-
omide; or 5) medroxyprogesterone acetate/megestrol acetate plus pharmacologic nutritional
support plus L -carnitine plus thalidomide. Treatment duration was 4 mo. The sample comprised
475 patients.
Results: By January 2007, 125 patients, well balanced for all clinical characteristics, were included.
No severe side effects were observed. As for efficacy, an interim analysis on 125 patients showed
an improvement of at least one primary endpoint in arms 3, 4, and 5, whereas arm 2 showed a
significant worsening of lean body mass, REE, and MFSI-SF. Analysis of variance comparing the
change of primary endpoints between arms showed a significant improvement of REE in favor of
arm 5 versus arm 2 and a significant improvement of MFSI-SF in favor of arms 1, 3, and 5 versus
arm 2. A significant inferiority of arm 2 versus arms 3, 4, and 5 for the primary endpoints lean body
mass, REE, and MFSI-SF was observed on the basis of t test for changes.
Conclusion: The interim results obtained thus far seem to suggest that the most effective treatment for
cancer-related anorexia/cachexia syndrome and oxidative stress should be a combination regimen. The study
is still in progress and the final results should confirm these data. © 2008 Elsevier Inc. All rights reserved.
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Cachexia is a multifactorial syndrome characterized by
issue wasting, loss of body weight, particularly of lean
ody (muscle) mass (LBM) and to a lesser extent adipose

issue, metabolic alterations, fatigue, reduced performance
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tatus, very often accompanied by anorexia leading to a re-
uced food intake; it accompanies the end stage of many
hronic diseases and especially cancer and therefore is termed
cancer-related anorexia/cachexia syndrome” (CACS) [1–4].

Key features of CACS are increased resting energy ex-
enditure (REE), increased levels of circulating factors pro-
uced by the host immune system in response to the tumor,
uch as proinflammatory cytokines, or by the tumor itself,
uch as proteolysis-inducing factor. At the time of cancer
iagnosis, 80% of patients with upper gastrointestinal can-
ers and 60% of patients with lung cancer have already had
ubstantial weight loss. The prevalence of cachexia in-
reases from 50% to �80% before death, and in �20% of
atients cachexia is the cause of death [5].

Proinflammatory cytokines interleukin (IL)–1, IL-6, and
umor necrosis factor-� (TNF-�) play a central role in the
athophysiology of CACS [6–10] through long-term inhi-
ition of feeding by negatively acting on hypothalamic
rexigenic peptides such as neuropeptide Y and agouti-related
rotein and/or positively acting on anorexigenic peptides
pro-opiomelanocortin and cocaine- and amphetamine-
elated transcripts), respectively [11]. There is evidence that
chronic, low-grade, tumor-induced activation of the host

mmune system, which shares numerous characteristics
ith the “acute-phase response” found after major traumatic

vents and septic shock, is involved in CACS [12].
Several mechanisms may lead to oxidative stress (OS) in

atients with cancer. First of all is altered energy metabolism,
hich may be a consequence of symptoms such as anorexia/

achexia, nausea, and vomiting that prevent normal nutrition
nd thus a normal supply of nutrients such as glucose, proteins,
nd vitamins, leading eventually to accumulation of free rad-
cals, i.e., reactive oxygen species (ROS), including hydroxyl
adicals, superoxide radicals, and others. The second mecha-
ism is a non-specific long-term activation of the immune
ystem with an excessive production of proinflammatory cy-
okines, which in turn may increase ROS production [13]. The
hird mechanism leading to OS in patients with cancer may
esult from the use of antineoplastic drugs; many of them, in
articular alkylating agents and cisplatin, are able to produce
n excess of ROS and a depletion of critical plasma and tissue
ntioxidants [14]. Thus, it could be hypothesized that the body
edox systems, which include antioxidant enzymes and low-
olecular-weight antioxidants, may be dysregulated in pa-

ients with CACS/OS and that this imbalance might enhance
isease progression.

Consequently, the management of CACS/OS is a complex
hallenge that should address the different causes underlying
his clinical event with an integrated or multimodal treatment
pproach targeting the different factors involved in its patho-
hysiology.

On the basis of this rationale, we carried out an open early
hase II study according to the Simon two-stage design with
he aim of testing the efficacy and safety of an integrated
reatment based on a pharmacologic nutritional support, anti-

xidants, and drugs, all given orally, in a population of patients �
ith advanced cancer and CACS/OS. Forty-four patients were
nrolled and 39 completed the treatment. At the end of the
tudy, 22 of the 39 patients responded to treatment, achieving
significant improvement of the endpoint variables, i.e., LBM,
ppetite, IL-6, TNF-�, fatigue, and quality of life (QL; Euro-
ean Organization for Research and Treatment of Cancer
uality of Life Questionnaire C30v3 [EORTC-QLQ-C30]),

nd therefore the treatment proved to be effective. As regards
afety, it was absolutely well tolerated without any toxic effect
15,16]. Therefore, a randomized phase III study was war-
anted.

im of the study

In April 2005 we started a phase III randomized study
ith the aim of establishing which was the most effective

nd safest treatment in improving the identified “key” vari-
bles (primary endpoints) of CACS/OS: increase of LBM,
ecrease of REE, increase of total daily physical activity,
ecrease of IL-6 and TNF-�, and decrease of fatigue.

aterials and methods

tudy design

The study is a phase III randomized two-center trial
Department of Medical Oncology, Policlinico Universita-
io, and Division of Medical Oncology 2, Ospedale Onco-
ogico Regionale “Businco”, Cagliari, Italy). According to
he statistical design, the sample comprised 475 patients
andomized to one of five arms (95 patients per arm).
andom assignment was performed by random-number ta-
les. The protocol was approved by the reference ethics
ommittee. Written informed consent was obtained from all
atients. The procedures followed were in accordance with
ood clinical practices and the Helsinki Declaration.

ndpoints

The efficacy primary endpoints (key variables) were in-
rease of LBM, decrease of REE, increase of total daily
hysical activity, decrease of IL-6 and TNF-�, and decrease
n fatigue symptoms. The secondary endpoints were all
ther variables studied (see EFFICACY ENDPOINTS). The safety
ndpoints were classified as adverse events according to
ational Cancer Institute (NCI) Common Terminology Cri-

eria for Adverse Events (CTCAE) v3.0 [17].

reatment plan

All patients included in the study were given as basic
reatment polyphenols (300 mg/d) obtained by alimentary
ources (onions, apples, oranges, 150 mL of red wine, green
ea) or supplemented by tablets (Quercetix, Elbea Pharma,

ilan, Italy; one tablet, 300 mg/d, plus antioxidant agents

-lipoic acid [300 mg/d, included in the Quercetix tablet]
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lus 2.7 g/d of carbocysteine [Fluifort, Dompè, Milan, Italy;
ne sachet per day] plus 400 mg/d of vitamin E [Sursum,
biogen Pharma, Pisa, Italy; one tablet per day] plus 30 000

U/d of vitamin A and 500 mg/d of vitamin C [Trocaflu,
aborest, Nerviano (MI), Italy; two sachets per day], all
rally). Patients were then randomized to one of the follow-
ng five treatment arms.

rm 1. A progestational agent, i.e., 500 mg/d of medroxypro-
esterone acetate (MPA; Provera, Pfizer Italia, Borgo San
ichele (LT), Italy; one sachet per day) or 320 mg/d of
egestrol acetate (MA; Megace, Bristol-Meyers Squibb,
ome, Italy; two tablets, 160 mg/d), was given orally.

rm 2. Oral supplementation was given with an eicosapen-
aenoic acid (EPA)–enriched nutritional supplement (2.2
/d of EPA for ProSure [Abbott, Campoverde di Aprilia
LT), Italy] and Forticare [Nutricia, Milan, Italy], 2 g/d for
esource Support [Novartis, Origgio (VA), Italy]). This

upplementation also contained docosahexaenoic acid, with
high-calorie (range 126–160 kcal/100 mL), high-protein

total protein range 6.65–9 g/100 mL) content. As for amino
cid content, the content of branched-chain amino acids is
eported for two supplements (ProSure contains leucine, iso-
eucine, and valine; Resource Support contains only leucine;
orticare does not report branched-chain amino acid content).
he prescribed dosages were two cartons per day for ProSure,

wo cartons per day for Resource Support, and three cartons
er day for Forticare.

rm 3. L-carnitine (Carnitene, Biofutura Pharma, Milan,
taly) at 4 g/d (two vials, 2 g/d) was given orally.

rm 4. Thalidomide (Pharmion S.r.l., Rome, Italy) at 200
g/d (two tablets, 100 mg/d) was given orally.

rm 5. Treatment consisted of MPA or MA plus pharmaco-
ogic nutritional support plus L-carnitine plus thalidomide.

The planned treatment duration was 4 mo.
A placebo arm was not included as it was not considered

thical because of the results of our phase II study and
ecause an approved drug for the treatment of cancer ca-
hexia is currently available, i.e., MA and MPA.

ligibility and exclusion criteria

Patient eligibility criteria were an age range of 18–80 y,
histologically confirmed tumor of any site at an advanced

tage; loss of �5% of the ideal (or preillness) body weight
n the previous 3 mo and/or abnormal values of proinflam-
atory cytokines, ROS and antioxidant enzymes predictive of

he onset of clinical cachexia; and a life expectancy of �4 mo.
Patients could be receiving concomitant antineoplastic

hemotherapy or hormone therapy with curative or palliative
ntent or supportive care. Exclusion criteria were women of

hild-bearing age, significant comorbidities, mechanical ob- (
truction to feeding, medical treatments inducing significant
hanges of patient metabolism or body weight, and contrain-
ications to the use of MA/MPA such as a history of throm-
oembolic events and deep venous thrombosis.

fficacy endpoints

The following endpoints were evaluated before treatment
nd at 4, 8, 16, and 24 wk after treatment start.

rimary efficacy endpoints. Lean body mass was assessed by
ioelectrical impedance analysis (Bioelectric Impedance Anal-
ser 101, Akern Spa) [15] or dual-energy X-ray absorptiom-
try from January 2007, which is currently considered the most
eliable method. As a complementary assessment to bioelec-
rical impedance analysis, we calculated the phase angle (de-
ived from reactance and resistance values), which is related to
ody mass index, fat mass, and LBM. Moreover, the phase
ngle was shown to have an important prognostic role in

able 1
atient clinical characteristics*

atients enrolled 125
ale/female 74/51
ge (y) 61.9 � 12.1 (35–81)
eight (kg) 56.9 � 11.6 (34–87)

MI (kg/m2) 21.3 � 4 (13.9–31.2)
�18.5 24 (19.2)
18.5–25 91 (72.8)
25–30 10 (8.0)
eight loss before study entry
�10% 12 (9.6)
5–10% 66 (52.8)
�5% 47 (37.6)

umor site
Lung 18 (14.4)
Breast 18 (14.4)
Pancreas 16 (12.8)
Colorectal 16 (12.8)
Head and neck 12 (9.6)
Ovary 10 (8.0)
Stomach 8 (6.4)
Uterus 5 (4.0)
Biliary ducts 5 (4.0)
Kidney 5 (4.0)
Bladder 3 (2.4)
Prostate 3 (2.4)
Liver 2 (1.6)
Other 4 (3.2)

tage
IIIA 7 (5.6)
IV 118 (94.4)

COG PS
0 5 (4.0)
1 58 (46.4)
2 59 (47.2)
3 3 (2.4)

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology
roup performance status
* Data are presented as number of patients (percentage) or mean � SD
range).
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atients under surgical, cancer, and intensive care and to be an
ndicator of function and general health [18].

The REE was assessed by indirect calorimetry (Medgem,
ensorMedics Italia Srl, Italy), which measures oxygen con-
umption per unit time.

Detailed evaluation of daily physical activity and the asso-
iated energy expenditure was carried out with an appropriate
lectronic device (SenseWear, Armband, SensorMedics Italia
rl), which is able to assess total energy expenditure, i.e., REE
lus the energy spent in physical activity; its software is able to
dentify the specific type of physical activity (e.g., walking,
unning, lying down) in such a way as to attribute a “functional
uality” to patient physical activity [19,20].

Serum levels of proinflammatory cytokines (IL-6,
NF-�) were measured by enzyme-linked immunosorbent
ssays (Immunotech, Marseille, France).

Fatigue by the Multidimensional Fatigue Symptom
nventory–Short Form (MFSI-SF) was calculated by a numer-
cal score, with possible total fatigue scores ranging from �24
o 96 [21,22]. Results are reported as mean scores.

econdary endpoints

● Objective clinical response before and at the end of
treatment (complete response, partial response, sta-
ble disease, progressive disease) according to Re-
sponse Evaluation Criteria in Solid Tumors (RECIST)
criteria [23];

able 2
ifferences between baseline and post-treatment values of nutritional/func

Arm 1. Progestational agent (n �

Baseline After treatm

utritional/functional variables
Body weight (kg) 56.5 � 8.9 57.2 � 10
LBM (kg) 44.5 � 8.0 44.0 � 8.3
Appetite 5.3 � 1.6 6.6 � 1.5
Phase angle 4.6 � 2.2 4.1 � 1.8
Grip strength 25.9 � 8.4 24.4 � 7.7
REE (kcal) 1187 � 244 1099 � 220

aboratory variables
IL-6 (pg/mL) 56 � 36.9 45.1 � 33.2
TNF-� (pg/mL) 8.8 � 12.6 15.6 � 26
ROS (Fort U) 442 � 130 325 � 183
GPx (U/L) 6184 � 3617 5814 � 258

uality-of-life variables
EORTC-QLQ-C30 60.4 � 13.4 64.2 � 12.7
EQ-5Dindex 0.4 � 0.3 0.4 � 0.3
EQ-5DVAS 44 � 16.4 51.1 � 15.7
MFSI-SF 19.8 � 12.1 15.9 � 13.1

EORTC-QLQ-C30, European Organization for Research and Treatme
icosapentaenoic acid; GPx, glutathione peroxidase; IL, interleukin; LBM,
orm; REE, resting energy expenditure; ROS, reactive oxygen species; T
* Data are reported as mean � SD. Significance was calculated by Studen

xcept for IL-6 and TNF-� (Wilcoxon signed rank test). Results were con
● Progression-free survival at the end of the study; i
● Performance status (PS) according to the Eastern Co-
operative Oncology Group (ECOG) PS scale [24];

● Appetite by visual analog scale (VAS);
● Grip strength by dynamometer;
● Blood levels of ROS (FORT test, Callegari SpA, Italy)

and antioxidant enzyme glutathione peroxidase by
photometer (Randox, Crumlin, UK);

● Quality of life assessed by the EORTC-QLQ-C30,
EuroQol (EQ-5D)index, and EQ-5DVAS.

The methods have been reported in detail in our previous
eports [15,16].

tatistical design

Hypothesizing a difference between arms of 20% and con-
idering an � type error of 0.05 and a � type error of 0.20, 95
atients had to be enrolled for each arm. Analysis was per-
ormed on an intention-to-treat basis. The most effective arm
or the primary endpoint variables were assessed by one-way
nalysis of variance for repeated measures (or the Kruskal-
allis test for non-parametric variables). In addition, the arms
ere compared for the mean change (of primary endpoints) by
test for changes. Moreover, the benefit obtained for primary
nd secondary endpoints in each arm (changes between base-
ine and after-treatment values) was assessed using paired
tudent’s t test or Wilcoxon signed-rank test when appropriate.
ignificance was determined at the 5% level. Progression-free
urvival was evaluated starting from the date of randomization

, laboratory, and quality-of-life variables*

Arm 2. Oral enteral nutrition with EPA (n � 25)

P Baseline After treatment P

0.29 52.7 � 9.1 52 � 9.4 0.39
0.62 41.4 � 6.1 40.5 � 6.8 0.25
0.003 5.7 � 2.6 5.2 � 2.3 0.46
0.14 4.3 � 1.0 4.3 � 0.9 0.64
0.52 24.8 � 10.2 23.2 � 8.1 0.14
0.19 1150 � 248 1315 � 357 0.053

0.85 64 � 45.8 64.2 � 59 0.94
0.65 8 � 10.1 15.6 � 21.6 0.28
0.26 347 � 144 380 � 114 0.57
0.496 5568 � 3298 6060 � 2862 0.47

0.14 67.7 � 16.8 61.8 � 18.4 0.29
0.67 0.59 � 0.33 0.33 � 0.35 0.02
0.03 54.3 � 18.3 55 � 18.6 0.79
0.17 17.3 � 18.7 27.4 � 18.6 0.051

ancer Quality of Life Questionnaire C30; EQ-5D, Euro QL-5D; EPA,
ody mass; MFSI-SF, Multidimensional Fatigue Symptom Inventory–Short
mor necrosis factor; VAS, visual analog scale
st for paired data (baseline versus post-treatment values) for each variable,
d significant if P values were �0.05.
tional

21)

ent

5

nt of C
lean b
NF, tu
t’s t te
n the study using the Kaplan-Meier method.



R

e
3
t
h
a
M
p
w
a
a
c
o
t
w
d
a

t
p
t
e
m
w
S

R
t
e

i
d
f

v

a
u

T
(

A

B

1

6

309G. Mantovani et al. / Nutrition 24 (2008) 305–313
esults

From April 2005 to January 2007, 125 patients were
valuable (male/female ratio 74/51, mean age 61.9 y, range
5–80). Fourteen of 149 enrolled patients (9%) died during
reatment, and 10 patients were not evaluable because they
ad not completed the treatment at the time of the interim
nalysis. Patient clinical characteristics are listed in Table 1.
ost patients had stage IV disease. Approximately 83% of

atients had �5% weight loss (20% were clearly under-
eight), and 17% of patients were enrolled on the basis of

bnormal values of proinflammatory cytokines, ROS, and
ntioxidant enzymes predictive of the onset of clinical ca-
hexia. At baseline 50.4% of patients had an ECOG PS score
f 0–1 and 49.6% had an ECOG PS score of 2–3. In general,
he five treatment arms were comparable for all variables (age,
eight, body mass index, stage of disease, ECOG PS). The
istribution of different cancer sites and disease stages (almost
ll stage IV) was well balanced over the five study arms.

Compliance to treatment was good. In general, pa-
ients had to record daily the assumption and quantity of
rescribed treatment. For some treatments, such as nutri-
ional support containing EPA, a patient had to return the
mpty packages to the investigator. The actual daily
ean consumption of EPA-containing nutritional support
as 1.5 � 0.53 cartons/d for ProSure and Resource
upport and 2.3 � 0.46 cartons/d for Forticare.

In detail, eight, eight, and nine patients received ProSure,
esource Support, and Forticare, respectively. Provided

hat we considered the three nutritional supplements

able 2
continued)

rm 3. L-Carnitine (n � 24) Arm 4. Thalidomide

aseline After treatment P Baseline A

59.2 � 11.6 59.9 � 11.8 0.79 58.2 � 13.6 5
45.7 � 7.7 46.4 � 8.4 0.57 43.7 � 8.2 4

5.8 � 3.0 6.4 � 2.4 0.44 5.1 � 2.3
3.93 � 1.1 3.99 � 1.3 0.28 4.1 � 0.8
24.6 � 8.7 26.6 � 8.1 0.09 25.7 � 6.8 2
226 � 273 1016 � 90 0.07 1000 � 250 1

37.8 � 29.3 25.7 � 25.3 0.29 43.4 � 37.9 2
26.2 � 22 22.7 � 37.9 0.91 11.9 � 7.7 2
451 � 165 339 � 142 0.52 505 � 99
823 � 3766 5603 � 3215 0.56 5371 � 2087 6

67.6 � 11.7 72.7 � 11.0 0.36 60.6 � 9.6 6
0.59 � 0.3 0.57 � 0.4 0.76 0.5 � 0.2
62.5 � 16.5 62.4 � 15.2 0.94 46.4 � 19.5 5
15.5 � 14.3 7.9 � 14.9 0.04 24.8 � 14.6 2
quivalent in terms of effectiveness, the choice to admin-
ster one nutritional supplement rather than another was
etermined by what was made available by the producers
ree of charge.

The comparison between baseline and post-treatment
alues showed the following results (Table 2):

Significant increases in appetite (P � 0.003) and
EQ-5DVAS score (P � 0.03) and an improvement
in ECOG PS score (P � 0.03) in arm 1

Significant increases in MFSI-SF score (P � 0.05) and
REE (P � 0.05), a decrease in EQ-5Dindex score
(P � 0.02), and an improvement in ECOG PS score
(P � 0.004) in arm 2

Significant improvements in MFSI-SF score (P �
0.039) and ECOG PS score (P � 0.0003) in arm 3

Significant increases in LBM (P � 0.043) and
EORTC-QLQ-C30 score (P � 0.011), a decrease
in serum IL-6 levels (P � 0.033), and an improve-
ment of ECOG PS score (P � 0.03) in arm 4

Significant increases in total body weight (P � 0.033)
and appetite (P � 0.004) and improvements in
MFSI-SF score (P � 0.015), REE (P � 0.022),
and ECOG PS score (P � 0.041) in arm 5

Analysis of variance comparing the different treatment
rms (for changes between baseline and post-treatment val-
es) showed (Table 3):

A significant improvement of REE score in favor of
arm 5 versus arm 2

A significant improvement of MFSI-SF score in favor

20) Arm 5. Combination of all (n � 20)

eatment P Baseline After treatment P

13.2 0.51 54.6 � 8.9 56 � 8.2 0.03
7.7 0.04 44 � 8.0 45.1 � 8.6 0.135
2.4 0.44 5.2 � 2.7 6.7 � 1.8 0.004
0.9 0.73 4 � 1.3 4.2 � 1.1 0.141
7.2 0.58 25.9 � 12.1 25.9 � 10.3 0.98
247 0.77 1343 � 464 1264 � 383 0.022

19.3 0.03 36.1 � 19.1 22.6 � 23.1 0.29
41.1 0.39 29.8 � 37.2 37.8 � 38.4 0.59
150 0.39 483 � 153 425 � 125 0.66
4253 0.96 5806 � 2217 7415 � 2494 0.23

10.7 0.01 53.4 � 17.2 58.7 � 13.6 0.117
0.3 0.11 0.33 � 0.3 0.4 � 0.3 0.217
15 0.09 52.3 � 16.6 57 � 19.8 0.25
8.5 0.39 28.3 � 18.4 19.3 � 17.6 0.015
(n �

fter tr

7.9 �
4.7 �
5.4 �
4.0 �
5.3 �
090 �

6.2 �
6.7 �
451 �
151 �

8.4 �
0.6 �
3.6 �
1.1 �
of arms 1, 3, and 5 versus arm 2
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A significant increase in EQ-5Dindex score in favor of
arms 1, 4, and 5 versus arm 2

A significant inferiority of arm 2 versus arms 3, 4, and
5 for the primary endpoints LBM, REE, and
MFSI-SF was observed on the basis of t test for
changes. Consequently, arm 2 will be withdrawn
from the study.

The average times to death in the different arms were 5.3 �
mo for arm 1 (range 4–9), 8.2 � 6.8 mo for arm 2 (range
–24), 8.0 � 5.7 mo for arm 3 (range 4–27), 7.5 � 2.4 mo

or arm 4 (range 4–10�, i.e., one patient was still alive 10
o after enrollment), and 8.6 � 5.4 mo for arm 5 (range
–18).

iscussion

The CACS and OS are two of the most important fea-
ures of advanced cancer and are clinically relevant for their
mpact on patient QL, outcome, and survival. Moreover,
ACS, mainly through the loss of LBM, worsens QL by
egatively affecting patient physical activity. The predom-
nant features of CACS, i.e., progressive loss of muscle
ass and function, have been shown to be only minimally

ffected by the nutritional or pharmacologic tools currently
vailable.

Unfortunately, although much progress has been made in
he understanding of the pathophysiologic mechanisms
eading to CACS/OS, the development of early and effec-
ive interventions aimed at preventing and/or reversing the
etabolic changes ultimately leading to muscle wasting is

ar from being attained [25]. Therefore, the search for a
otentially effective treatment of CACS/OS must be consid-
red critical among the as yet unavailable oncologic treatments
ith high impact. Thus far, attempts at CACS/OS therapy with
variety of interventions have had limited success. Con-

ersely, a combination of dietary, nutritional, and pharma-
ologic approaches to normalize the metabolic environment
ay have the potential to reverse CACS and improve the

able 3
omparison between arms for the primary endpoint variables by analysis

Arm 1 Arm 2 Arm

BM (kg) �0.425 � 3.726 �0.912 � 3.901 0
EE (kcal) �54.80 � 79.86 135.43 � 149.62 �1

L-6 (pg/mL) 5.17 � 19.75 �6.1 � 62.1 �1
NF-� (pg/mL) 6.856 � 31.67 18.9 � 55.1 �
FSI-SF (score) �2.444 � 7.205 10.400 � 17.020 �7

IL, interleukin; LBM, lean body mass; MFSI-SF, Multidimensional Fa
umor necrosis factor

* Data are presented as mean difference � SD. The most effective arm fo
esults were considered significant if P values were �0.05. Between-arm
† For REE, arm 5 is significantly different from arm 2 (confidence inte
‡ For MFSI-SF, arm 1 is significantly different from arm 2 (confidence in

nd arm 2 from arm 5 (confidence interval 6.391–32.276).
ssociated symptoms that affect QL [26]. p
According to this rationale, we previously demonstrated
n a phase II study [16] the efficacy of an integrated treat-
ent against CACS/OS. In that study we demonstrated that

he body weight increase (1.9 kg) was almost completely
ustained by a parallel increase in LBM (1.7 kg) that was
ndependently correlated to a decrease in IL-6, thus
trengthening the role of proinflammatory cytokines in the
athophysiology of CACS/OS. QL, particularly fatigue
ymptoms, improved significantly after treatment.

The positive results achieved thus far warranted us to
tart a randomized phase III study with the aim of compar-
ng the different single agents for CACS/OS versus their
ombination and to test which was the most effective in
mproving the identified primary endpoints.

The different single agents were selected on the basis of
he following rationale. The antioxidant agents were shown
o be effective in our previous studies [27–32]. The poly-
henols, in particular quercetin, were included for their high
ctivity as antioxidants [33]. Synthetic progestogens, MA/
PA, are currently the only approved drugs for CACS in

urope. Their mechanism of action has not been as yet fully
nderstood and may be partly related to glucocorticoid
ctivity and an ability to downregulate the synthesis and
elease of proinflammatory cytokines by peripheral blood
ononuclear cells [34] and to increase food intake by neu-

opeptide Y release [35]. Several randomized studies in
ixed groups of weight-losing patients with cancer have

uggested that MA/MPA improves appetite and stabilizes
eight to an extent greater than placebo [36–40]. The �-3
olyunsaturated fatty acids (EPA and docosahexaenoic
cid) have been shown to inhibit the production of proin-
ammatory cytokines and thereby to act positively on can-
er cachexia. In experimental tumor models EPA has dem-
nstrated antitumor and anticachectic effects. Studies on
eight-losing patients with pancreatic cancer receiving
PA have shown suppression of IL-6 production by periph-
ral blood mononuclear cells [41–43]. Barber et al. [44]
emonstrated that an EPA-enriched supplement added to
he diet may reverse cachexia in patients with advanced

iance*

Arm 4 Arm 5 P

2.732 0.953 � 1.913 1.080 � 3.094 0.1857
131.87 90 � 465.08 �178.83 � 132.84 0.0412†

39.19 �18.75 � 21.86 �11.3 � 29.98 0.8316
74.5 196.7 � 435.3 �116 � 314.6 0.1921
13.071 �3.667 � 12.329 �8.933 � 12.418 0.0007‡

ymptom Inventory–Short Form; REE, resting energy expenditure; TNF,

rimary endpoint variables were assessed by one-way analysis of variance.
sis was assessed by Tukey’s post hoc test.
00–627.52).
�25.236 to 0.453), arm 2 from arm 3 (confidence interval 4.962–30.073),
of var

3

.363 �
39.5 �
2.58 �
8.1 �

.118 �

tigue S

r the p
analy

rval 1.
terval
ancreatic cancer. A double-blinded randomized study [45]
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n 200 patients with pancreatic cancer demonstrated a sig-
ificant positive correlation between the assumption of the
utritional supplement and the increase of weight and LBM,
rovided that EPA supplementation was �1.5 cartons a day.
arnitine is a cofactor required for transforming the free

ong-chain fatty acids into acyl-carnitine and for their sub-
equent transport into the mitochondrial matrix to produce
cetyl-coenzyme A through the �-oxidation pathway. The
elation between coenzyme A and carnitine is pivotal for cell
nergy metabolism: coenzyme A is required for �-oxidation,
etabolism of several amino acids, pyruvate dehydroge-

ase synthesis, and thus for triggering the tricarboxylic
cid cycle [46,47]. Patients with cancer are especially at
isk for carnitine deficiency; they frequently present with
ecreased caloric intake and numerous antineoplastic drugs
an interfere with the absorption and synthesis of carnitine.
halidomide has multiple immunomodulatory and anti-

nflammatory properties; its inhibitory effect on TNF-� and
L-6 production may be responsible for its anticachectic
ctivity. Thus, thalidomide has been used for treatment of
achexia associated with acquired immunodeficiency syn-
rome, tuberculosis, and cancer.

With regard to the present phase III study, we report the
nterim results on 125 patients enrolled up to now. The
afety data did not show any side effect due to anticachectic
reatment and no patients had to be withdrawn from the
tudy; no toxicity of any grade according to NCI common
erminology criteria was found. As for efficacy, this interim
nalysis showed an improvement of at least one primary
ndpoint in arms 3, 4, and 5, whereas arm 2 showed no
enefit for the primary endpoints LBM, REE, and MFSI-SF.
n detail, arm 3 was effective in inducing an improvement in
atigue symptoms, arm 4 an increase in LBM and a decrease
n IL-6, and arm 5 a decrease in REE and fatigue symptoms.

ith regard to the secondary endpoints, we observed in-
reases in appetite and EQ-5DVAS and a decrease in ECOG
S score in arm 1, a decrease in ECOG PS score in arm 2,
n increase in EORTC-QLQ-C30 and a decrease in ECOG
S score in arm 4, and an increase in total body weight and
ppetite and improvement of ECOG PS score in arm 5.
oreover, analysis of variance showed an improvement in

atigue in favor of arms 1, 3, and 5 versus arm 2 and an
mprovement of REE in favor of arm 5 versus arm 2. On the
asis of this interim analysis, we plan to exclude arm 2 from
uture randomization.

With regard to a possible different effectiveness among
he three nutritional supplements due to their possible dif-
erent compositions in nutrients, calorie contents, and pres-
nce of branched-chain amino acids, we consider the three
upplements absolutely comparable for the purposes of our
tudy.

In our study EPA has demonstrated no benefit on the pri-
ary endpoints of CAS/OS. The results of a recently published

arge multicenter study [48] that compared two different dos-
ges (2 and 4 g) of a novel diester preparation of EPA versus

lacebo in cachectic patients with cancer showed no statisti- d
ally significant improvement in established primary end-
oints, which were very similar to those selected for our study;
owever, it has to be taken into account that the large multi-
enter study compared only the effect of EPA at two different
osages, whereas in our study the EPA was included in an
PA-enriched nutritional supplementation. In conclusion, we
gree with Fearon et al. [48] that the benefit of �-3 fatty acids
y themselves is at best marginal and it may be that future
tudies should concentrate on other agents or combination
egimens. Moreover, a recently published meta-analysis in-
luding randomized controlled trials that assessed oral EPA
ersus placebo or control in patients with advanced cancer and
ACS provided no evidence that EPA improves symptoms
ssociated with CACS [49].

The present study suggests a limited efficacy of 500
g/d of MPA and 320 mg/d of MA (arm 1), which is by far

he most widely prescribed regimen and the only one ap-
roved in Europe for CACS.

To date, �15 randomized controlled studies have dem-
nstrated that MPA/MA significantly improves appetite,
ood intake, body weight, and sometimes nausea and eme-
is, whereas in most trials no definite improvement in global
L was observed [12,25]. The weight gain observed with
rogestogen administration consists mainly of water and fat
ass, but they have virtually no influence on the increase of
BM and therefore on functional activity [50].

Two of our studies [34,51] demonstrated a beneficial
ffect of MA/MPA in patients with CACS and their ability
o downregulate synthesis and release of key cytokines
nvolved in CACS. In the first study [51], we demonstrated
n a population of patients with advanced stage head and
eck cancer who were treated with cisplatin-based neoad-
uvant chemotherapy the ability of MA (320 mg/d) to im-
rove appetite, bodyweight, and the Spitzer QL index and to
nduce a reduction of serum levels of proinflammatory cy-
okines and IL-6 production in vitro. The second study [34]
howed that MPA, at doses that are pharmacologically ac-
ive in vitro (0.1, 0.2, and 0.4 mg/L), was able to signifi-
antly reduce the in vitro production and/or release of cy-
okines IL-1, IL-6, and TNF-� and serotonin in patients
ith advanced stage cancer at different sites.
Moreover, it is to be taken into account that MPA/MA may

ive rise to some important side effects such as thromboem-
olism, hyperglycemia, hypertension, peripheral edema, alo-
ecia, and adrenal insufficiency.

Carnitine may be considered a very intriguing drug; in
he present study it was found to be effective in improving
atigue and performance status. Indeed, in one of our re-
ently published studies L-carnitine administration (6 g/d for
0 d) proved its efficacy by improving fatigue and increas-
ng LBM and appetite in a population of 12 patients with
dvanced cancer [52]. These concurrent positive results
ould seem to suggest that carnitine could become a very

nteresting and novel approach in the treatment of CACS/OS.
Thalidomide induced an improvement of LBM and a
ecrease of IL-6. These findings strengthen those previously
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eported by us in a small sample of cachectic patients with
ancer (an increase of appetite and a decrease of TNF-�)
53]. In the current literature there are two studies that have
ssessed the anabolic effects of thalidomide in gastrointes-
inal cancer cachexia. Gordon et al. [54] recently published

randomized placebo-controlled study that demonstrated
hat treatment with 200 mg/d of thalidomide for 24 wk was
ell tolerated and effective at attenuating loss of body
eight and LBM in patients with cachexia due to advanced
ancreatic cancer [54]. Khan et al. [55] demonstrated a gain
f LBM after a short treatment with thalidomide in cachec-
ic patients with esophageal cancer.

The interim results obtained so far seem to suggest that
he most effective treatment for CACS/OS should be a
ombination regimen including all treatments potentially
onsidered effective. This is in keeping with the general
onsensus that CACS/OS is a multifactorial process and,
ence, the effective approach should be multimodal. Alter-
atively, in the single-agent approach, the most interesting
re carnitine and thalidomide.

Due to the brevity of the present report, which presents
nly interim results, we have not considered methodologic
ssues such as the best way to assess the degree of CACS,
he appropriate characterization measuring all possible con-
ributing factors (a CACS staging system), and the best
ays to assess function and patient well-being.
It is also to be taken into account that the treatment

onsists mainly of diet, relatively low-cost pharmacologic
utritional support, and low-cost drugs. Therefore it may be
onsidered as having a favorable cost–benefit profile while
chieving optimal patient compliance.

The study is still in progress. The ultimate goal should be
f translating the results obtained in patients with advanced
ancer into a prevention trial in a population of patients at
isk of developing CACS/OS.
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