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ABSTRACT OF THE DISSERTATION

A COST-EFFECTIVENESS FRAMEWORK TO EVALUATE A PREDICTIVE
COMPANION DIAGNOSTICS OF SELECTING MEN WITH HIGH RISK
LOCALIZED PROSTATE CANCER FOR NEOAD JUVANT OR ADJUVANT
CHEMOTHERAPY IN THE U.S.

By JIMMY HE

Dissertation Director: Grace Lu-Yao, Ph.D.

Patients withhigh-risk localized prostate cancefHRLPC) are difficult to manage They are at
high risk of recurrence, metastasis, or evarly deathThe standard of caréSOC)hasbeen the
same for manyears Chemdherapyis being actively testedin clinical trials for HRLPC
patients Sincechemdherapyis associated withytotoxicity, a treatment strategy with comjam
diagnostic{CDX) is neededo choosechemoresponderst The objective of this studig to build
a costeffectiveness framework to analyze teeonomic valuef CDX to selectHRLPC patients

for chemdaherapy.

An area under theucve costeffectiveness modgivhich considershree treatment strategies, i.e.,
treating all patients witt5OC treatingall patients withchemq or selectivdy treating with
chemotherapy with assistance of a Cipérsonalized medicingjvas constructedData inputs
weredrawnprimarily from a database analysis basedt@Surveillance Epidemiology and End
Results (SEER-Medicare Databasein conjunction with secondary datdased on literature
reviews. Overall, 24,094 HRLPC patientgeceiving active treatmenbetween 199 and2011
were identified Metastaisfree survival,overall survival, and cost patteswere analyzed for the



entire cohort as well assubgroups Costeffectiveness measures including incremental -cost
effectiveness ratios were calculateBoth oneway sensitivty analysis and probabilistic
sendiivity analysis were conduetl to understandhe effect ofdatainputs on coseffectiveness

results

If a genericchemdherapyprovided meaningful clinical benefits ameths administrated faonly

6-monthtreatmentand if the companion diagnostics te&tsgivenfor free it wascosteffective
to treat HRLPC patientsusing both strategiesincluding treating all with chemotherapgsnd
personalized medicingersus SOCThe personalizedreatmentstrategy wa the most cost

effective choice The resultwas highly sensitive to treatmemturation, effectivenesgreatment
coss, as well as assumptions @DX (prevalence, sensitivityand specificity).A diagnostic
manufactureccould charge aeasonablgrice for thecompanion diagnostiagstconsistent with

current pricing practice

This studyprovidesan analytical tool to understand tbeonomic valuef an effective treatment
and its companion diagnostidgarioussimulatiors indicatel thatpersonalized treatmestrategy
is always preferredThe modelcan be extended to analyzes thalue ofCDX in broader cancer

diseasesettings
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Chapter 1. Introduction

1.1 High risk localized prostate cance(HRLPC)

Prostate canceds a common malignancy in U.S. mefhe National Cancer Instite (2015a)
estimated that 233,00menwerediagnosed with and9,480men diel of prostatecancerin 2014
One out of 6 men will be diagnosedth prostate cancer durineir lifetime (National Cancer
Institute [NCI], 2015). Around 2.6 million menarecurrenly living with prostate canceiNCI,
2015b) The causesemain poorlyunderstood Establishedisk factorsare age, racethnicity,
and family history(Pienta & Esper1993) Other risk factorssuch asprostatitis, sexually
transmittedinfection, vasectomy, olsty, and smoking have beegvaluaed but their roles

remaininconclusive(American Cancer Societg015)

TNM Classification of Malignant Tumor§TNM) has beenused to classify the severity of
prostate cancefNCCN [National Comprehensive Cancer NetwqrkD14. T1 tumorsaretoo
small to be seeor felt during examination(NCCN, 2014. T2 tumorscan be feltbut are still
inside prostate glangNCCN, 2013. In stage T3, eimors break through thecapsule of the
prostate gland.Most stageT3 tumors areoperable(Ward et al. 2005)T4 tumorsspread to
nearbyorgans(NCCN, 2014. N indicatesthe amount ofspreadto neighboing lymph nodes
(NCCN, 20134.N0 means no positive regional nodes wherddsmeans metastasis in regional
nodes(NCCN, 2014. M stands for distant metastagféCCN, 2014. If atumor does not spread
to distant orgas) patientis in M0. Otherwisg heis in M1 (NCCN, 2014. The definition ofhigh-
risk localized prostate cancearies but most definitions used TNM stagiilgcombinationwith
other clinical parameter®.g., Gleason score and prostpecific antigen (PSAXGleason score

is a histopathological grading systewth score between 2 and 10 indicatimg tikelihood that



tumor spreagl e.g., Gleason score -80 meansthat tumor is poorly differentiated or
undifferentiated(NCCN, 2014. ProstateSpecific Antigen (PSA) is protein produced by prostate
cancer (NCI, 2015b)The National Institute for Health andCare Excellence NICE, 2008hH
categorizedocalized prostate cancgatients into three risk grougmsed orthe abovestated
three clinical valuedt defined tgh risklocalized prostate canc@dRLPC)as PSAgreater than
20 ng/ml, Gleasorscore greadr than 7 or clinicd stageof no lesshan T2cbased orD'Amico et
al. (1998 and in line with the guideline of the American Urological Association (AUA)
(Thompson et al. 2008s wellas theguideline of theEuropean Association of Urolod¥EAU)
(Heidenreich et al. 2034 In the National Comprehensive Cancer Netwd&CCN, 2014
guideline, HRLPC is divided into two categoriesclinically localized (T3a or Gleasonscore
greater than or PSA >2@ig/ml) or locally advanced (T3b to T4Lomparedo D 6 A mietalo
(1998) this definition is more stringerttecause stagingoes not include T2¢The classification
of the Cancer of the Prostate Risk Assessment (CARRAYperberg et al. 200&)corporated
additional risk factors into risk assessmeny.,age, percent positive biopsy cores along with
PSA, stagingand Gleasonscores.The total score ranged between 0 d&@d Thosewith total
scoregreater than Sveredefinedas hgh risk (Cooperberg et al. 2006pther definitiors exist
e.g., Radiation Therapy Oncology Group (RTO@atel et al. 2005Rosenthal et al. 2009)
defined patients withthe following criteria as high risk: PSA 2000ng/mland Gleasonscore
greater than or equab 7 or stage greater than or equal to T2AH8ss than 100ng/miand
Gleasonscore between 8 and 1 summary, rost definitionsconverged to a high PSA value
(e.g.,20 ng/mland abovg a highGleasonscore (e.g.between 8 and0), or advancestage(T2b
and above)Different ddinitions of HRLPCare summarizd in Table 11. No consensus has yet

been reached on a standard definition of HRLPC.



The prevalence and incidence IBRLPC in the USare not well understoodorobably due to
various definitions. Copperberdgroering & Carroll (2010) estimated that higisk disease
accountedfor 15% d all prostate cancer diagnoses basedhendefinition of D6 Ami co et
(1998) If using the criteria ofCAPRA (Cooperberg &tl. 2006) the rate is 10.7%-uture studies

on a fairestimation of prevalence and incidence of HRL#@warraned

The prospect of survivalariesaccording to the ways in which tilata were reportedlu-Yao et
al. (2009 reportedthetenyear prostate cancspecific mortalityof 25.6% for men with poorly
differentiated tumordased on SEERIedicare Linked Databaseho were diagnosed with stage
T1/T2 prostate cancer after age 65 between 1992 andig@d®@ US A few long termRCTs
(Wilt et al. 2012;Bill -Axelson et al. 20143howael thatthe median survival of similagroups of
patientswasabout 12 yearsAlthough HRLPCis a heterogeneous growith some people may
be at risk of early deatfMarciscano etal. 2012) averagéy life expectancyof this groupis

relativdy long (Wilt et al. 2012Bill -Axelson et al. 2014)

1.2 Current treatment approachesfor high risk localize prostatecancer

Patientsin this groupare difficult to manage Somediseasesre at high rsk of progression or
fatal while otherscan be managed welly treating primary tumorMarciscano et al2012)
Unlike castration resistamrostate canceHRLPC patient@rehormonesensitive NICE (2008b)
suggested twaptions First, axdrogen withdrawalkia luteinizing hormonereleasing hormone
agonistyLHRHa) orbilateralorchiectomygess rid of the supply ofendagenous hormonfNICE
2008b) Second, ati-androgerreduces the effect of the endogenous horngb€E 2008b) For
systemic treatmentNICE (2008b) recommendd administeringneoadyivant and concurrent
LHRHa for 3 to 6 months in men receiving radiotherapy for local advanced prostate.daorcer

radiotherapy, NICE2008b)recommended pelvic radiotherapy for those with a greladn 15%

al



risk of pelvic lymph node involvemerds well asfor those receiving neoadjuvantormone
therapyand radiotherapy The EAU guideline (Heidenreich et al. 20}4ndicatesthat surgery,
radiotherapy aloneand radiotherapy combined with adant hormoneherapywereeffectivefor
clinical stage T3aFor Gleasonscore between 8 and 1iD,is suggested thatatients withhigh-
gradetumor stillhavea good pognosis aftesurgery(Heidenreich et al. 20)4For patients with
PSA >20 ng/ml,radical prostatectomyRP) is thefirst step(Heidenreich et al. 20}4 For very
high risk patientswith cT3b to T4, NQ or any Tand N1 carcinoma optimal treatmenshould
include multimodal treatmen{Heidenreich et al. 20)4 EAU suggestof following strategies
radiotherapy for patientsith T3 with greater than-80 years of life expectanay symptoméc
patients (T34, PSAS0 ng/mL, PSA doubling time less than 1 year) and combination therapy of
adjuvanthormone therapyombined with eternal beanmradiation (Heidenreich et al. 20}4
NCCN (2012) guidelinerecommendednultimodal treatmenivhensingle agentresulted in poor
treatmentresponse and high failure ratéstial therapy could be chosen from the followirig
radioactive therapyincluding threedimensional conformal radiotherap8$-CRT) / intensity
modulated radiation therapgdMRT) with daily image guided radtherapy with longterm
neoadjuvant or concomitant or adjuvant androgen depriviienapy (ADT) for 2 to 3 year)
radiotherapy(3D-CRT / IMRT) combinedwith brachytherapyBT) with or without shortterm
neoadjuvant or concomitant or adjuvant ADT for 4 to 6 mpattal3) RP plus pelvic lymph node
dissection. For locally advanced patients, initial thereyayg similar as above with the third
option augmentedwvith ADT in selected patienttNCCN, 2014. The AUA (Thompson et al.
2007)guidelineprefersactive treatment tavatchfulwaiting, whichincludesRP or a combination
treatment such agadiotherapy with ADTIt is suggestd (Thompson et al. 200hat high risk
localized prostate cancer patiestsouldlook into active treatment optionsuch as RP or ADT

based orhigh guality randomized clinical trial(RCT).



In summary, most treatment guidelines suggasnotherapy such assurgery, radition or
adjuvant ADT, or multimodal treatmentincluding surgery followed by radiherapy, and
adjuvanthormone therapyHowever,the clinical canmunity (Marciscano et al. 2012)elieves
thatunmet needs are stjfirevalentfor some patientsvho areat highrisk of death The «isting
treatmentsare not sufficient for those patients. Thesnay benefit from more forwasiboking

strategieshatcombine systematic treatment with local treatment.

1.3New interventionsemerges as potential solution foHRLPC

Recently chemdherapy(FDA [U.S. Food and Drug Administratipd996; Pean et al. 201Bpas
beenestablished as the standard of care (SfoCinetastatic castration resistant prostate cancer
(mCRPC) Mitoxantrone achieved palliative response (FDA, 2010) while docetaxel and
cabazitaxehchievedorolonged patientsurvivalin previous studie§~DA 1996;Pean et al. 2012)
Docetaxel also showed an excellent biochemical response aatkobjective radiographic
responsein mCRPC (FDA 1996) Clinical practice of chemdherapy focuses mainlyon

symptomatigatientswith metastasesr visceral metastasis

The landmark Chemo Hormone therapyversus Androgen Ablation Randomized Trial
(CHAARTED) reported thatlocetaxebddedat the start of ADT prolongedoverall survival(OS)

of patients with metastatibormone naive prostate cancar American Society of Clinical
Oncology ASCO) 2014 (Sweeney et al. 2014Docetaxelplus ADT improved the median
survival of ADT alonefrom 44 months to 57.6 monttiSweeney et al2014) The hazard ratio
(HR) of OS for docetaxel plus ADTwas 0.61(95% confidence intervgCl): 0.470.80) versus
ADT alone (Sweeney et al. 2014)Docetaxelis effective for patients with metastatic prostate

cancemot onlyafter ADT (FDA 1996) but also at thetart ofthe hormone therapfsweeney et



al. 2014) The succss of docetaxelin metastaticprostate canceinspired researcherso keep

exploring chemdherapyin earlier cancer stage

Based onthe mechanism of actiorchemdherapy can be more active at theeginning of
androgen resiahce becausie burden of androgandependent cells still low (Marciscano et
al. 2012) Micro metasatic diseasecan undergaytotoxic reatment earlie(Marciscano et al.
2012)Chemdherapy such as docetaxehight have a synergistic effect with radiotherapy by
radio-sensitizing tumor cells at primary sites whikackling micro metasatic diseases
(Marciscano et al. 2012)n other hormonerelated cancet e.g., breast cancerthe benefit of
early, hightrisk use ofchemdaherapyhas beemproven(Ravdin et al. 1995yaleria et al 2001)it

is possible thathemaherapy potentiallymay play an importantrole in preventing relapsand
delaying diseas@rogressionfor HRLPC patients The downside ofthemdherapyis adverse
evens (AE), particularly, cytotoxicity. Treatment associateflEs, such as neutropenia, febrile
neutropeniapr thrombocytopenigFDA 1996; Pean et al. 2012compromisepatient $ealth
related quality of life HIRQOL), resuling in additional diseaseburden Not every patient

tolerateschemdherapywell and ®me maynot respondor evendevelop early resistance.

BecauseHRLPC patientshaverelativdy long life expectancycompared tanetastatic prostate
cancer(Lu-Yao et al. 2009Bill -Axelsonet al. 2014\Wilt et al. 2012) it is difficult to conduct
clinical trials focused on overall surviveecase oflongterm follow-up, crossover, and other
factors Neverthelessemergingclinical evidencessuggestthat chemaherapy might improve
healthoutcomes irHRLPC patientsin a phase llistudythat comparedDT plus docetaxel and
estramustind ADT+DE) with ADT in high risk localied prostate canceFazaziet al. (2014)
reported eclinically meaningful butnot statisticallysignificant trend favoring ADT+DE versus

ADT with HR=0.79 (95% CI: 0.551.13. Neoadjuvantchemdaherapycombined withhormone



therapyand radiotherapy also sha# potential benefis (Hirano et al. 2010)A few phase |l
trials sponsored bthe government andaicademicresearch instituteare currentlyinvestigating
the clinical benefit othemaherapyfor HRLPC with the hopethat chemotherapy can eradicate
the residual tumor cells after local thergatel et al. 2005Clinicaltrials.gov 2015h)Primary
endpoints include O%jiochemical free survivaBFS), recurrence/relapse free survivRIRS, or

progression free survival (PFS

1.4Personalized medicine foHRLPC patients

For low risk localized prostate canceatients,watchful waiting /active surveillane might be
sufficient It may not work &r some high risk patienteecause disease progressapidly.
Chemdherapymight bea solution for some patiesit but not for all Companion diagnostics
(CDX) is important to screenthose who might beefit from such aggressiveintervention
Currently CDX have becomdhe norm foridentifying the effectivetherapyin oncology. A
predictive CDX can be defined as a testhich predics the chanceof responseBoth NICE
(2012a)and FDA (2014 defined CDX as devicetestdeveloped to selegatients who would
benefitfrom particular treatments$n a broader sens€DX mayalsoincludeinformationbeyond
tess (Omicsin personalised nakcine, 2010) e.g.,a nomogramincluding other patient specific

information.

Biomarkers of prostate cancer candaegorizedoy biomaterialsj.e., blood or plasma, tissue,
uring, or semen. Prostate tisshasthe richest source of potentiptostate cancer biomarkers.
Test based ortissueareusuallyexpensive andhvasive For example prostate needle biopsy
conducted to lookor overexpression oklphamethylacytCoA racemas€AMACR) (Jiang et al.
2013) a genethat contributesto prostate ancerrisk. Blood or plasmas less expensive arndss

invasive Test of blood or plasma includenlculating tumor cells (CTC), micro RNAt(ing), and



PSA (Velonas et al. 2013Blood or plasmdavebetter concentration of moleculesmpared to
urine or semen, buheyarerelative complicateTests based on uriree semenare norinvasive,
providinglarge volume obiomaterials. Howevenrine or semetestshave low concentration of

moleculeswith substantialvariation amongpatients(Velonas et al. 2013).

Biomarkerscan also be classified based their associationvith treatment Prognostic markers
are independent of the treatmeand are useful in assessitige risk of disease recurrence.
Predictive markes; on the other handreusuallybased ora single trait or signature of traits that
classifies patiest on the basis of theiresponseto certain interventio;m Other types of
biomarkers such as predispgas biomarkers, diagnostic biomarkers and monitoring biomarkers
canalsobe distinguishedJain, 2010)In this study,CDX is referredto aspredictive biomarker

because iis used tadirecttreatment decisian

PSA is one of the most intensivelysearched prostate cancer biomarkers. While it provides good
information about the aggressiveness of the tumor or treatment response, it does not have a good
predictability because of highlse paitive rate (Stenman et al. 2005Prognosticvalue of PSA

is alsolimited (Stenman et al. 2005The efined PSA testwas investigated including different
molecular PSA forms and rate of PSA increa$es. instanceHanninen,Venner, and North
(2009) found that rapid rate of PSA decline, measuas a shorter PSA hdifie, might be an
indicator of longer OS ofpatiens with prostate cancelCTC countis a biomarkerrecently
approved by FDA(2013a)to monitor the performance of mMCRPC patienFound in the
peripheral blood of patients witharious metastatic carcinoma&;TC cells wereestimated to
account for one cell ia billion nucleated cell§~DA, 2013a) Pal et al (2014 showed thaCTC

was detectablen HRLPC patients Furtherstudiesare needed to understand traueof CTCin

the treatment dHRLPC patients



The development of prognostic and predictive biomarkegzadtate cancds progresig fast.
Gene fusions, mMRNA, miRNAs, immunologgs well as cancer specific micparticleshave
been extensively examingd identify a responsivesubgroupfor drug treatmen{Velonas et al.
2013). One example iProstate Px®a testdeveloped to improve the accuracy of prostate cancer
recurrencgZubek et & 2009) Basedon biopsy samplet usespredictive equation combining
biopsy Gleasonscores, PSA levelsand biopsy findingdo find suitable patients for salvage

treatmen{Zubek et al. 2009)

Nomograns were developedo identify highrisk patientsand to screenpatients for certain
treatmentbased on riitial patient characteristics Kattan, Eastham, Stapleton, Wheeland
Scardino(1998)developedan externdy validatednomogramnto predict thefive yearprobability

of diseasefree survivalafter RP The nomogram wabased on clinical stage, primary and
secondanGleasonscore, PSA levels immediately before prostate biagy prostatic capsular
invasion, surgical margin status, seminal vesicle invasion, and lymph node. $tattem
nomogranredefinedthe risk profileof manyhigh-risk patients As predictive biomarker based on
tests might be expensive for screenihg entire population nomograns can be combined with

biomarkes to target a patient group for screeramgl thussave costs

Currently, the linkage betweethe above mentionethiomarkers/ nomograms and response to
chemaheray hasnot yet been establishgddr HRLPC Both pharmaceutical and diagnostics
manufacturers have incentives to investigate companion diagnostics for better clinical outcomes
in treating prostate cancer, sinEBA has approved a neschoolof medicines for mCRPG.e.,

cabazitaxelsipuleucelT, abiraterone acetatenzalutamideand adium223 chloride

1.5 The need of econorc evaluation for personalizedmedicine
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With emerging evidenceshemdherapymight proveto be feasible aa neoadjuvant oadjuvant
treatment of HRLPCConsideringherisk associated with chemotherafiyis necessary to hawze

CDX to identify patients that would benefit most from the procedéréew treatmentstrategies

with bothchemoagents and€DX can be implemented for HRLPC patienddthough exceptions
apply, theCDX and the drug treatment should be assessedltaneouslyfFDA, 2013b)from the
perspective ofegulatoryas wellas health technology evaluatidayers want to knowvhether
thevalue ofsuchtreatment strategis worth the money. Theyassessiot onlyclinical benefitsof

drugs and companion diagnostics tésit also theconomic aspects, e.pudgeteffectandcost
effectiveness.Both pharmaceutical andliagnostics manufacturerseed to understand the
financial viability of developng eachtechnologyfrom a global perspectiveDrug developers

want the most accurate testailable to the greatest number of physicians at the lowest cost in the
shortest turnaround time. Their interests are to maximize the value of drugs. In contrast,
diagnostt tests developers want the best drugs so that they can maximize the values of their tests
along withthe commercial value of their produciEhe following frameworkaddresss some

guestionsstakeholdes might have

1 Is it costeffective to treat all HRLPC patients with neoadjuvant or adjuvant
chemdaherapy if the treatmeis clinically effective?

1 Does the result changesélecing patients chosen byompanion diagnostia@nd treating
them with chemotheragy

1 Whatarethe key driver®f the conclusions?

To do this, a effectivenessnd safety profile eto bedemarcatedor the chemdherapyandits
CDX testfor HRLPC patientsMajor tasks includeassessinghe clinical benefit and risk of

chemaherapy for neoadjuvant or adjuvant HRLROnNfer longitudinaldirect medical costs and
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tocomputep a t i wilitytvéluesbasa ontheliteraturereviews. Chapter Zeviewsinformation

on neoadjuvant and adjuvant chertrials in the high risk localized prostate cancer, RGfTibe
metastatic prostate cancesind related cost and utility studieas well asinformation on
companion diagnostics in the late stage cancer diseases. Synthesized evidencdevwaiihtped

for model developmenitChapter 3 analyzes the survival outcomes based on a cohort identified
from the SEERMedicareLinked DatabaseChapter 4 describes how to estimate casisg the
same data sourc€hapter 5 addresses a few technical issues witketfestiveness modelinipr

CDX. Chapter 6 shows whether treating all patients with chieenapyor slecting patients for
chemdherapyby a CDX is a costeffective choice compared to standard of care under certain
clinical and economic assumptions. The economic value of a companion diagnosticsiglevice

discussedt the enf the chapter

With a modelng framework, this studyexamineswhether it makes economic sense to teat
high-risk patient withchemaherapyand whethera CDX provides best value fahe money
Evaluationduring thedevelopmenphase cawlirect decisiommakingof manufacturersegarding
thedevelopmenand canmercializationDuring the launch phase, guides payersand patients to

make rational choice
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Table 1.1 Summary of definition of high risk localized prostate cancer (HRLPC)

Institute Definition 2

NCCN (2019 High risk localized:

PSA>20 ng/ml oGL 8i 10 or stage T3a
Local advanced:

Stage T3bto T4

D6 Ametalo(198)
EAU (Heidenreich et al. 2034 | PSA>20ng/mlorGLBL 0O or St age OT
NICE (2008H

AUA (Thompson et al. 2007)

CAPRA Total score O6, sovdye PSA, s ¢
(Cooperberg et al. 2006) staging, GL, pearent positive biopsy core etc.

Total scorerange 010
RTOG (Patel et al. 2005, Any T stage, PSA20 00 ng/ ml, GLO7
Rosenthal et al. 2009 PSA<100ng/mL, GL 810

Abbreviation: NCCN=The National Comprehensive Cancer Network, NICE=National Institute for Health and
Clinica Excellence; AUA=American Urological Association; EAU=European Association of Urology;
CAPRA=Cancer of the Prostate Ridksessment; RTOG=Radiation Therapy Oncology Group; PSA=prastatific
antigen; GL=Gleason score

aDefinitions convergedtoahighSA val ue (e.g., 020 nilgd)mlogr, aad vhai ngche dG| setaasgoen
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Chapter 2. Systematic reviews of clinical effectiveness HRLPC and costeffectiveness

An economic modeheed clinical inputs of treatment effectiveness, safaierability, patient
HRQOL datg and medical resouradtilization patterrs. Without simulating a clinical triafthe
best approacts to gatherinformation fromtheliteraturealong with medical history recorgds.g.,
cancer rgistry, commercial databasesr patient medical recordthat includeboth electronic
recordsandpatientchars. A setof literature reviewsvasconductedo inform health economics
modeling The first objectivewasto extrat clinical dataon efficacy, safetyand tolerabilityof
HRLPC and retastatic prostate cancdo guide assumptios on the clinical profile of
chemdherapy The secondobjective was to summarize mdeling methodology in localized
prostate cancep identify usefuldatafor model inputsThe third objectivavasto find evidences
of companion diagnostids oncologyto makejustifiable assumptios to profilethe companion

diagnosticglevicefor chemaherapy in HRLPC.

2.1 Systematic Review of clinical effectiveness itHRLPC

A systenatic literaturereview of clinical studieson chemdherapyfor HRLPC was conducted.
Overall, 162 articleswere retrieved withhe following Medical Subject Heading8AESH) terns:
(high risk AND prostate canceBAND (mitoxantrone or doxorubicin, cinblastine aagbitaxel or
docetaxelor estramustine or teposide orcarboplatin or vinorelbine or @bazitaxel from
PubMed databas€&igure 21 indicates thafll4 papersvere excludedecause thewere clinical
reviews or were focused omwrong diseasege.g., mMCRPC)Becauseflocalized was not a
keyword, othehigh-risk prostate cancergcluding metastasjsvereretrieved Thus, 48 studies
were included in this reviewn addition,threeASCO abstrastand one press releasereadded

to reflect thestatusof ongoing trials



14

Table2.1 summarizes th&ey features of each neoadjuvant and adjuvant sieides patient
sample size and inclusion criteria,country, chemdherapy treatment regimerand clinical

outcomes weralso included Inclusion criteriawere mostly based oifNM clinical stage,
Gleasorscore, PSAor sometimes life expectandyeoadjuvantreatmensg wereeither phase | or
II, small and single arm studies focusioig safety and tolerability Phasdll studieswererare.

Most common outcome measures WS or PFS In contrast,phase lll trials in adjuvant
chemdherapieswere more common Many large studies are still ongoirags of February 28,

2015

2.1.1Andings in neoadjuvant chemotherapy

For neoadjuvantthemdaherapy docetaxelwas one of the most frequéynttestedagents.Nine
single acetaxel studiesvere identified Chen et al. 202,2Chi et al. 2008 Drecier et al. 2004
Febbo et al2005 Magi-Galluzzi et al.2007 Mathew et al. 20090h et al.2001 Ross et al.
2012 Vuky et al. 2009 Not every study reported efficacy outcon®ome studies reported
changes in RFEChi et al. 2008)PSA level reductioriDreicer et al. 20040h et al. 2001Ross
et al. 2012)or reductionin tumor (Febbo et al.2005)However, all studiesmentionedabove
showedsafety and tolerabilityThe treatment duration wassually no more than6 months
Because efficacy was not evidemblagi-Galluzzi et al. (2007) concluded that single
chemotherapywas not enougtio manageHRLPC. Multimodal treatmentapproach targeting
multiple molecular targets necessary to eradicate the malignansaelHRLPC (Magi-Galluzzi

et al.2007).

Other singlechemoagents werealso considered imeoadjuvantHRLPC. Hirano et al. (2010
assessed the safety and efficacy of a treatment regimen of neoadjuvant convARID LS

estramustine phosphatENIP) combined with 3BCRT or neoadjuvant LHRHEalonefor patients
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with intermediateto highrisk prostate cancer in Japakithoughit was a small samplgN=39)

phase Il study statisticaly significant biochemical recurrence free survividr EMP versus
LHRHa arm was observedrhe treatment duration afeoadjuvant LHRHalus EMP was 6
months(Hirano et al. 2010)Koie et al.(2012 teded the safety and efficaof neoadjuvant low

dose EMP and LHRHa in 142RLPC patientsThe treatment duration of EMP was 6 months.
About 4.9%patientsachieved no residual prostate cancer (pT0) and 87% patients had negative
surgical margingdKoie et al.2012) With a median34.9 monthsof follow-up, 84.3% patients
achieved PSA progressidree survival(Koie et al. 2012)No safety issues wefeund Besides

EMP, paclitaxel Shepard et al2009 Hussainet al. 2012) was alsotested in this population.
Treatment durations were no more than 8 weeks. GradeyBsoxic adverse events were

reportedn one studyShepard et al. 2009)

Concomitantchemdherapy regimenvas also popular in neoadjuvarthemdaherapy EMP was
combinal with other microtubule inhibitgrincluding vinorelbine, vinblastine, paclitaxebr
docetaxelfor HRLPC Severalstudies Beer et al. 2004Carles et al. 2010Clark et al. 2001
Friedman et al. 2008; Garzotto et al. 206Ail et al.1997 06 Br i e 2010fRyan et hl2004
Zelefsky et al. 200Q0investigatedhe abovementionedcombination with treatmentdurationsof
less than @nonths Thoseregimers werewell tolerated buthe efficacy was not proven. Since
EMP anddocetaxekhowedgood response imCRPC(Hussainet al. 2003) EMP anddocetaxel
combination wasilsostudiedin some studiefKim et al. 2011Ko et al.2002 Narita et al. 2012;
PrayerGaletti et al. 2007 Sellaet al. 2008. In thosestudies EMP and docetaxel combination
was showrto besafewithout proven efficacyThe treatment cyclesvere also shortless than or
equal to 6 monthsCancer and Leukemia Group BALGB) 90203(Easthanet al.2003) was
so far the largesphase lll trial, with 700 patients to investigate the clinical benefit of

neaadjuvantEMP (280 mg t.i.d. days 15) plus docetaxel(70 mg/n? on day 2 peB weekscycle)
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for HRLPC patientdefined as T1 to T3d\x and MO. Patients were randomized to either 6
cycles of chemdherapy orsurgical intervention(Eastham et al2003) Clinical endpoints
included DFS, Osand safgt measures. No results weaportedas ofFebruary 282015 Triple
andqguadruplechemoregimers were alsoexploredsince eachchemoagentdemonstratedinique
properties including antigonadotropic #ects and anttumor effect Konety et al. (2004)
investigated paclitaxetarboplatinandEMP. Cancer and Leukemia group B 99&itudy treated
patientswith paclitaxel, EMR and carboplatifior 16 weekgKelly et al.2008. Twenty-seven of
34 patients conlpted the study, onlgnepatient was founavith grade 3 AEKelly et al. 2008)
The triple neoadjuvanthemoregimen wa feasible and tolerabl@ettawayet al.(2000)studied
KAVE (ketoconazole, doxorubicin, vinblastine, aBMP). Their findings aresimilar to those

reported irKelly et al (2008.

In sunmmary, neoadjuvanthemdherapyfor HRLPC was safe with short teatment duration
Because most studies were single arm triaégjuction in PSA leveland percentage of
progression fresurvivalwerereported for clinicalmprovementClinical efficacywas not strong
largely because afmall sample size, short follow ypndsingle armdesign Fuure largehead
to-headstudies like CALGB 90203 (Eastham et al. 2003are needed. A surrogatendpoint
such as biochemical recurrence surviaatiprogression free survivahstead ofoverall surviva)

ismore feasible

2.1.2 Andings in adjuvant chemaherapy

The ratonale of adjuvanthemaherapy wa to eradicate theemainingsmall tumor cellwith
local therapy, i.e.hormone therapyadiaion, or surgeryMore phase Ill studies were identified
for adjuvant chemotherapBesides PFS and BF8yerall survival angrostate related mortality

were also includedas endpointbecausehase llldesign is capable of demonstratiaigleast a
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trendin change Like in neoadjuvant setting,odetaxelwasthe mostcommorty tesed agentin
adjuvant setting Kibel et al. (2007 followed 77 patients who were treated wahcycles of
docetaxelgiven 4 to 12 weeksfter RP. The actual median PFSsaManger than th predicted
value based on th€attannomogramKattan et al. 1997No tolerability concern was reportett

is worthy to note that Kattamomogram was used asistorical control in this studyOthersmall
studies Bolla et al. 201Q Dibaseet al. 2011, Perrotti et al. 2008demonstrated that adjuvant
docetaxel was feasible and safe. A fphase lllstudies are still ongoing/eterans Affairs
Cooperative Studies Program study 553 (Montgomery @08B)randomized 636 men with high
risk (T3 T4, GL>=7 andpre-operation PSA>20 or 50%-Year progression) into either SOC or
docetaxel on day 1 of a cycleith each cycldasting3 weeks andombined withprednisone
SOC arm included surveillance with addition of ADT at the time of biochemical rel@pse.
primary endpoints PFS and targeted completigaaris 2016. No results havaeen reporteget
The Scandinavian Prostate Cancer Group trialK8lokumpuLehtinenet al.2012)randomized
HRLPC patientso receive either 6 cycles dbcetaxebr nodocetaxehfter RT. Sarting in 2006

this trial isongoing with final analysiplanned in 2017

Othersinglechemoagents wer@lso considered.The national prostate project svéhefirst trial

to demonstrate¢he clinical benefit and safeyf adjuvant EMP(Schmidt et al. 1996)Patients
were assigned tditee armsi.e., EMP, cyclophosphamideand observationfor 2 yearsAt 10-
yearfollow up, EMP arm showed improved Pk patients receiving definitivieradiation Such
benefit was particularly evident for patients with extensive nodal involve(Safmidt et al.
1996). Wanget al. (2000) reportel an adjuvant mitoxantrone in local advanced prostate cancer
and metastatipatients. The intervention armcluded4 courses of mitoxantronat 3 weekly
intervak plus flutamide 250 mgersusflutamide 250 mg onlyWang et al. 2000 he teneficial

trend of overdl response rates (55% vs 39%(p3) and PSA responses (82% vs 64%0{4.1)
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were reporteqWang et al. 2000)n nonmetastasis groupnedianOS (80 vs 36nonth p=0.04)
was statistically significant(\WWang et al. 2000)However, consistent with otheritoxantrone
studieg(Berry et al. 2002Kantoff et al 1999;Tannock et al. 1996)n mMCRPC, mitoxantrone did
not show anysurvival benefitin metastatigpatients The Southwst Oncobgy Group (SWOG)
$S9921 study wa a largePhase llistudy comparingCombined Androgen Blockade€CAB) to
CAB plus 6 cycles of mitoxantrone (12 mgjniDorff et al. 2011) Primary endpint was OS. It
was closed prematureig 2007 due to threeases of acuteyeloidleukemia (AML).In asingle
armstudy,Cetnaret al.(2008)lookedat adjuvantpaclitaxel and EMP in HRLPCThetreatment
included 4 cycles of paclitaxel 90mg/iweekly. Overall, 17 patiets completed the treatment
Cetnar et al. (2008Yhere was no treatment related deatrade 3 or 4 AE were uncommon.
Ploussarcet al. (2010) randomized47 men with adjuvant ADT with or withoytaclitaxel after
RP. Prelinnary PSA outcome was encouraging. This adjustndy did notshow HRQOL

degradationasmeasured by EORTC QL-Q30 questionnairg®loussard et al. 2010)

Combinationchemdherapieswere also exploredBagley et al. (2002) examined 25HRLPC
patientstreated with vinblastine, doxorubicin, and mitomycin focy&les concomitantly with
radiation and AT. Ten years of follow upindicated thatchemdherapywas well tolerated
Bagley et al. (2002)No efficacy result is availableThe GETUG12 trial (Fizaziet al.2014) was
a Phase IlIRCT comparingtwo treatmets. Treatmentarm includedgoserelinof 10.8 mggiven
onceper3 months for 3 yearg cyclesof docetaxelrO mg/n% given onceper 3 weeks andEMP
of 10 mg/kg/cy given ondays 1-5 (ADT+DE) whereasomparatoarmincluded10.8 mg(ADT)
of goserelin given oncper3 months ér 3 yearsWith a median followup of 7.6 years, the HR
of PFS for ADT+DE arm versus AD&rmwas 0.75 (p=0.06)(Fizazi et al.2014) In patients
whoseGleasonscores were less than 8HR of PFSwas 0.55 (95%CI0.36:0.84) (Fizazi et al.

2014) No longterm toxicity is reported.The South Sweden Prostate Cancer Study Group
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(Lundgren et al1995)randomized 285 men to either 8@ polyuestradiol 3 times daily or 280
mg EMP two times daily. The comparison wasnmediate estrogen &EMP versus deferred
endocrine treatment in neanetastatic prostate cancéfreatment duration was nhot disclosed
(Lundgrenet al.1995).After 15 years of followup, the early EMPwas significantly better
compared to thdefaredtreatment irprostate related antality, thoughno differenceemergedn
overall survival (Lundgrenet al.1995) RTOG 9902was a phase llltrial with 397 HRLPC
patientscomparing adjuvanthemdherapy with paclitaxel, EMP, and oreloposide combined
with longterm androgen suppressiotherapy and radiotherapyo longterm androgen
suppressioplus radiotherapyRosenthal et al.20Q0%andler et al. 2030This trial failed to reach
its accrual goal because of toxicit%. summary report showedo differencefor OS and BFS
between two tratment armsat 5-year follow-up (Rosenthal et al.2009Many factors could
contribute to thdailure. Sample size reduction due togmatureterminationof the studywas
thoughtto bethe key TAX 3501 (Eisenberger et al.201Zpllowed a 2 (immediateversus
deferred ADT)by 2 (6 cycles of 75mg/mdocetaxelgiven one per 3 weeksersus no chemqg
factorial designfollowing RP. Although the study aimed to recrui2,000 patients,it was
terminatedafter 228 patientgnrolled.No further informationwas available RTOG %21 study
(Patel et al. 2005)as aPhase llistudycomparing androgen suppressi@weeks LHRHa plus
oral antiandrogen followed by RTWith androgen suppressiqhus docetaxel6-cycle docetaxel
on the #day for 12 days of each cycldrimary endpoint wa®S. Secondary endpoint included
DFS (Patel et al. 2005)The target completion year 216. While the result of RTOG 0521 is
yet to be reportedasingle armstudy(N=74), RTOG 0621Hurwitz et al. 2014Wwasreported by
the samenstitute The docetaxel regimeincluded6 cycles of 75 mg/idocetaxel administered
onceevery3 weeksThe results of 8-year followup of this studyNRG oncology, 2014 Sep 12)

presented ahe AmericarSociety for Radiation Oncology 56th Annual Meeting in 2014 showed
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that the addition of systemic androgen suppression therapy (AST) and docetaxel improved the

pati ent drédm diseaseprbgrassitny more than 20%ompared to historical control

In summary, current neoadjuvamind adjuvantthemdherapyin HRLPC suggestd potential
improvementasmeasured by surrogate endpojstisch as progression free surviygizazi et al.
2014) disease free survivdDibiase et al. 2011 )pr prostatecancerrelated mortalityBagley et
al.2002;Lundgren et al. 1995A few trials studid OS (PrayerGaletti et al. 2007; Schmidt et al.
1996; Wang et al.200Q;undgren et al.1995§5enerally chemotherapyvas well tolerated. One
mitoxantronetrial endedearlier because of three cas®f AML (Dorff et al. 2011)Treatment
durations were mostly short, e.generallyless or equal t6 months In one study(Schmidt et al.
1996)treatingpatients with EMPRvasup to 2 yearsBecause of relativg long life expectancyit

is difficult to demonstrateverall survivalfor this patient groupAlthough no large adjuvant or
neadjuvantchemaherapy trial hasesulted irstatistically significan©S, theresultsreflected by

surrogate®f adjuvantchemdherapy studies look pmising.

2.2 Strategic review ofPhase Ill chemaherapy in metastatic prostate cancer

In contrast to HRLPC,he clinical effetiveness oftchemoagents inmetastatic prostate cancer
was proven through large phase Il triafsliterature searchvas conducted to identify studies
that included mitoxantrone,docetaxel and @bazitaxelfor metastatic prostate cancedtudies

comparing those drugs wittgens not FDA approvedverenot inscopeof the review

Only docetaxel and cabazitaxel achiev@th clinicaly meaningful and statistically significant
overall survival benefit for mCRPCIannock et al. (2004) showetat the HR of docetaxel
administered onceevery 3 weeks was 0.76 compared to mitoxantréressaet al. (2007)

reported theoverall survivalHR of 0.54 of patients treated witdocetaxelweekly compared to
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placebo with the background treatmentpoédnisone De Bonoet al. (2010)demonstrated the
OShbenefit of cabazitaxelersus mitoxantrone witHR of OSof 0.70 Besides mMCRPGweeney
et al. (2014)reported theesults of CHAARTED study. Median overall survivabf 75mg/n% of
docetaxel given together with AD@very3 weeksfor maximum 6 cyclesersusADT only was
57.6 monthyersus44.0 monthsrespectively, reflecting net gain of 13.6 monisweeneet al.
2014)The treatment duratiowasonly up to 6 cycleswith each cycle lagig 3 weeks(Sweeney
et al. 2014) CHAARTED study alsalemonstratedhat docetaxewaswell tolerated in the ADT
naivemetastatiqorostate cancer patients. contrast, mitoxantrongBerry et al. 2002Kantoff et
al.1999 Tannock et al.1996jJid not show statistically significant G8provementcompared to

corticosteroids.

A summary of com@tedchemdherapy including mitoxantrone, docetaxelnd cabazitaxein
metastatic prostate candsrshownin Table 2.2 Since mitoxantronedid not achievestatistical
significance and it was treated as palliative treatmeahnly docetaxeland cabazitaxel studies
were selectedor a metaanalysisfor a pooledefficacy. The nmetaanalysis was conducted using
the ComprehensiveMetaanalysis tool (Biostat, USA) available at:http://www.meta
analysis.comindex.php.With both fixedand random modelghe treatment effecivas 0.711
(Figure 2.2) for chemotreated mCRPCA low 12 indicatedthatthe heterogeneity of the studies
wasmild. Excluding cabazitaxethe treatment effectsf random model and fixed modekre0.7
and 0.725 respectively.Including the Sweenegt al 2014 study into themetaanalysis, the

treatment effecivas0.691(Figure2.3).

2.3 Systemnatic review of costeffectivenessanalysis of localized prostate cancer

A literature searclvas conducted to identify studies that conductesteffectiveness analysis of

localized prostate cancén the Cochrane library, MEDLINE /PubMed andthe Tufts CEA
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Registry(Tufts Medical Center 200Z013) The Meshtermwasfcosteffectivenesandlocalized
prostate cancey .The term fiprostate cancerwas searchedn the Tufts CEA registry By
excluding clinical reviewg, economic review clinical studies, cost studiemdcosteffectiveness
studies conductefibr other disease 26 studies evaluatecbsteffectiveness for localized prostate

cancemvere found

The Prostate Patient Outcome Research Team (PORT) modeledfebeof initial therapy for
localized prostate cancdfleming et al. (19933ompared three differentt@rvention stratgies,
RP, EBRT, andwatchful waiting WW) by constructing a Markov model with 3 pregsive
disease stagdd. mo evidence of metastatic diseaehormonally controlled metastatic disease
3. refractory metastatic disease) and 2 absoriates {. death from prostate cancer ahdont
prostate cancer rekd death)Theyconcludedhat WW was always a reasonable choigbhereas
RP and EBRT mighbe beneficialfor selected patientd-leming et al. 1993Becket al.(1999
analyzedthe PORT model. With updated transition probabilities RP was costeffective
indicating that theORT model wassensitive to underlyingransition probabilitiegBeck et al.
1994) The changingtransition probability reflectedechnology advancementKattan et al.
(1997) estimated the benefibr RP versusWW usingthe same model. In a subgroup analysis,
healthier patients (younger than 70 years old with low to moderate comorbidities) benefitted from
RP whereasmen older than 70 years and with highmorbidities benefitted more froM/W
(Kattan et al. 1997Based on the same model, Humrnaehal.(2003 conducteca comprehensive
systematic review of costffectiveness of new and emerging early prostate cancamiat.
They compared 3ECRT to traditional radiotherapy and BT to radiotheramd adaptedhe
PORT mode to the UK setting. 3BCRT was coseffective comparedwith traditional
radiotherapy(Hummel et al. 2003)BT might be coseffective buthavehigh uncertainty. Lyth

et al. (2012)adaptedhe PORT modelo the Swedish setting and modified the model structure
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The states of hormonally controlled metastamisl refractory metastasis wereplaced by
symptomatic and refractory diseasespetively. Conclusiors dependen age,Gleasonscore
and PSA values. RP vgcosteffective when patientd age was less than 70 or equal to 75,
Gleasornwas7-9 (regardless of PSAdr Gleasonwas5-6 (with PSA >20)(Lyth et al. 2012)For
75 years old patientsvith low Gleasonand PSA score, RP wanot costeffective (Lyth et al.

2012)

Althoughthe PORTmodelis probablythe most citednodelfor localized prostateancer, ther
costeffectivenessnodels weralsodevdoped For exampleBayoumiet al.(2000)constructed a
model evaluating 6 androgen suppression strategies: diethylstilbestrol (DES), orchiectormy, a non
steroid antiandrogen (NSAA), mLHRHa, and combinations @&n NSAA with and an LHRHar
orchiectomy. Orchiectomy vglikely to be the mostosteffective option (Bayoumi et al. 2000)
Parthanet al. (2012) developed a decision tree model to analyze the economic value of
stereotactic body radiation therapy (SBREysusIMRT and proton radiation therapy (PT) for
localized prostate canceXine transition states includeteath, no toxicity, gastrointestinal (Gl)
only, genitourinary (GU) only, sexual dysfunction (SD) only, Gl and GU, Gl and SD, GU and
SD, Gl andGU and SD(Parthan et al. 2012)Simulated patient wsaa 65 year oldmanwith
localized prostate cancer eligible for external radiation therapies but not elagislergery. This
study focusedn treatment related AEs assing equalefficacy. They reported that SBRT wa

more costeffective strategycompared toIMRT and PT (Parttan et al. 2012)Study of
Cooperberget al. (2013)was claimed to be the most comprehensive-effsictiveness analysis

for localized prostate canceecausét consideredreatment sequence. The following treatment
options were analyzeadpen RP, laparoscopassisted RP, robatssisted RP, 3[TRT, IMRT,

BT and BT +EBRT. Surgery wasnore cost effective compared R andwas associated with

higher QALY (Cooperberg et al. 2013)
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Two studies analyzed the caffectiveness of biomarkers in selecting localized prostate cancer
patients for active treatment. Calveutt al. (2003) leveraged with a Markov model to analyze

three treatment strategiés 60 year old patients witleasonscore 5~7 namely 1) watchful

waiting or monitoring;2) treating everyone with radical prostatectomy; 3) select subdosup

radical prostatectomipy using a DNAploidy as prognostic marker. Thdarkov disease states

included metastasis free, metastapiostate cancer related deatind deatHfrom other causes
consideringhe UK National Health Service (NHS) perspeci{@alvert et al. 2003) Transition

probabilities wereobtaired from literatures. They assumed 22% of fents werein need ofthe

radical prostatectomfCalvert et al. 2003 Zubeket al.(2009)analyzed three treatment strategies

for prostatectomyatientswho were at risk of bi@hemical recurrencby using a decision tree

model They compared the Kattan postoperative homodigattan et al. 1997and the Prostate

Px® test, which included additional morphometric and immunofluorescence features for risk
prediction, selecting patients for secondary (adjuvant/salvage) treatment vers(BubeiCet al.

2009) Similar tothe PORTmodel(Fleming et al.1993)ive disease statedl (o ¢ a | Recurren
OMet astatic DisealdedmomeMeRafst ad)tivere ipidideddaess @ 6 De a
concluded that the Prostate @xest wasa more costeffective strategy comparkto SOC

(Fleming et al.1993)

Table 2.3summarized all 26 studiems the localzed prostate cancer. In conclusiatudiesused
either Markov transition probability modebr decision tree modelln most casesthe model
involved a fewdisease progren stags andone totwo absorption stage@leath) All studies
focused on gtablished clinical inventiongs ciemdherapywas not yet the scopef localized
prostate canceffwo studied considere@DX strategy. One study (Calvert et al. 2008)cused
on selecting patients for radical prostatectomy and the attuely (Zubek et al. 2009%elected

patients for adjuvanadiationtreatmentBoth studies consideresnsitivity and specificitpf the
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tests. One used Markov transition probability mog@ealvertet al. 2003)and the other used

decision tree modéFubeket al.2009)

Many studiesreported treatment costs, event costs.(esgrgery), st& costs(biochemical
recurrence)and utility valuesat different stageTable 2.4 lists the key costs dateeported All
costswere standardizedocording tothe 2013consumer price index of medical cal&formation
presentedn Table 2.4 reviews thebenchmark studs conducted based adhe SEERMedicare

Linked Databasalescribed in Chapter. #hose studies camilized various estimations for cost

For instanceCopper ber g eshd ofalife.efnsmte fag ¥1&0080) more than that of
Bayoumi et al. (2000) Due to dfferent data source and study methods, the results varied.
Roehrborn etl. (2009) reported total costs for stage 3 and stage 4 prostate cancer patients as
$22,030 and 25,52Yespectively. Based on SEERedicare, theyassessednly the first-year

data without adjusting for ifiation. In addition the 30 days costs of Cabazith was also

includedbased on Qdroup(2015)in this study

Utility valuesweretypically calculated on a scale from 0 to 1, with a deceased state assigned a
value of 0 and 1 representing a state of perfect health. One key assungstibatanadditional

QALY hadthe same value regiless to patient profileUtility was additive, i.e., if patients
receival active treatment and that treatmergsassociated with utility change (either decrement

or increment) ther utility values would changeorrespondinglylf the disease status changed

the corresponding utilitywould changetoo. For example, utilitys setto O if the patientdies
Chenet al. (2008) found that patients with localized prostate canadter bcalized treatment
reportedhigh health statesThe mean utility of patients was 0.80. Patients with good sexual
function rated their health utility as high as 0.85. Patients with poor urinary incontinence were

associated with a health utility of 0.67. Haystsal. (2010)setthe heath utility of biochemical
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recurrenceat 0.68 based on Stewaet al. (2005 and other unpublished Stewart studies. Fryback
et al.(2003) reportedutility of 0.84 for no recurrendecalized prostate cancer. Cooperbet@l.
(2013)came up with higér baseline utilitybased oranexpert panelFor patients with remission,
the utility was0.94. It became 0.84 when biochemical recurremastreated with hormone and
0.78when treatedvithout hornone. Other studies also lookatlocalized prostate caac Table

2.5 summarizethe utility studies for localized and metastatic prostate cancer.

2.4 Review ofcompanion diagnosticsapproved by FDAfor oncology medicins

Table 2.6 summarized FDA approved/cleared companion defoaceoncology drugs as of
February 282015. Costof CDx and its associated drug, as well as sensitivity, specificity, rate of
expression were included if information is available. Five types of cancer were included, i.e.,
breast cancer, colorectal cancer, 4somall lung cancer (8CLC), gastrointestinal stromal tumors
(GISTs) and melanoma. A companion diagnostics device for prostate cancer is not available.
Those CDXs predict tumor response to tyrodinenas e i nhi bitor sCDXSo f ar
for eitherimmuneoncology drugs or chemotherapy. Targeted gene expression frane@5%

(Mark et al. 1999)0 95% (Abbott Molecular Inc. 2011)Available reported sensitivity and
specificity range as 85%&€hoti & JohnstonYo 100%(Cappellini, Cohen& Eleftherio2008 and

92% (Cappellini, Cohen& Eleftherio 20080 100%(Abbott Molecular Inc. 2011)espectively.

For instance, the cost of Therascreen KRAS RGQ PCR Kit is $196MS, 2014b).It detected

97% KRAS mutationgQiagen 2012) KRAS mutation expressetD% in CRC patient@Qiagen

2012) The monthly cost of cetuximakas $10,000(Rapaport2009 Jun 29)The costs of CDX

were generally a fraction of drug monthly costghié drug was still under pattern protection.
Within CDX, Fluorescence in situ hybridizatid#ISH) test is generally more expensive, more

time consuming and more accurate thmmunohistochemistrflHC) (Pollack 2006Sep 28)
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Author Pati | Chemotherapy Regimén Clinical Outcome Cou | Inclusion Criterigf
ents ntry
Oh et al(2001) | 15 | Docetaxel weeklyor 4 weeks 67% achieved PSA > 50% US | Age range 433, median 54,
decline cT3,PSA>2(h g/ ml , GL
Drecier et al. 29 | Docetaxel 40 mg/fweek. iv for 30 | 24% achieved PSA > 50% US | Age range 491, median 61,
(2004) minutes, for 6 weeks decline T2bT 3, PSA >15 ng
Febbo et al 19 | Weekly docetaxel followed by Rfér | No pathologic complete US | Age range 4353, median 54,
(2005) 6 months response PSA>20ng/m|IGL 810
Magi-Galluzzi | 28 | Docetaxel at a dose of 40 mg/m At median follow up 49.5 US | Agerange 4972, median 62,
et al.(2007) Iweek, for 6 weeks month,57% had biochemical OT 2RSA=15ng/mI,GL O8
failure
Chi et al.(2008) | 72 | Docetaxel (35 mg/fiv) for 3 cycles, | Well tolerated CA | Age range 4&/8, median 59,
with each cycle 06 consecutive T3, GL >7, PSA>20ng/ml
weeksfor treatmenfollowed by a 2
week rest
Vuky et al. 31 | Docetaxel andefitinib for 2 months | No pathologic complete US | Age range 4&74, median 60, T2b
(2009) before RP. Dcetaxel was given response T3,PSA20n g/ ml , GL (
weekly for 3weeks with 1 week off fo
2 cycles, with 1 cycle of 4 weeks
Mathew et al. 39 | DocetaxeB0O mg/nt iv weekly over 1 | 53% were free from progressioj] US | Age range 441, median 57,
(2009) hour on days 1, 8, 15 and 22 of ever] at a median follow up of 39 cT2+, PSA>20ng/mIGL 8-10;
6 weekscycle with 600 mg oral months orcT2b,PSA>10ng/miGL=7
imatinib daily for 3 cycles
Chen et al. 18 | Docetaxel + IMRT + ADT, docetaxel| 2-year BFS was 94% US | Age range 457, median 62
(2012) was giverby iv over 1 hour weekly T3,GL 810, PSA>20ng/ml
for 8 weeks
Ross et al. 42 | Docetaxel 70 mg/hevery 3 weeks 12 patients achieved a 50% US | Age range 4866, mediarb5,
(2012) for 6 cycles and Bevacizumab 15 reduction and 9 patients cT3, PSA>20 ng/mL or PSA
mg/n? every 3 weeks for 5 cycles achieved a >50% post treatmer velocity >2 ng/mLl/y, GL 810;
decline in PSA GL=7&T3;
cT2, PSA >10,
involved / Gleason score 7
Hirano et al. 39 | EMP ws. LHRH, EMPdaily at 560 4-year BFS 61%s. 49% JP Age range 6386, median 72,

(2010)

mg in2 divided doses for énonths

O T3, PSA O -m0

[
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Koie et al. 142 | EMP 280mg/day vs. Placebo added| At a median followup period of | JP Mean age 67.4, IQR(65,72),
(2012) to LHRHa (Leuprolide 11.25mg or | 34.9 months, PS#ree survival Risk defined by the D'Amico
Goserelin acetate 10.8mg every 3 | was 84.3%. No serious adverse stratification system
months) for 6 months before RP. events were reported
Shepardetal. | 19 | 2 cycles of 150 mg/ANab-paclitaxel | PSA decreased in 18 patients, | US | Age range 572, median 64
(2009) weekly for 3 weeks during each 4 well tolerated cT2bT4,GL>7, PSAO015
week cycle, followed by RP with
bilateral lymphadenectomy.
Hussairet al. 59 | ADT, pelvic RPandweekly Paclitaxel| 5 and 7 year OS rates were 834 US | Age range 469, median 60,
(2012) (40, 50, or 60 mg/Atweekfor 6 and 67%, no differences in OS 1. cT264NON+ MO,
week$y between 3 treatments 2. GL>7;
3. PSA 1620ng/m| GL 7+
4. P 20-150 ng/ml
Khil et al. 65 | EMP + Vinblastine x 7 weeks prior t¢ 5-yr BFS T2, 49% T3, 38% US | T2-4,GL 4-10, locally advanag
(1997) radiotherapy. EMP 450 falaily in 3 T4, 17%
divided dose and a weekly iv dose o
Vinblastine, given concurrently durin
the 7week course of RT
Zelefsky etal. | 27 | EMP + Vinblastine x 16 weeks prior | Well tolerated us GL O P8A>&0 ng/ml
(2000)Ryan et and concomitant GL7 & PSA > 20 ng/m|
al. (2004) T3 & PSA > 20 ng/ml
TANOMO;
TXN1IMO
Beer et al. 22 | 4 cycles of docetaxel 35 mgfrand Median PSA decline of 41% US | Age range 5274, median 63,
(2004) increasing doses of Mitoxantrone cT2c, c¢cT3a, PSA
starting at 2 mg/frepeated weekly 4+3
for 3 weeks of a 4veek cycle before
prostatectomy
Friedman et al. | 15 | 3-6 cycles of docetaxel (36 mgfriv 40% experience|US | Age range, 4071 median 58,
(2008) on days 1, 8, and 15) and Capecitab| decline in PSA >T2, PBSAOMI5, GL ¢
(1250 mg/m¥day orally divided twice 01
a day, on daysia.8) every 4 weeks
Carles et al. 50 | EMP daily and Vinorelbine 3 cycles,| PFS at Syear was 72% SP Age range 356. Median 67,
(2010) in combination with 3BCRT, EMP TX,PSA 26, GLOS

for totally 9 weeks




29

Garzotto etal. | 57 | Weeklydocetaxel 35mg/fand Relapse free survival at 2 year§ US | Age median 63 (range #84).
(2010) O'Brien escalating Mitoxantrone to 4mg?m | and 5 yearsvas 65.5% and 10- yearlife expectancyi2¢/T3a
et al.(2010) prior to prostatectomyPatients were | 49.8% yearsespectively OO PSAO015 n@4m3,
treated with 16 weeks of ECOGO1
chemotherapy
Clark et al. 18 | EMP 10 mg/kg/day and Etoposide 5{ All patients achieved an US | Age range 569, median 58,
(2001) mg/né/day orally in divided doses on| undetectable PSA level cT2bc or T3 with
days 1throuch 21for 3 cycles(4 or GL O 8
weeks a cycle)
Hussairet al. 21 | Chemotherapy of docetaxel (70 The 5 and 7year OS rates werd US | Age range 46 to 79, median 60,
(2003) mg/n?) on day 1 and EMP (280 mg | 83% and 67% respectively O ¢cT2b, PSA O 1]
t.i.d.) on days 1 to 3 every 3 weeks
for 3-6 cycles
Ko et al.(2002) | 12 | 4 cycles of EMP 280mg PO t.i.d.5 | Well tolerated us cT3, PSA O 210 n(
days of each cycle and docetaxel
70mg/nt iv 3w
Prayer_galetti | 22 | LHRHa, EMP and docetaxe3;week | 42% disease progress freeat | IT Age range 5673, median 63,
et al.(2007) cycles EMP (600 mg/&rdaily from median follow up of 53 months T3-4, PSA>ng/ml, GL 810
day 1 21) and docetaxel (70 mg#ran
day 1), total 4 cycles
Sella et al. 22 | Docetaxel 70 mg/fon day 2 and Median PFS 30 months IL Age range 49 to 70, median 61,
(2008) EMP 280 mgprally t.i.d. on days 1 tg T2c¢T4, PSA>=20ng/mIGL>7
5 consecutive q3w for 4 cycles
Kim et al. 24 | Docetaxel 36mg/Aweekly and EMP | 2 year PFS 45%, 21 of 22 US | Age range 4671, median 62,
(2011) 140 mg orally t.i.d. for 3 consecutive| achieve PSA reduction >25%. T3, PSA>10ng/mIGL>7
days q4w for 3 cycles No CR
Narita et al. 18 | DocetaxelB0 mg/nt weeklyalong 14 were disease free without | JP Age range 5%69, median 67
(2012) with oral 560 mg EMP b.i.dor 6 PSA recurrence. T3, preoperati vy
consecutive weeks and/or GL>9
Eastham et al. | 700 | RPvs. (280 mg orally t.i.d., days 1 tg Well tolerated US | T1-T3a, NX, MO, patients with 10
(2003) 5) and docetaxel (70 mgfriv on day year life expectancy
2 of each cycle before RPcycles (3
weeksa cyclg
Konety et al. 36 | 4 cycles of Paclitaxel an@arboplatin | 45% remais biochemical US | Age range 468, median 56.6,
(2004) and EMP recurrence free at a median cT1-2 with PSA &4 7
follow up of 29 months GL O 8
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Kelly et al. 34 | 4 cycles ¢ weeksa cyclg of Median PSA progressieinee US | Age median (range),61 (525)
(2008) continuous weekly Paclitaxel at 80 | survival was 12.Inonths Tl to 2, PGIA-102 (
mg/n? iv with EMP at 280 mg orally
t.i.d for 5 days a week and Carboplat
on day 1 of every cycle
Pettaway et al. | 33 | 3-monthcombination regimen All patients achieved an US | Age range 4&/0, median 59,
(2000) consisting of two 8veek cycles of a | undetectable PSA level cT1-2,PSA>10ng/mGL O ¢
modified weekly regimen of postoperatively cT2bc, GL O 7
Ketoconazole and Doxorubicin,
alternating with Vinblastine andMP
Kibel et al. 77 | 6 cycles docetaxel following surgery, At a median 29.2 months 60.59 US | Age range 4876, mean 60,
(2007) given 4 to 12 weeks following progressed.-land2- year PFS cTlacTxN1, PSA=15.1ng/ml,GL
surgery. was 63.2% and 41.7%, 7-10, MO,50%~+ risk for recurrence
respectively. Median PFS was atyear 3
15.7 months
Perrotti et al. 20 | IMRT and concurrent weekly At median follow up 11.7 US | Age range 5078, median 640 T 3
(2008) docetaxel as eontinuous 30 minute | month,85% was biochemical GL 8-10; GL=7 and PSA>1Mg/ml
infusion for 8 weeks. recurrence free
Bolla et al. 50 | Docetaxel 3 weeks after the 5 year DFS 66.72%, 5 year OS| FR Age range 4876 median 50,
(2010) completion of 3BCRT. docetaxel was 92.15% T1-T2, GL>7 or PSA>20ng/ml, T3
given for 3 cycles, each cycle for 4 NO MO, cNZ or pN1- MO
every 3 weeks
Dibiase et al. 42 | Three cycles of docetaxel (35 mg@/m| 5- and 7 year from biochemical| US | Age range 4775 median 62.5,
(2011) per week, Days 1, 8, and 15 every 4| failure were 89.6% and 86.5%, PSA>20ng/mIGL=7 and
weeks). All patients received 2 year§ DFS 76.2% and 70.4% PSA>10ng/ml or GL 810, or T2b
of androgen deprivation respectively to T3
Montgomeryet | 636 | Docetaxel 75ng/n? q3w + Well tolerated US | T2¢T4, PSA>20ng/mIGL 810
al. (2008) prednisone 5mg PO b.i.d. for 6 cycle
vs. SOC
Kellokumpu 100 | 6 cycles of docetaxel g3w + hormong Effectiveness not reported. SE Age mean (SD), docetaxel 65(7),
Lehtinen et al. treatments. hormonal Safety and tolerability was control 66(6)
(2012) demonstrated T2, PSA>10GL 7 (4+3)
T2, any PSAGL 85 10;
or any T3 tumors
Schmidt etal. | 184 | Cyclophosphamide x 2 year&€MP x | EMP improved RFSNo US | Locally advanced prostate cancer

(1996)

2 years

difference in OS
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Wang et al. 96 | Mitoxantrone + LHRH&antiandrogen| Median OS.80 months UK | Age median and range,
(2000) vs. LHRHa\ antiandrogen Diseasespecificsurvival (DSS) Combined therapy70 (584)
36month Hormone therapy 74 (587)
Locally advanced O34 > ¢T3 localized or metastatic
months DSS 41 months disease
Dorff et al. 983 | CAB to CAB + 6 cycles of Placebo armfyr BFS92.5% US | Age median and range 60.7 (8Q),
(2011) mitoxantronel2 mg/nt q3w and 5yr overall survival was GL O 8 preoperat
95.9%. Terminated due to AE or both
Cetnar et al. 17 | 4 cycles of paclitaxel weekly for 3 2-year PSA failure 70%. The | UK | Age range 5169, median 60, pre
(2008) weeks, followed by 1 week rest median time to PSA failure 19 prostatectomy PSA 4.83.3ng/m|
months GL 6-9,
Ploussarcet al. | 47 | Paclitaxel + ADT paclitaxel 100 No differences in EORTC QLQ | FR Age range 498, mean 61.4, PSA 3
(2010) mg/n?once a week for 8 weeks C30 20ng/ml, and/or T334 and /or N1
GLOS8
Bagley et al. 25 | Vinblastine 3 mg/rhion Days 1 and 3, At year 10 the cumulative canc{ US | Age (median, range), 66 (6B4)
(2002) Doxorubicin 40 mg/rhion Day 1, and | specific survival 81%, for node T3, N+
Mitomycin 10/nfon Day 1.Treatment| positive patienthe rate of
was repeated every 3 weeks for a to] 10years relapse fras 82%
of 6 cycles, but Mitomycin was given
only on treatment cycles 1,3 and 5
Fizazi et al. 413 | ADT+ docetaxel +EMPR/s. ADT. 8-year PFS rate was 62065 FR Age(median, range), 64 (477)
(2014) docetaxelr0O mg/nt g3w, EMP 10 69) vs. 53%(45-60), HR=.75 T3T4, PSA O 2GL n
mg/kg/d d15, Aspirin 300 mg (or (p=0.06). In GL<8subgroupthe (Gs) Os,
Coumadin for thromboprophylaxis x | 8-year PFSHR=0.55.36-.84)]
4 cycles
Lundgren et al. | 285 | Polyestradiophosphate plus No difference in OS, SE Age distribution was reported
(1995) Ethinylestraliol, EMPvs. deferred statistically significant in TOa to T3NXmO
therapy prostate related mortality
Rosenthal et al.| 397 | AS+RTvs.AS + RT + Paclitaxel, Closed after 4 year due to exce| US | Age range (4:B1) median 66,
(2009) EMP and Etoposided cycles of thromboembolic and severe GLO7 and PSA beft
chemotherapy. The regimefi) oral | toxicities ng/ ml, OT2, GL

EMP 250 mg 3 times daily for the firg
14 of every 21days, (2) oral Etoposig
50 mg/m2 in divided doses twice dai
for the first 14 of every 3 weeks, and
(3) Paclitaxel 135 mg/#iv within 1 h

on Day 2 of each 2tlay cycle

PSA<100 ng/ml
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Eisenberger et | 199 | Immediatevs. deferred ADT x18 Terminated due to poor accrual US | Undetectable PSA, MO
al. (2012) 6 months + 6 cycles of docetaxeBw
in a 2x2 factorial design
Patel et al. 600 | AS and 3DCRT/IMRT vs AS and - US | Age not reported
(2005) 3D-CRT/IMRT followed by 1. AnyT-stagge PSA O
chemotherapy with docetaxel and GLO 9;
prednisone 2. O TPBA<20GLS;
3. AnyT-stage PSA O
150,GL 8
4. any TstagePSA O 2
150,GL 7
Hurwitz et al. 74 | Post RP, androgen suppression Freedom from disease US | Either PSA nadir >0.2 ng/hand
(2014), NRG therapy (AST) and docetax@ cycles | progression was improved morsg GLO7, or PSA nad
oncology of docetaxel 75 mg/fg3w) than 20 percent compared with withGLO8 and stage
(2015) historical control

Abbreviations RTOG=radiation therapy oncology group, t.i.d.=three time a day, b.i.d.=twice a day, GyP@r&ral administration, q.= every, d.=day,
w.=week, h=hour, RFS=recurrence/relapse free survival, PSA= prostate specific antigen, PFS=progression free sunbi@hdhiSaifree survival,
OS=overall survival, GL=Gleason score, RNA= Ribonucleic aQéR+ interquartile range, RT=Radiation therapy, RP= radical prostatectomy,
KAVE=ketoconazole, doxorubicin, vinblastine, and estramustine phosphate, NMA=no measurable amount, EMP=estramustine \tRd€phateposide,
TEC=paclitaxel, estramustine phosphatarboplatin, LHRHaiuteinizinghormoné releasing hormone agonist, Gl,=gastrointestinal, GU=genitourinary,
IMRT=Intensitymodulated radiation therapy ADT=androgen deprivation therapy, iv= intravenot3R3D- threedimensional conformal radiotherapy,
EBRT=External beam radiation therapy, CAB =combined androgen blockade, AS=Androgen suppression, CALGB =Cancer and LeugeBnilP&ilapan,

SP=Spain, SE=Sweden, CA=Canada, IT=Italy, FR=France, IL=Israel
aThe duration of chenmberapyis usually equal tordess than 6 months

b Outcoms include OS, BFS, RFS and PFS as well as safety data

cDefinitions

converged to a

high

PSAL Ov)a loure a(dev.agn.c,e dO2s0t angge/ nflOQT,2 ba) .hi gh

Gl eason



Table2.2) Completed Phase Ill chemotherapy studhemetastatic prostate cancer patients

Study Treatment Sample Size| HR & 95%ClI
Tannocket al. Mitoxantrone (12 mg/miv q3w)+Prednisone versus Prednisone 161 0.8(0.59, 1.09)
(1996
Kantoff et al. Mitoxantrone(14 mg/nt iv q3w) +Hydrocortisone versus Hydrocortisone 242 1(0.8,1.3)
(1999
Berryet al. Mitoxantrone(12 mg/ntiv q3w for 6 cycles) + Prednisone versus Prednisone | 120 0.92(0.59, 1.42)
(2002
Tannock et al. | Prednisone +Docetaxali to 10 cycles of.75 mg/m of docetaxel dhour iv on 1,006 0.76(0.62, 0.94)
(2004) day 1 every 3 weeks or 30 mg/rB0-minute iv on days 1, 8, 122, and 29 of a-6

week cycle g3Wwversus Prednisone +mitoxantrone (12 nfgfras a 3@minute

infusion on day 1 q3w
Fossa et al. Docetaxel weekly6 cycles of 30 mg/Aon days 1, 8, 15, 22, and 29 as-adlir 109 0.54(0.32, 0.91)
(2007) iv) + prednisone versus prednisone
De Bono et al. | Cabazitaxel{O cycles o25 mg/nt given iv over 1 hour g3w4 prednisone or 755 0.70 (0.59,0.83)
(2010) mitoxantrone (1ang/n? given iv over 1530 minutes q3w) +prednisone
Sweeney et al. | Docetaxel75mg/nt g3w for maximum 6 cyclgs+ADT versus ADT only 790 0.61 (0.47,0.80)

(2014)

Abbreviations ADT =Androgen deprivation therapy, ClZonfidenceanterval,q3w= every 3week, iv= intravenous
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Table2.3) Systematic Review of cost utility analysis in localized prostate cancer

Study Patients Count | Intervention versus Costs QALYs ICER
ry comparator
Fleming et | Localized stage A or B, USA | RP, EBRT, and watchful RP andradiation therapy may be beneficfat
al. (1993) Age strata, 60, 65, 70 & 75. waiting selected groups, particularly in younger patien
with higher grade tumors
Kattan et al. | Localized prostate cancer, Age | USA | RPvs. watchful waiting RP is beneficiafor younger men and hafai for
(1997) strata 6065,70& 75. older men
Bayoumi et | Clinically evident, local USA | DES $3,600 4.64 | Referentcase
al. (2000) recurrence of prostate cancer, Orchiectomy $7,000 5.1 | $7,500/QALY
stage C. base case simulates on NSAA $16,100 4.98 | Not costeffective
age 65 man -
NSAA + orchiectomy $20,700 5.05
LHRHa $27,000 5.08
NSAA + LHRHa $40,300 5.03
Jager et al. | Localized USA | magnetic resonanc®R) $10,568 12.53 | MR cost saving
(2000) RP $11,669 12.52
Hummel et | Early localized prostate cancer, | UK 3D-CRT vs. Traditional £162548 0.56- | Between £288 and
al. (2003) model one age 65 man Radiotherapy 0.09 | £5,929 /QALY
BT vs. RP £527 to 1.08 to| Between
negative| negative| £490QALY and
not costeffective
Calvert et al.| Early localized prostate cancer, | UK Observationvs. RPvs. Biomarker approactis. Observation £12,608
(2003) model one age 60 man Usinga DNA ploidy as /QALY, treating all with RP is dominated by
prognostic biomarker selec| other two treatments
patients for RP
Moeremans | Early prostate cancer Belgi | Bicalutamide +SOQs. a27, 059 / QALY
et al. (2004) um SOC
Konski et al. | Localized USA | RT $29,240 5.48| $2,153/QALY
(2005) RT plus total androgen $31,286 6.43
suppression
Lundkvist et | Localized UK Protonvs. SOC Proton therapy was cosffective for appropriate
al. (2005) risk groups
Wang et al. | Localized USA | RT and 6 month ASTs. Cost saving

(2005)

RT alone
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Hayeset al. | Low risk prostate cancer USA | Initial treatment vs. active | Active treatment 11.07 QALY,
(2010 surveillance Brachytherapy 10.57 QALY,
IMRT 10.23 QALY
Konski et al. | 70-yearold with intermediateaisk | USA | IMRT vs.CRT $40,101/QALYs
(2006) prostate cancer
Konski et al. | Localized prostate cancer USA | Protonvs.SOC $63,578/QALY for a 78/earold man and
(2007) $55,726/QALY for a 66yearold man.
Shimizu et | Localized prostate cancer, age | Japan| Watchful waiting,curative | Gleason 26, Watchfui waiting yielded greatest
al. (2007) strata 60,70,80 therapyCT) and salvage QALE
therapy(ST) Gleason 7, CT was controversial,
Gleason 8, ST was beneficial
O'Malley et | Localized Prostate cancer Austr | Laparoscopic remotely A$2,264 ~24,457 QALY
al. (2007) alia assisted RRs. open surgery
Zubek et al. | Localized prostate cancer USA | Prostate Px® test, Prostate P® test, nomogram, and current
(2009) nomogram, and current practice were 8.11, 7.39, and 6.47, respectivel
practice. The expected costs were $17,549, $14,162, a
$14,105
Ito et al. A hypothetical cohort of men age USA | A BMD test and selective | $178 0.0027 $66,800/QALY
(2010 70 years with locally advanced o alendronate therapys. no
high-risk localized prostate cance test and no alendronate
(T2c to T4NO) starting a-gear treatment
course of ADT after radiation Universal alendronate $1,501 0.0084 $178,700/QALY
therapy therapy without a BMD test
vs a BMD test and selectivg
alendronate therapy
Hohwi et al.| Localized prostate cancer Denm | RoboticAssisted u64, 343 /| QALY
(2011) ark Laparoscpic Radical
Prostatectomys. RP
Parthan et | Model 65 year old male with USA | IMRT vs. SBRT $8,195 -0.062 More expensive
al. (2012) localized prostate cancer PTvs. SBRT $44.,539 -0.047 and less
effective
Hodges et | Localized USA | IMRT vs.SBRT IMRT cost saving
al. (2012)
Yong etal. Localized USA | IMRT vs.3DCRT $26,768 /IQALY
(2012)
Sher et al. Localized USA | IMRT vs.R-SBRT, NR IMRT over RSBRT $285,000/QALY|MRT

(2012)

SBRT

overNR-SBRT $591,100/QALY
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Lyth et al. Age <75 with P9 Swed| RPandwatchful waiting fon 21,026 ~ 858,703 SEK for those aged 65 to 75
(2012) OT 2 NO MO or madérately en different patient groups years
differentiated localized prostate
Cooperberg | low-, intermediate and highrisk, | USA | Open RP, laparoscopic Surgery was preferred over RT for lownisk
et al. (2013) | T3a, NO, MO, mean age 65, assisted RP, robatssisted | men, whereas combined EBRT+BT compared
probabilitydistributions were RP , 3BCRT,IMRT, BT, favorably forhigh-risk men
sampled 250 times and 250 first and EBRT+BT
order simulations
Hatoum et | locally advanced ofnetastatic USA | Degarelixvs.leuprolide $245/QALY
al. (2013) prostate cancer
Close etal. | Localized UK Robotic vs. laparoscopic | £18,329/QALY
(2013) prostatectomy

Abbreviations PSA=prostatespecific antigen, ICER =incremental cestectiveness ratidES=diethylstilbestrol NSAA= non-steroidal antandrogenLHRHa=

Luteinizing hormoneeleasing hormone agonis8D-CRT =ThreeDimensimal Conformal Radiation TherapRP=RadicalprostatectomyAST=androgen
suppression therapRRT =radiation therapyBMD= Bone Marrow DensitylMRT= Intensitymodulated radiation therap$BRT= Stereotactic body radiation therapy
, PT= proton beam therapBT =Brachytherapy, EBRTexternalbeam radigon therapy, SEK=Swedish Krona, QALY=Quality adjusted life year, QALE=quality

adjusted life expectancy, CABsombined androgen blockadeOC=standard of care, MRmagnetic resonance
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Table 2.4)Systematic review of cost estimated limzalized prostate cancer
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Direct Medical

Year of

Costs of

(monthly)

costs costs 2013 References

Remission (annual cost)

With neoadjuvant ADT $1,481 2009 $1,685 | Copperberg et a(2013)

With adjuvant ADT $2,267 2009| $2,579 | Copperbergt al. (2013)
Local recurrence

Without salvage therapy $1,775 2009| $2,019 | Copperberg et a(2013)

ADT (annual) $1,791 2009| $2,037 | Copperberg et a(2013)

RT (onetime) $27,586 2009 $31,379 | Copperberg et al. (2013)

Surgery (ondime) $8,547 2009 $9,722 | Copperberg et a(2013)
Metastasis

Annual management $2,212 2009| $2,516 | Copperberg et al. (2013)

Evaluation (ongime) $960 2009| $1,092 | Copperberg et al. (2013)

Treatment (ondime) $15,773 2009 $17,942 | Copperberg et al. (2013)

Secondary malignancy $11,465 2009 $13,042 | Copperberg et a(2013)
Sggsrtgtﬁfgfncer death (last $40,807 2009 | $46,419 | Copperberg et a(2013)
Cost of preterminal care $17,000 1998 | $30,036 | Bayoumi et al(2000)
Treatment cost

SBRT $20,889 2011| $22,312 | Parthan et al. (2012)

IMRT $28,805 2011| $30,767 | Parthan et al. (2012)

PT $65,250 2011| $69,695 | Parthan et al. (2012)
Annual Stage 3 costs $22,030 -a Roehrborn et a(2009)
Annual Stage 4 costs $25,521 - Roehrborn et al2009)
Cost of Cabazitaxel 2015 | $8,819.8 | Q1Medicare.con(2015

Abbreviations, ADT= androgen suppressitherapy, RT= Radiation therap§RT= Intensitymodulated radiation
therapy SBRT =Steeotactic body radiation therapT= proton beam therapES=diethylstilbestrol NSAA= non
steroidal antandrogenLHRHa= Luteinizing hormoneeleasing hormone agonists

ayear of cost was not reported in paper



Table 2.5) A summary of utilities of patients with prostate cancer

Localized Metastatic
Chenet al. (2008) 0.80
Hayeset al. (2010) 0.68
Stewartet al. (2005) 0.84 0.67
Frybacket al. (1993) 0.84
Copperbergt al. (2013) 0.94 0.45
Cowenet al. (1996) 0.72 0.42
Chapmaret al. (1998)
Impersonal 0.78 0.51
Personal 0.78 0.72
Chapmaret al. (1999) 0.84 0.66
Krahnet al. (2003) 0.86 0.85
Patient Standard Gamble 0.80 0.75
Health Utilities Irdex 0.80 0.81
Quality of Well Beingrating scale 0.66 0.62
Bennetet al. (1997)
Physician 0.83
localized prostate cancer 0.53
Metastatic prostate cancer 0.58
Volk et al. (2004)
Husbands 0.72
Wives 0.86
Couples 0.83
Total Mean 0.80 0.68

Mean utility of localized prostate cancer patients were 0.80. The average utility of metastasis was 0.68

38



39

Table 2.6) Recent FDA approved companion diagnostics in oncolo@yDA, 2014)

CDX device Cost and performance of device Monthly Drug
costs*

Therascreen KRAS | Test cost $196.9@CMS, 2014b) KRAS mutation Cetuximab

RGQ PCR Kit expressing 40%, sensitivity 9{%iagen,2012) ($10,000)

DAKO EGFR Test cost $4(Buckley & Kakar 2007) EGFR (Rapaport 2009 Jul

PharmDx expressing 72:82.1%(Dako) 29)

Panitumumab
($8,000) (Pollack
2006, Sep 28)

SPOTLight HER2 CISH costs between FISH and IHRoss et al. 2009) | Trastuzumab
CISH Kit very high concordance with FISH. HER 2 gene 25 | ($5,800)(Blair et
30% expressiofMark et al.1999) al. 2012)
HER-2/Neu gene Test cost $14(Shah & Chen, 2010HER 2 gene 25
detection system 30% expressigiMark et al.1999)accuracy 95.7%
(Press et al. 2002)
PathVysion HER2 Test cost $140Shah & Chen2010) HER 2 gene 25
DNA Probe Kit 30% expressiofMark et al.1999) accuracy 97.4%
(Press et al. 2002)
Bond Oracle HER2 | Test cost $1QShah & Chen2010), specificity and
IHC system sensitivity equivalent to the PathVysi@@arlson
2011)
PATHWAY Her2 HER 2 gene 2880% expressiofMark et al.1999)
(clone CB11) sensitivity 89.7%Press et al. 2002)
HER2 CISH HER 2 gene 2880% expressiaiMark et al.1999)
PharmDX kit
INFORM HER2 Test cost $225, total cost $5(Qarlson 2011)
Dual ISH DNA Probe| sensitivity 95.4% and specificity 96€6hah & Chen
Cocktall 2010)
INSITE HER2/Neu | HER 2 gene 2880% expressiofMark etal.1999)
kit
HercepTest Cost$500(Blair et al.2012)HER-2 expression score | Trastuzumab
3+ about 10%Blair et al. 2012) Sensitivity 88.9%& | ($5,800)(Blair et
specificity 100%(Press et al. 2002) al. 2012),
HER2 FISH Cost $70(Genomeweb.com, 2008 Jul 16HER-2 Pertuzumab
PharmDx kit expression score 3+ about 1QBgair et al. 2012) ($5,900)(Carroll
2012 Jun 9)
THxID BRAF kit Test cost $178.80CMS, 2014b),50% of melanomas | Tramatenib

expressior{The University of Mihigan department of
pathology,2011)

(%$9,135fChung &
Reilly 2015)

Cobas® EGFR
Mutation Test

Test cost $329.1€MS, 2014b),detecting 72.97%
case(Wang & Chen, 2013)

Erlotinib (generic)

Vysis ALK Break
Apart FISH Probe Kit

Test cost $1,50Blair et al. 2012)Sensitivity 100%
and specificity 100%Abbott Molecular Inc. 2011)
ALK expressing 27% (Blair et al. 2012)

Crizotinib ($9,600)
(Blair et al. 2012)

c-Kit pharmDX assay
to identify CD 117

Test cost $1QShah & Chen 2010B8595% expressing
(Choti & Johnston)

Imatinib
($7,669(Experts in
chronic Myeloid
leukemia, 2013)
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Cobas 4800 BRAF
V600 Mutation Test

Test cost $120615(Blair et al. 2012)BRAF V600E
mutation ~40%Blair et al. 2012)Specificity 994 (Qu

Vemurafenib
(%$4,700)(Blair et

et al. 2013) al. 2012)
FerriScarR2-MRI Test cost $33%Honor Health. 2015) Sensitivity of Deferasirox
Analysis System >85% and specificity of >92%Cappellini et al 2008) | (generic)
BRACanalysis CDx | Test cost $3,34(5ecord et al. 2013P22% express Olaparib

(Labmedicdnternational staff writers, 2004
Nov5).Sensitivity 9.92% and specificity >99.99%
(Myriadpro .2015)

(%$6,356)(Secord et
al. 2013)

Abbreviation, KRAS=Kirsten rat sarcoma viral oncogene homolog, RBQerGene Q software ,PCRsolymerase
chain reaction, EGFRepidermal growth factor receptdtER-2=human epidermal growth factor recept®yCISH=
Chromogenic in situ hybridization, IHGmsmmunohistochemicaBRAF=wraf murine sarcoma viral oncogene homolog
B1, ALK= Anaplastic lynphoma kinase, FISH= Fluorescence in situ

*Some monthly costs were converted from annual costs

Figure 2.1) Study selection for review of clinical effectiveness

Clinical effectiveness

’

Titles and abstracts
identified and screened
N=162

Excluded N414
Review (53)

Biomarker (5)
Clinical guideline (2)

v

Comments (2)
Preclinical (2)

Epidemiology (2)

Publication meeting
inclusion criteria
N=48

Duplicate (1)

Patient groupoutside scope (42)

Pharmacogenomics (5)
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Figure 2.2) Meta-analysis of chemotherapy in mCRPC

Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit limit Z-Value p-Value
Tannock et al. (2004} 0.760 0.817 0.936 -2.585 0.010
Fosza et al. (2007) 0.540 0.320 0.911 =231 0.021 ——
De Bono et al. (2010} 0.700 0.550 0.830 -4.095 0.000
0.711 0.826 D.g0& -5.225 0.000 *
0.1 041 1 10 100
Favours A Favours B
Summary statistic’
Model Effect size and 95% interval Test of null Heterogeneity U
(2-Tail)
Point Lower | Upper | Z P Q df (Q) P 12 G Standard | Variance | Tau
estimate | limit limit Error
Fixed 0.711| 0.626 0.808| -5.226| 0.000 1.491 2.000 0.475| 0.000 0.000 0.016 0.000 0.000
Random 0.711| 0.626 0.808| -5.226| 0.000

Abbreviation:Z=Z scoreQ=Coc hr ands Q, whi ch isanotsguareddifferanesbetaeen individual stedy effécts and the pooled effect across studies, with the
weights being those used in the pooling metftdQ)= degree of freedom of @ statisticdescribes the percentage of variation across stutiésstdue to heterogeneity rather than
chancel 2 betweerstudies variance

2 Above three studies are the pivotal trials for docetaxel and cabazitaxel to have label in mMCRPC. The pooled effectusnessmparator 371



Figure 2.3) Meta-analysis of chemotherapy irmetastatic prostate cancer

Study name Statistics for each study Hazard ratio and 95% Cl
Hazard Lower Upper

ratio limit limit Z-\Value p-Value
Tannock et al. (2004) 0.760 0.817 0936 -2585 0.010
Fossa et al. (2007} 0.540 0.320 0.911 -2.311 0.021 ——
De Bono et al. (2010) 0.700 0.580 0.830 -4.055 0.000
Sweeney et al (2014} 0.810 0.468 0.796 -3643 0.000 =

0.691 0.616 0.775 £.230 0.000 *
0.0 0.1 1 10 100
Favours A Favours B
Summary statistic’
Mod | Effect size and 95% interval Test of Heterogeneity U
el null (2-
Tail)
Point Lower | Upper z P Q df (Q) P 12 G Standard| Variance Tau
estimate | limit limit Error
Fixed 0.691 0.616 0.775 -6.289 | 0.00 | 2.525 | 3.000 0.471 | 0.000 | 0.000 0.013 0.000 0.000
Rando | 0.691 0.616 0.775 -6.289 | 0.00
m
Note Z,ZscoreQ=Cochrandés Q, which is calculated as the

being thoe used in the pooling method, df (Q)= degree of freedom of Q, I2= statistic describes the percentage of variation esrtisstssudlle tohee r ogenei t y
betweenstudies variance

a Considering the CHAARTED study (Sweeney et al. (2014)), the pooled effectiveness versus compdiator is
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Chapter 3. Estimate survival outcomes by using SEERMedicare Linked Database

3.1 Overview

Although somestudies showed a trend of overall survival benefit associated with thenapoy
overall survivalwas not provenwhen treating HRLPC patientswith chemotherapyClinical
effectivenessof a CEA modelneeds to be based on assumptions. Clinical endpaangs, (
metastasidree survival, overall survivdlfor HRLPC patientfrom a representative US cancer
registryare neededo ensure the modé$ generalizable to US patients. Théconsistent with
health technology assessmehtTA) recommendatios (Philips et al.2004; NICE 2008a) of
using gooequality nonrrandomized studiesThe objective ofthis chapteris to describethe
clinical outcomesand to analyze how baseline risk facimach as age at diagnosis, cancer

severity,year of diagnosisandinitial treatment modalitypredict survival outcomes.

3.2 Methods

3.2.1Data sources

The Surveillance, Epidemiology, and End ResUBEER programis a population based tumor
registry covering 26% of the U.S. populatipdarren et al. 2002)The SEERMedicare Linked
Databaseprovides long-term follow up sincecancer diagnosiswith the data orboth clinical
outcomesand costjt is a rich source to study risk profiles well ascost patterns ofiigh-risk

localized prostate cancer patients in the U.S.

Lu-Yao et al. (2009) estimatedthe tenyear prostate cancepecific mortality and altause
mortality for localized prostate cancer patients who were diagnosed with stafe ddncer
between 1992nd 2@2 by using SEERedicare They reported.0-yearall-cause mortality by

age and severityclinical stageandGleasonscore). For instance, for age group between 66 and
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69 and poorly differentiated staged T2 patients, the median survival was7agears following
thediagnoss of prostate cancdtu-Yao et al 2009) Different fromthe studyabove thischapter
focused only on the high risk localized prostate cancer based on NEDXR|) criteria(clinically
localized with either T3a orGleasonscore 810 or PSA20ng/ml, or locally advanced stage
higher than T3b)and followed patientsince theyreceived prostatectomy, radiotheramyr

hormone therapy.

3.2.2 Patients selection

Patients were eligible for inclusion if theyere diagnosedith prostate cancedretwea January
1991 and Deember2011(N=672,634) At the diagnosis patients weré5 or older Thosewho
were younger than 6%N=128,121)were mosty likely enrolled due to disabilitylncluded
patients should havieeenenrolledin Medicare part A and B tget complete treatment history
(Patiens who were not Medicare part A and partNB=197,333) Patients were excluded from the
study if they were enrolled in a Medicafealth Maintenance @anizationor were eligible for
Medicare based on erslage renatlisease (ESRD) or disabilifid=38,071) their prostate cancer
was identified at autopsy because no folloywy medical care wouldhad been provided
(N=5,743) or hadother canceeither before or aftediagnosis ofprostate cancefN=12,830)
Patients whalid not undergo aactive treatment (N=5,053) this periodwere excludedAs the
day ofthe month was not reported in SEERedicareLinked Database, month was used as unit
of timing. The index month was defined as the earliest mdaoting whichpatientsreceived at
least one bthe following prostatectomy, radiotherapgr hormone therapylhe rationale was
that an active treatment waeededn conjunction withchemaherapy.At index month, patients
were still alive. They werequalified as high risk lalized prostate cancgiNot HRLPGC

N=196,211),and theircancer did not spreddlletastasis at diagnosis, N=41,344)treatedafter
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metastasigN=22,653), they were excluded frame cohort.Patients who died within 6 months
from index mont(N=1,191)were excludegas those patnts mighthave hadserious conditions
since the selectedpatient group has a relatiyelong life expectancyLu-Yao et al. 2012)
Overall, ourcohortcomprised24,094patients If patients were still alive on December 201Hgy

were censored out ddecember 2011.

3.2.3 Outcome asessment

Metastasidree survival wa acomposite endpoint. It capturdte evenbf metastasis and death
Metastasis wagdentified applyingtwo methods. Onenethod usedhe ICD-9-CM code(CMS

2015, Dolan et al. 2012)Specifically, £condary and unspecified malignant neoplasm of lymph
nodes (196), secondary malignant neoplasm of respiratory and digestive systems (197), and
secondary malignant neoplaswh other specified sites (198)ere used adriggers to identify
secondary maliggmcy(CMS 2015. The othemethod washemdherapybecausdt was the only

agent for treating mCRPC before 2011. Healthcare Common Procedure Coding System (HCPCS)
code staihgwi t h 6 J 9 @indwaocsle. 2055iBdth methods were combined to asstus

metastasis.

Based on the review @hapter2 (Table 2.1)the inclusion criteria of clinical triali& this patient
group faused on ageGleasonscore, PSA valueand tumor staging. Studiesshowed that
survival differed according toage (Lu-Yao et al. 2009)cancer severitfLu-Yao et al. 2009)
prostatectomy(Wilt et al. 2012) andyear of diagnosigWilding et al.2005) A few variables
including age, disease severity, year of diagnasid treatmentnodalitywere selected to predict
outcome.For smplicity, thosevariables wee categorizedas binary variables For ingance, the
severity of cancer wasither clinically localized (T3a orGleasonscore 8 to 10 or PSA >20

ng/ml) or locally advanced (T3otT4), which is consistentvith the NCCN guideling2012)
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3.2.4 Statistical methods

KaplanMeier curves of metastasidree survival and overall survival werestimated. Cox
proportional hazards modelasconducted to understand thffect of age group (65’5 or 75+),
severity of cancer,diagnosis period and treatment modality K(pstatectomy versus no
prostatectomyon bothoverall survival and metastasis free survividie parametric functions of
the survival outcomes were also estimatedconstruct themodel It was done by exploring
different parametric functioforms for survival outcomesncluding eponential] Weibull, log-
normal and log-logistic.  All analyses in this and nexthapter were performed using SAS

statistical software, version 9.2 (SAS Institute. @08).

3.3Results

3.3.1Patient baseline

Overall, 24,094 patients were included the study Patient selection flow was presentad
Figure3.1 As Gleasorscore was not available in the database before 2004, patient ctistiaste
arereported inTable 3.1 stratifiedby two periods frior to 2004 and post to 200#Average age
was 72.8yearsat index dateNo major differences were found in terms of agee, region and
comorbidities About 80% of patients were white and near bathe paients were from the west
Most people (about 70%) were withoutroorbidity. More patients weri clinical stage TOr2
in the period after 20Q4as indicated byGleasm swre. Less prostatectomy surgeriggsre
performedfor patients who were diagnosed after 2@@mpared tahose diagnosegrior to

2004

3.3.2 Survival outcomes
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The media survival of theentirecohort wa 139 monthabout 11.6 years (Séégure 3.2, panel
A). The interquartile range (IQR) w&73,220) nonths. Nearly 18% of patientsurvived at least
20 yearsOQverall survival by two age groufis shownin Figure 3.2Panel Bi.e., patierd agad 65
to 74 and patiets older than74. The median overalsurvival of the younger groupas 169
month with IQR of (98, 239)montts, and he median overall survival of the older gromps91
months with IQR of (46, 145)montts. Younger patients we expected to live longeln Figure
3.2 panel Cverall survivd wasstratifiedby the severity of cancefThe medan overall survival
of clinical localizedgroupwas142 monthswith IQR of (75, 227)montts whereas medial overall
survival of locally advanced groupas 116 monthswith IQR of (56, 196)montls. Thelocally
advanced groupadworse outcomegonsistent with the classiition of disease severitiFigure
3.2 Panel D reported the overall surviaf the period of diagnosifor patients diagnosed after
2000, the median survivatas 144 montls, with IQR of (85, not reachednontls. For patients
who were diagosed between 1995 and 1999 dhdse diagnosedbefore 1995 the median
survival was 135 montlts (IQR= (65, 213)montts) and 121 montls (IQR= (59,207)montts),
respectively Recenly diagnosed patientwere expected tchave better overall survivalFigure
3.2 Panel E showthe overall survival by whether patiertisd prostatectomy. Patients with
prostatectomy showed raore favorable outcomewith median survivabf 189 months (IQR=
(117, not reachednonths) compared to 105 months (IQR= (54,1@&6dntts) for those without
prostatectomy.All results above were statistically significgipi0.05) asmeasured by logank

test (both raw test and Sudak test).

The mediammetastasidree survival (MFS)was78 months, with IQRf (19, 167) monthgFigure
3.3). Stratified analysis of MF&assimilar to that of overall survival. Instead of discussing each
group, a summary dbg-rank tests for differenstratais presentedn Table 3.2 In summary,

locally advanced olderaiients and n@rostatectomytreatmentwere still associated with worse
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outcomes, consistent with the pattern of overall survival. Urilikine case obverall survival,
metastasidree survival straified by diagnosis period showeatb differences between patients

diagnosed after 2000 and the patients who were diagnosed between 1995 and 1999.

The results from multivariate proportional hazards modelble 3.3) were consistent with
parametric modsl Ratients whowere either locally advancedolder patients7?b years ofage
and oldey, or diagnosed before 2008ad significantly higher risk of mortality whereas
prostatecomyserved as @rotectivefactor. For instancecomparedo younger patientgatients
who wereolder than74 had92.3% higherrisk of deathHence age wasoneimportant risk factor
for this patient groupln the metastastic free survival model, locally advanced older patients
without prostatectomytreatment hadworse outcomesDiagnosis year was not statistically

significant.

3.3.3 Parametric fitting of survival outcomes

The performance of four models (exponentiikibull, log-normal and bg-logistic distribution)

in estimatingmetastasidree survival wastested. The Akaike Information Criterion (AIC), AICc
(AIC with a correction for finite sample sizes), and Bayesian Information Criterion (BIC)
measureshat wereused to assess how well alternative modelscribed the dataere compted

for each modelTable3.4). Based on model selection criteria, tveibull modelwasthe best for
MFS, sincethe criteria values of AIC, AIC¢ BIC andlog likelihood were the smalles(Table

3.4). Figure 3.4 showedthe KaplanMeier curve of the observed MFS (irregular dotted line) as
well as parametric curvesBoth log-normal andloglogistic fitting curves hadhigh tails,
indicatingthat a fair amouh of patients enjoyed long lifavhich is not true These two curves
almost overlapd, stayingt the top of the grapiowards the tailin Figure 3.4. Log-normal curve

and log-logistics curve fitted the observed dataell beforethe month 80, butremainedwell
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above the data poinstarting frommonth 120 From month 140, the observed Kapiiteier
curve was between the fitted curve diVeibull and eponentialfunctions. Expaential curve
might predict obewnationsat the tailacurately butthe performancata beginningof the curves
poor. Following the criteria statistic¥Veibull distribution was selected for tlesteffeciveness
model The best modeby the selectioncriteria did not garrantee a perfect fitable 3.5

summarized different parametric models to estimate MFS.

Likewise, Weibull, exponential,log-logistics and log-normal functionswere fitted withoverall
survival When Weibull, log-logistics and log-normal distributions were testedhd Hessian
matrices werenegative causingcomputation for O$arametric fittingnot converging Although
exponential distributiorconverged, the fitted curveeviatedfrom the observedaplanMeier
curve Figure 3.5) substantially Alternative solutions were exploredor examplepne solution
was to solve the parameters Wfeibull distribution by randomly setting two points on the
KaplanMeier curve. Two points (37, Q887 and (238, (97 were chosen randomhA
Weibull curve waslotted throughthesepoints Figure 3.5 shows thatthe fitted curve based on
suchmethodperformedmethod compared tihe exponentiafunction. Of course, if we haattual
invention arm, we could always use the Kagldgier curve or piecewise exponential function

instead of one function forrf.able3.6 summarizs differentparametric models tegimate OS.

3.4 Discussiors

Previous studies compared the overall survival I®EER with electronic medical record and
found high level of agreemeiflbertsen et al. 20Q0Penson et al. 2001)ndicating that the
overall survival of prostate cancer patients reported by SEER was relidblestimation of OS
in this study is consient with a few experimental studidgill -Axelson et al. (2014) compared

radical prostatectomy versus watchful waiting in early prostate cancer in the Scandinavian
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Prostate Cancer Group Study Number 4 (SR hey reportednedian year of overall survival

of hightrisk patients (N=695jvasabout 12 yearsWilt et al. (2012) foundhatthe mediaryears

of overall survival of high risk localized patients were 9 and 11 for the observational arm and
radical prostatectomy armespectivelyCompaedto those stuigs the median O®8f 11.6 years

in this study isareasonablestimate

Bill-Axelson et al. (2014also showedthat relative risk (RR) of radical prostatectommgrsus
watchful waitingwas 0.71 95% Ct 0.59 - 0.86 for the whole groupthough it was not
statistically significan{0.84, 95% CI10.61- 1.19) forhigh-risk group Wilt et al. (2012)showed
that prostatectomy was associated with about 2 yeadditional overall survivalcompaed to
watchful waiting Consistent withthe above studies, patientsvho started with radical
prostatectom alsoshowed favorable outcome in this stuaiyh evenlargerdifferences (7 years,
compared to other active treatmentBased onthe definition of the variable of treatment
modality, the treément of prostatectomy group mightlude radiotherapy arnttdbrmone thernay.
Patients in this groupeceived more careful medical attenticompared tdhe group receiving
othertreatmens. More importaniy, selection bias can play an importasie as surgergandidate
should be fit. Consequentlythese patients havbetter survival outcomeAdditional studies
shouldlook into the benefit of prostatectomy in this patient greaompared t@ther treatmeistin
SEERMedicare Linked [@tabaseand adjustidentifiable confoundersFurthermore,differen
survival outcoms can be attributable to migration of cancer staging and grade, i.e., the definition
of cancer stagingr Gleasonscore over the yeardani et al. (2007$howeda grade migration

from well differentiatedo moderately differentiated diseaseerthe study perioth SEER

Usually, studies oisEERMedicare Linked @tebasestartedwith the month of diagnosise.g.,

Lu-Yao & Yao 1997 Godley et al. 2003 andu-Yao et al. 2012This study defined the starting
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time as the month dhefirst adive treatmentHence it excludel the period when patients were
diagnosed ah followed by watchful waiting. By definition, survival curvedoesnot directly
representhe studythat startswith the month of theliagnosis as appear€ommonlyin the

literature

One limitation is thathe results ofmetastastatic free survivalere not validatel, as itwasnot
routinely reported in obseation study (time to metastasistead)for high risklocalised prostate
cancer The speed of reduction of th€aplanMeier curve of MFS slowed near the talit. is
possiblethatICD 9 codedor metastasisvere not correctly capturad earlier peiod of claimsor
thatstaging o PSA value was ngirecise Some lower risk patientdiagnosed in early yeavgere
included in this patient groupOther information bias alsexist in defining MFS. There are
some concerns about using SEER to identify bone marrow metgQasikwugha et al. 2012)
Another limitation is thasample selectiogriteria was not consistenas Gleasonscores were
missingbefore 2004 Patients included at different periods miglat be similar. In addition,as
SAS PROC LIFEREGomputationdid converge thus,forcing aWeibull distributionto cross
two observatiorpoints was not optimalas it ignorednostdata points. This delimma is an issue
only when we have to construct a hypothetical treatment laranhead to head study is available,
we can use the data at hand to either fit the dsitag more flexiblefunction forms or use the

KaplanMeier curve directly.

The main strength of this studyasthat it wasa population based, US specific patient regist
data with long term follow uSincea health economic model from a US payer perspective needs
to build its detsion based on representatipepulation, this studys more favorable than either
Wilt et al. (2012 or Bill-Axelson et al(2014, even thougtihose published studigsight have

betterassessment of metastasssudy results of completed or ongoing phase Il studies can be
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used to inform the modelln addition, the datasetprovided enough data tinvestigate
subpopulationIf needed,it is feasibleto build all the covariates into theosteffeciveness

model| e.g, we can jusassess subgroupsuch as age 75-r the local advanced patients

In summary,overall survivalof US patients withhigh-risk localized prostate cancer based on
SEERMedicare Linked Databasewas consistent with other large studies. The result of
metastasidree survival estimatiorwasone of besthatwe couldobtainbased orobservational

studies Such information igmportantfor costeffeciveness modéah thefollowing chaptes.



Table 3.1) Patient characteristics

53

N (%) Diagnosed <=2003| Diagnosed >=2004 All
Sample size 14,790 9,304 24,094
Year of diagnosis, median (IQR 1998(1993,2001 2007(2005,2008 2002(1996,2006)
Follow up median (IQR), 107(70,142) 48(34,66) 76(44,119)
months
Age at study index (mean, std) 726(5.5) 73.02(6.1) 72.75(5.7)
Race
African American 1,446(9.8%) 1,110(11.9%) 2,556(10.6%)
White 12,252(82.8%) 7,376(793%) 19,628(815%)
Other 1,092(7 4%) 818(88%) 1,910(7.9%)
Gleason Score
<8 2,674(28.7%) 2,674(28.7%)
8 3,707(39.8%) 3,707(39.8%)
9 2,436(262%) 2,436(262%)
10 236(2.5%) 236(2.5%)
Unknown 251(2.7%) 251(2.7%)
Clinical stage
TO-T2 8,558(579%) 7,978(858%) 16,536(686%)
T3a 2,777(18.8%) 709(7.6%) 3,486(145%)
T3b 1,100(7.4%) 361(3.9%) 1,461(6.1%)
T4 415(2.8%) 163(1.8%) 578(2.4%)
Other 1,940(13.1%) 93(1.0%) 2,033(8.4%)
Modality of treatment
Radiotherapy 6,710(454%) 5,109(54.9%) 11,81949.0%)
Prostatectomy 6,741(456%) 3,306(35.5%) 10,047(41.7%)

Hormone therapy

1,339(9.1%)

889(9.6%)

2,228(9.3%)

Vital status at last of follow up (

12/31/2011)

Died 8,372(56.6%) 1,585(17.0%) 9,957(41.3%)
Alive 6,418(434%) 7,719(8.0%) 14,137(58.7%)
Charlson comorbidity
0 10,645(715%) 5,929(63.7%) 16,574(688%)
1 1,849(12.5%) 1,559(168%) 3,408(14.1%)
2+ 668 ( 4.5%) 839 (19.0%) 1,507 ( 63%)
Unknown 1,628(115%) 977(10.5%) 2,605(10.8%)
SEER regions
Northeast 1,930(131%) 1951(21.0%) 3,881(16.1%)
North-central 3,363(22.7%) 870( 94%) 4,233(176%)
West 7,38860.0%) 4276(%5.0%) 11,664(48.4%)
South 1,492(101%) 1520(16.3%) 3,012(12.5%)
Unknown 617(4.2%) 687( 74%) 1,304(5.4%)

Abbreviation IQR= interquartile range

2The treatment hierarchy was surgery, radiotherapy and hormone therapy. If a patient had them all, he was classifigd as surger

bif patient had no coverage one year prior to his diagnosis hia prior Charlson index was missing, then his comorbidity set as

unknown.
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Table 3.2 Metastasisfree survival by subgroup

Group N Median (IQR), p-value
months
Total 24,094 74(18,162)
By severity?
Clinical Localized 22,055 78(19,167) <0.0001
Locally advanced 2,039 51(13,119)
By age group
Between 65 and 74 16,175 99(23,199) <0.0001
Above 75 7,919 46(12,105)
By diagnosis period
<=1995 (a) 5,870 80(34,156)
19962000 (b) 3,921 69(19,165) .022 (2001+ versus
<=1995)
2001+ (c) 14,303 77(12,174) 0.85(2001+versus
19962000)
By treatment
Prostatectomy 10,047 131(44,222) <0.0001
Radiotherapy or ADT 14,047 49(11,115)

Abbreviation, ADT=androgen deprivation therapy, IQR= interquartile range

a Locally advanced patients have short mediaNB§ than those of clinical localized

Ol der patients (ageO75) have short median of
¢ Patient started with prostatectomy are associated with favorable MFS

Table 3.3 Multivariate proportional hazard model of Overall Survival (OS) and
Metastasisfree Survival (MFS)

(ON MFS
P-
Parameter SE P-value | HR Parameter| SE value HR
Locally
advanced 0.226 0.031 | <.0001 | 1.254 0.315 0.027 | <.0001| 1.370
Age 75+ 0.655 0.022 | <.0001 | 1.923| 0.326 | 0.018 | <.0001| 1.385
Diagnosed
before2000 0.400 0.024 | <.0001 | 1.492 -0.040 0.018 | 0.027 | 0.961
Prostatectomy| g g20 0.024 | <.0001 | 0.441| -0.692 | 0.019 | <.0001| 0.500
Abbreviation, SE=standard error, HR=hazard ratio )
Note: patients who were localy d vanced, ol der (O075) , and not

expected to have worse prognosis

MFS t

bei nc
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Table 3.4 Goodness of fit of model selection

Weibull Log-normal Log-logistic Exponential
MFS
2 log likelihood 76,696 77,404 165,412 167,425
AIC 76,700 77,408 165,416 167,427
AICC 76,700 77,408 165,416 167,427
BIC 76,717 77,424 165,432 167,435
(ON)
2 log likelihood -313,825 -315,279 -313,127 19,914
AIC -313,821 -315,275 -313,123 19,916
AICC -313,821 -315,275 -313,123 19,916
BIC -313,806 -315,261 -313,109 19,923

Abbreviation, AIC= Akaike information criterion AICC=AIC with a correction for finite sample sizes
BIC =Bayesiarinformation criterion
aWeibull was chosen for MFS as it was associated with lowest 2log likelihood, AIC, AICC and BIC.

Table 3.5 Predictive model ofMetastasisfree survival

SAS output Weibull* Exponential Log-normal Log-logistics
Intercept 4.7188 (0.0119) 4.6463 (0.0082) 4.1068 (0.0150) 4.1635 (0.0140
Scale 1.4228 (0.0101 1(0) | 2.0743 (0.0128) 1.1864 (0.0083
Weibull scale 112.0329 (1.3357] 104.2035 (0.8558]
Weibull shape 0.7028 (0.0050 1(0)
*Final model was chosen
Table 3.6 Predictive model of Overall Survival
SAS output Weibull manually fit Exponential
Intercept 0.0001 (0.01)
Weibull scale 0.000767 1.0001 (0.01)
Weibull shape 1.39615 1(0)

*Final model was chosen




Exclusion Criteria

Figure 3.1) Patients selection flowchart
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Figure 3.2) Overall survival and stratified analysis
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Product-Limit Survival Estimates
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Figure 3.3 Metastasisfree Survival and stratified analysis
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Figure 3.4) Parametric fitting of MFS
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Figure 3.5) Parametric fitting of Overall Survival
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Chapter 4. Estimating the disease management costs by using SEfBRdicare Linked
Database

4.1 Introduction

Published coseffectiveness studiesn localized prostate caac reportedlifferentcost estimates
(Table2.4). However, those data were either not fro@ public payer perspective or not from
the actualpatient group underthe investigation Some of them wereutdatedwhile others did
not reflect the modedtructure It might bemisleading if pluging thoseestimates directly in the
model without justification. The objective of thighapteris to evaluatethe cost patternsn the

SEERMedicarelLinked Databasand to make a recommendation o$icimputs forthe model

4.2 Methods

In the previous chapter, 24,094 patients diagnosed higgitirisk localized prostate cancer were
identified. Their claims were analyzed in this chaptBaymentcosts wee analyzed bylisease
states(i.e., metastasifree period, posinetastasiperiod andthe event of deattState costvas
defined agmonthly average of theimp sum costn specific disease statindividual payments
from 1991 to 2011 following index morglge.g., the first month when patients were treated with
a prestatectomy, radiotherapy or AD®r the first month the cancer spreagre summed up by
eachpatient and monthThe total amourd paid were analyzed to includeaymens from both
Medicareand patierg Costs included hospital stays, emergency rdoospitaloutpatient visits
and physician offices visit€laims associateavith home health servicdslome Health HHA)],
hospice, equipmenanddurableeventcosts[Durable Medical Equipmer{DME), Part D Event
(PDB)] were not inclded because afataavailability. For patients who died, theostfor the last
year was summarigeas the end of life cosPrice was adjustefbr the 2013calendar year by

consumer price index of medical care seryBereau of Labor Statistic2015).
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To understand the treatment pattethe frequenciesof major medicalinterventions (see
definition in Table4.1) were analyzece.g.,radiation surgical,andhormone thenaies frequency
of hospitalization They were reportelly first and second yeaandthe stage ofnetastasidree

andpostmetastasi$or patients whdiadatleast ahistory of two years at different disease state

In this cohort,58.®4 of patientswere sill alive at the time ofthe study cutoff date(December
2011). Recordscollected after the cutoff time were excluded Due to substantiahumber of
exclusions the average cost per monfior the full sample was biased becausatignts had
variabke follow-up. Bang and Tsiati$2000) recommended a nonparametric estimneaof the
inverse probability which reduced the first year costs and elevated the subsequ&nt co
estimators.With high volume of patient claimsa simple solution waso focus only on the
records of those who died bedothe cubff date. Adjustment wagperformedin a subgroupof
patientswho diedduring this period Summary statistics are reported by two methods. Lastly, a
multivariatelinear regressiormodel of theoverall meancost with selected variables including
disease state (post metastasis versus metastasisyiae)pf disease staidirst year versus
subsequent yepgrdisease severitffocally advanced versus high ribcalized, age (older than
75versus 654), diagnosis periodpost 2000 versus before 2000), dralinga prostatectomy

was conducted to undgandthedifferencesamongthose variablg

4.3 Results

Initial demographic, clinidaand social economjatientcharactesticsaredescribedn Chapter
3 (Table3.1). Metastasidree and postmetastasisosts wee reportedfirst astime seriesstarting
from the index montt{Figure4.1-4.2) by two methodsThe average costs for both statesravk
shapé, i.e., high in the firsyyear,after which theydroppedandremainedow in the subsequent

years Near the taik of the time seriesaverage costs bete volatile especially for the post
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metastasis stat¢houghthe trends werstill steady As time went by, the sample size reduced
substantially(see numbers undefigures. For instance, the total sample of tastasis free
droppedfrom 18,192 at timezero t0506 at month @0, with 1% of patients leftConsequently,
the costs estimategear the tails were nogliable.In both Figures 4.1 and 4.2mean costs were
also reported bycensor adjusteddotted line) and unadjustedsolid line) methods With
adjustment, th average monthlgost increasedt the tai regardless of disease swtdhis
pattern was consistent withBang and Tsiatig2000, althoudh they used a neparametric

statisticalreweighting method.

To understandhe reason why first year cost svaubstantiallyhigher compared to the costs in
subsequengears, apatient cohort with 6,16Batierts was identified with at leasto-yearhistory
of metastasifree The other cohortomprisingl5,125patientshadat leas a twoyearhistory of
metastasisThere werel,944 patientsin both cohorts.Table 4.2 summarize the number of
patients who had at least one medicaintervention each year bydisease statenamely
brachytherapy, CRT, IMRT, proton, cryotherapy, radical prostatectomy, orahigctnd
LHRHa. Patierg with 1, 2, or morehospital stays were also reported. In the sdisease state,
patients in the first year following thieindex monthsobtainedmore intensive medical care
However,substantilly lesspatientswere treatedn the second yeawhich exphined observed
cost dfferences. Of course, ptientswho had a surgerysuch as radical prostatectomy and
orchiectomy had no nesdo repeat thosesurgeres in subsequenteas. The reduction obther
treatmerg might imply thatthe disease waandercontrol Similar patternemergedn the post
metastasistak. More treatments were given in the firsayén addition mare patients received
LHRHa in thepostmetastasigphasethanin the metastasis free phasegardless ofvhether it
was thefirst year In summarythe medical resource utilization pattendicatedthe treatment

modality differed either in the first @econd yeaandeither before or after metastasis
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Table 4.3 reporteddescriptive statistics odll costs estimatesCosts didnot follow a normal
distribution. Medianswere below themeans.For instance, the median and mean of monthly
average cosduring the first yearfor the metastasifree state were $258.5 and $2,751.8
respectively. The cost distributismere postively skewed Exceptfor the end of lie cost, the
standard deviation vgaaboutiwice the size of themean indicating substantiadispersion of the

cost dataAs expeded, censor adjusted results wedrigher compared tdhe unadjustedexcept

for thefirst yearcosts For the first year costs, adjustment reduced the cost estimate by less than
15%. For subsequent ysathe adjustnentcaused the cost estimdteincrease byio more than

30%.

Generalizedinear regressiomodel shaved that thecensor adjustedverall mean costdiffered
significantly acrossage, severitygdiagnosis perioddisease state and year of disease §latkle

4.4). The costs we higher for the first year of disease state versus subsequent years, locally
advancedversushigh risk localized post metastasis versus metastasis freeent diagnosed
versus diagnosed earli@ndage younger than 75 versus oldEne overall costs were lower for

patientstreated with prostatectontiian treated with radiation or hormonal therapy

4.4 Discussios

This analysis proeedthatHRLPC patient®&xperiencea significantcostburden, especiallin the
first year ofactivetreatment;n the first yearwhen cancerspread andat the end of life. It also
showed thaturing thesubsequent year dtifie treatmentthe costs were lowecompared to those

in the first yearffor both metastasis free and post metastasis states.

Monthly costsfor both disease stat@erenot evenlydistributed The first yeawasaccompanied

by higher costswhereas the caostof subsequent yeamsere substantiallyless. This patteris
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associated witintensive medical care i¢ first year of that disease stdatients may be more
actively seeking medical help when tregdiagnosed or when thdéynow thatthe tumor spread.
With time, theylearnto cope with their diseasEor theindex month in thdirst year, theadjusted
average monthly costas $2,579.2 which wastranslated into an annual cast$30,950.4if a
patientwasfree of metastasisorrespondinglythe costof postmetastasisvas $25,743.6in the
first year Referring to the review of cost i@hapter2, the numbersvere not comparableas
definitions differed Annul direct medical costs reported by Copperberg et(2413) and
Bayoumi et al (2000)were lower However thosestudiesas well aParthan et ab. £2012)study
reportedhigher treatment costeparatelyas event costgoehrbornet al. (2009)used the same
data sourcefor the periodbetweenl991 and 2008 analyze the cost patterhheyreported just
the firstyear costs of treating prostate canéach patient was ensuréa haveat leastoneyear
survival. The costs of subsequent yearsre not discussed heyreported annuatost forstage 3
and stage 4 a228030and £5,521, respecively, without adjusing for inflation (Roehrborn et al.
2009) Those numbers wenmgot far off from the costs ofboth states durinthe first yearin this
study In the medical resource use analysis, they reported 12.2% and 9.8% for stage43 and
patientswho were treated with IMR. In this cohort 11.2% ofmetastasifree and16.9%of post
metastasisvere treated with IMR patients in the first yeatn addiion, nearly one of eleven
patientswas treated wit brachytherapy whereas in Roehrbetral2009 this ratewasonly 1%.
As time frames of thestudiesdiffered the cost patterrtould havechange over the years.
Cooperberg et al. (2013) reported higher end of life cost compared to this atuidgid not

include HHA, hospice, equipmernd durable event costs.

One major drawback of this stuayasthat the costsvere only fromMEDPAR, NCH - Carrier
(physician/supplierand Outpatientdatasetsathoughthe studywascomprehensive in terms of

physician office, skill nursing facility, hospital inpatierasid outpatientit did not include HHA,



69

hospice, equipmentiurable event costs, and Part D Event. HHA and hospice needeth the
endst age of pecauseepatters dnobility Wwas restricted. Part D applied to oral
medicines such asoral antiandrogen(e.g., bicalutamidg, pain medication, orAntiemetic
Althoughtheir costswere not abstantial missing datan these variabldsiased the cost estimate
toward the null espeially duringthe year ofthe end of life Adjustment was not made because
the share of thee items in total patient costs wasknown In addition,the SEERMedicare
linked Database did not include patients winmd Veteran Affairs orprivate insurances. As
patients might be older thahe general population, and we know age is important prognostics

factor based on Chapter 3, we need to be cautious about interpreting the results.

The cost estimates defined by disease states are anpaldta inputs foupcoming modeling
exercises.This is the first sidy to analyze cosby disease statessing SEERMedicarefor
HRLPC patientsAlthoughthe definitions were not consistent, the cost estimates from this study
did not differ substantially fronthe existing studiegBayoumi et al. 2000Cooperberg teal.
2013; Parthan et al. 201Roehrborn et al. 2009Dne interesting finding ishat the costof
subsequent yearere substantiallylower compared tahose offirst year, regardless of disease
states. Further researchst®uld be designe understand the changing treatment patérhis

patient groumacrosghetreatment pathway

In summary, his analysis showed thatlstantial expenseincurred for US MedicaréiRLPC
patients Excessive disease management costs were observed for pathentstartedactive
treatment, when tumor spreaohd at the end of lifdzinally, dthough observational tan#yses
can retrieve informatiorthat experimerdl studies cannot generate, cautisimould be applied

whenanalyzing and interpreting the resiscause of thpotential bias.
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Table 4.1) Diagnosis and procedure codes used to defittee treatments

Treatment Diagnosis and procedure codes

Brachytherapy | ICD-9-CM procedure codes9227
CPT code$5860, 55865, 55862, 55859, 55875, C1715, C1717,
C1719, C1728, C2634, C2635, C2636, C2638, C2639, C2640, C2
Q3001, 77776, 77777, 77778, 77799785,77786, 77787

CRT CPT code¥7407,77408, 77409, 77411, 77412, 77413, 77414, 774

IMRT CPT codes77418

Proton CPT codes77520,77522, 77523,77525

Cryotherapy ICD-9-CM procedure code$062

CPT codesb5873, G0160, G0161

Orchiectomy

CPT codes54520, 54521,54522,54530,54535

Prostatectomy ICD-9-CM procedure code$03, 604,605
CPT code55821, 55801, 55810, 55812, 55815, 55831, 55840, 55§
55845

LHRHa HCPCS codes

J0128, J9202, J1950, J9225, J921B218, J9219, J3315

Abbreviation: ICD= International Classification of Diseases, GETlrrent Procedural Terminology, HCPCS=

Healthcare Common Procedure Coding, IMRMageguided radiation therapRT=conformal radiotherapy,
LHRHa=Luteinizinghormonereleasing hormone agonists
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Table 4.2 Medical resource utilization pattern

Metastasidgree (N=15,125) Postmetastasis(N=6,163)

Year 1 Year 2 Year 1 Year 2
EBRT 99 0.7% 19 0.1% 30 0.5% 24 0.4%
Brachytherapy 1,126 7.4% 11 0.1% 554 9.0% 18 0.3%
CRT 3,475 | 23.0% 218 1.4% 1,486 | 24.1% 88 1.4%
IMRT 1,700 | 11.2% 138 0.9% 1,043 | 16.9% 53 0.9%
Praon 67 0.4% 5 0.0% 18 0.3% 0 0.0%
Cryotherapy 34 0.2% 7 0.1% 12 0.2% 4 0.1%
Prostatectomy 2,846 18.8% 7 0.1% 124 2.0% 1 0.0%
Orchiectomy 278 1.8% 71 0.5% 67 1.1% 23 0.4%
LHRHa 900 6.0% 481 3.2% 5213 | 84.6% | 3382 | 54.9%

Hospitalization

1 3,673 | 24.3% | 1269 8.4% 811 13.2% | 717 | 11.6%
2 686 4.5% 437 2.9% 253 4.1% 288 4.7%
3+ 811 5.4% 283 1.9% 329 5.3% 195 3.2%

Abbreviation: EBRT=External beanradiation therapyCRT= conformal radiotherapy, IMRT=Intensitgodulated
radiation therapy, LHRHa=luteinizing hormoengleasing hormone agonists

Note: The table reported unique patient counts for each procedur®atients were required to have two years
histories in their respectivhealth statefatients had less medical resource use in the second year in both metastasis
free and posinetastasis states.

Table 4.3 Summary statistics of costs

Mean SE STD Median | Range IQR
First year Metastisis | Raw 2,751.8 22.4 | 8579.2 258.5 228868 | 1,350
-free
Adjusted | 2,579.2 29.7 | 7,096.0 | 263.0 153616 | 1,470
Post Raw 636.6 2.6 2,124.7 168.1 183314 | 407.5
metastasis
Adjusted | 715.5 4.3 2,082.2 174.7 125944 | 450.2
Metastasis| Raw 2,509.9 27.3 7,415.5 654.3 191,583 | 1,685
Subsequent| -free
years Adjusted | 2,145.3 | 32.2 | 5,667.8 | 779.7 191550 | 1,770
Post Raw 915.8 4.2 2,159.7 281.8 108978 | 842.9
metastasis
Adjusted | 1,198.5 7.9 2,519.5 | 407.3 105829 | 1,258
Final Year Raw 21,955.7 | 318.3 | 30,719.0 | 12165.4 | 577556 | 23,654

Abbreviation SE=standard error, STD=standard devigti@R= interquartile range
Note: The units of costs were US dollars in 2013.
Adjustment madeslyearcost estimates lower and the subsequent year costs higherw€megtesitivdy skewed
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Table 4.4) Multivariate model of cost

Parameter t Value Pvalue

estimates
Intercept 946.6 54.8 <.0001
Post Metastasis 231.4 19.1 <.0001
First year versusubsequent year 14934 107.7 <.0001
Locally advanced 39.6 2.4 0.0166
Age 75+ -169.8 -13.7 <.0001
Diagnosis after2000 308.2 23.4 <.0001
Surgery -183.7 -14.8 <.0001

Note:F value= 2087.8, p value <0.001 adjustéd-R.033

Study was conducted on teebset that all patients died in the study period.

Post metastasis, first year, locally advance, recent diagnosed, younger patfenessociated with higher costs.
Patients treated with surgery reeassociated ih lower costs

Figure 4.1) Metastasisfree monthly average cost and patient sample size
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Figure 4.2) Postmetastasis monthly average cost angatient sample size
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Chapter 5. Methodology issues ofmodeling the CDX costeffectivenesf targeted

neoadjuvant or adjuvant chemotherapyamongHRLPC patients

5.1 Overview

This chapterdiscusges some methodologicalissues associated withmodeling personalized
medicine in prostate canceri.e., using aCDX to selectHRLPC patientsfor adjuvant or
neoadjuvanthemdherapy.We are consideringhow chemorelated treatmestdelay metastasis
and extend survivas well ashow utilities of patients are impactdgelevant states and event

areconsidered.

The idea of modeling eithedjuvant or neoadjuvaid virtually the samgexceptof timing of the
major treatment Taking radical prostatectomy (RP) as an examjle, procedureemergesat
cycle 0 for adjuvant chemdherapy For neoadjuvant treatmentRP is conducted after
chemaherapy. The model struge is capable of simulatindgpoth situationsThe differenceis
mainly in definingtime zerq i.e.,the timewhen patients enter the simulatiduch adjustment
can be done at the stagetbé data analysisaswas done in Chapter. 8rom now on, adjuvant

chemdherapyis usedfor demonstration.

5.2Model structure

Anfifarea under t he (FKeaman et al. 201&lby@ pt alnP®1d asks survival
curves to inform transition between stat&is is a transitiorbasedsurvival partitionmodel
instead of events based modBfansition between disease staiteslriven bya survival curve
which is time dependnt Time-to-events simulated by such model requiresver assumptios
because estimated probabiliies matclosely with observation. The AUC model may

alternatively be desibed assemiMarkov model becaus# assumes thatonstanttransition
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probability isrelaxed.The mtionalefor usingAUC modelisto regenerate prediadtime-to-event

curves closly to ensure internal validity.

The systematic review i@hapter2 found that BFS, PFSMFS, and OS have beerfrequently
selected as endpoints of clinical trials conducted in neoadjuvaatjavant settings. Those
endpointsare candidates for modelinastheyaremajor disease states along disease progression
BFS can largely be defined batent PSA level and death everBsitthe actual definition varies

in different studiesDisease progression usually involMesne progression when two or more
new lesionsare foundon bone scarSometimes it is measured by lymph nod®8S or PFSs

not available in a claim databaas lab or imaging data are nasually available Information
may existin patient chartsor it may be collected by a prospective study, eRGT. Such
information is usually not available to the publinother challenge of using those surrogate
endpointdsthelack of a standardefinition. Withoutthe data,neitherPFSnor BFSis an optimal
endmint for modeling.Some models classify death into prostate cancer related death -and all
cause mortality. If data show differences in cancer related de&hydtth to differentiatehem

in the modelFor instance, if the end of life coassociated with prostate cancer differs from that
of all-cause mortalityor if treatments showlifferences in cancer related mortalityt is a good
ideato break themapart Otherwise, it adslan unnecessary layer of complexity trackthe

cause of mdality.

In summary,this model describes three health states, i.e., metaBesipostmetastasisand
death. It can be easily extended to multiple staetiding BFS or PFS, dhe state of deatban
be brokeninto prostate cancer related deathd allcause mortality to refine the economic

benefits of different treatment strategees long ashe dataare available The methodology of
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modeling remains the samexceptfor the increasing the number of heaktates. Of course, a

more complicatenodel structure means additional assumptans uncertainty

Since it isa USpopulationbasedmodel the definition of target populatias based on the NCCN
guideline which defines high risk localized prostate canceeiéiser T3a Gleasonscore 810, or
PSA>20 ng/ml and locally advanced as stage equalossethan T3b.This model considered
both high risk localized and locally advanced patiehhe data inputsarebasecnthereviewsin
Chapter2 as well aghe data analysign Chapter3 andChapter4 based on th€EERMedicare
Linked DatabaseSecondary datareleveragedo make auxiliary assumptions whewsal world

evidencesverelacking.

Thebase casenodel treats men with standard of care (SQ&)., radiationsurgical othormone
thergies) Based orSOC, he intervention arrvaschemaherapyplus SOGvhereasontrolarm
wasplacebo. A a background therapy, S@8anges as patient disease progresses. Depending on
the disease stages, treatment may incladelitional surgery, raditherapy, ADT deprigtion,
secondary antindrogen anadhemaherapy By the end of 201 1new antiandrogen therapies
such asnzalutamideimmunologicaltherapy §ipuleucelT), and new rdioactive therapy agent
(radium Ra 223 dichloride were not yet appwved by FDA exceptfor abiraterone acetate
Detailed history othe treatmentwasignored to keep the model structure sim@ieom now on,
we call the intervention arm ahemdheray and the comparator arm as SOis modelis
built usingMicrosoft Excel with Visual Basic for Application (VBA). Unlike using programming
languagesuch asC++ or JavaExcel modehas beenwidely accepted bthe HTAs because oits
transparencyand simplicity People can eagilexamine formula /macros imbedded in the

spreadsheet.
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Patients enter the model with differéntervention choicesl) No companion diagnostiesd no
chemdherapy, i.e., all patientseremanaged with standard of ca® Chemotherapy treatment
and 3) Selectivechemotherapytreatmentwith assistance of &£DX which can be labeled as
personalized mediciné\t time zero patientswerefree of metastasigd CDx can test patientss
either positive or negativéf. positive, they receivd chemaherapy. Otherwise, theyeretreated
with standard otare.As disease progresse&sncercan spreadPatients may diat any time At
eachcycle, a patient may remain in his current health state, progress, or die, but cannot regress,
i.e., metastasis patients cannot revert to the state of metdstasiglodel cycle is monthly,
which is consistent with how date was reported in SH#®&licare Linked Database. As
chemotherapy is dosed in cycles, it can be easily mapped to month. Gdeyearold man
diagnosed with HRLPC, if he can live up to 100 year diéré was only 480 cycle$odel
structureis presentedn Figure5.1, whichis consistent with the previous discussed PORT model
(Fleming et al. 1993Wwith a few dstinctions. First, the PORT model dichot considerCDX.
Second the transition betweestatesin PORT modelwas driven bytransition probabilities
Third, this model does not include castration resigté stage after metastasis, whishsnot the

focus of thaesearchjuestion

Generally, in a Markodike costeffectiveness model, events can happen at any time of that
cycle. Counting membership only athe beginning or atthe end of each cyclés a strong
assumption. If life expectandg not long enough, half cycle correcti@necessaryForHRLPC
patientsit is nice to havesuch correctiomlthough it isnot compulsory due to relatilyelong life
expectancyNevertheless, half cycle correctionconductedo be consistent withest practices

of modeling(Briggs, Claxton &Sculpher 2006)

5.3 Modeling economic outcomes
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For the base casenodel, metastasigree survival and overall survivalof the SOC armwere
estimated using SAS PROC LIFEREGAS Institute Inc. 2008jo fit a parametric hazard
function such as exponential, Weibulbg-logistics orlog-normal asdiscussed itChapter3. The
KaplanMeier curve can precisely describe what happenetthe observed perigdbut not for
extrapolation. With parametric survival functidifietime simulation required by payeflsecame

possible.

The exponential functiomncorporatesconstant hazardin the case of Whull function, the
hazardis monotonic. 1 can either increase or decreadepending ornthe specifications of
parametersLog-logistic andlog-normal distributions often have a long tai] showinga few
patientsthatnever die Except exponentiali/eibull, loglogistic and lognormalusuallyhavetwo
parameters. Takg Weibull function asan example, the probability densitfgnction is the

following (SAS Institute Inc. 2008)

Qo _ Q , (1)

wheret isthetimewhileoa n d  #e Weiball shapand scalgparametes, respectively The

hazardis _ [0 . The survial functionis "YO 'Q . Given cycle T, the probability of
survival Sis expressedsQ . If the probabilityis knownas S then time can be solved as
¥
T= — (2

The best fiting distribution functionwas chosenby visual inspection,Akaike Information
Criterion (AIC), corrected Akaike information criterion (AlCc)or Bayesan Information
Criterion (BIC), though the best fit usuglldoes not guarantee a cld#e The estimated curve

may still deviate from the observatioBomemodelscombine theKaplanMeier curve for the
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trial period and conduct parametric extrapolation beybedtrial toachievethe best fit. When
the data for both arms are available, it is feasitd adopt such twstep approachwhich was

accepted by some HTA agencisach as NICE2012).

A neat feature of exponential or Weibull functinthat survival curve of thetervention arm
can be constructedith simple assumptionsased on comparator arieetting HR bethe hazard
ratio for chemaherapy plus SO®ersusSOC,if other parameters atbe same as those of SOC,

thesurvival functionof the new intervention arm can be expressed as

"BO =A @080 ©)

Bot h o ardromdtheaestimation of the SOC ar@orrespondinglywhen the probability of

survival () is given the time can be expressasl the following.

T= (4)

To describeCDX, three parameterare neededi.e., sensitivity (S), specificity (Sp)and
prevalence of actual responde(f. Prevalencé defined aghe ratio of patients who responds
to thechemotherapyersus to the total populatigdAnnemans, Redekop, and Payne 20¥@&}h
above three parameters we can depusitive predicative value (PPV) anuegative predictive
value Alternatively we can deste the performance of the test by S, Sp and PR¥t us
assume the total populatiafi N (Figure5.2). By definition, actualnumbers ofresponderst and
nonrespondergtare as P*Nand (1-P)*N, respectively. True positive (TP), false positive (FP),

false negative (FNand true negative (TN) can be expressed as functions®fSland Sp

TP = PS*N (5)
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FN= P(1-S)*N (6)
FP =(1-P)*(1-Sp)*N (7)
TN= (1-P)*Sp*N (8)

Each component iproportional tothe size of total populatiorSuch feature makes it easy to
decompose total cohiointo different ggments.tldoes not mattewhetherone individual or one

thousandratientsare simulatedecause the sample siz@nces out whencalculatinglCER.

For patients treated with SO(&t usassumehatat one specific cycldPvrs and Pos indicatethe
probability of metastasis fresurvival and overall survivalrespectively.For a cohort with N
patients, N* (1Pos), N*(Pos-Purs), and N*Rues are the numbers of patients who are deagost
metastasis, and metastasis free stadspectively.As metastasis free survival is a composite
endpointthatincludes overall survival, the value ofi? should be less or equal t@sFor that

cycle.

The following equation shoulllold.

N* (1-Pog+N*(Pos-Pues) + N*Pyrs=N 9)

Theequationabovemeanghat forany cycle thevolumes of patientsn each disease state add up
to the total populationSuch relationshipalso applies tochemo respondentslowever, the
probailities differ because of different treatmegffectivenessSimilarly, it holds forthe general
population treated bghemdherapywith or without CDX. Because overall survival is part of
metastasis free survivakie should consider the correlation between the two variabtes tine

of estimating the survival functions.
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Let us consider a simple case if we have a two health state modehed@lthstate is alive and
the other state is deathet usassume the probabilitiesf survival of chemoresponderst and
SOCarmare Ec and & respectivelyAs patients entedthe model, thewere divided intdour
groupslisted above.We nowdiscuss how to calculatihe cost life year andQALY at certain
cycles of each groupby treating all patients with chernferapyand thepersonalizednedicine
strategy Forthetrue positive patients, their probabilitied each disease stdig definitionfollow
those of chemo respondenés they are responéhg to chemo Regardless of hetherthey are
under aCDX, their probabilitiesof survival are Ec. Cost and QALYalculationalso follows
those ofchemo respondents:or the false msitive patientsalthough they are @ated with
chemaherapyin both strategiestheir survival probability follows SOC because they do not
respond to chemo. When calciat both QALY and cost, we need to apply cost and utility
related tochemotherapywith survival probability ofSOC For false negative patients, their
outcomesdiffer depending on the strategy usdhat is, personalized medicine strategynd
treating all patients with chemd.he calculations of life yearQALY and costof the latter
strategy are the same adhose of chemqg as patients responded to chemdConsidering
personalized medicine strategatientsare assignetb SOC asthey testedegative. They have
missed thechance to receive appropriate treatment. Thifeiryear, QALY, and cost calculation
follow SOC.For the true agative patients, because they are not chemo responitherife year
of both treatment strategiésllows that of SOC. TheQALY andcost calculationdiffered across
treatmentstrategies. dder personalized medicine strateghe QALY and cost follow SOC
because they are assigned with S®GIGwever,consideringthe strategy oftreatng all patients
with chemg QALY and costare calculated the same ywas thosef chemo.In summary, ader
two different treatment strategies, the calculatiotifefyear, QALY andcostdid not differ for

true positive and false positivexcept underlying survival probabilitieas in each situation
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patientswere treated with chemo. For false negative and true negative patientsspoomding

calculatiors weredifferentdue to different treatments and survival probabilities

With formula 58, overalllife yearof treating all patients witbthemdherapycan be expressed as

follows,

(TP+FN)*EC + (TN+FP)*Es= [p*S*N+P*(1-S)*N]* Ec+[(1-P)*(1-Sp)*N+Sp*(1-

P*N]*Es = N*P*Ec+N*(1-P)*Es (10)

where Ecand Es stand for theurvival probabilityof chemdherapy ad standard of care
respectivelyFormula 10impliesthat for all patients being treated with chemo, those ware
true negative and false positidé not respond to chemayith treatmeneffectiveness followng
SOC.For personalized medicine strategynly positive patientsveretreated withchemo False
positive (FP)patientsdid not respond. Their outcome folled Es. Both falsenegative and true
negative patientsvere treated with SOC, and their outcomes followd Es. Overall the

effectivenes®f targeted treatment can be expressdalaswvs,

TP*EC + (FN+TN+FP)*Es=P*S*N*EC + [P*(1-S)*N+ (1-P)*(1-Sp)*N+Sp*(1-

P*NJ*Es = N*P*S*Ec+N*[1-P*S]*Es (11)

Comparing formula (10) and (), 1as sensitivityis always a number between 0 ahdreating all
patients with chemdherapy results in equivalent or bettasverall compared to aargeted
treatment from the cohort perspective, assumingtfeetivenes®f chemdherapyis better than
that of SOC.When treating all patients witlchemq false negative patients respond the
treatment. In contrast, theye assigned to SOC arin the targeted approachhdse patients miss
the chance to beptimally treated. The downside of treating everyone wliemaherapyis that

many patients maflaveunnecessary sedeffects and excesge medical resource usecreases
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the cost of administratioand drugsFor patients who are not suitalfler chemotherapyit is a
waste oflimited resourcesin addition, some patients may not tolerétite chemaherapy In
summary, the targeted treatment niayelower effectivenesgrom the perspective of a cohort,

but it prevents unnecessary medical resource uselB@OL deterioration.

Assuming Uc and Us represent the utility of chémoapyand SOCrespectively, th&€ALY of

CDX underthe personalized medicine strateigythe following

TP*Uc(EQ+FP*UCESY+(FN+TN)*Us(ES

Uc(Ec) and Uc(Es)representhemo related utility value calculation applied to thevival of
chemo respondenend nonrespondentgespectively Us(Es) means the standard of care utility
calculation is applied tthe survival ofstandard of cardBecause TP and FP will be tredteith
chemo, their utility follows chemddnly the survival probabilityof TP follows chemgsince FP
does not respondVhen plugging in formula (58), the QALY of CDX can be rewritten athe

following,

{UC(EQ)*P*S+UC(E9*(L-P)*(1-Sp)+U(E* P*(1-S)+(:-P)*Sp]} *N (12)

Similarly, assuming Cc and Cs represent the cost of chemo andrg8§pectively, the cost of

CDX strategyis,

{CAEQ)*P*S+CAE9*(1-P)*(1-Sp)+CgES)*[P*(1-S)+(1-P)*Sp]} *N (13

The notation of Cc(Ec), Cc(Esdnd Cs(Esjollow the same logic as utility.

Because both false positive and true negative patients are not chemo respond@as Ytlod

treating all with chemotherapy expressed as
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(TP+FN)*Uc(Ec)+(FP+TN)*UCES)

When we jug in formula (58), we have

[UC(EQ)* P+UC(E9*(1-P)*N (14)

Similarly, the ost of treating all patients is

[CAEQ)*P+Co(E9*(L-P)*N (15)

By definition, O0OPO1, 00SO1 #hate@éachOcongppnént of t hos
formulafrom 12 to 15is nontnegative Table 5.1 summarizthediscussiorabove In the case of
three health state model, we decompose Ec into probabilityetdistasis free and that of post

metastasisThe logic of calculating life year, QALY and cost is still the samabove

Total life year is calculated by summing the columns of each state and divide the sums by 12
months. To calculate QALY, utility at each state is used to multiply life year. Cost calculation is
conducted in a similar manner. If the cost is relatedath state, we need to multiply life year

with the average cost of that state. If the cost is an event (e.g., death), it adds to the cost of that
cycle, depending on when the event takes place. For example, the cost of CDX happens in cycle
1, as everyonesitested with a CDX in cycle 1. It is important to track when events happen

because discountiraffectstheresults

The Markov like model calculates cost and benefit by taking discounting into consideration, i.e.,

the formula for life year is

A — (16)
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Where LYis the net present value of life year,®is the future value of life years at ¢g&.
The same approach is applitalo calculate QALYs and costs (World Health Organization.

2003)

0060 ® _ (17)

8ei o  —— (18)

5.3.1 An exampledemonstrating how to modelCDX

Assuming a survival curve of standard of ¢ambich can be described as Weibull functi@n
equal s t oegQals@ollBParadtihe hazard ratio ofhemdherapyversusSOCof 0.75,
prevalenceof 0.2, and sensitivityf 0.9, we then obtainthe survival probability of SOC arms

Q o 8 * °=0.969for cycle 2 (model start from cycle .OFor patients responding to
chemgq the survival probability is @ Q& *8: % =0977. Comparin@7.7% to 96.9% in
cyde 2, 0.8% more patients surviiféheyall respondo chemdherapy In reality, the cohort also
includes norrespondentsConsidering prevalence and sensitivity of t@8®X, the survival
probability of the cohort tread with chemotherapys (1-0.2)*0.969+0.20.977=0.971 based on
formula (19 given the specification of other parameters. For the cateated with personalized
medicine the survivaprobabilityis (1-0.2*0.9)*0.969 + 0.2*0.9*0.977 = 0.970 based on formula
(11). From a cohort perspeiee, 0.1% more patients survivié everyoneis treatedwith
chemadherapycompared tdhoseexposed tgpersonalized medicin@ cycle 2. Although cohort
with targeted treatmerit slighty worse off compared tahe cohortthat treatseveryone with
chemq both treatment choiceachieve better outcom& compared toSOC under current

assumptions.
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Figure5.3 provides an examplef overall survival curvesor three different treatment strategies.
The effectivenesf treaing everyone withchemaherapy(dotted line) and theffectivenesof
selected treatment (solid linadmost overlapThe reasoiis that the differencén survival of two
chemostrategiess P*(1-S)*(Ec-Es). Given the parameters of prevalersansitivitiesbetween 0
and 1, and high probability of survival bghemotherapy this differenceis only a small

proportion of E€Es sinceP*(1-S) is a small fraction

5.3.2 Example of model layout and half cycle correction

For each treatment strategy, the sum ofpitedabilifes at each disease statqualsto 1 As long
aschemotherapylelays disease progress (metastasis) or deatthe probabilityof metastasis

freesurvival ineachcycleis highercompared tahat of SOC in the corresponding cycle.

With raw estimation, the next stépto conducthe half circle correction, i.e., keep cycle 1 as is,
starting from cycle 2 and onwaahd takingthe aveage probability of previousycle and the
probability of current cycle as the new probability of the current cyeexample(Table 52
Panel A) in the hdi-cycle correction, the new probability of cycle 2 in the metasfesisstate
was0.956 (the cell of cycle 2 of metastasise of SOC arry) which equals to the average of 1
and 0.912 (the probability of previous cycle 1 and cyclee8pectively in the corresponding

stag and armTable5.2 panel B)

5.4 Modeling Uncertainty

The model explores different assumptionbage casesuch adreatment profile oEhemdherapy
for HRLPC patientsCDX, utility value of disease stages, itjildecrement associate witthemo
agentand CDX, costs and the like The resultsare first presented in @neway sensitivity

analysis
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Probabilistic sensitivity analysi@ims to capturestochastic uncertainty in the model. The
uncertainty in thendividual parameterss characterizedy probability distributions and it is
analyzd using Monte Carlo simulationAs effectiveness estimation involves multiple
parameters, Cholesky decompositipnovides correlated drawfrom a multivariate normal
distribution. Detailed mathematical derivation canfband in Briggs et al (2006) In brief, a
lower triangular matrix Thast o b e f ound \asthetrdngspbse df matrix T)(edquals

to thecovariance matri¥/, which is generated fromegression. Once matrixi§ derived,we can

W
derive a correlated vector X ¢ SO that
X=Y+Tz (29

: a :
where Y % isthe vector of parameter mean values, and g isthevector of independent

standard normalariate X isthe correlated vectpwhich hasa mean of Y andovariancematrix

of V.

For example, in the case of 2 x 2 matrix, T can beesgad as a lower triangle matrlw &

The transpose of & ? z’) By definition,b e ¢ a u s e the follbWingilationshipholds
G oHH. VO D dw
- -~ ~ = = . Mo \ TR R (20)
W wWwnT W € o VAN

where the right side of equatitsithe covariance matriy/.

By definition,0 @ | Qo and®é ® b " 2i D i ®

When solving tk above equation, webtainthe following
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X i '@ Tt
©E=, A (22)
W w "zi @ p " Zi W
By combining(19) and (2}, the correlated vectas
W t i '@ za
& (22)

.[ nzi'@ Zd p ” Zilm) Zq

The following examplehelpsexplain how correlated dravs conducted. Based on the patient
level data, a parametric sival curve can be generatdeor examplewith interceptof 3.1760,

scaleof 0.718Q andthefollowing covariance matrixwe can conduct Cholesky decomposition.

Est. CoarianceMatrix

Intercept Scale
Intercept 0.002081 0.000245
Scale 0.000245 0.000638

Basedon (L, 6ad equals to squs®04E6booe IO . 06208
divided byi ‘@ , i.e., 0.000245/045618, which equals to 0.005 cigthe square root of the
difference between @t and B, whichis0.025 The correlated vector % expresseds

@ t T8ITQp _ oP X TSI T QY

® { TN T T p YTBINQ T8
Now, the vectoris correlaed because bothiyand % sharecomponent z When we conduct
probabilistic sensitivity analysis, the new intercaptl scale parameteare 3.176+0.046z; and
0.718+0.0052,+0.0252, regpectively,where z and z arerandomvariables. In applicatigrtheir

valuesare generated with random seeds betweem® h with Excel function RAND)( With

Cholesky decomposition, probabilistic sensitivity analysis considersdtiariance matrixof
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multivariate analysis.The modeluses the covariance matrix of SOC for both chemo respondent

and SOC.

It is optimal for probabilistic analysi§ a variable takes value between 0 andak Beta

distribution is restricted between 0 andBea distributioncan be describeddi t h U and b.

meanise =/ ( UB With varianceof s€? ,Wwher e b dtalenotd and

negative andhes u m df> BY rearrangingabove equationsye get

I pt — p (23)

Givenmean value and sdcaabedeived err or , U and b

Forexample, gatient utilityhasa mean valuef 0.773and standard erraf 0.005 Plugingin
formula (23, weget 604 6 1850d.The ancertainty for parameters of prevalence,
sensitivity, and specificity follows similar calculatio as utility because the rangefall those

parameterarebetween 0 and 1.

Costsareconstrained as nemegative amount. Gamma distributismusuallyused when the cost
is skewed Like Beta distribution, Gamma distributiés characterizedy two parameters. With

meanbeabd weé=rPpance

ot QT i (24)

Bot h Uaremmdegaﬂ)ive.As an example, if a cost variablesa meanof 4,393.81 and
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standard erroof 292.44 with formula (24,we can der a né b =sARSATEAG of

functions used for probabilistic isgtivity analysis is showm Table5.3.

The incremental cosffectiveness ratio is calculated gsC/ B , where the nume
incremental cost and the denominator is the incremental benefit. Payers impose a WTP threshold

& fdecisionmaking For instance, such thresholds are £20:8680,000/QALY for NICE

(2012c) As long as the net monetary benefit (NB) is positive, the new intervention is cost

effective. The net monetaryChenefit can be e

Using the concept of net monetary benefit, we can calculatedsieffectiveness acceptance
curve CEAC, see Briggst al.2006. Given awillingness to pay threshol for each interaction

of the simulation, we can calculate the net monetary benefit for each treatment arm. The one with
the highest NB is most cesffective, so its probability of cosffectiveness idabeled adl. For

other treatment, the probabilities of cestectiveness are 0. Fonultiple iterations, e.g1,000,

we can calculate the average probapilibr each arm, which is the probability ast
effectiveness for eachrm underg i v eBy changings; we can derive a curve representing the
probability of costeffectiveness for each treatment arm. At eagclwe candeterminewhich
treatment arm is the most caxffective choice by choosing the product witte highest
probability. The CEAC provides an overview oflativecosteffectivenessfor all treatment arms

under consideration.

Following the calculation of NBthe value of information theoryBriggs et al. 2006)was
developed to address whether to adopt a technologywheatier more informations requiredto
make the decisiorf therearefjo alternative treatments with unknown parametethe optimal
decisionis the interventionwhich givesthe maximum expected NRe.,0 ¢ ® 0 6 '@—. With

perfectinformation, the decision makehaveto know how uncertaity would resolve befi@



91

making a decision. They needdelect the itervention that maximizethe net monetary benefit
gi v e rMathemafically,d) & d 6 @—. As wedo notknow the truev a | u e he&@ipectdd t
Value of Perfect InformationEVPI) is calculated by averaging the maximumet monetary

beneftover t he | oi rfBAriggsléta.200§)but i on of d

EVPIZO0 & 6 @—0 @ 6 66— (25

To maketheabove formulantuitive, Table 5.4 showsumeric examplavith 5 iterations of NB

for three treatments (A,,Band C) The expectati on of isto takeuthen A Tr e
average of five iteratianfrom 11 to 15 with the resultof 13. Using the same @proach, he

expectatios of treatment Band Care13.4and 13.8respectively. ThosareO §§ 6 '@— of the

equation25 with j beingl, 2 and 3 Among the expectations of three treatnsetreatment as

the highest expectatiolB.8 Hence we find outd & d® 0 6 B—80 O d 6 '®— is the highest

NB of each rowsummarizedt the last columnO 0 & d 6 ‘@— isthe average of last column,

which equals td 4.8.EVPI is calculated by using 18.minus 13.8hence, itequals tol in this

example

When the threshold of WTE low, the new interventioms not expected to be cesffective
Accordingly, no new informatioris required.EVPI becomes high usually at the time when one
CEAC begns to cross the other CEAGs mae informationis neededo makea decision The
model calculats the EVPI for a populationof 40,000 peopleas wedo nothave a precise
estimator of prevalence of thigatient group The EVPI associated with future patients is

discounted to provide thetal EVPI for the population of current and future patients.

5.5The method of calculating costeffectiveness pricea deviation from base case
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In this section, the assumption tiZDX test wadree of chargés relaxed because thigagnostics
manufactureroften are separate entities from drug comparmesosteffective price of CDX
was derived byback calculation method To make a technology cosffective, net monetary

benefitshould be positive. Otherwise, it is not ceffiective bydefinition. Hence

> gBCO >0 (26)

Inequality (26 provides the range of the price that a companion diagnostics can ohaigag
as the test price falls into this inequality, the personalized medicine stiateggteffective
comparedvith SOC. From now onlet uscall upperlimit of this range agosteffective price of
CDx. Since CDX is given when patients enter the simulation, nscalinting adjustment is
neededAs long as the price dEDX falls into the abovethe range, the treatment strategy with
CDX is more likely to becosteffective comparedwith SOC. The price calculation considered

willingness to pay thresholds bbth$50,000 /QALY and $100,000 /QALY

The uncertainty around the caxffective price is driverby net monetary benefit. Based on the
probabilisticsensitivity analysis we can find the 95%| of NB. Sincethe price of CDX takes
away the net benefit, is also the Clof the costeffective price. Sensitivity analyses can be
conducted since many factors, including prevalence, sensitivity, specificity, and treatment

effectiveness, influendhe costeffectiveprice of CDX.

5.6 Some omments tothe model

Here arelativesimplemodelis derivedto demonstrate how @sses€DX. The strengtls of this
type ofmodelareintuitive andtransparentThe modedoes not require many assumptio@sll, a
few assumptionfaveto be madeFirstassumption is that patient outcome can be projdasdd

on observation periodHowever, @rametric fittingwith observatiorhasits drawback in termof
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predicting We frequently see the survival curves change tinajectoriesat differenttimes of
readingdue b crossover, subsequent therapgtopping ruls, andpatientdropoutin the clinical
trials, especially in the case of oncology drugse secondassumption is ti&eepnonchemo
responderén the treatment In reality, those patients mayickly stopchemdherapyafter a few
cycleshbased on phyos.iThethiedaswnption ihat he€DX is tesed only once.
No further adjstment is madd-or instance ttereis no crossver allowedMoreover s MFSis

a composite endpoirthat includesOS, correlation between ® and MFSis endogenousThe
current modeldoesnot considersuch correlatiorfor extrapolation which may caus internal
inconsistency Additionally, as reported inChapter 3, the overall survival outcome differs
significanty across age, cancer severity, treatment atityd and een diagnosigeriod which
indicatesthat HRLPCis a heterogeneous group. If we want to understand a particular subgroup,
the modeheeddo be builtbasedon thoseisk factors Lastly, with recenly launched new agents
for treating mMCRPC, the medical spending in Isti@ge prostate canches a different pattern
compared tahe periodunder examiation A simple model may ndbe necessarilycorrect to

describe thehangingreatment andost pattera

In summary,sincetrial resultsor individual patient level datare not available forCDX in the
adjuvant or neoadjuvarthemdherapy setting the model structurés sufficienty capable of
answering the research guesfioproposed in Chapter. When patient level databecome
available, data analysis including survival analysjscan be reevaluatedto allow more

sophisticate modeling



Table 5.1) Life year, QALY , and cost calculation
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True Fals_e_ False_ True Total
Positive Positive| Negative| Negative
Life year
Personalized Ec Es Es Es Ec*P*S+Es*(1P*S)
medicine
Chemo Ec Es Ec Es Ec*P+Es*(:P)
SOC Es Es Es Es Es
QALY
Personalized Uc(Ec) Uc(Es) | Us(Es) | Us(Es) | Uc(Ec)P*S+Uc(Es)*(AP)*(1-Sp)+Us(Es)*[P*(1S)+(1-P)*Sp]
medicine
Chemo Uc(Ec) Uc(Es) | Uc(Ec) | Uc(Es) | Uc(Ec)*p+Uc(Es)*(EP)
SCC Us(Es) Us(Es) | Us(Es) | Us(Es) | Us(Es)
Cost
Personalized Cc(Ec) Cc(Es) | Cs(Es) | Cs(Es) | Cc(Ec)*P*S+Cc(ES)*(1P)*(1-Sp)+Cs(Es)*[P*(1S)+(1-P)*Sp]
medicine
Chemo Cc(Ec) Cc(Es) | Cc(Ec) | Cc(Es) | Cc(EC)*P+Cc(ES)*(:P)
SOC Cs(Es) Cs(Es) | Cs(Es) | Cs(Es) | Cs(Es)

Note: Ec, survivalprobability of chemo respondents,, Earvivalprobability of SOC, Uc(Eg)utility of chemo applied to chemo respondents, Uc(&s)ty of chemo
applied to norrespondents, Us(E3)tility of SOC, Cc(Ec)costs of chemo applied to chemo respondents, Ca{&sts of chemo applied to neespondents, Cs(Es)

costs of SOC, Pprevalence, Ssensitivity, Sp, specificity

Personalized medicine refers to treating patients with chen@bi{y
Patients treated with chemo were penalized with lower utility per chemo related AE



Table 5.2) Example of probabilities at different states by cycles

Panel a) ayout of disease state

SOC Personalizednedicine Chemo
Cycle | Metastasis| Metasta| Death | Metastasis| Metastasis| Death | Metastasis| Metastasis| Death
-free sis -free -free
1 1.000 0.000 | 0.000 1.000 0.000 0.000 1.000 0.000 0.000
2 0.912 0.085 | 0.002 0.913 0.086 0.001 0.914 0.086 0.000
3 0.904 0.090 | 0.005 0.907 0.090 0.003 0.910 0.089 0.001
Panel b) Hilf cycle correction
SOC Personalized medicine Chemo
Metastasis| Metasta Metastasis Metastasis
Cycle -free Sis Death -free Metastasis| Death -free Metastasis| Death
1 1.000 0.000 | 0.000 1.000 0.000 0.000 1.000 0.000 0.000
2 0.956 0.043 | 0.001 0.957 0.043 0.000 0.957 0.043 0.000
3 0.908 0.088 | 0.004 0.910 0.088 0.002 0.912 0.088 0.001

Abbreviation SOC=standard of care

Personalized medicine refers to treating patients with chen@bby
Half cyclecorrection was conducted by taking average of values of previous and current cycles.




Table 5.3) Model parameters varied in probabilistic sensitivity analysis

Parameter

Distribution

Parameters of the survival equations

Multivariatenormal

(Cholesky decomposition)
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Utilities (metastasidéree, post metastasis Beta
chemo oICDX decrement
Prevalence Beta
Sensitivity Beta
Specificity Beta
Costs
State costs (first year & subsequent yeary Gamma
End of life costs Gamma
Table 5.4) Anexample of calculation EVPI
Net Monetary Treatment | Treatment | Treatment| Optimal | Maximum | EVPI
Benefit (units, $) | A B C choice NB
lteration 1 11 16 17 C 17
Iteration 2 12 14 13 B 14
Iteration 3 13 11 12 A 13
lteration 4 14 12 11 A 14
Iteration 5 15 14 16 C 16
Expectation 13 134 13.8 13.8 14.8 1
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Figure 5.1) Schematic of the health economics model

SOC >
Enter
thed | Chemo »>
moade Metastasis

Test- free
SOC
With COX |- | > Death
Test +
Chemo >

Abbreviation: CDX=Companion diagnostics; SOGtandard of care
Note Patients enter the model with three different treatment strategies, i.e.tré@thg all with chemotherappersonalized medicine (treati@PX tested positive
patients with chemo). At the beginning of simulation, patients are free of metastiéisidisease progression, they metastasize or die.



Figure 5.2) Relationship between tested respondents and actual respondents

Tested Actual respondents
Respondents Positive | Negative
Positive TP FP
Negative FN TN
Total p*N (1-p)*N

Figure 5.3) An example of survival curves

Total

N

1.00

0.90 -

0.80

0.70

0.60 -

0.50

0.40 -

0.30 A

0.00

——— 05: Chemo With CDx

0S: Chemo Treating All
0S: S0C

Month

19

39

98



99

Chapter 6. Cost-effectiveness of treating patiergwith CDX

The mjective of thischapteris to analyzethe costeffectivenessof treatng HRLPC patientswith
two chemorelatedregimens personalized mediciner treating all patients with chenmemmpared
to standard of caréSOC) from the US public payemerspectivePersonalized medicine means
selecing patiens for chemotreatmentoy CDX. A base casanalysiswas presented along with a
number of sensitivity analyse®dth deterministic and probabilistisensitivity analysgs Key
clinical assumptions ofthemotherapywere based on theCHAARTED study (Sweeneyet al.
2014) Assumptionsof companion diagnostics tegtere based orthe reviews in Chapter2.
Based on the base eathe coseffective price otthe companion diagnosti¢s discussedn the

following sections

6.1 Input assumptions

Base case patient characteristicwere discussed inChapter3 (see Table 3.1). A 30-year
simulation was conductedbased on theNICE (2012c) guideline The model wa flexible to
simulate a shorter time horizowy bestrictingcyclesto the right period The assumption dEDX
testing was based on Table 2véhich showed a wide range for prevalenafegene mutation
KRAS mutation presenteid 40% of CRC patientsand BEAFV600E mutation presented40%
of metastatic myeloma patients Table 2.6 The 40% prevalencef abovebiomarkersvas used
for demonstration. In the sensitivignalysis,both 10% and 7®6 were testedor the prevalencge
respectively The ranges of sensitivity angexificity in Table 2.6 were 8500% and 92100%
respectivelyThe sensitivity and specificityere set to b83% and 9%, respectively taking the
midpoints ofthe mentionedanges.Therefore the simulatedCDX had a good performancen
the base casehe cost ofCDX was set to beD because drug companies might oitnSome

healthcare systems allow drug manufacturer to pay for CDie (European Psonalised
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medicine association, 2014incea CDX device s most likelyto be used to analyzerum or
urine specimen, itsimostly noninvasive onetime collectionprocess The utility decrement of
CDX was assumetb beO in the base case. Sensitivity analysis tegtieetherutility decrement

was up to 0.04.

There are severassumptios of the outcome of theSOC Theoretically the probability of
metastasiree survival MFS) shoulddrop fastercompared tahat of overall survival QOS) in
both obseved periodas well as projection peripdince MFSis a composite endpoint including
both death andmetastasisMFS curve was lower than the OSurve in the observed period
however they adossed at the projection periols we discussed in Chapter 3, the projection of
MFS andthat of OS were considered separately because negative Hessian nwaingsated
the computatiorof theresults.In the model, projected MF8as forced to follow the trajectory of
predicted OSwhen two lines crossd With the survival curves of MFS and OS of SOC,
corresponding curves @hemdherapy forfull respondergould be constructedn Chapter2, a
metaanalysisof the OS benefitof chemdherapy for mCRPC patienshiowed thepooled hazard
ratio of 0.691. HR of 0.7 was assumed for thbase caseSince dinical communitiegEllis et al.
2014)agree that a HRof 0.8 defined a clinical minimum improvemens HR 0f0.7 is a decent

improvement for HRLPC patients.

The treatment cycle of chemerapywas assumed to follow th€HAARTED study with 6
cycleswhereeachcycle includd three weekof docetaxeltreatment(Sweeney 2014) Mazta,
Cong, and Chung (2013) showdtht chemotherapwas associated with significant disutility.
Disutilities of 30-minute intusion and zhour infusion were 0.03 an@.04, respectivelySince
docetaxel was administered as v 1 houron day IClinicaltrial.gov,2015a) the disutility of

docetaxel was assuméal be0.03in the base cas&ensitivity analyses di (no disutility) and
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disutility of 0.078 were tested. The latealue was frondocetaxel associated grade 3/4 AE in
post chemo mCRPC stag@atioral center for pharmacoeconomic8012). The monthly
treatmentost of docetaxel waderived as follow. Theaverage body surface arebadult meris
1.90n? (Mosteller, 1987) The total dose of atetaxel(75mg/nt, Sweeney2014 was 143mg
(product of75 mg/nfand 1.9m?). From the CMS payment rate for HCPCS Code J91ifg of
docetaxelwas $4.53(CMS, 2014a)Therefore one cycleof docetaxelcosts$648 (product of
143mg and $4.53mg). In the simulation, $648was usedas monthly costconsidering some
patientsmay need additionaksttime. Costsassociated with themanagemenof chemorelated
AE were not considered in the base cd$e sensitivity analysis considerdte scenaridhat the
cost wasdoubled to accommodate the costsAE and that the cost was the same as a branded
chemo agente.g., $8,82@er month of cabazitaxgDlgroup 201}k In addition, both &ycle and

12-cycletreatment durations were consideredhi@sensitivity analysis.

The base case utility used the mean vatu&able 2.5, i.e., the utility of metastasise and
utility of metastasiof 0.80 and0.68 respectively The first year and subsequent management
costof metastasis free and post metastasis welectedrom Table 4.3. End of life costgere
based orthereviewin Table 2.4. Costa/erestandardized to calendar year 20H&nce the cost
effectivenessesults were presented as resther thamominal price As state costicluded the
treatment costand service fegghe treatment cost of SO@as setto be0 to preventdouble
counting In the sensitivity analysighe cost values wereeduced or inflated by0% The
rationale isthatthe differences between adjusted and unadjusted cost estim&kapter 4are

no greaterthan 30%

The willingness to pay (WTP) threshold US is unclear $50,000/QALY was used, e.g.,

Kowada et al. (2013) but $100,000/QALY was also considere@Shiroiwa et al 2010)
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According to the World Halth Organization (WHOL osteffectiveness and strategiglanning
(WHO-CHOICE) program(World Health Organization, 20p2a newinterventionis very cost
effective wherthe ICERmeasured by cost pBisability-Adjusted Life Yeal(DALY) isless than
one GDP per capitaor costeffective when ICERis betweenone and thredolds of GDP per
capitg andit is not costeffective when ICERs 3-fold greater than i&DP per capita. The GDP
per capita of US in 2018as$53,143(The World Bank, 2015) The willingness to pay threshald
of $50,000/QALY and $100,000/QALY are aboutone and twofolds of GDP per capita
respectively, both beingnore stringent than th&/HO-CHOICE recommendatior©ne caveat is
that QALY and DALY are not interchangeatjfgnand & Hanson1997).The results reported by
cost per QALY and cost per DALY are not always the sahoebe conservative antbnsistent
with most decision criteriased inthe existing studiedoth WTP threshoklof $50,000/QALY
and $100,00/QALY were considered in this study $50,000/QALY is also equivalentto the
WTP threshold £30,000/QALY set by NICR012c) In additin, discounting rates for both
utility and cost were 3.5%ollowing the NICE guidanc€2012c) Sensitivity analyses considered

both 5% and.

6.2 Base caseesults

6.2.1Cost-effectiveness estimates

Based orChapter3, the overall survival curve amdetastasidree survival curve for patienteho
received SOCchemq or personalized medicirgrepresentedn Figure6.1 The median O%ates
of SOC, chemo, or personalized medicine were 10.3, ahd 11.5 yeargespectively In this
chapter, bothstrategiesi.e., treating all with chemotherapgnd personalized medicineere
considered armctive treatmentActive treatments improwkthe overall median survival by

roughly 15 monthsThe maincosteffectivenesgesultsof base casare presented ifTable 6.2.
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The totaldiscountedcosts for treating all patients witthemq personalized medicinand SOC
were$155,532.5, $153,049.and $147,68,respectively. The correspondidgcountedotal life
years wee 10.2, 10.1and 9.5yeass, respectively DiscountedQALYs were 7.8, 7.8 and 7.3
respectively Compaedto SCC, treating patients withersonalized medicingas associted with
incremental QALYs and asts of 0.5 and $5,362.9 respectively with incremental cost
effectiveness ratiolCER) as $9,786.3QALY. In contrast, treating all patients witthemowas
associated with incremental QAkYand cost®f 0.6 and $7,845.6 respectively with ICER of
$13498.2QALY. Both treatment strategiesere costeffective comparedto SOC The net
monetarybenefits (NB) under $100,000/QALY thresholdere $50,277.2 and $49,436.2 for
personalized medicine arnkating all with chemotherapstrategy respectively The NBs under
$50,000 WTRhreshold were $1,215.8and$22,036.63respectivelyThe personalized medicine

strategyalways @mewith higher NBs offering better valudor themoney

6.2.20ne Way Sensitivity analysisand Probabilistic sensitivity analysis

In contrastto a regula costeffectiveness analyslsased oran established technology, this study
had substantil uncertainty becausd the lack ofdata Sensitivity analysisvas conductedusing
varying prevalengesensitivity and specificity, hazard radiof chemorespondentrersusSOGC
costs and utility valueOneway sensitivity analysis tornado diagrawh personalized medicine
strategyversus SOQraph arereportedin Figure 6.2, showing the changm ICER from base
case Detailed results for botlactive treatmentstraegiesand SOC are reportedn Table 6.3
Numerically, the ICER ofpersonalized medicinetrategywas always less than the ICER of
treating all with chemotherapyBy analyzng net monetary benefitpersonalized medicine

strategywas alwayscosteffectivecompaedto treating all patients across all scenarios
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The vaiation in utilities and costs we further investigated For instare, if the disutility of
chemoas 0.078 a value used for grade 3/4 chemo associated of mMCRBE plugged irthe
mode| the ICERincreased to $953.9QALY. The state costs and the eoflife costsfor the
cohort wee also testedf the first yeamanagementost of thanetastasidree increased by 30%
($3,353.0 versus $2,579.2, which was higher than the unadjestimdator$2,751),the ICER
increased t#9,960.8QALY . If the first yearcost of thepostmetastasisvas $2,574 instead of
$2,145 used in the model, the ICER decasedto $9,697.80ALY. A 30% changein the
magnitudeof statecosts hd limited effect on the ICER. Lower prevalence showed large
difference in costeffectiveness betweertreating all with chemotherapynd personalized
medicine, whereas the gap narrowed uralbigher prevalenc®ersonalized medicine strategy is
very useful when the prevalence is lo@ensitivity and specificityinfluencedthe ICER of
personalized medicineersus SOC, whereas they did not chatige ICER oftreating all with
chemotherapyersus SOMecause treatment decision was not based anTiestmodel results
were also sensitived discounting rate. However, discounting is required in a standard ,nasdel

we have to consider future inflation.

As chemo related AE was not considered in the base case, a saemdrioh the cost of chemo

was doubled was considered. The ICERdgrefting all with chemotherapgnd personalized
medicine versus SOC were $19,836.3 /QALY and $12,510.2 /QA&3pectively. Althagh

both ICERs increased, they reestill under the WTP threshold of $50,000/QALN the price of
chemo wa the same as thaif cabazitaxel, ICER of treating all with chetherapy and
personalized mdicine strategy versus SOC wolittrease to $93,426.4 and $44,134/QALY
respectively (Table 8). A brandecchemo agenwith only 6 monthdreatment duration might not

be costeffedive under a more stringent WTP threshold if treating everyone. Personalized

medicine strategy successfully reduced the ICER by more than half and madeeifesisie
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under both WTP thresholdg/henHR of Chemtherapyversus SOC equaled to 0.99, the EE
of personalized medicine versus SOC wds8,227.3/QALY. If the drug does not work, there is
no reason for a personalized medicine stratégyazard ratio of chemo respondent versus SOC
improvedfrom 0.7 to 0.5, the costffectiveness results for botictive treatmerstwould improve

further.

In summary, increases in prevalence, sensitivity, specificity, baseline utility, maintain costs for
the post metastatic stage and end of Afejdiscounting rate of costeducedthe ICER. On the
other hand, increaseas discounting rate of benefitost of themetastasidree state costs of
chemag utility of post metastasiglisutility of CDX, anddisutility of chemotreatment increase

theICER.

A probabilistic sensitivity analysis with one thousand iterationsas conducted by chaiig
model paramiers simultaneouslyindertheir probability distributionsThe uncertity of key
inputs was discussed previous chaptefFigure6.3 presentedhe incremental cosdffectiveness
scatter plot fopersonalized medicine strategseating all with chemotherapnd SOC with the
horizontal axis representing incremental outoes measured b@ALYs and the verticabxis
measured bgosts. Each point dhe figurerepresentedne round ofteration When compared to
SOC both active treatmentswere more expensivand improve health benefitaneasured by
QALY. Most of thosepoints fell under both referende VTP thresholds ($50,000/QALY and
$100,000/QALY) indicating in the base cadbat both active treatments were cedtective
versusSOC. Howeverthe scatter plotid not quantifywhich of thetwo active treatmentare

economically more feasihle

The costeffectiveness acceptance curve (CEALdressedhe above questignindicatingthe

probability of costeffectiveness of an interventiomnder differentWTP threshold It also
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reportedthe costeffectiveness otredible intervafor different treatment optiongsigure 6.4
showsthe CEAC of personalized medicine strateggating all with chemotherapgnd SOC.
The horizontalxis representethe willingness to pay for each intervention in terms of cost per
QALY while the vertical axis representedhe probability of being costffective SOC wa
presented as a thidolid line andpersonalized medicine strateggs a thick dotted line. Eating

all patients withchemowas indicated as fine dotted linelnder WTP of $10,000/QALY, SOC
dominatedboth activetreatmentslt is cog-effective to stay wittSOCIif the payers/patients lack
financial resourcesBeyond the WTP threshold of ®100 per QALY, he probabities of
personalized medicinkeing costkeffective quickly becamel00% As shownin Figure 6.4,
treating all patients with chemo is never costeffective although it may be cosiffective

compaed with SOC in gair comparison

EVPI tells uswhen we should collect more informatioto make treatmentdecision Given
current information,we need more informatioron the following 1) the expected cost
effectiveness of one optiocompared tahe other and 2) the uncertainty otosteffectiveness
estimates A high value at the EVPI curve indicates umamty in making choice. More
information is neededo make adecision. From Figure 6.5, it was clea that SOC was cost
effective below $10,000/QALY No more information was needed.the payer cannot afford
more expensive treatmentSOC treatmentwas the best choice.A high valuewas observed
startingat WTP thresholdof $10,000 per QALY, wherethe CEAC of personalize medicine
exceeded that of SQ@hdicating some level of uncertainty about the chaSydsequentlythe
EVPI dropped to Gand remaine® up toWTP of $20,000/QALY. Between $10,000/QALY and
$20,000/QALY, it was clear that personalized medicine sveosteffective Starting from
$20000/QALY, EVPI increased againpnsistent with the increage CEAC oftreating all with

chemotherapystarting. Although the strategy tfeating all with chemothrapy was not cost
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effectivecompared withother treatment strategieis still provided better benefitby eliminating
false negtive patients More studiesare needed to understamhich strategy is the best after

WTP of $20,000/QALY.

6.3 Results of deriving costeffective price of CDX

For the base cas¢he net monetary benefit (NBhder WTP threshdl of $50,000 /QALY wa
$22,0238, with CI of ($16,196.0,$27,451.8. The NB under WTP threshibof $100,000/QALY
was $49,439.0with CI of ($36,464.1,$61,206.4. The higherthe willingness to pay, the higher
the price adiagnostics manufactureanask for Figure6.6 showedthe relationships between a
costeffective price and prevalence, with price shown on the vertical axis and prevaletice on
horizontal axis.Higher prevalencewas associated withhigher price aCDX could charge.
Similarly, higher WTP threshold wasssociated witlhigher price potentiaFigures 6.7 through
6.10 showdthe relationship between the ceftective price olCDX and sensitivity, specificity,
hazard ratipand drug costgespectively. Higher sensitivity and specificity, lower hazard ratio

ard lower chemo monthly costs correspontetiigher coseffective CDX price.

ConsideringCDX price asa dependenvariable and prevaleecas the independent variabée
linear regression wabuilt between thecosteffective price under WTP $100,000/QALY and
prevalenceFor the price potential under the WTP threshold of $100,000 / QAL Yeasein
prevalence by 0.01 eantthat the costeffective price of CDX could increase by $242.3
Similar relationships under two different WTP threkls and key clinical drive@aresummarized
in Table 6.5. Comparingthe relationshipsbetween coseffective price and other factor€DX
price wa most sensitive to hazards ratio. One percenitpeduction in HR caused 834
increase in price potentiahder WTP thresholdf $100,000/QALY. The nextinfluential factor

was prevalencepllowed by sensitivity and specificity.
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The results of landmarEHAARTED study wereremarkable asthey were based oa 6-cycle
treatment oflocetaxe(Sweeney et al 2014\We have seen it widd not be costeffectiveto treat
all with chemo under WTP threshabdl $50,000/QALY if docetaxelvas replaced by abazitaxel
(Table 64). In anextremeexample cabazitaxel wa given up to 12 months to metastasistage
whichever camefirst. In this scenario, the ICER of treating all patients with chemas
$174,941.5/QALY and the ICER of personalized medicias $78,84.3/QALY. If the WTP
threshold wa $50,000/QALY, neither strategywould be costeffective. In this situation, a
diagnostics manufactureould notcharge a price for th€DX (Table 66). Although treating
patient with chemo for 1 yeavas not common, Schmidt et §1996)treated HRLPC patients
with EMP for up to 2 yearsBoth docetaxe{Tannock et al. 2004 ndcabazitaxe(de Bono et al.

2010)wereadministeredor up to 10 cycles in thepivotal studes

6.4 Discussiors

This study showed thdioth activetreatment strategiesould be coseffective in comparison to
SOC if we had an effective chemotherapy for high risk localized prostate cancer and the
treatment duration was onlyrBonths GivenCDX free of charggeit was the most cosdffective
choice for patientsselected to theehemotreatment The conclusionwas highly sensitive to
underlying assumptian If any key parameterssuch asthe effectivenesstreatment duration,
prevdence, duration and costs change, the results would vary In addition, lased on
probabilistic sensitivity analysis, everhen personalized medicinstrategywas cost-effective
substantialuncertaintyremained The EVPI exercise illustradethat we needo invest more on

researchio confirmthefinding.

Further it wasdemonstrated thatumerous variables influen&@DX price. The hazard ratiof

chemo respondent versus S@@&d substantial effect othe price It was also sensitive to
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prevalence,sensitivity and specificity. Hencea good drug as measured by costs and
effectivenessas well as a goo@Dx test asmeasured by performancaeimportantfor making
effective economic decision# the costeffeciveness ofa selective treatment vsaestablished,
along with thetreatment duration and pricadiagnostics manufacturewould be able to
accommodate the cost GDX. As we sedn Table2.6, the price ® CDX accounted only foa
small fractionof the price of drug For instance, the cost BEAF V600E testanged front6120
to $150, only 3% of the monthly cost of Vemurafenilhe costs of th€DX were not the key
drivers of the costeffectiveness of the companion diagnostics treatment strategysiedcBiX
was a ondime, low cost item.Instead the costeffectiveness opersonalized medicine versus
SOC wa drivenprimarily by the drugprofile. If the effectiveinterventionwas a branded prodyct
like cabazitaxelandthe treatmendurationup to lyear, t was most likely that th€DX was not

costeffectiveunder a stringent WTP thresholdmay bedifficult to justify a fair pricefor CDX.

The ley findings of this study can be summarized as fallow

1 Is it costeffective to treat all HRLPC patients with neoadjuvant or adjuvant

chemotherapy?

It dependsIf we hada chemotherapgomparable tdhe base case, i.e., with limited treatment
duration, generic priceand clinicaly meaningful treatment effectreating all patients with
chemowould be costeffective. If the treatment duration ig to one yearand treatment is
expensive, then may not be a coseffective choicefor HRLPC Companieshat arecurrently
testing new agentsuch as enzalutimidg€linicaltrials.gov, 2015cih HRLPC, have tqustify the
high ICER if drug is giverior long period such as two yeargspecially in the cost per QALY

HTA countries
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1 Would theabove conclusioohangef we hada companion diagnosties

This study demonstradehat a companion diagnosticssaalways coseffectivein comparison to
chemoas the main treatment for aBy teasing out nomesponders the costhat theCDX saved
outweighedthe loss. Dug companiesshould always prioritize a CDX plan in the drug
development to secure clinical effectiveness andosteffectveness Both diagnostics
manufacturer and drugpmpaniesieedto coordinate the development of both dragd CDxto

fully optimize commercial success.

1 What drivesthe economic value of@mpanion diagnostics device?

The costeffective price ofCDX depend®n an array of multiple factor® g., the clinical benefit
and risk profiles associated with new treatmeniteatment duration and costs, prevalence of
responders, sensitivityand specificity. Utilities and costssalcontribute Among those factors,
treatment effectiveness @rassociatedtostsplay important rolesn determiningthe value of

CDX. Literally, the value ofcDX reliesheavilyon theaccompanyingirug

The current studys unique in that itprovides an economic evaluation framework to assess
counterfactual scenarios by combining the testing profile with AUC model.nidtisodologyis
consistent with the recommendation from a recent systematic réielle et al. 2015pf cost
effectiveness of compa@m diagnostics.This model considered thergvalence of genetic

biomarkers, sensitivity, specificity, and time of the .test

The drengths of this model were simptic and transparencylhetransparency was achieved by
writing VBA macros in open codeJhus, users are able to check how the programs are written.
It was straightforward because only three health states were consilleee@S is the ultimate

goal for both regulatory and HTA agencies. The MFS is also important, since it is a possible
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biomarler of overall survival (Schweizer et al.2013Jhough FDA is not clear abouthe
magnitude of MFShat would constitute a meaningful clinical benefit, it started to discuss the
value of MFS(FDA, 2011) As more disease statesquire additionahssumptionsthe simple

frameworkdescribed in this studyelpedus clarifythe key points.

In addition, the frameworlcan be easily modified to evaluate the esf§ectiveness of angDX

in other interventionssuch as novel anéindrogene.g., abiataone acetate, enzalutamids,
immunotherapye.g.,sipuleucelT for HRLPC patients, olit cansimulateCDX in other type of
cancers as discussed in previous chaptBar example, we can use it to evaluate the-cost
effectiveness of Coba#800 BRAF V600 Mutation test for the vemurafenib treatnodmatients

with naive melanoma. Without changing the model structure, we only need to replace the
parameters o$urvival outcomescosts associated with vemurafenib and dacarbazine, costs and
utility values of disease statemnd parameters associated with the Cobas 4800 BRAF V600 test.
As Chapman et a{2011)reportedonly PFS and OS, the MFS in the model needs to be replaced
with PFS.The osts of treatment and test could be fouwmdthe lastline of Table2.6. With
additionalliterature searasanddata analys, this modelfor adjuvant chemo of HRLP€an be

converted into a modéb evaluate Cobe4800 BRAF V600 Mutation test.

This study hagew limitations as outlined below

1 A threehealth state model might oversimplify disease progression of HRIfRCtrial
only demonstrates clinical endpoints measured by surrogate endpsuds as
biochemical free survival or progression free survival, revision is needed

1 Themodelwas ot base on aheadto-headRCT. Itis a typicalearly modekhat is useful
for understandinghe value ofthe upcomingtechnol@y. Usershave to revise the data

inputsif underlyingdiseasehanges
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1 The use of companion diagnostics devigethe modelmight not be consistent with
clinical practice For instance, Wwen patients areunresponsiveor intolerant to
chemotherapy, physicians will stop the therdppX may involvemultiple tests. Adose
response relationship with the biomarkeight exist Alternatively, physician may use
patienb s i n f twjudga whietleenhe néea test etc.

1 Chemo agentsised here mighbe too general. Chemotherapies migtiffer from each
other based on their individual mechanism of actions, treatment effectivenebg, aad
costs. Although early results of a few large $ighedlight on a promising chemo
treatmentthe agentthat will eventually be feasible in clinical practicemains unclean
HRLPC. As Fizazi et al(2014) demonstrated the usefulness of daget andEMP in a
subset of HRPC patients a canbination of chemo mighie useful

1 This studywas based on SEERledicarelinked catabasePatients who were insured
privately or treated inVeteran Affairs hospitals were naoicluded Additionally, SEER
did notcoverlongtermcare at home or in a nursing homehe sample wa restricted to
patients oer 65years of ageWe need tde cautiousboutgereralization

1 As this model wa simulating exante, aheadto-head study should be conducted to

formally validate the model

Although the studyconsideredthe perspective of U®ublic payersuch as Medicarecost
effectiveness studywas not usedvhen making decisions US payerslike to understand the
economic implication of new therapy, but their dexis aredriven by comparing treatment
effectivenessThe governmentwould rather defemakingdecisionon a costeffective treatment
to patients and physician8s oncology mettinesusually fall intocategories ospecialty drugs
and highest tiexfor co-pay, nowadaysatients laveto select coseffective option A CEA helps

patientsthe ultimate payeto make decision
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Whether Medicare will use CEA for its decision is an ongoing delbdgelicare proposed a
framework of CEAiIn 1989 (Neumann et al2005) The resons fornot implementing the
framework includepolitics, process, leadershipr perhaps public opiniofBotta et al. 2014)As

the US health spending as a percentafjghe GDPkeepsgrowing, physicians, patients and
payers areall facing cost burden Physicians and hospitals are calling forcasteffective
treatmenfor cancer patientKantarjian et al. 2013)ncreasing numbers @ayersarestaring to
explore the possible use of CERayes and provider8roles arealsoblurring. A survey of 228
managed care plans conducted by Garber et al. (2@didatedthat90% of plans consideed cost
and about 40%of plans considered formal CEA. Workshops with California health care
organizations (Bryan et &#009 stated that 90%f themwould apply CEA to Medicare and 75%
would apply CEA to private insurancédith a growing pressure on cost containment, we cannot

rule out that one dayEA would bepart of decision making in US

Although this simulationstudyis a US based, itan be esily adapted taentralized healthcare
systens in countries such athe UK, CanadaAustralia SwedenKorea,and everFrance where
CEA is the key medicalecisionmakingentity. By changing costs antbuntry specific patients
utility, the results of the mod&lould beuseful fornational payersMy findings, which indicate
that it is important to have a clinidgl effective short treatment to m@nstrate the economic
value of innovativeherapy in HRLPC patientthata personalized medine strategy needs to be
consideredduring drug developmenand that the value ofCDX is highly influenced bydrug

performance and cosi@re transfedale to different healthcare system

Further research can taka a deep dive on the survival outcome patterns identifi¢dis study.
For instance, it is valuable to compare radical prostatectomy versus other treatment modalities

this patient group. For the cost estimation, it is worthy to apply the nonparametiodn
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proposed byBang and Tsiatis (2000) to validate the subgroup approach used in this akdéysis.

can test this model in an establisii&dX device.

In summary, a coseffectivenessnodel was presented to understand the economic implication of
differentclinical strategies given the uncertaimggardingsuitable candidassfor chemotherapy

in patients with high risk localized prostate cancer. The output of such framearoHelppolicy
makers evaluate the economic consequence of aG@¥ to identify potential patientsfor
chemotherapy. It can aldme used bydiagnostics manufactureto determinewhether the test
under development cdre profitable At an early stage, such model can play important iole

trial design



Table 6.1) Base casassumptionfor data inputs
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Parameter Base case Data source
Value
Discount rate, benefit (%) 3.5 | NICE (2012c)

Discount rate, cost (%)

3.5

NICE (2012c)

prevalence of chemo responders

04

Assumption based on Table 2.6

Sensitivity 0.93 | Assumption based on Tali?e6
Specificity 0.95 | Assumption based on Table 2.6
Utility, Metastasis free 0.8 | Assumption based on Table 2.5

State cost, Metastasis free first year ($)

2579.2

From Table 4.3

State cost, Metastasis free following year ($)

715.5

From Table 4.3

Utility, metastasis

0.68

Assumption based on Table 2.5

State cost, Post metastasis first year ($)

2579.2

From Table 4.3

State cost, Post metastasis following year ($)

715.5

From Table 4.3

End of life cost ($) 464910 | From Table 2.4

Cost of hemo andBOC ($) 6480 | CMS (2014h

Utility Chemo decrement 0.03 | Mazta et al(2013

Max Number of Drug Cycles 6 gézsglnlption based on Sweeney et
geézard ratio for chemo responders versus SC 0.7 | Assumption based on Figure 2.3
Utility CDX decrement 0 | Assumption




Table 6.2) Costeffectiveness results, base case
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LY @ QALY Cost
SOC Metastasis free 7.0 5.6 79,979.1
Metastasis 2.5 1.7 36,393.7
End of life 31,314.1
Total 9.5 7.3 147,687.0
Chemo Metastasis free 7.9 6.3 91,3820
giﬁgﬂi Al " Metastasis 2.3 1.6 34,134.6
End of life 30,015.9
Total 10.2 7.8 155,532.5
Incremental vs. SOC 0.7 0.6 7,585.6
Personalized | \jetastasis free 7.8 6.2 88,650.4
medicine® "y 1 tastasis 2.3 1.6 34,292.7
End of life 30,106.8
Total 10.1 7.8 153409.9
Incremental vs. SOC 0.7 0.5 5,362.9
ICER® Cost/LY Cost/QALY
Treating all with chemotherapss. SOC 10,878.4 13,498.2
Personalized medicine vs. SOC 7,995.8 9,786.5

aLYs, QALYs and Costs were discounted
b Personalized medicine means selectively treating patients with che@Dy

¢ Total coss and QALYs of SOC were 7.3 and $147.687 respectively; Totalsasd QALYs of chemo for all were
7.8 and $155,532.5 respectivelypfél coss and QALYs of personalized medicine were 7.8 and $153,409.9. The
increment costs and QALsYfor treating all with chemotherapiersus S@ were $7585.6 and 0.6 with ICER a
$13,498.2/QALY. The increment costs and QALfgr personalized medicine vessGOC were $5362#&nd 0.5 with
ICER & $9,786.5/QALY.



Table 6.3) One-Way sensitivity analysis
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One way Sensitivity| ICER of personalized | ICER of treating all with
Base case analysis medicine vs. SOC chemotherapys. SOC
Parameter Value Low High Low High Low .

bound bound bound bound bound High bound
Discount rate: benefit 0.035 0 0.05 5,217.4 12,3525 | 7,150.6 17,098.3
Discount rate: cost 0.035 0 0.05 20,1145 | 7,522.5 23,993.6 | 11,192.6
prevalence of chemo responders 0.40 0.10 0.70 10,831.3 | 9,637.9 34,946.9 | 10,686.9
Sensitivity 0.93 0.50 0.99 9,965.7 9,773.9 13,498.2 | 13,498.2
Specificity 0.95 0.50 0.99 11,672.0 | 9,620.2 13,498.2 | 13,498.2
Utility: Metastasis free 0.80 0.72 0.91 11,097.7 | 8,418.8 15,335.0 | 11,589.5
State cost: Metastasis free first year ($) 2579.2 2063.4 3095.0 | 9,670.3 9,902.7 13,380.5 | 13,616.0
State cost: Metastasis free following year ($) 715.5 572.4 858.6 7,282.7 12,290.3 | 10,959.9 | 16,036.6
Utility: metastasis 0.68 0.42 0.80 9,191.5 10,103.4 | 12,666.9 | 13,9415
State cost: Poshetastasis first year ($) 2145.3 1716.2 2574.4 | 9,875.7 9,697.3 13,588.7 | 13,407.8
State cost: Post metastasis following year ($) 1198.5 958.8 1438.2 | 10,464.1 | 9,108.9 14,185.2 | 12,811.3
End of life cost ($) 46491.0 | 21955.7 | 71026.3 | 10,949.2 | 8,623.8 14,676.9 | 12,319.5
Cost of Chemo and SOC ($) 648.0 1296.0 $8,8200 | 12,510.2 | 44,134.4 | 19,836.3 | 93,426.4
Utility Chemo decrement 0.03 0.00 0.08 9,688.1 9,953.9 13,186.5 | 14,047.8
Max Number of Drug Cycles 6.0 3 12 8,419.3 12,400.4 | 10,310.7 | 19,636.6
Hazard ratidor chemo responders versus SOC OS | 0.70 0.50 0.99 8,206.6 170,227.3 | 10,056.2 | 1,924,795.7|
Utility CDX decrement 0.00001 0.04 10,556.9 13,498.2

Abbreviation, ICER=incremental costffectiveness ratidZ DX=companion diagnostics

ThelCER of treating all patients with chemo is always higher thahof personalized medicine strateBgrsonalized medicine means selectively treating patients with

chemo byCDX



Table 64) A scenarioCabazitaxel freated up to 6 months treatment) for HRLPC

Ly @ QALY Cost
SOC Metastasis free 7.0 5.6 79,979.1
Metastasis 25 1.7 36,393.7
End of life 31,314.1
Total 9.5 7.3 147,687.0
Chemo Metastasis free 7.9 6.3 137,838.5
treating all  ["Metastasis 23 16 34,134.6
patients e q ot Ife 30,015.9
Total 10.2 7.8 201989.0
Incremental vs. SOC 0.7 0.6 54302.0
Personalizeq Metastasis free 7.8 6.2 107472.7
medicine®  "Vetastasis 2.3 16 34,292.7
End of life 30,106.8
Total 10.1 7.8 171872.2
Incremental vs. SOC 0.7 0.5 24185.3
ICER® Cost/LY Cost/QALY
Treating all with chemotherapss. 75,293.7 93,426.4
SOC
CDX vs. SOC 36,058.7 44,134.4

aLYs, QALYs and Costs were discounted

b Personalized medicine means selectively treating patients with che@Dy
¢ Total coss and QALYs of SOC were 7.3 and $147.687 respectively; Totalsarsd QALYs of chemo for all were
7.8 and 201,989.0espectiely; Total coss and QALYs of personalied medicine were 7.8 and $153,409.9. The

increment costs and QALsYfor treating all with chemotherapsersus SOC were5#,302.0and 0.6 with ICER &
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$93,426.4QALY. The increment costs and QAlsYor personalized medicine versus SOC we24,$85.3and 0.5
with ICER & $44,134.4QALY.

Table 65) Regression coefficients of selected factors versus ceffiective price of CDX

under two WTP thresholds

Costeffective price

WTP100,000/QALY

WTP50,000/QALY

Prevalence 124227.0 55,639.0
Sensitivity 53322.0 23837.0
Specificity 3,044.7 2,620.9
HR of chemo responder -333397.0 -155437.0
versus SOC

Note: HR of chemo respondent versus SOC has the biggest impact sefextgd variables to cesffective price of
both WTP thresholddore impact is observed from the price unbigher WTP threshold.
All models are statistically significant (p<0.05)
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Table 66) A scenariocabazitaxel (reated up to 12 months treatment) for HRLPC

Ly @ QALY Cost
SOC Metastasis free 7.0 5.6 79,979.1
Metastasis 25 1.7 36,393.7
End of life 31,314.1
Total 9.5 7.3 147,687.0
Chemo Metastasis free 7.9 6.3 182,978.9
treating all  ["Metastasis 2.3 16 34,134.6
patients e 4 of Ife 30,015.9
Total 10.2 7.8 247,129.4
Incrementaks. SOC 0.7 0.6 99,442.5
Personalizeq Metastasis free 7.8 6.2 126,078.7
medicine®  M\ietastasis 2.3 1.6 34,292.7
End of life 30,106.8
Total 10.1 7.8 190,478.2
Incremental vs. SOC 0.7 0.5 42,791.2
ICER® Cost/LY Cost/QALY
Treating allwith chemotherapys. 127,884.2 174,941.5
SOC
CDXvs. SOC 63,799.1 78,846.3

aLYs, QALYs and Costs were discountégbst is in 2013 price.

b Personalized medicine means selectivadgting patients with chemo IGDX

¢Total coss and QALYs of SOC werer.3 and $147.687 respectivelptdl coss and QALYs of chemo for all were 7.8

and $247129.4 respectivelyptal coss and QALYs of personalized medicine were 7.8 and $153,409.9. The increment
costs and QALY for treating all with chemothergpersus SOC were $9812.5 and 0.6vith ICER as

$174,941.5/QALY. The increment costs and QALT6r personalized medicine versus S@€re $42,791.2 and 0.5

with ICER & $78,846.3/QALY.



Figure 6.1) Simulated Time-to-event(OS and MFS) Curves of Three Rgimens
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All OS curves are in black whereas all MFS curves are in gray. The small circle shows an enlarged area for better readindgypeof survival outcomeeating
all with chemotherapyhas the best result. Its survival curfdotted line) is at the top of three treatment strategies. The survival curves of treattigXby
(personalized medicine) are the solid linekjch almost overlap with the curves wéating all with chemotherapgotted line). ThesOC curvesdashed lingare

separated out from the others.






