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Abstract

Objedives

This study ans to highlight the benefits of Beesian mixed treament comparison (MC),
within a case stud of the eficacy of thee treatments (pegfil grastim, filgrastim and
lenagrastim) for the prevention of febe reuropenia (N) following chenotheragy.

Methods

Two published meta-analyss have asseedthe relaive efficacy of the thieetreatmens basd
on headto-head trials. In the present study]l ahe trials from these metaalyses were
synthesigd within a single netwk in a Bayesian MT. Following a sysematic review, the
evidene ba® was then updéed to incluce further recently-publishedtrials. The meta-
analygsand MTCwerere-analy®d using the updatd eviderce ba®.

Resuts

Using data from thepreviously-publidhed meta-analyss only, the relate risk of FN for

pedfilgrastim vs. no teatmentwas esimated at 0.08 (95% cafidenceinterval: 0.03, 0.18)
from the headto-head trial and 0.27 (95%credble interval: 0.12, 0.60) from the MTC,

reflecting stronginconsistency b&teen theresults of the diret andindirect methodabgies

When subsquently-published headto-head trials were included, the meta-analysis iesate
increaedto 0.29 (95% cofidenceinterval: 0.15, 0.55), wihe the MTC gave a relae risk of

0.34 (95% credble interval: 0.23, 0.5% The initial MTC results were therefore a leter

predictor of subsquent study results thawas the drect trial. The MTC was also alde to

esimate the prodbility that there were clinicdly significant difererce in efficacy betveen
the reatments.

Conclusios

Bayesian MT provides clinicaly relevam information, includng a measre of the
consistency bdirect and indrect evidence. Whereinconsistency exists, it sbld not alvays
be assumedthat the drecteviderceis mae appopriate.



Introduction

Thereis oftena reedto synthesiseevidencefrom multiple studeswhenevaluaing medica
interventions from almical or health plicy peispedive. Meta-analysissan esablished
statistical method for thisynthess when the evidece consiss of sevelal headto-head
comparisons of twereaments. Haovever, thereareoften more thantwo treatmens that could
be ugdin a given siiaion. Evenwhen aheadto-headchorceis beng made,the two
interventions may have been goanedwith further teatmens as vell as, or ingtadof, each
other. Theability of stardard meta-analysi to synthesse evidene on mae than two
treatments isimited.

The esimation of therelative dfedivenes of two treatmens for which no readto-head
evidence $ available $ known asanindirect comparison. Bayesian methods prowade
cokerent framework for indirect conparisons, dudo their expicit representation ©
pamameer urcettainty. Wherethereareheadto-headcomparisons imddition to the drect
evidence, thenthe methodanbe extededto synthedgse oth directandindirectevidence
and producenestmate of éfedivenes that dravs on the completeviderce base(1). This
isknown as amixedtreament corparison (MTC).

The benefit of indiect comparisonssiclearwhereno readto-headtrials exist. Hovever,the
value of gang beyond the dectevidercewith a mked treatment comparison is m®
controwersial. It is our experiene that clinicians and decision-akers areftenscegical of
the value oindirecteviderce when diectevidence s availabk. This s reflededin the
current methals guide for echhology appraisalssuedby the National Institute forHedth
and Clinical Excellace,which staesthat ‘the Institute las aprefrerce for data from bad
to-headRCTSs (2).

Ourview isthat the yntheds of direct andindirect eviderce hasthe potential to prode
useful inbrmation alongside theeladto-headcomparison. To illustte this potentialas well
as eemonstrateddtional benefits from the Bagan indirect conparison methodologwve
cariedout a gnthess of theevidercearoundgrarulocyte colony-stimulahg fadors (G
CSF9 for prevention of febke reuropena (AN) during chenothergpy. ThreeG-CSFsare
currently in use: filgrastim, pegfigrasim, and lengrastim. Theevidence synthess aimedto
inform economic modelling of the most cosffedive of thesereamens for prevention d
FN.

Methods

In orderto populate theeconomic mode with efficacy evidence, we caried out a sysematic
review of the literaure. Two sysematic reviews and meta-analyse$ G-CSFsin relation to
redwcing FN eventswere identified. Kuderer et al3) amalysed studies 6 primary G-CSF
prophylaxis (pegfilgrasim, filgrastim or lengrastim) versus no pmary prophylaxis, whils
Pinto @ al4) analygd studes of prophylaxis with pegfigrastim versus filgrastim. We
asaumed that these wo sygematic revieve ammprehensiviy identfied the relevant Eraure
for the period coweredby their ®ach stategy. No headto-head studes had been identiied
by the publisled sygematic reviews compering lenagrastim with theother two G-CSFs and
only one leadto-headtrial had been éund o pedil grastim vs. no pmary G-CSF(5). The
magnitude of the edict recrdedin this trial appearedinconsistent with exgdations given



theresults from meta-analys®f pegfilgrastim vs. fijrastim and figrastim vs. no pmary G-
CSF. In orderto quantfy the extent of thispparent inconsistency, and to provide inect
esimates of the efficacy of lenayrastim relative to the olr two G-CSFs we caried out an
MTC of theeviderce baseasidentified by Kudeer and fto.

In addition to the syematic reviews, our earchof the literaure identified three further
studies of pefjlgrastim vs. no pmary G-CSF(5-8) tlat had been publised subgqlently
(incorporaing four comparisons, 1ste one d the studes assessd two populationy This
provided an additional saurce of evidenceto test whetkr the drect evidencealore, or the
synthesis of evidete provided by the MTC, proved a mae accurae prediction of theresults
of future headto-headtrials. To @&sss this,we caried out a coventiond random-&eds
meta-analysis fothe complete diret evidence las (including the additional studies) for th
comparison of pdggrastim vs. no pmary G-CSF. We alsoaried out anotler MTC on tte
entre evidence ba®, to asess theimpactof theadditional evidence.

In our view, one of the benestof Bayesan methods in edience synthesis § the ability to
characerise unertainty aroundpammetrsin temrms of a poserior density function. Tl
allows for statemesstto be made about the orinationpresent in an edience base tat go
beyond whetlr a ndl hypothess @an be regdedatanarhtrary level of signifcance, to give
insteadresults that are easier to interpretdinicadly. A commonly presemtd example $the
credible interval, ddinedso that thereis a5% chawe (for a 95%credble interval) that the
truevalue lesoutside theange. Conventional cofiderceintervals areoftenwrongy
interpréedthis way, illustating thegreder intuitive appeal of theredible interval (9).

In fad, the postrior density can be eslto cdculate the prohbility that the tuevaluelies
within any givenrange. If therange B definedaslessthan o, and the outcome measuse i
undesrable, this gives the probability tht thetreatment § superiorto the control (avoidig
the reedto spedfy anarhtrary significarce level). Forequivalerce comparisons, eange
could be identiedto represent ¢inica equivalene. Foreachof the pair-wise comparisen
generaedby the MTC, we calculaed a 95%credble interval, the probability tht treatmernt
onewassuperiorto treatment two, and the prability that the twotreatmens were
equivalent. We dénedeaquivalency for the akeof this cae studyas arelative risk of 1+/-
0.1.

MT Cs werecariied out usng the Bayesian modelling sefare WinBugs.(10). All posterior
distributions wereesimated usng we&kly informative prior digributions; ganma
(0.001,0.001) distbutions forpredsion paramedrs aad normal(0,0.001) distibutions for tke
logit of the probahlity of FN.

Results

The studesincluded in the andysis (those identiéid in the exising sysematic revews and
the additiond trials identfied in our lieraure review) are descibed in Table 1, and the
netwak of eviderteis illustraed by Figure 1.

Tale 2 conparesresults from the MT(performed on theeviderce baserepatedin the
existing sysematicreviews with theresults from the meta-analystheyreport. Theresults
arereasorably consisent, with one egegion — in the initial evidece bas, thereis amarked



diff erence beween the diectandindirect estmatesfor therelative risk of FN with
pedfilgrastim vs. pacebo(0.08 vs. 0.27), schthateach pant esimatelies outside tle
corfiderce/ cradible interval of the otler. Talde 3 presents the updat MTC including tte
additional studesnot identifed in theexisting systematic reews, alongsie a meta-analysi
of the updatdeviderce base for pefi grastim \ersus no GESF. This cemonstatesthat,
oncethis adlitional evidence is included, therglit andindirect esimates areressorably
consisten(0.29 vs. 0.34), and #ttheaddtional evidere has brought the leadto-head
esimate inline with the MTC estnate, rather thanthe otler wayaround. As shavn in Table
1, the MTC estnate from the originatlaaset wasa béter predctor of subgqlenttrial
resultsthanthe hedto-headesimate. For the completeviderce bag, the dvergerce
between the diectand the gnthesi®devidenceis gredest for the comparison of legiestim
with no GCSF, althaugheach esimatelies within the canfidence/ credible interval
generaedby its opposng method.

The MTC ugsMarkov Chain MonteCalo methods (11)o estmate the postor distribution
for eachrelatve risk. Figure 2ll ustraesthis distribution for the FNrelative risk for

pedil grastim vs. lengrastim. From these digbiutions, estates carbe made of
conpardive efficacy of lenayrastim against the otartwo G-CSFs despite theack of direct
evidence. The median relate risk of FN for pefilgrastim vs. lengrastim is Q71 and fo
lenograstim vs.fil grastim § 0.88. The podror distributions can also beet$to calculate tk
probability that one GESFis superiorto anotler or thattwo G-CSFsareclinicadly equivalert
(as @finedin the methodsganbe calculated. Tde 4 gvestheseresults for the thee
pairwise compaisons of GESFs The MTC shavedthatthereis strongevidence for tle
superority of pedfilgrastim over filgrastim; the pobability that pedil grastim & superior is
98%, and thtthe two dugs aredlinicdly equivalent is 4%. Thevdence tlat pedil grasim
is superiorto lenagrastim is @nvincing, with an 86% prodbility of superority anda
probability of equivalence of 13%. Thevidence tlat lenaograstim is superiorto fil grastim
wasless mnclusve, with the conparaive figuresbeing 71% an@0%.

Discussion

Thecase studywe present illustatestheargunent ttat MTC provides ausefulcheckof the
consistency beteenthe drectandindirectevidence.If inconsistency is foundye would
caution against the automatiacceptarce of the diectresult. In our exampd, the MTC
esimate proedthe mae accuatepredctor of future headto-headstudiesIf our econanic
modedling cdled foranesimate of therelative eficacy of each treatmentagainst no GESF,
andwe hadonly theevidencefrom the twoexisting sysematicreviewsto drawon, tken
relying only on the kadto-headevidence would have prowl us with a les accurte
esimate of the #icacy of pegfigjrastim.

It istruethat, in thé cae study, tarewasonly one leadto-headstudy in the initial evidese
base for theelative dficacy of pegfijrastim vs. phaebo, and its not inheardof for a sngle
trial to proveto beanoutier, particularly if small. Whilst pmting out that the studywasthe
largest sngle trial in the ente evdence bas, we would agreethatanMTC is mostlikely to
be of valueto dedsion-make's when feadto-headevidence idimited. However, we would
arguethat theremay be value igarying outanMTC even if seeral headto-headstudies
exist, particulaly in suppaet of healtheconomic evaluationsln mostcases,we would expet
the drectandindirecteviderceto provide snilar results; areassuing additional finding.
However, it is possible for achinconsisenciesto arise with adrgerheadto-headevidence
bas, and our vew isthat it is useful to idenfy such cagsalso.



Of cours, if it is felt thatthe leadto-headestmate &always ‘more valid’ than the egtate
from the completevidence bas, thereis little to be ganedby identfying discremncies
between the two.In many situations, threwill be dinicalargumens for prekrmring the diect
evidence. In this cae study, for exame] it could bearguedthat the baseherisk in the lead
to-headtrials was lowver thanin the trials érming the indrectevidence bas, and tlat this
casts doubt on thandirect esimate. One benefit ofdentifying inconsiserciesis that it
encourages disisson of thesedgaues.In responseo the pant raised abowe, it canbe roted
that the baseline risk andeatment effet relationship desnot appeato apgdy within the
headto-headtrials (as an be seen irable ore). Furthermore, Kuderer efal paint out that the
evidence for acharelationshipacioss the entie eviderte baseappears weakl herefore, it
doesnot £emthat sucha relationship can explain the particlyastrongtreament dfect
recordedin the Vaeltrial. In gereral, compaing the indiectand diectevidernce can
highlight whenfurther investgaion of fadors driving hetergeneity is worthwhile, and (ina
few caseg, theremay beanargument for plagig some weight on thiadirectevidence. For
exampe, the patient ppulations in thoserials may refectthe population ointerest mae
closdy than the hadto-headtrial

Therearefurther benefis to Bayesian MT. Bayedan analyss differsfrom the classida
apprachin that it modes uncettainty aroundparanmeters. Thistechncal differernce allows it
to provide clincdly relevant inbrmation moe easly. It isthereasonwhy indirect
comparisons can beadewithin a colerent frameworkResults canbeadaped without
difficulty to the situation. The examplee gave involving the probability of clinita
equivalenceshowns how results an be preseatithat are clinicdly significant ratter than
statisticdly significant. It & paticulary relevantto situatiors wheretreatmens arethought a
priori to be similar eg. wheredrugs aref the sane class, and haversilar modesof adion.

Conclusions

Bayesian evidere synthess, caried out inaddition to conventional meta-analysis, provele
useful inbrmation for dinical and pbcy decision-makng. Thisincludes ameasire of the
consistency beteendirectandindirect evidena. The preserce of inconsisency warrants
further investgaion. Whilst therearestrongreasons forprefering directevidence, it should
not be suumedthat the lreadto-headesimate salways moe appopriate.



Reference List

(1) Lu G, AdesAE. Combination of diret andindirect evidence in mixed treatmert
comparisons. Stat &1 2004 Oct 30;23(20):3105-24.

(2) National Institute forHedth and Qinica Excellence(NICE). Guideto the methodsfo
tedhnology appmisal.
http:/www.nice.org.uk/me@/B52A7/TAMethodsGuideUpdaidune2008.pd2008.

(3) KudererN, DaleD, Crawford J, LymanG. Impactof primary proptylaxis with
granulocyte colony-simulating facor on febile neutrpena and mortality iradult
cancerpatiens re@iving chenothergpy: a sytematc review. JOURNAL OF
CLINICAL ONCOLOGY 2007;25(21):3158-6731.

(4) Pinto L, Liu Z, DoanQ. Comparison opegfilgrastm with filgrastim on febile
neuroperia, gradelV neutrgeria and bone pain: a meta-ana$ysi randomized
contrdledtrials. Curr MedRes in 2007;23(9):2283-95.

(5) Vogel C, Wojtukiewicz M, Carmwll R, etal. First and Sulegjient Cycle Use o
Pgfil grastimPrevens Febile Neuroperia in Pdaients With Breast Cancer: A
Multicenter, Double-Blind, Pheebo-Contréied Phasdll Study.J Clin Oncol
2005;23(6):1178-84.

(6) Balducci L, AlHalawaniH, CharuV, et al. Elderly cacer patiens recéving
chenothergpy benefit fronfirst-cycle pegfijrastim. Oncadgist 2007
Decl12(12):1416-24.

(7) RomieuG, Clemens M, MHhbergR. Pelfil grastim supports di@ery of FEC-100
chenothergoy in eldety patiens with high risk veast cancer: A randomizedphase 2
trial. Criticd Reviews in Oncobgy/Hemdology 2007;64:64-72.

(8) von Minckwitz G, KummelS, du Bois A,et al. Palfil grastim+/- ciprofloxacin for
primary prophylaxis with TAC (docetaxeldoxorubicin/cyclophosphante)
chenotheragy for kreast cancer. Results from the GEPARRIO study.Annals of
Oncobgy 2008;19:292-8 (EpuBet 2007.

(9) CowanG. StatisticalData Analyss Oxford Press 1998.

(10) FrybackDG, Stout NK, Rosrberg MA. An elementaryntroductionto Bayesan
compuing usng WinBUGS. Int J Technol Asses Haalth Care2001;17(1):98-113.

(11) Gdman A, RubinDB. Markov chain MonteCarlo methods in biostatistics. Stat
Methods Med Res 199@ec5(4):339-55.

(12) Balducci L, AlHalawaniH, CharuV, et al. Elderly cacer patiens recéving
chenothergoy benefit fronfirst-cycle pegfijrastim. Oncadgist 2007
Dec12(12):1416-24.


http://www.nice.org.uk/media/B52/A7/TAMethodsGuideUpdatedJune2008.pdf

Figure 1: Network of trialsfor mixed treatment comparison
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Figure2: Probability densityfwtction for posteriordistributionof relativerisk of
febrileneutropeniavtdertreatmentvith pegdfilgrastimvs.lenograstim
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Table 1: Incidence of febrile neutropenia (FN) in all studies of prophylactic G-CSFs

Study Total N | FNrate (%) Total N | FNrate (%) p-value Relativerisk of FN (95%
(arm 1) (arm 2) confidence interval)
Primary pegfilgrastim No primary G-CSF
Vogel 2005 463 6/463 (1.3%) 465 78/465 (17%) <0.001 0.08(0.04-0.18)
*Balducd 2007: sdid tumour 343 (4%) 343 (10%) 0.001 0.40(0.22-0.73)
*Balducd 2007: NHL 73 (15%) 73 (37%) 0.004 0.41(0.22-0.76)
*Romieu2007 (cyde 1 only) 30 4/30 (13%) 29 5/29 (17%) 0.77(023-2.62)
*von Minckwitz 2008 314 17/314 (5%) 253 55/253 (22%) <0.001 0.25(0.15-0.43)
Primary filgrastim No primary G-CSF
Doorduijn 2003 197 72/197 (37%) 192 86/192 (45%) NR 0.82(0.64-1.04)
Osby2003(CHOP) 101 (34%) 104 (50%) <0.001 0.68(049-0.95)
Osby2003(CNOP) 125 (32%) 125 (50%) <0.001 0.64 (047-0.87)
Zinzani 1997 77 a/77 (5%) 72 15/72 (21%) 0.004 0.25(0.09-0.73)
Patengdl 1992 41 9/41 (22%) 39 17/39 (44%) 0.04 0.5(0.25-0.98)
Timmer-Bonte 2005 90 16/90 (18%) 85 27185 (32%) 0.01 0.56 (0.33-0.96)
TrilletLenoir 1993 65 17/65 (26%) 64 34/64 (53%) 0.002 0.49(0.31-0.78)
Crawford 1991 95 (40%) 104 (77%) <0.001 0.52(0.4-068)
Fossal998 129 25/129 (19%) 130 38/130 (29%) NR 0.66 (042-1.03)
Primary lenograstim No primary G-CSF
Chevalier 195 61 36/61 (59%) 59 42/59 (71%) NS 0.83(0.64-1.08)
Giselbrecht 1997 82 52/82 (63%) 80 62/80 (78%) NS 0.82(067-1.0)
Bui 1995(cycle 1) 22 5/22 (23%) 26 15/26 (58%) 0.02 0.39(0.17-0.90)
Gebba 1994 23 5/23 (22%) 28 18/28 (64%) <0.001 0.34(0.15-0.77)
Gebba 1993 43 (12%) 43 (33%) <0.05 0.36(0.14-0.90)
Primary pegfilgrastim Primary filgrastim
Green 2003 77 10/77 (13%) 75 15/75 (20%) NS 0.65(0.31-1.35)
Holmes2002:phase I 149 14/149 (9%) 147 27/147 (18%) 0.029 0.51(0.28-0.94)
Holmes2002:phase |l 46 5/46 (11%) 25 2125 (8%)" NS 1.36(0.28-6.49)
Grigg2003 14 0/14 (0%) 13 1/13 (8%) NR N/A
Vose 2003(cycles 1& 2) 29 6/29 (21%) 31 6/31 (19%) NS 1.07(039-2.95)

*Studiesadcedasa resut of updated sach.
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Table 2: Estimates of the compar ative efficacy of FN treatments using head-to-head meta-analysisand MTC for the evidence base identified in the existing

systematic reviews.

Pre-updated evidence base from existing systematic reviews

Arm1 Arm 2 No of No of a) Head-to-head meta- b) Bayesian mixed
studies patients | analysis: relativerisk of | treatment comparison:
FN relativerisk of FN
(95% confidence (median, 95% credible
interval), p-value interval)
Pegflgrastim | No primary G- | 1 928 0.08(0.04-0.18) 0.27(0.12- 060)
CSF p<0.001
Filgrastim No primary G- | 9 1835 0.61(053-072), 0.56(041-068)
CSF p<0.001(3)
Lenogragim No primary G- | 5 467 0.62(044 - 0838), 0.51(0.30-074)
CSF p=0.007(3)
Pegflgrastim | Filgrastim 5 606 0.64(043-097), 0.49(0.23-104)
p=0.033(4)
Pegflgrastim | Lenogragim 0 0 No dired trials 0.53(022-137)
Lenogragim Filgrastim 0 0 No dired trials 0.93(053-150)
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Table 3 Estimates of the compar ative efficacy of FN treatments using head-to-head meta-analysisand M TC for the entire evidence base.

Treatment 1 Treatment 2 No of No of a) Head-to-head meta- b) Bayesian MTC**:
studies patients | analysis: relativerisk of relativerisk of FN
FN (median, 95% credible
(95% confidence interval)
interval), p-value
Pegflgrastim | No primary G- | 5* 2386 0.290(0.150- 0550, 0.341(0.226— 0535)
CSF p=0.002
Filgrastim No primary G- |9 1835 0.614(0525- 0718, 0.553(0433-0671)
CSF p<0.001(3)
Lenogragim No primary G- |5 467 0.623(0.442- 0879, 0.486(0.278—0714)
CSF p=0.007(3)
Pegflgrastim | Filgrastim 5 606 0.644(0.430- 0965, 0.619(0.406— 0994)
p=0.033(4)
Pegflgrastim | Lenogragim 0 0 No dired trials 0.710(0.390—- 1420)
Lenogragim Filgrastim 0 0 No dired trials 0.879(0491- 1407)

*There were 4publications, but onetrial(12) induded two pgulations (lymphoma and sdid tumouw pétients) which ae analysed here paratly, giving 5 comparisons in
total. ** MTC=mixed treatmet comparison
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Table 4: Estimates of the clinical and statistical compar ability of G-CSFs

Probability that

Probability that

Treatment 1 Treatment 2 Median Relative Probability that Probability that
Risk of FN Treatment 1is Treatment 1is Treatment 1 and Treatment 1is
mor e efficacious clinically superior Treatment 2 are clinically inferior to
than Treatment 2 to Treatment 2 (RR | clinically Treatment 2
in preventing FN >1.1) equivalent (RR<0.9)
(RR>1.0) (0.9<RR<11)
Pegfigrastim Filgrastim 0.619 98% 95% 4% 1%
Pegfigrastim Lenogragim 0.710 86% 79% 13% 8%
Lenogragim Filgrastim 0.879 71% 54% 30% 16%
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