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Abstract

Background. There are no established treatments for cachexia. Recently it has been suggested that the evidence for
non-steroidal anti-inflammatory (NSAID) treatment is sufficient to support its regular clinical use. Primary objective in
this systematic review was to assess efficacy and safety of NSAID treatment in improving body weight and muscle
mass in patients with cancer cachexia. Secondary objectives were to assess whether this treatment could improve other
cachexia domains such as anorexia and food intake, catabolic drive and function. Material and methods. A systematic
literature review of PubMed, EMBASE and Cochrane Central register of controlled trials database was carried out
using both text words and MeSH/EMTREE terms. Results. Thirteen studies were included; all but two trials showed
either improvement or stabilization in weight or lean body mass. Seven studies were without a comparator. Studies are
generally small and a few are methodologically flawed, often due to multiple outcomes with excess risk of false positives.
Conclusion. NSAIDs may improve weight in cancer patients with cachexia, and there is some evidence on effect on
physical performance, self-reported quality of life and inflammatory parameters. Evidence is too frail to recommend
NSAID for cachexia outside clinical trials. This is supported by the known side effects of NSAIDs, even though the
reviewed literature report almost negligible toxicity.

Cancer cachexia is a multifactorial syndrome mass (LBM). The measurement of LBM is advo-

affecting almost 50% of all cancer patients [1]. It is
characterized by skeletal muscle wasting with or
without loss of fat mass [2] and is often associated
with psychological distress, fatigue and deterioration
in physical function.

A new international consensus classifies cachexia
into early cachexia, cachexia and refractory cachexia
where diagnostic criteria include weight loss but more-
over, consider sarcopenia or low body mass index
(BMI) [2]. The consensus states that characterization
of cachectic patients should consider four domains,
namely anorexia and food intake, catabolic drive,
muscle strength and physical/psychosocial function.

In concordance with the cachexia definition most
studies have stabilization or gain of body weight as an
outcome. Body weight is, however, a crude outcome
that constitutes of fat mass, body water and lean body

cated, but there is no agreement on methodology.

At present, there are no established treatments
for cachexia, and clinicians consequently find its
management challenging. Only two drugs are widely
prescribed, namely progestines and corticosteroids
[3]. Unfortunately neither of these drugs has posi-
tive effects on muscle loss, and their side effects do
not make them applicable for long-term use.

The pathogenesis of cancer cachexia is complex
and not fully understood. Inflammation is important
and several pro-inflammatory cytokines are involved,
either as the host’s inflammatory response to the
tumor, or as a result of direct release by tumor
itself [4]. Subsequent systemic inflammation
initiates alterations in metabolism through an IL-6
dependent mechanism, but molecules like IL-18,
IL-2, IL-8, TNF-0, and IFN-y are probably also of
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significance [5]. Inflammation has numerous facili-
tatory effects on development of the cachexia
syndrome. For instance muscle growth may be
suppressed due to up-regulation of Myostatin by
increased levels of TNF-o [4] and anorexia may
be induced through activation of the melanocortin
pathway by cytokines such as IL-1 [6].

Aspirin and related NSAIDs such as ibuprofen
are non-selective blockers of the cyclooxygenase
pathway and inhibit production of prostaglandins
that cause inflammation and pain (COX-2
pathway). These drugs also block formation of
thromboxane A2 (TXAZ2) in platelets and hence pre-
vent platelet aggregation. NSAIDs can increase the
risk of gastrointestinal hemorrhage via blockade
of the COX-1 pathway which provides mucosa-
protective prostaglandins. Based on growing
knowledge that inflammation is a main driver of
cachexia, the number of anti-inflammatory drug
trials in cachexia is increasing. Several authors
claim the evidence for NSAID treatment in cachexia
is now sufficient to be prescribed for regular use
[7-9] or to apply in both treatment and best clinical
practice arms in randomized studies [10]. Alterna-
tively some argue that NSAID use is less docu-
mented in cancer patients than in the general
population, and that side effects are likely to be
increased [11]. As COX-2 often are up-regulated in
cancer and have been associated with carcinogene-
sis, tumor growth and metastasis [12], COX-2
selective drugs, such as celecoxib, have lately been
the drug of choice both in humans and animals
studies. However, the anti-cancer effects of non-
selective NSAIDs should not be forgotten.

Aspirin seems to be an important chemopreven-
tive drug where two recent large scale studies have
provided additional evidence that low dose aspirin
reduces incidence of cancer, death from cancer and
cancer metastasis [13,14].

It is essential to understand the strengths, dis-
crepancies, and limitations in previously published
literature when aiming to proceed with the develop-
ment of treatment regimens or new study protocols.

We therefore conducted a systematic literary
review to assess efficacy, effectiveness and safety of
NSAIDs in the management of cancer cachexia.

Method

Studies with adult patients with cancer cachexia that
evaluated efficacy and/or side effects of NSAID treat-
ment were included. Studies were excluded if the
indication for NSAID treatment was not to treat
cancer cachexia.

Weight loss was the primary outcome (measured
in kilograms or pounds both in LBM, total body
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mass and fat mass). Secondary outcomes were:
anorexia and food intake, muscle strength, catabolic
drive and finally function and psychosocial effect.
In order to gather all relevant literature and obtain
enough information on side effects this review
included randomized controlled trials (RCTs),
quasi-RCT, cohort studies, pre-post study design
and case control studies. Case series with 10 or less
participants, qualitative studies and studies with
intervention lasting less than 14 days were not
included. Only studies published full-text in peer-
review journals were included. No limits regarding
route of drug administration or language was
applied.

The literature search was conducted on PubMed
(includes MEDLINE), Embase (through OvidSP)
and Cochrane Central Register of Controlled
Trials (CENTRAL), over a time frame ranging from
each database set-up date to 4 February 2012.
The search strategy for the Embase database is
reported in Table (Search strategies for PubMed and
Cochrane, available at Supplementary material avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2012.724536).

Appropriately revised strategies were developed
for each database; a hand search of the references
list of selected papers was also performed. All identi-
fied papers were collated into a computer-based
reference management system (EndNote x5) and
screened for duplicate studies. The list of studies
was then separately screened and assessed for inclu-
sion by two authors (TSS and DB) using title
and abstract. Disagreements were resolved by
discussion and reasons for excluding trials were
reported.

Description of study quality and content

The content of each included study was then
analyzed reading full text articles using methodo-
logical indications from the Cochrane Handbook
for Systematic Reviews of Interventions [15], and
summarized according to a standardized form. A
pragmatic quality assessment model based on the
Cochrane guidelines was applied as the review
included non-RCTs.

Results

The literature search retrieved 101 papers (Figure 1).
One study was added after a hand search of
reference lists. Twenty-five papers were selected for
full-text examination after screening of abstracts.
Twelve papers were excluded; six where the
aim was not to treat or include cachectic patients
[16-21], two as intervention only lasted three
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excluded, with reasons
(see text) (n =12)

Figure 1. Flow

and seven days [22,23], three studies where the
patients were reported in prior publications [24-26]
and finally one since =1/3 of the patients received
NSAIDs [8]. There was complete agreement
between the authors on which papers to include.

The present review is thus based on 13 studies.
Six studies investigated NSAIDs with a comparator
and seven without. In three RCTs, NSAIDs were
included in both arms and the between arms effect
could not be assessed, but as the trials had pre-post
analysis they were included as non-comparative
studies [7].

Four studies looked at indomethacin [9,27-29],
seven studies looked at celecoxib [7,30-35] and
two studies looked at ibuprofen [36,37].

Effect of NSAID treatment

Six of 13 studies were comparative trials where one
of the arms included NSAID treatment; five of
these were randomized and one was a retrospective
case control study [29]. Three studies looked at
the NSAID effect alone [27,29,30] and three looked
at combination regimes with Megace acetate (MA)
[37], fish oil [35] and one with the combination of
L-Carnitine, antioxidants and MA [31] (Table I).

Lundholm (1994) [27]. One hundred and thirty-
five patients with mixed advanced cancer without
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diagram.

concomitant cancer treatment were randomized to
three groups: placebo, prednisolone or indometha-
cin. No significant improvement in body weight,
C-reactive protein (CRP), fatigue or handgrip
strength was demonstrated when comparing
placebo against indomethacin during the observa-
tional period that lasted until death. The study
did, however, indicate significantly increase the
Karnofsky score (KPS) (66 =3 vs. 75+ 2; p=0.03)
and survival (250%28 days to 510*28 days;
p<0.05) in indomethacin treated patients. Due to
the impression that both palliation and survival
was improved compared with placebo, the trial was
closed early.

McMillan (1999) [37]. Seventy-three patients with
advanced gastrointestinal cancer and more than
two months expected survival were randomized to
12 weeks treatment with either MA/placebo or MA/
ibuprofen. Mainly due to disease progression, this
trial had large dropout rates. The trial demonstrated
significant weight improvement in patients treated
with ibuprofen (6 weeks: A 2.5 kg; p<<0.01/12 weeks:
A 5.1 kg; p<0.001). There was significant decrease
in numbers of patients with CRP >5 in the ibupro-
fen/MA group (decrease in 8 of 10 patients vs. 0 of
13 in placebo group). Both groups had significant
improvement in appetite (EORTC QLQ-C30) from
baseline (p<<0.05), but there were no differences



9

NSAID treatment in cancer cachexia

(ponunuoy))
‘g dnois
Ia1em £poq ‘8¢/1
ur 9seaIoul usig M 7T 8¢/ M Q
¢ dnoad (c0'0>d 1] dnoin) 8y ¢
¢/1 dnois ¢ ‘syoom 1SBJ[ 18 JO uren)
18108y 1 1 g dnoid 70D (100°0>dm g1
¢ dnois g ur Judwsoxdur usrg  pue 10°0>d mog) DIX2YIVI 10T Auo
/1 dnoid ([eiey)| sdnois sy usamiaq 3 ¢T+mzI sqIuowr g < Q1ed aantoddng
:Sups21q 1D SN (50°0>d) ST + M9 X=6 (Bw 0021) Koueoadxs I20UBd
¢z dnoas M 9 18 sdnoi3 :¢ dnoin) 3y g'¢ 0o=% udjoxdnqg 9Jr]  [BUNSIIUIOIISES
1ySrom ¢/1 dnoas | JudUNEAI YIOq —M LG X=¢ + (8w 08%) VIN ‘¢ (%81 onelseloW
Apoq SIsoquIoIyl ur 7T PuB $21008 —m 9:1 dnoiny X=C 0Qq28[J UBIpAW) SSO[ IO pIadUBAPE 0¢6661
S9N SNOUIA madde ur asearouy ySom UBIpIW X=1 1 +@Bw 08%) VIN 'T  14S1om 9,¢ < A[BOOT  €L=N UB[IAPW
angnejy
‘dd ‘Quruneard
‘urungpe ‘0 ‘SN
(¢0‘0=d (wopun)[g
'sa (oe[d)gg) 21e1 sng
(T00‘0=d “8'81
pue 88T "sA 8°¢7)
¢ dnois ur 1saysiy
mSuans duSpuey
‘1 dnoas
'sA ¢ pue g dnoig (1o00=d
(sfep ¢9 ¥ G0¢ ‘(wopur) 0°¢e
SA 8T F VLT sA (upaid) g'¢e Joud syauowr 9
‘coo>d) 'sa (oeld) §'¢C JUDUWIIBAI] JOoWN]
[ealaIns ugig ¢z dnois 1se[ ‘9[qe[IieAr
(L0°0 >d) paredwoos 1yS1y usis DIV DIXIYID) ALiEYiialENe]
sdnoid [[e [ealains :gN (€00°0=4d) syIuom 9 > Jownl 310 ON
(coo=dTcxcL ((wopun¢-z9 X=¢ (8w 001) [eATAINS 190UBd
puB z ¥ ¢l sa (upaid) . 69 X=% UBYIOWOPU] "¢ paoadxyg [BUIISIUTONISES
1ySrom A€ 99)  sa (e1d)9°F9) € X=¢ (Buw 07) '$SO[ 1ySrom Lqurew
Apoq suoneorduwod  dnoi8 oqaoeld syl ur dnoi3 ur 1oysiy 0=¢ cTI-T uolosIupald ‘g Suroguo €I90UEd pI[OS 127661
ON SNOLIdS ON]  JomoJ uSrs Aysjowrey]  u3ris 1ySom Apog X=1 Aewxorddy 0qa2e[d ' JO SNOIPISU]  PIJdUBAPER PIXIN S¢I =N  wjoypuny
ySrom 109J39 IpIS heliple) ySrom Apog (SdwoonQ (soam) UONUdAIIUT 98e1s BIXAUOBD SONISLIdIORIBYD syuaned I8k
uo UOTIUIAIIIUL Jrqeqoad 1uaned Jo rou ‘royiny
10913 Jo uonein( /BIXdYDBD [e101,
S1INSII UIBIA 107 SUOLIAID)
SISOy SIuAnEeJ

'sarpnis aaneredwo)) T 9[qe],



1. S. Solheim et al.

10

(ponunauoy))

DIXaYIVY) s1sougeIp
3 ¢ 1— 'sa X=c uononIsqo 18 10811
W ON (¢0'0=d) g dnoid 3 01 + 1ySrom X=% [BOIURYOIW ON]  [BUNSIIUIOIISES
1ySrom Ul 31008 [[DVVH J8ueyd uBdIW — X=¢ %G < 10
Apoq SIUDAD JSIIAPE ur 98ueyd uBdW ] WiIe Jo I0ABJ 0=¢ 0QadB[J ‘g SSOf 1ySrom JOoaU pue peay [o¢g]
SOX ON “A101x01 ON] 19183138 UuSIs :1 dnoiny ur sagueyd udig X=1 ¢ (8w (00%) qIX009[@D " [BUONUAIUIU() Yl JO BWOUIBY) [ =N 800¢C e
(20°0>d) sourjaseq
uel ansnej
pue amadde 19119q
udrs :sdnois yog 11em Apoq (8w ¢,) utndse
an3nej “9madde ‘SN ‘NG ‘ssewr pue (YW 30 %02)
(c00'0=d 18y :ur sdnoid uoneluowddns
¢ 12T SA L°92) 3D SU1 UdIMIq pooj [e10 DIXYOVI 210
(zooo=d QOUAIIP ‘SN paardoax sdnois yiog 0I< dD JsBISIP
199139 Q1T 'SA CT'E) (c0'0=d 3y X=¢ (8w 00%) pue = Sd 2415821301
WA ON aprs udts ON qSuans duSpue 1T SA G'T+) X=% qrx099[32 + (3 9) andneq AI 10 qIII
QySom *SUOTIOJJUL 10 :¢ dnoig 17 WIe JO I0ABJY X=¢ 1o ysig ‘¢ BIX2I0UY Jge1s
Apoq sarredonseod JO 10ARJ UI SAZUBYD ur 1y3om Apoq X=C oqaoerd + (8 9) %0T < BUWIOUIOIBOOUIPE [c€]l Lo0T
SOX. 1uopIAd oN  uSIg :sdnoid uoamiog pasoadur usrg X=1 9 1o ysig ' 1 SSO[ IYSIoM SunT ZZ=N  DIRIYIIR)D
[BAIAINS °S1$3) (1000°0>d)
uonouny A1 ‘WG Io0UBd
1d wssijoqeldw aarssardoxd
Sunsaz :SN. ur ssof
JH 1m0 1ySom palorpaxd d[qe[IeAR
aimssaxd pooiq (700070 >d) HTYd pue pleclesul:Rhal
J1j01s4s pue gsq uonBWWERYUI Iownl oN
urunedn PYIIH QYD) uonewwRyUL JIWAISAS heleliich)
uonuUIdI OTUIAISAS UI 9SBAI(J ‘paoudnyuIun DIXoyoV)  [BUNSIIUIOIISBS
WL ON I91BM pRY ‘JeAIAInS JO sem NGT o[ym 0=¢ ‘uorsnour Apureyy
ySrom sjuonied Inoy 1uopuadopur “(¢00'0>d) 0="% 1€ 1ySrom Apoq (A] 28eas)
Apoq ‘Surpasiq 1D ‘(¢00'0>49d) ] wre ur X=¢ S[0IIUOD [BOLIOISIH "¢ ssauqi-a1d EN:EN(
pue udrs Afeoruro YeIul pooJ I_YSIH  paAIdsaid arowr X=1 L% (8w 9%0T1—8 JO ssO[ Jueu3Iew [62] #002
18] SOX pey siuaned oN :1 dnoin 18] ApOq [€10], X=1 A@ewrxorddy (1) UBIAWOPU] *| ‘98e10AB UQ PAzZI[RIdUAD) 96 =N  wWjoypuny
(10°0>4d)
Z dnois
(o 170 +)
'sa [ dnoi8 (uo
(Izo=4 9'0—) *OVA-W
‘€1=1u) T dnoi3 (10°0>dmz1
urjou g (60°0>d 90'0 =d :m9)
‘01 =) ¢ dnoid S€/6 MTT
ur JYD Ul 9sBaI09( ‘8¢/8:m 9 iz dnoin
1ySrom 109]J3 IPIS Reliile) 1yS1om Apog (S_woanQ (sy29m) UONUIAINIUT 93e31s BIXUIBD SONISLIS1OBIBYD siuaned 8K
uo UONUIAIIUL d[qeqoxd usned Jo -ou ‘roypny
100 Jo uonein( /BIXdYOBD 18101,
S1INSII UIB]A 10J SUOLIdNLID)
SISy siuaneJ

“(ponuuoD) *1 S19EL,



11

‘(s191owered "J0Q) pue AV ‘Afsjourey] ‘3:9) 109p3° [eosoydAsd pue uonoun, ‘¢ <(3s91 Yem urwx 9 pue duiS puey ‘§-9) sourwrioyrdd [BOISAYJ ‘p AlIANOR

JOown] pUE SISNIEW UONBWWEYUI §'9) SALIP JI[0qele)) "¢ {(AIeIp pPO0J 9[8dS 11T ‘SYA U0 a1nadde “§-9) ayeiur pooj pue eixaiouy 'z (WG ‘TING 8y 8'9) Anowodoayiue/1ysom ‘[ :$9WodInQ,

*S2am ‘M quedYIUSIS ‘USIs seIsIp d[qels ‘(IS danssaid poo[q (91]01s4s) ‘J(S) fsarads

UAZAX0 2A1OBAI ‘SO fdrnirpuadxd AS1ous Sumnsal ‘G IrT Jo Aren) “JoQ) osuodsal [enied Y J oseasip aaIssaidoid ‘(g Iuroyruis-uou ‘GN 90UdIoJuNOID wie uddn-pru )y - 9181908
[OMSATIN YN ‘Ssel Apoq UBI[ ‘NG T $SNIBIS 0UBWLIONSJ (AYsjourey]) ‘SIS 1.1 1183y YH {[BUnsaIUl 011863 ‘[0 ‘ur101d 9AN0RAI-D) ‘D 9181 JI[0qRIAW [eSeq YN “Xopul ssew Apoq ‘TING

NSAID treatment in cancer cachexia

(cez0=d
T1T<-9'8¢C
A €'CT <-G'FT)
JID pue (Ad 09
‘as 16 A €1
asuodsar SuruIadouod
dnoiS oy uoamiaq
SOOUAIIPIP ‘SN
sdnoi3 usamiaq
10U INq ‘PIsBIIOUL
ugrs aynaddy
T wie 9= “0-INL
‘undag ‘SO -
(tvo'0=d

TT9<-LS ¢ wie a8ueyd (SN

Surpesunod
[eroosoydAsd
pue urreday
Awp 3Y/10 081

'SA €719 <-8'€6)0€D (c00'0=4d) 3y pasroar syuaned [y
-OT0 OIYOd ~ <0 uedw We'T (Bw 0ze) VIN 'C DLxoYorD
(6¥0'0=d‘cce< ured uSis | uire (Bur 0zg) VIN + sqauow 9
—0'2C SA 661 < :QUI[AsBq WOL] [B L2 < [eAIAINS
-¢'97) ondneJ — (zeo'o=d) 3y QUIISA2AX-0qIBD pa1oadxyg 9sBIsIp
(9v0'0=d GO + 0UIIWIP X=¢ pue (8w (009) sqauowr ¢ 111N
CTICT <—LGIT 'sA uBoW | WLIB JO X=% proe orodr eydye] snorsaxd 10 da1ssax8oxd
SULIB U99M19q ZHP01 <—9911) :HAY — Ioaey ur :sdnoid X=¢ SIUBPIXONUE 4 %G < M siowny
1] WIB JO IOARJ S UdIMIdq X=C (Bw 00g) qIX009[30 +  SSO[ 1YJom [B0180[009UAS [1€] 1102
pue J[qQISSoN  ur saSueyd 1UBOYIUSIS WL 20U X=1 91 (8 p) ounrured-J ']  [BUONUAIUIUN a8e1s padueApPY FHI =N OI00B\
%0
Sd> PUe Y SA %0+ WA
‘D S[PAJ] QURY0IAD A8ueyd (SN
Ao1WUILUEB UL JW/8y 9°0— 9sBIsIp
-o01d ur sa8ueyd ING ‘sA d[qernour
1UBOYIUSIS-UON  W/3Y €0 + IINF — JO SISBISEIdW ON
Relesle) 1ySrom Apog (sxoom) UONUIAINU] 98e1s BIXOUOBD SOTISLIDIOBIBYD siuaned 1894
UONUIAIIUL J[qeqoxd 1udne Jo -ou ‘roypny
Jo uoneing /BIX9YOBD [elor,

SINSI UTRA]

J0J SUOLIdIIID)

synsay

syuaned

“(panunuoD) 1 QeI



12 1. S. Solheim et al.

between the groups in four to six weeks. At
12 weeks, quality of life scores (EuroQol-EQ-5D)
were significantly better in the ibuprofen treated
group (p<<0.05) (effect size not reported).

Lundholm (2004) [29]. One hundred and fifty-
one cancer patients treated with indomethacin
were matched with 145 cancer controls without
NSAID treatment in this retrospective case-control
analysis. The study demonstrated that patients
receiving indomethacin had significantly greater
body weight during follow-up (A 5.1 kg; p<0.05),
principally due to more body fat (p<<0.005).
LBM was the same in both groups. Indomethacin
treated patients had significantly higher food intake
(1890 vs. 1679 Kcal), and lower CRP (31 =2 vs.
61 =4 mg/l) and resting energy expenditure (REE)
(22.2+0.2 vs. 23.2 *= 0.2 kcal/kg/day). There were
no differences in survival.

Cercetri  (2007) [35]. Twenty-two patients with
advanced and progressive lung cancer were random-
ized to either fish oil/placebo or fish oil/celecoxib.
Both groups received oral food supplementation.
There was a significant difference between the
groups, in change from baseline, concerning body
weight (A 2.9 kg; p = 0.05), handgrip strength (3.12
vs. 1.16; p=0.002) and CRP (—6.7 vs. —21.3;
p =0.005) in favor of the group receiving celecoxib.
There were no differences in change from fatigue
or appetite between the groups.

Lai (2008) [30]. Eleven patients with head and
neck cancer/gastrointestinal cancer were randomized
to three weeks treatment with either placebo or
celecoxib while awaiting start of anti-cancer treat-
ment. The celecoxib group demonstrated improve-
ment in weight (A 2.3 kg; p=0.05) and Functional
Assessment of Anorexia/Cachexia Therapy score
(FACCT) (p=0.05). There were no significant
differences in KPS, cytokine levels (IL-6, IL-6HS,
IL-1B, IL-2, IL-8, TNF-0, IFN-y) or CRP between
the groups.

Maccio (2011) [31]. One hundred and forty-four
patients with advanced gynecological tumors were
randomized to either the combination of MA,
carnitine, celecoxib and antioxidants or MA alone.
All patients received psychosocial counseling. A
significant (p =0.032) increase in LBM in favor of
the combination regimen was reported (A 4.65 kg;
95% CI+8.8-0.4 kg). The combination arm also
demonstrated significantly improved REE (1166—
>1042 wvs. 1157->1312; p=0.046), Global

Quality of Life (EORTC QLQ C-30:53.8->61.3 vs.
57->61.1; p=0.042) and Fatigue (MFSI-SF
score: 26.3—>19.9 vs. 22.6—>23.5; p = 0.049). Con-
cerning secondary outcomes there were no signifi-
cant improvements in grip strength, appetite or
ECOG PS. With regard to catabolic factors, there
were no significant differences between the groups in
Glasgow Prognostic Score (GPS) (p =0.24) or CRP
(p = 0.056), but a significant improvement in circula-
tory levels of IL-6 (p=0.003), TNF-a (p=0.04),
leptin (p=0.048) and reactive oxygen species
(p=0.037).

The effect sizes for outcomes in trials without
NSAID control are changes from baseline to post-
treatment. The results from these seven trials are
presented in Supplementary Table I to be found
online at http://informahealthcare.com/doi/abs/10.3
109/0284186X.2012.724536.

Summary of findings

Patients included in most trials were heterogeneous,
and reflecting both cancer and cachexia incidence,
most patients had advanced gastrointestinal or lung
cancer. Only two trials included patients with early
cachexia/cachexia, seven with cachexia, and four with
late cachexia.

The numbers of outcomes ranged from two to
22, and there were considerable diversities in the out-
comes reported. For example weight/body composi-
tion was assessed by change in total body weight,
body fat and/or LMB [measured by computed
tomography (CT)-scans, bio impedance or Dual
Energy X-ray (DEXA)]. Other weight outcomes
were rate of loss of body weight, BMI, mid upper
arm circumference and the number who lost or
gained weight. Anorexia was measured by VAS, NRS
or EORTC QLQ-C30. Catabolism was measured
mainly by REE, plasma CRP/cytokine concentra-
tions or cancer disease progression.

Duration of treatment ranged from two to
125 weeks, the most frequent being 16 weeks
[7,31-33].

To summarize the comparative trials, the median
improvement in body weight for patients on NSAIDs
were in one trial 2.5 kg at six weeks and 5.1 kg at
12 weeks [37], another study showed a difference of
2.9 kg at six weeks [35], the third a difference of
2.3 kg at three weeks [30]. A fourth study followed
the patients to death, approximately 4-72 weeks,
and described a mean weight difference between the
patients of 5.1 kg, mainly explained by body fat,
and no significant difference in LBM. Finally one
study did not investigate the effect on total body
weight, but reported a mean difference in LBM after
16 weeks of 4.65 kg [31]. One study did not present



an improvement in body weight after NSAID
use [27]. All studies reported improvements in
several other cachexia domains, but there were
also outcomes that were statistically or clinically
non-significant.

In the studies where it was necessary to address
pre-post analysis all but one showed either improve-
ments or stabilizations an in body weight or LBM.
For other cachexia domains there was most evidence
for an effect on physical performance status, Global
Quality of Life (QoL) and inflammation.

Side effects

Nine trials reported negligible or no specified side
effects of NSAIDs. One trial including 74 patients
with advanced cachexia reported one (fatal) gastro-
intestinal bleed in group 1 (MA) vs. two non-
fatal bleedings in group 2 (MA + ibuprofen) [37].
Furthermore, there was one patient in group 1 and
two patients in group 2 who experienced a venous
thrombosis, a well-recognized side effect of MA
and probably not related to NSAID use in this trial
The same study reported a significant increase in
water retention in the MA/ibuprofen group and
ascites was present in two patients in group 1 vs.
three in group 2. Another trial reported grade 1 or
2 epigastric pain in one of 24 patients [33]. One
other study reported water retention (in four of
151 patients). The same study also described
significant elevation of creatinine and systolic blood
pressure in the group that used indomethacin [29].
Four other trials reported no water retention; the
rest of the studies did not address this specifically.

Qualiry of evidence

The quality of the included studies is summarized
in Supplementary Table II to be found online at
http://informahealthcare.com/doi/abs/10.3109/0284
186X.2012.724536. Many studies were carried out
on a small number of patients. Six trials had a NSAID
comparator, the rest did not. Some studies had sig-
nificant sample attrition, and a few did not clearly
report the number of dropouts or side effects. The
outcomes in the different studies were often numerous,
but only a few trials took steps to mitigate the mul-
tiplicity issues. Studies often performed intention-to-
treat analyses and no trials were industry sponsored.
Only one study closed early for benefit [28].

A meta-analysis was inappropriate: half of
the studies were without controls, three different
NSAIDs were administrated with different dosages,
there were various follow-up periods and a mixture
of outcomes.
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Discussion

This systematic literature review identified 13 trials
that reported outcomes of NSAID treatment in
cancer cachexia patients. Taken together, these pro-
vide evidence that NSAIDs have an effect since
most trials demonstrate improvements in both
weight/LBM (from 2.5 kg after six weeks and 5.1 kg
after 12 weeks) and other cachexia domains such
as global quality of life or functional level.

Chinical significant outcomes

All 13 studies report significant changes in one or
more of the proposed domains. It is important to
acknowledge that several indicators can describe
these domains, and that gold standard indices have
yet to be established. Moreover, it may be premature
to conclude whether improvements achieved are
clinically significant. For some items such as the
EORTC QLQ-C30 there are agreements on changes
necessary to establish clinical benefit [38]. Con-
versely, several studies have used a 2 kg difference in
body weight as a clinically important effect size, but
the rationale for this threshold is not stated. There is
also little evidence on the clinical benefits of gaining
LBM in cancer patients, or how much LBM you
need to gain in order to obtain such benefits. Con-
sidering physical performance, the clinical signifi-
cance of most tests is predominantly unresolved in
heterogeneous cancer patients. For instance, an
increase of 50 m in a 6 minutes’ walk test has
demonstrated associated with a 13% reduction of
mortality in metastatic non-small cell lung cancer,
but the test is not an independent prognostic factor
for recurrent malignant glioma [39]. Likewise is
it not known what a reduction in inflammatory
indices like IL-6 and CRP imply, or how much they
should be reduced by in order to achieve a clinically
significant goal. However, it is likely that parallel
and consistent changes in the four cachexia domains
are of importance.

Side effects

NSAIDs are frequently used in the general popula-
tion, and may increase further due to an aging
population that use NSAIDs for musculoskeletal
pains or prevention of cardiovascular disease. Dif-
ferent NSAIDs have been on the market for many
years. In fact as the first NSAID, salicylic acid,
was chemically synthesized as early as 1860, side
effects that accompanying this class of drug are well
established. However, risks of adverse events may
not be extrapolated readily to patients with cancer
cachexia. The most significant side effects are gas-
trointestinal ulcers/hemorrhage and cardiac events.
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The risk of these complications varies and is often
relatively small, but cannot be neglected [40]. In
the present review a total of 1128 patients were
included in the different trials, 784 of these patients
were treated with NSAIDs over a time frame rang-
ing from four to 120 weeks. Most studies reported
that side effects were negligible or comparable with
the placebo group. Patients with cardiac disease
were excluded from the majority of trials investigat-
ing selective COX-2 inhibitors.The inhibition of
prostacyclin synthesis can induce fluid retention,
and result in a weight gain of 0.5-1.0 kg [41]. Two
reviewed trials reported an increase in total body
water, and concluded that some of the increase in
body weight is due to water retention. On the
other hand, another four trials specifically pointed
out that the patients experienced no increase in
total body water. In addition, for the 10 trials
that assessed LBM seven reported improvements
in the outcome (two of the seven reported however
only a trend towards increased LBM) [30,34] and
one in body fat. Accordingly, it is not likely that the
observed gain or stabilization of weight in the
reviewed studies is attributed to an increase in body
water alone.

Limatations of the review

Even though the overall results imply a significant
effect of NSAID on cachexia outcomes, the present
literature has several limitations. Many studies are
small but explore a large number of outcomes
without adequate statistical adjustment of significant
levels, thus risking of both false negative and false
positive findings.

Seven studies were without comparator. Some
of these studies included only cachectic patients
where no cancer treatment was available and further
decline in weight and function seems inevitable.
Improvement or stabilization from baseline can con-
sequently signify a treatment effect. In trials where
patients received chemotherapy and some had stable
disease or even a partial response, it is more difficult
to estimate what the outcomes would have been
without the NSAID intervention. The results from
trials without comparator must be interpreted with
caution (as with small RCTs).

An international consensus has concluded that
cachexia is a trajectory from early to late cachexia,
but which variables to apply when classifying the
patients into the different cachexia stages is not
established [2]. The staging in Table I and Supple-
mentary Table I (Supplementary Table I to be found
online at http://informahealthcare.com/doi/abs/10.
3109/0284186X.2012.724536) is consequently only
tentative, cachexia patients may require different

treatment strategies according to where they are in
the cachexia trajectory. In early cachexia one would
try to prevent further weight loss, in cachexia the goal
is to improve or stabilize weight, while the focus in
refractory cachexia is to alleviate distressing symp-
toms as it is probably impossible to regain muscle
mass [2]. In the 13 publications reviewed, there are
no obvious consistent differences in effect sizes
observed at different cachexia stages.

In addition to patient selection and timing,
duration of the intervention is important. If patients
are treated for a long time, the effects of a non-
curable and progressive cancer might eventually
overshadow both effects and side effects of the study
drug. Conversely, if the patient is treated for only
a few weeks the gaining of a detectable amount of
muscle mass seems unlikely. The duration of treat-
ment in the studies in this review vary from three to
125 weeks, which makes comparing the NSAID
effect difficult.

The diversity of patients included, differences
in NSAID regimens, and variable treatment dura-
tions limit across-study comparisons and make it
challenging to reach conclusions on the effect and
effect size of NSAIDs in cachexia. In addition there
is a lack of robust clinically important outcome
variables. As a consequence, most secondary out-
comes of the trials are presented in Table I and
Supplementary Table I (Supplementary Table I to be
found online at http:/informahealthcare.com/doi/
abs/10.3109/0284186X.2012.724536) and are not
discussed further.

NSAID use in the cancer population

As NSAID is commonly used in a general popula-
tion up to 20% of cancer patients are already on
NSAID treatment at the time of diagnosis. Inter-
action on tumor growth and chemotherapy thus
needs very careful consideration. Clearly the best way
to control cachexia is to control cancer progression.
In animals several different NSAIDs have
demonstrated impressing effect on tumor growth
[42—-44]. For humans there are, however, only con-
flicting data both for increased risk of cancer [45],
prevention of cancer [46] and the effect of concom-
itant NSAID treatment with chemotherapy [16,47].
One study on advanced lung cancer patients was
excluded from this review as the indication was
not to treat cancer cachexia [1]. This trial random-
ized between chemotherapy with or without the
COX-2 inhibitor rofecoxib [16]. The NSAID group
had significantly better response rate, global QoL,
physical function, fatigue and significantly less
weight loss. In addition the response rate (41% vs.
26%), but not survival improved. As rofecoxib was



removed from the market due to safety consider-
ations, the NSAID arm was closed early. This study
also demonstrated a trend towards increased severe
cardiac ischemia in the rofecoxib arm (p =0.06). In
contrast, another trial with advanced lung cancer
only showed a non-significant improvement in pro-
gression free survival in patients with low COX-2
expression and no effect on QoL with the combina-
tion of high dose celecoxib and chemotherapy [47].
Weight was not assessed. No significant difference
of cardiac events during or after chemotherapy
(p =0.50) was reported.

Due to the conflicting evidence and relatively
low rate of side effects it seems prudent not to
discontinue NSAID use in cancer patients as a gen-
eral rule, but only to do so when there is increased
risk of side effects such as in patients with cardiovas-
cular events (COX-2) or gastrointestinal bleeding.

Future studies

Despite the overall positive findings in the reviewed
literature, there is a need for further trials on
NSAIDs as several studies are small and uncon-
trolled. Due to many dropouts in studies including
patients with short expected survival and the unlike-
lihood of clinical meaningful effects in patients with
refractory cachexia, future trials should probably
aim to include patients with early cachexia or
cachexia syndrome.

It would be useful to study several animal mod-
els to guide the choice of NSAID in future cachexia
trials and to better understand cachexia pathophys-
iology. The importance of COX-2 should be consid-
ered as COX-1 inhibitors may be less effective in
treating cachexia [48]. In one study indomethacin
appeared to reduce weight loss and this was accom-
panied by a decrease in plasma prostaglandin E2
[42]. Other studies have however shown almost
equal effects of indomethacin and celecoxib [48,49]
despite their different COX selectiveness. Such find-
ings might suggest a non-prostaglandin effect is also
of importance. The lack of an ideal rodent model for
cachexia [50] is roadblock that often leads to results
that prove difficult to reproduce in human studies.

The current review does not provide a strong
NSAID recommendation, as no obvious differences
in effects and side effects are identified. The between-
patient variations in effect and side effects are often
greater than the variations between different NSAIDs
[51], and in addition on must assume some class
effect on cachexia. So far, three NSAIDs have been
studied in humans with cachexia; indomethacin,
celecoxib and ibuprofen. Indomethacin is no longer
is available in several countries and is sometimes
considered unsuitable due to CNS side effects.
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Celecoxib could be argued to be the drug of
choice due to mechanisms and best documentation.
Most cachexia trials with celecoxib do nevertheless
exclude patients with prior cardiac events, which
might be prudent as there are interactions between
history of atherosclerotic heart disease [52] and the
development of cardiovascular adverse events on
COX-2 inhibitors. One published protocol does
not have this contraindication, which could be
advocated in view of a low frequency of side
effects [10]. On the other hand, among clinicians
ibuprofen is often considered the safest NSAID,
but it will have increased side effects at higher
doses, including also cardiac events [53]. Unfortu-
nately, the use of ibuprofen may be limited due to
considerations of risk of gastrointestinal bleeding in
frail patients as will celecoxib (if all with cardiovas-
cular disease are excluded). The choice of NSAID
is accordingly still debatable.

Due to only limited success with unimodal
strategies and the concept of matching the complex
pathophysiology of cachexia to complex therapeutic
strategies, several cachexia trials are now based on
a multimodal approach. Examples of multimodal
treatments include combinations of drugs or the
addition of exercise training, nutrition and/or
psychosocial counseling.

Further trials with NSAIDs for the treatment of
cachexia are recommended as these drugs have
low costs and seem promising with regard to efficacy
and side effects; however, NSAIDs probably do
not have the potential to be of great clinical signifi-
cance as single agents. Future studies should include
multimodal treatment, have a randomized design
and have a sufficient sample size.

Conclusion

Based on the present systematic literature review
there is evidence that NSAIDs can improve weight
in cancer patients with cachexia. There is also
some evidence that NSAIDs may improve perfor-
mance status, self-reported QoL, and inflammation.
Studies are generally small and a few are method-
ologically flawed, often due to multiple outcomes
with excess risk of false positives. The evidence is
still insufficient to recommend NSAIDs with the
intention of treating cachexia outside clinical trials.
This conclusion is further supported based on the
known side effects of NSAIDs, even though the
present literature reports almost negligible toxicity.
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