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ABSTRACT
OBJECTIVES : Four chemotherapy regimens: gemcitabine-paclité@em/Pac), paclitaxel
in monotherapy (Pac), docetaxel in monotherapy JDawd docetaxel-capecitabine in
association (Doc/Cap), are commonly used in th&t-fine treatment of metastatic breast
cancer after anthracyclines failure. The purposthefstudy is to rank these strategies for the
French health system according to their incremeotst-utility ratios. METHODS: A
Markov model was developed based on the resulédficicy and tolerance of three recently
published phase Il studies. Ravdin and al (2008)w&ed superiority for docetaxel (Doc)
compared to paclitaxel (Pac) in monotherapy. O’ghaessy and al (2002) for the Doc/Cap
regimen and the phase Il registration study f@a @em/Pac (2003) showed superiority for
Doc/Cap and Gem/Pac compared to monotherapies,aDdcPac respectively. Probability
transitions were obtained from the median survitrale to progression and median response
duration published. The costs were calculated byinrgd DRG costs, onerous drug costs
reimbursed over DRGs and transportation expensestsCof febrile neutropenia, blood
transfusions, nausea and vomiting, diagnosis atichipge care, were taken into account.
RESULTS: The Gem/Pac strategy appears to be the mostie&exdmpared to Doc, Pac and
Doc/Cap. In terms of survival, Gem/Pac has an smidit efficacy of 16.9 weeks and an
incremental cost of 5,586 € compared to Doc/Cath wiincremental cost-effectiveness ratio
(ICER) of 17,160 € per year of life gained. In terof survival adjusted to quality of life, the
efficacy gain is 12.8 weeks and the ICER is 21,2Q8er year of life gained. When the D8
gemcitabine is administered in a home hospitabsasietting, the Gem/Pac ICER is 14,590 €
year of life gainedCONCLUSION: The incremental cost-effectiveness ratios of Gam/P
regimen are between 10,000 and 22,000 € per yedfeofained, still below the limits
recognized as reasonable at the international .le&ebther advantage of the Gem/Pac

combination therapy is to allow home care on day e cycle.



1. INTRODUCTION

Every year 42,000 new cases of breast cancer agnaed in France. 20% of cancers are
attributed to breast cancer. In 1999, tumor mdytaépresented approximately one-quarter of
the deaths in women, all ages combinéius we deduce that breast cancer is resporfsible
one out of every 20 deaths in the French femalailptipn. This figure justifies using every
possible measure for prevention, for managing peim an increasingly appropriate manner,
and for developing effective and well-tolerateddnative treatments. The five-year survival
rate, all stages combined, is currently 73%, aredércentage of patients surviving at 10
years is nearly 608 The treatments depend on the stage of the disstatiee time of
diagnosis and include hormone therapy, surgeryatiad therapy, and chemotherapy. Most
often, these therapies are combined to fit theepafprofile, based on her treatment response.
Thus, new drugs have been developed in recent yegrmsovide an answer for patients in
treatment failure with anthracyclines. These ineluhorelbine and taxanes, sometimes in
combination with capecitabine or gemcitabine. Tlaétel has proven effectiveness in
combatting many solid tumors and its action is aguanied by low toxicity, The use of
gemcitabine as a first-line treatment for metastdtieast cancer has been described in
numerous phase | and Il trials in populations of 2050 patients. In those studies,
gemcitabine was administered aldfer in combination with doxorubicih,cisplatin®®
vinorelbiné®, epirubicirt!, paclitaxel?, or docetaxéf. Larger phase IlI trials have begun
more recently and there are few publications. Toé&t of managing a breast cancer patient
from diagnosis through terminal care is high. Heere they are difficult to evaluate, as
evidenced by the medical economic studies on thgesti. The objective of this study is to
evaluate the efficacy and cost of treatment witingjgabine in combination with paclitaxel,
as first-line treatment for metastatic breast canedter failure of chemotherapy with
anthracyclines. The results of an important stydyompleted in 2004, involving gemcitabine
in combination with paclitaxel, should prove usefiihe comparator in that study was
paclitaxel alone. The method chosen to achieve atjective is to construct a model to
compare these two strategies from the standpoirgffafacy and expenses incurred. Two
therapeutic options commonly used in the indicat@ve been added : docetaxel alone
compared to paclitaxel alone in a recent study cotedi by Ravditf, and the association of
docetaxel and capecitabine, which is the naturadparator for the gemcitabine-paclitaxel

combination, documented in a phase IlI trial puigis in 2002 by O’'Shaughned&y



2. METHODS
2.1  Treatments and administration regimens

A Markov model has been constructed based on thdtseof efficacy and tolerance of the

% the two treatment arms

three recent studies on metastatic breast cantdravdin's tria
were docetaxel alone on D1 at a dose of 100 mghthjpaclitaxel alone on D1 at a dose of
175 mg/m2. The superiority of docetaxel over pagkd was significant in terms of overall
survival and median time to progression. The resafithe JHQG study made it possible to
document the efficacy and tolerance of gemcitabi®#0 mg/m? on D1 and D8 in
combination with paclitaxel 175 mg/m? on D1, verpaslitaxel 175 mg/m? alone on D1. The
reference arm in the O'Shaughnessy studsas docetaxel 100 mg/m? on D1, to which the
capecitabine-docetaxel combination, i.e.1,250 mg¢kn22from D1 to D14, and 75 mg/m2 on
D1, was compared. In both cases, the combinatiotwof agents significantly improved
survival and response compared to the taxanes,aldmence the interest of comparing these
combinations in a simulation. Each of the chemapgrmrotocols was conducted in 3-week

cycles.

2.2  Type of economic study used

In the three reference studies, significantly ddfe efficacies were found among the
therapeutic regimens, whether it be among the thggcesponse rates (RR), the median
survival duration (MSD), the median time to progies (TTP) or the median response
duration (MRD). These statistically significant goamisons involve capecitabine-docetaxel
vs docetaxel alone, docetaxel vs paclitaxel, geboie-paclitaxel vs paclitaxel in
monotherapy. Since the costs of acquiring thesenolieerapies are also different, a cost-
effectiveness analysis will make it possible tcssify the four treatment arms in comparison
to each other based on an efficiency critefit?*:

2.3 Structure of the model

Each of the treatments was analysed using Markayctic tree diagram process where a
group of patients moves in a repetitive way intgpecific number of mutually exclusive
states of healf#*2 This is designed with the simulation lasting &rgeon the basis of weekly
cycles. This pace of simulation is more suited tmleling the skipped doses that occur due to

acute toxicity at the start of treatment. Nine egatvere singled out: induction of treatment



(Induction), Skipped Dose (SD) and Reduction ddszbar 50% (RD75, RD50) after severe
toxicities, after the Tumor Extension Assessmdrd,remission (REM) and the remission in
presence of neurotoxicities (REM-NT), avoidanceéredtment (PD), drop-out from the study
(DO) and death (D). For each one-week cycle, thdahprovides for actualizing the costs
and efficacy and utility criteria, of discount amhuates of 3.5% and 1.5% respectivelysed

on the recommendations of the National InstituteCtinical Excellence (NICEY. At the end

of simulation, the annual follow-up costs per pattitor the French health system of these
four therapeutic options can be compared whilstdted time of survival and remission may
be used to evaluate the therapeutic benefit ofettstsategies, according to two possible
criteria : overall survival, progression-free swalimeasured as weeks spent in the model.
These two points of view have been supplemented tyrd alternative : Reasoning in terms
of QALYs makes it possible to assign an entire eaofjefficacy values to the different states
of health in the model.

2.4  Clinical parameters
« Efficacy data

Our model uses median survival duration (MSD), rediime to progression (TTP), and
median response duration (MRD) with their limitglaignificance, since they are particularly
well documented. The chemotherapy with gemcitalpirevides the best results in terms of
overall survival, with an MSD of 74 weeks, versympmximately 60 weeks for the other
combination and for the single-drug therapies (41 £0.8 weeks for docetaxel and
paclitaxel, respectively, table 1) according to thest pessimistic results. The TTP in the
capecitabine-docetaxel arm was the longest, with 24eks separating the start of treatment
and relapse in 50% of the patients. The gemcitabis@atin combination was in the same
order of magnitude with a TTP of 21.6 weeks, fewer than 3 weeks' difference. This is a
clear advantage over paclitaxel, whose TTP is alldutveeks. Thus, the combination of
gemcitabine with that agent decisively contributeshe efficacy of the therapy. Finally, it is
difficult to situate the docetaxel arm, whose THPeistimated at 16.8 and 22.8 weeks,
according to our two sources. The median respoimme was also longer in the arms
combining two agents. Remission lasted more thamw@&ks in half of the patients, versus
28.8 weeks in the paclitaxel alone arm, i.e., aebemf one and an half months for the
patients treated with gemcitabine. The respongeingpatients who received the combination
was significantly higher than in the control grodjnese results unambiguously classify the
gemcitabine-paclitaxel strategy at the top witlpess to efficacy. A secondary criterion, such



as 1-year survival, provides another illustratidrinas. Nearly three-quarters are survivors 1
year after the start of the study, versus 61% tiepts treated with paclitaxel alone. Finally,
the drop out (DO) rate is 12.9% of patients rand@ahito docetaxel in the Ravdin study (6%
in the O'Shaughnessy study), and 6.3% of patieusiving paclitaxel. The paclitaxel arm in
the JHQG study shows 5.1% drop outs. This rate5a@% in the gemcitabine-paclitaxel.

* Tolerance data
For each of the four therapeutic approaches, wk the parameters needed to model side
effects from published data : incidence, nature amderity of side effects, classified
according to the WHO toxicity scales. The side @feecorded in all cases were nausea and
vomiting, haematological toxicity, and in particulthe incidence of febrile neutropenia
requiring admission to hospital. Certain frequeygbes of toxicity do not involve any
particular costs (drugs, hospitalization, etc.gréfore, we decided not to include the toxicity
if it consisted of alopecia or asthenia, in ordet to penalize any strategy.
The most commonly encountered grade 3 or 4 toggitiegardless of the treatment are, were
hematologic toxicities and neutropenia in particulearly all (93%) of the patients treated
with docetaxel alone in the 2003 Ravdin study presik neutropenia at a frequency much
higher than in the O'Shaughnessy trial (15%). 48@&%patients receiving gemcitabine-
paclitaxel developed such toxicity. With paclitaaédne, we found a neutropenia rate of 11%
in the 2003 Ravdin study and 55% in the JHQG tf@w cases of febrile neutropenia or
infections were reported with treatments comprigoaglitaxel. There were between 15 and
21% in the docetaxel alone arm and 16% in the dtgidice-docetaxel arm. 3.4% and 8.2%
of patients treated by paclitaxel and gemcitabiaelifaxel, were transfused. The percentage
seems to be on the same order of magnitude in akeesirm, since 10% of the patients had
severe anemia, a complication that often requirassfusion. However, no anemia was
reported in the O'Shaughnessy study. Grade 3 ocau$ea and vomiting affected 8% of
patients receiving docetaxel and nearly 3% in ttieeroarms. Finally, severe neurotoxicity
affected between 4.3 and 8% of patients receivadijaxel, 8.4% of patients treated with the
gemcitabine-paclitaxel combination, and 12% in dlbeetaxel alone arm (motor and sensory
neuropathies combined). Furthermore, toxicity ressil drop outs from the trial and dosage
adjustments. Dosage adjustments affect 25% of syaled approximately 13% for the
docetaxel alone and gemcitabine-paclitaxel arnspeaively. Again, according to this study,
there were 2 to 6% of cycles with dosage reductianthe paclitaxel arm. We likened the

cycle percentages to patient percentages, whicbrigct, since we are reasoning in means.



Based on the results of the references study,hite tmost common types of acute severe
toxicity were used in each arm : for the gemcitahiaclitaxel arm, neutropenia, leukopenia,
and blood transfusion ; for the docetaxel alonatstyy, neutropenia, gastrointestinal disorders
(including nausea, vomiting, diarrhea, and stonsatiand febrile neutropenia ; for paclitaxel
alone, neutropenia was the most common toxicityovieed by anemia, which was grouped
with transfusions to facilitate interpretation dfet2 studies and, finally, gastrointestinal
disorders. The frequencies of the cumulative ttieisiused in the model for each of the arms

are given as percentages of motor and sensory peghiies combined.

» QALYs

The weight factors were derived from a 1997 cotityustudy on metastatic breast caréer
using Standard Gamble technics, where the impatteatment response on quality of life
and the interaction of response and toxicity phesmamin evaluating patient quality of life
were accurately factored in. We assigned efficaalyes based on the results of that study.
During the first course, efficacy equals 1. It deges to just 0.6 for withdrawals from
treatment within the first 2 weeks, 0.63 when theme acute grade 3 or 4 toxicities, and 0.52
when the patient progresses and terminal care ¢ssiyely replaces chemotherapy.
Furthermore, when the patient is in remission,ai$ lbeen shown that his quality of life is
greatly altered by neuropathy-type cumulative nikmgjio toxicities. Thus, we weighted the
efficacy associated with the "Remission with Neoxatity" state by a factor of 0.66. A bonus
of 5% has been applied to patients undergoing ctierapy at home, based on patient
comfort, since it avoids a round-trip to the haabpithe stress induced by a change of
environment, and also a degree of disincentive exhus/ contact with patients in more

advanced stages of disease.

2.5 Economic parameters

The cost of administering chemotherapies and @ttirg any complications were estimated
from the French health insurance perspective ir6268 The resources used in hospital for
each course were calculated from a PMSI approachsioymating the DRG tariff

“chemotherapy for less than 48 hours” and the pfdeigh cost compounds paid additionally
in the context of the T2A (tariff-based activiti®s} Costs of chemotherapy in a home
hospitalisation were estimated using the HH tarfbdef®. A research for the most

appropriate DRG was used to calculate the costsaniaging the 3 groups of severe toxicities

studied and integrating the cost of diagnosis aalligive care in cases of progressive



diseas&. The return transport costs from hospital to homeze included®’. Direct non

medical and indirect costs were excluded from tiops of the analysis

= Cost of acquiring chemotherapy

The cost of the expensive chemotherapies beingestugsults from the list of high-cost
pharmaceuticals products published per conditioning (UCD) in the Official Journal on
December 31, 2064>* These tariff costs are the sales prices statecbhypanies or based
on the fixed calculation by the French Comité Ecunitue des Produits de Santé (CEPS,
Health Care Products Economic Committee), raise¥ Ay at 2.1%. Capecitabine is not on
the list of high-cost drugs, the price of one 15§ tablet is 1 €, and the price of one 500 mg
tablet is 3.33 € (GERS). The price per milligrampegticularly high for the taxanes, more
than 8.8 € HT for 1mg of docetaxel and 4.26 for pazlitaxel, and of 0.20 € HT for
gemcitabine. In the setting of centralized prepanat in pharmacié§ the units of
conditioning are fractionned in milligram. The qtiaaes of each cytotoxic agent were thus
calculated starting from an index of body surfagerage of 1,7 m2 and doses recommended
according to whether the dosage is managed entetp 75 or 50% of the initial dosage
after which has occurred of toxicities. Certaingfias gemcitabine can be delivered by a
pharmacy duly authoriz&8of a public hospital for an administration at hoime¢he setting of

a private home-hospitalization (HH) structure (8%.@f the structures of HH), a 15% on costs

margin is then deducted per prescriptionitne

= Administration costs of chemotherapies in hospital

To the cost of treatment (table 2), we add the DB&0” for a chemotherapy session in a
day hospital (424.17 € in 208%. Each course of chemotherapy involves the patrentling

to the hospital and then returning home. Assumingean distance of 30 km [18 miles] from
home to hospital, in view of the costs of the mdthaf transportation usét (LRV,
ambulance, taxi, or private car) weighted by theqfiency of use of such vehicles and
incorporating the regional fees applicable to maldi@ansportation and mileage compensation
paid for use of a private care, the mean cost wh@sportation from home to hospital was
estimated at 82.97 €.

= D8 Home Care for gemcitabine alone
The second administration of gemcitabine in D8 lsarcarried out in a home-hospitalization

setting, contrary to the taxanes which require diqudar monitoring. The tariff and the



regulation context of the structures and establestispractising the home medical care has
defined recently in the activity tariffs legislagiand regulatory framework (T2&) The 31
daily fixed prices of stay and care, called Grouptmmogénes de Tarifs (GHT, Tariff
Reference Groups) results from weightings assatmaith the combinations authorized with
five variables : the primary diagnosis, the assied diagnosis, the level of dependence
measured by the index of Karnofsky, duration of tiespitalization, the statute of the
establishment. The daily tariff of a home medicalec with chemotherapy and treatment of
the pain, for a patient-type presenting a mild deleece (Karnofsky 70-80%), taken charges
some during less than 5 days, rises in a publidiPS&RBtablishment and a private
establishment, with 198.1 € and 197.83 € respdygtiBy using the proportion of the private
and publics/PSPH home medical care having takenmp#@RDES study, of 42.8% and 57.2%
respectively, this daily tariff rises for all esishment combined with 197.94 €. This one
replaces the cost of a administration of chemotheturing a day hospitalization and of the
transport residence-hospital. The cost of chemmafiyeacquisition remains in charge of the
health insurance. For a cycle of the arm gemcitbpaclitaxel, taking into account all the
cost factors calculated until now, we obtain altotest of 2,925 € instead of 3,178 € with a
traditional day hospitalization. The saving madsesi with more than 1,512 € per patient

receiving 6 cycles of chemotherapy.

= Costs of treating toxicities and cost of terminal are

The DRGs used for acute hematologic toxicity, acgtestroenterologic toxicity, and
cumulative toxicity are shown in table 4. We hypstize that 10% of patients who develop
grade 3 or 4 toxicity are hospitalized. These & rmost severe cases. Therefore, certain
DRGs with Complications and Co-Morbidites (CCM) nee selected. A cost of
transportation between home and hospital was deduwtteach tinfé. The cost of providing
terminal care to patients was taken from DRG 798%lllative care, with or without

procedure,” with a fare of 6,664°€.

2.6 Probabilistic sensitivity analysis

Twelve variables of the model have a value whiah lma subjected to uncertaifity’. Within

the framework of a montecarlo of second order, emehof these variables was characterized
by a distribution. The index of Body Surface wasresented as normally distributed variable
with an average of 1.7 hand 99 % of the values are at + 20 % of this ayerahe cost of

transport is related to two parameters: the nundbedilometers and the type of transport



used. The IRDES report in 1997 gave us the avalmsg@nces between 15 and 45 kilometers.
A first normal distribution around a central valoe30 km, and a distribution of Dirichlet
which makes it possible to ensure that the sumhefrates of types of transports used is
always equal to 1, give at the end of a parambwaistrap, a normal distribution of average
82.97 € and standard deviation 12.53 €. In the IR[dB&tabase, there were 3,228 structures of
home-hospitalizations (HH), where the private ds&hments accounted for 1,847 HH and
the publics/private non for profit establishments 1,381. The proportion of public HH
structures was thus characterized by a beta disib (3,228;1.47). Beta distributions,
defined by two parameters: r the number of eveatsl n the total number, and bound
between 0 and 1, are well adapted to characterg@options. Median durations are generally
characterized by skewed distributions extended tdsvathe right. The Lognormal
distributions making it possible to simply expréiss quantiles according to its parameters, it
was retained to characterize the three median tpnefished (table 5). The probabilities of
early stops of treatment (DO), of reductions ofedofRD), of apparition of severe toxicities,
will be described starting from the rates obsensd Beta distributions. Concerning
monotherapies for which each clinical parameteavailable in two clinical trials, a mix of
distributions was performed, taking into accourd tlumber of patients observed in the two
studies for the same arm. A 5000 point simulatiboweed us to determine the confidence
limit of the resulting costs and outcomes for easthategy. The corresponding cost-

effectiveness acceptability curves were presetitet

3. RESULTS
3.1 In terms of survival

At the end of simulation in terms of survival, pteotel and docetaxel appear with a lower
efficacy than that of the two associations and ramre expensive than the capecitabine-
docetaxel. The two associations remain in listhvah additional efficacy of gemcitabine-

paclitaxel of 16.9 weeks of life gained and an owst of 16,976 € per year of life compared
to the capecitabine-docetaxel. The cost-effectisematio of the gemcitabine-paclitaxel is the
largely lower than the internationally recognizbdeshold of 50,000 € per year of gained life,
that is to say 959 € per week of life (table 6).

The representation of 5,000 poinfSC(AE) on the cost-effectiveness plane makes it passibl
to better take into account of the outliers (figdde If one observes the 5,000 values of the
paclitaxel compared to the capecitabine-docetakglré 2), 50.4% of values show a



superiority of efficacy of paclitaxel (points toetlmight of the light dotted line) and 49.6% of
them show with @\E < 0, what illustrates well the confidence intéregtended towards the
two directions (table 5). The paclitaxel is equérdlin term of efficacy with half of the points
on each side of the threshdMt and in each 5,000 cases, more costly than tleeiatien of
capecitabine and docetaxel. If one observes theegalf gemcitabine-paclitaxel compared to
capecitabine-docetaxel (figure 3), there is a spralportion of cases whede < 0 (61/5,000,
i.e 1.2 %, points to the left of the light dottedel), 297 points (5,9%) correspond4& > 0
andAC/AE > 959 €/ week (points between the light and @k diotted lines) and 4642 points
(92,8%) are below the threshold of 50,000 €/ yga®59 €/week (points to the right of the
dark dotted line). The probability that the gemuite-paclitaxel association is acceptable
compared to the other association with the 959 €kwlereshold of life gained is then 93 %.
The corresponding acceptability curves are predentéigure 4. Until the willingness to pay
of 246 € per week of life gained, the capecitaliioeetaxel arm is the strategy which has the
highest probability of being cost-effective. Betwel6 € and 357 €, the paclitaxel arm is the
most acceptable strategy with a probability of geoost-effective inferior to 0,4. If the
willingness to pay is higher than 357 € / week 329, € per year of life gained) the

gemcitabine-paclitaxel strategy stays the mostefisttive one.
3.2 Interms of quality of life-adjusted survival

In terms of quality of life-adjusted survival, tpaclitaxel allows a small gain of efficacy of
0,9 weeks in comparison to the association capg®ogadocetaxel with an additional cost of
550 €, what results in a cost-effectiveness ratidb777 €. The gemcitabine-paclitaxel
appears compared to paclitaxel, with a gain of 1#&8ks and an overcost of 5,036 €, i.e. a
ratio of 20,458 € per quality-of-life adjusted swal. Compared to capecitabine-docetaxel,
this gain of efficacy is of 13.7 weeks, i.e. an CBf 21,202 € per quality-of-life adjusted
survival. The cost of a year of life gained whesgiag from the paclitaxel alone arm to the
gemcitabine-paclitaxel arm is higher than in theraill survival analysis, as is the case with
any quality of life-adjusted analysis. In fact, wpve less value to weeks spent in
"deteriorated” states of health. Therefore, at@qumkcost, it becomes difficult to achieve the
same efficacy result. However, with a higher degrestrictness, the ICER ratio of 21,202 €
per year of life remains two times below the 50,@0imit declared acceptable in the

preceding section (table 6).
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If one observes the representatiddC( AE) points, the paclitaxel appear quasi-equivalant i
term of quality of life-adjusted survival comparedthe capecitabine-docetaxel with a half of
the points on each side of the threshble equal to 0 and, in each 5,000 cases, more costly
than the association. The paclitaxel strategy may anvantageously replaced by a
combination of the capecitabine-docetaxel and geicie-paclitaxel strategies, what is
called a weak dominance phenomenon. The 5000 pobitsned by the comparisai the
gemcitabine-paclitaxel with the capecitabine-doceftaare mainly (95.3%) located in the
cost-effectiveness quadrant whévie > 0 andAC/AE < 959 €/ week (to the right of the dark
dotted line, figure 5). There is a small proportaincases (0.26 %) wherfkE < 0, and 4.4%
points whereAC/AE > 959 € / week. The probability that the gemdnekpaclitaxel is
acceptable compared to the capecitabine-docetageltine 959 €/week threshold is then 95
%. As shown in corresponding acceptability curviggufe 6), until a willingness to pay of
216 € / week, the capecitabine-docetaxel strateglya one which has the highest probability
of being cost-effective. Between 216 € and 492h€, paclitaxel arm appears as the best
choice. If the willingness to pay is higher thare49 week (25,584 € / year of life gained),
then the association of gemcitabine and paclitagebme the most cost-effective strategy.

3.3  Advantage of home care for D8 of Gemzar®

We replaced the chemotherapy session for admiti@traf gemcitabine on D8 in a day
hospital with home care. In terms of overall suaVjvthe ICER ratio passes froti,160€ to
14,585 € per year of life gained by choosing to iaister gemcitabine on day 8 of the cycle
at the patient's home, rather than at the hosftéhle 7). The gain is thus 16% compared to
the "D1 and D8 day hospital" option. This is exp&d by the elimination of the round trip
between home and hospital, replacing it with a ntéoene-Hospitalization day price that is
more advantageous than billing for a "chemothersggsion” DRG, and by the increased
efficacy, which we assume to be 5%. For the como®ling ratio of 50,000 € per life year
gained (959 € per life week gained), the probabithat gemcitabine-paclitaxel is cost-
effective is 83.3%. Until a willingness to pay @722€, the capecitabine-docetaxel strategy is
the one which has the highest probability of baeiogt-effective. Between 237 € and 294 €,
the paclitaxel arm is the best choice. If the wiless to pay is superior to 294 €, then the

gemcitabine-paclitaxel strategy is the most cofgetife one.
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4. DISCUSSION

Whereas the natural comparator of the gemcitabaditpxel association is the capecitabine-
docetaxel association, we have not found any ¢oatparing them head to head. Instead, we
disposed of two trials comparing these associatenapies to either paclitaxel or docetaxel
and one other trial comparing these two single-ag®rapies. In absence of a clinical trial
making direct comparisons between the four therapeoptions, an analysis of the
therapeutic benefit and costs of these four treatsnwas carried out indirectly by developing
a Markov model which was as simple as possibles Todel has been constructed based on
the results of efficacy and tolerance of the thmeest recent studies in the treatment of
metastatic breast cané®&t® JHQG 2003, Ravdin 2003, and O’Shaughnessy 2008.tfree
clinical trials have common inclusion criteria. Thatients enrolled were all adults with
inoperable breast cancer with a local or metastetiapse. They received adjuvant /
neoadjuvant chemotherapy containing anthracyclimes, no prior chemotherapy in the
metastatic phase. Their laboratory values were abamd their medullary reserves sufficient.
The median age of the patients in the three stuthesbined, calculated by weighting the
populations, was 53 years.

Five types of clinical data have been introduced ifis model: median survival, time to
progression, median response duration, drop-oedsiction doses to characterise the clinical
change in assessable patients. As knowledge clyritands, the relation between response
rate and survival has not been demonstrated. Tdultibnal parameter was not used. After 5
years of simulation, the percentages of deceasadnfm are 96.3%, 97.2%, 96.5%, and
92.5% in the capecitabine-docetaxel (1), docetatehe (2), paclitaxel alone (3), and
gemcitabine-paclitaxel (4) arms, respectively. Thuke 5-year survival rates were
considerably lower than those generally found witis disease, as we stated in the
introduction. The patients enrolled in the studyeva the metastatic phase and, thus, already
at an advanced stage of the disease. The mediarsiimoe the diagnosis of breast cancer was
29 months, i.e., approximately 2 and a half yeirshe O'Shaughnessy stddyThis same
median time was 34.3 months in the gemcitabineigpael arm of the JHQG stutfy and 29
months in the paclitaxel alone arm. Thus, the mgirtality after 5 years of follow-up is not
surprising. A Markov analysis of arms 1 and 4, esponding to the 2 combination therapies,
makes it possible to verify that the percentagéeafeased patients was 50% after 58 weeks in
the capecitabine-docetaxel arm and after 74 weeksheé gemcitabine-paclitaxel arm.

Furthermore, by looking at the contributions of ttiéferent state of health to the total
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efficacy of each strategy, we can better appreti@eadvantage of the latter chemotherapy.
Nearly 50% of the time spent in the model, exclgdivithdrawals from treatment, was spent
in the "remission” state in arm 4. Patients in s=ioin continued to undergo the treatment (up
to a limit of 15 weeks), which partially explaifgethigh cost of the strategy. In comparison,
the percentage of weeks spent in the "remissioate stvas 33.6% for patients in the

capecitabine-docetaxel arm.

To deal with the fact that two trials were avai@lbbr both monotherapies paclitaxel and
docetaxel, we adapted our probabilistic sensitiaibalysis. Instead of choosing by chance
one of the two trials for each monotherapy, wite ttorresponding outcomes’ densities of
probability, we combined the two densities for eaatcome and each monotherapy. The way
the combination was done depended on the numbegadh treatment arm: the density of
probability obtained from the most numerous triaiswnore frequently used to calculate the
combined density of probability. This way all th&drmation available for docetaxel and
paclitaxel was taken into account and the weighteath trial in this information was
proportional to its number of patients. Another noet could have been considered. Indeed
Mixed Treatment Comparisons models can greatly dath indirect comparisons and are
mainly used to combine information from severalrseg®. In our case it would have been
possible to simultaneously assess the effect ofdimetherapies compared on survival (or on
any other outcome), even if all the pairwise corigars are not availabfe The mechanism

is the following : i) to assess the differentiafeet of gemcitabine-paclitaxel compared to
paclitaxel alone in the first trial, ii) to assdke differential effect of paclitaxel compared to
docetaxel in the second trial, iii) to assess ttikeréntial effect of docetaxel compared to
capecitabine-docetaxel in the last trial, iv) ana¢ddmbine the three differential effects (either
sum or multiplicate them, depending on the typesftéct measured). It is then possible to
obtain the differential effect of gemcitabine-ptectiel compared to capecitabine-docetaxel. A
bayesian meta-analysis by Markov Chain Monte Ceolold do the deal. Nevertheless, this
solution has not been choosen for the moment. \3f@ode of too few trials for each strategy
to conduct a robust MTC: this kind of model is gledependend of the baseline assumptions
of each study combinedf. We are therefore looking for other studies conmgathese

strategies to conduct such an analysis.

The warnings about the reference studies were takin account in the analysis. We

conclude that single-drug therapies only are adfitetnd likely to interfere with classification
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of the different strategies. For example, the dmadtalone strategy was strongly dominated
in all cases in point, except when the Ravdin @iacorporated into the model. We could
then consider doing a so-called "cost minimizatiaidy between the two single-drug
therapies, rather than a cost-effectiveness studppstulating that the superiority of one over
the other is not always evident, in terms of efficaSince the natural comparator of the
‘gemcitabine-paclitaxel’ combination is the othembination chemotherapy, capecitabine-
docetaxel, the choice of the single-drug therapwampaters has no impact on our results and
recommendations. In general, combinations are aele to single agents and, of the
combinations, the combination of gemcitabine widitlgaxel has greater efficacy at a low to
moderate excess cost. Furthermore, in the O'Shasghrarticle, we note a large number of
patients with dosage reductions and even withdm@m one of the treatments in the
capecitabine-docetaxel arm. When the withdrawablved docetaxel, the patient remained in
the study, but when capecitabine was discontintrezl patient dropped out of the trial. The
manner in which the results were presented in theladoes not inform us of the median
survival times and median times to progressiontii@se subgroups of patients. However,
since the intermediate results of the JHQG gemiaiéapaclitaxel study were very well
documented, the parameters used to simulate tlveraetin patients receiving gemcitabine-
paclitaxel are more reliable. The gemcitabine-paxdl strategy appears in successive
sensitivity analysis with ICER ratios situated elatively limited ranges, between 10,000 €
and 22,000 €. An advantage of this combinationagmeiis that it allows home care on day 8
of the cycle. We have seen that this option sptrespatient travel and additional stress,
while the costs incurred are lower. The benefihiss twofold, and this type of chemotherapy
should be encouraged. Based on the principle tletmost effective treatment should be
administered, it is very encouraging to note thatéxcess cost it incurs is limited compared
to the strategies that are usually used. The higbst essentially stems from the additional
weeks spent in remission and, therefore, in treatnieis a direct result of superior efficacy.
This is a common problem with this type of analysihere the least costly strategies are

associated with high rates of mortality and withelthfrom treatment.
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Tables and figures :

Table 1. Efficacy and tolerance data from the timeference studies

kel

Cap+Docetaxe Docetaxel Paclitaxel Gem.+Paclita
Study O'Shaughnes$}|O'Shaughnes$y|  Ravdin'® Ravdirt® JHQG® JHQG®
Population 255 256 225 224 262 267
Efficacy
MSD (weeks) 58* [49.2-65.2]| 46 [39.2-50.8] 61.6*[53.2-74|4)0.8 [42.4-59.2]63.2 [57.6-69.6] 74* [66-84.8]
TTP(weeks) 24.4*[21.6-26]| 16.8[13.6-18] 22.8*[18.4-27\6}1.4 [12.4-16.8] 14 [11.6-16] | 21.6* [18.4-24.
MRD (weeks) 29.2 [27.6-33.6] 28[23.2-32] - - 28.8 [27.2-34.4B5.2 [29.6-40.8
RR (%) 42 [36-48] 30 [24-36] 37.4* 26.4 25,6[25-29] 39/33.5-45.2
DO (%) 10 6 12.9 6.3 51 5.6
Hematologic toxicities
Neutropenia (%) 16 15 93 55 10.8 48.5
Febrile neutropenia (%) 16 21 15 2 1.2 5
Leukopenia (%) 15 10.6
OAA)’;em'a (transfusion, 10 7 2.3 (3.4) 6.8 (8.2)
Non-hematologic toxicities
Nausea (%) 6 2 5 3 1.5 1.1
Vomiting (%) 3 0 1.9 1.9
Diarrhea (%) 14.4 54 5 1 1.9 3.1
Motor neuropathy (%) 5 2 0.8 2.7
Sensory neuropathy (%o) 24 1 7 4 3.5 5.7
RD (% of cycles) 25 6 2 G:8.1;T:5]
* Significant difference at the 5% threshold :Capelrs. Doc; Gem-Pac vs. Pac; Doc vs. Pac
Table 2. Administration cost in hospital (€)
Arm Acquisition Administratior|1 Transportation Cost/ cyclg  Cost/ week
1 Cap/Docetaxel 1,145 424.17 82.97 1,653 551
2 Docetaxel 1,527 424.17 82.97 2,035 678
3 Paclitaxel 1,295 424.17 82.97 1,803 601
4 Gem/Paclitaxel 2,163 848.34 165.94 3,175 1,059
Table 3. Toxicity DRGs used in the model
Adverse Event DRG Fare (€q05
Febrile neutropenia 679%epticemia, age > 17 years with CCM 5,515.31
Neutropenia, leukopenip 615Reticulo-endothelial or immune system conditionshaitt CCM 2,572.79
Anemia 6155 Erythrocyte line disorders, ages 18 to 69 without CCM 2,260.08
Transfusion 8306 Transfusions in sessions 682.6
Digestifs disorders 2104Gastroenteritis and miscellaneous diseases ofigfestile tract, ages 18-69 with CCM 3,040.64
Neurotoxicities 167| Other nervous system conditions, age < 70 yeatowitCCM 2,265.09

15



Table 4. Distributions

Arm Cap/Docetaxel Docetaxel Paclitaxel Gem./Paddita
Study | O'Shaughnessy O'Shaughnessy Ravdin Ravdin GJHQ JHQG
MSD | LogN(4,136;0,082) LogN(3,905;0,080) LogN(4,195;®p9 LogN(4,003;0,090) LogN(4,2242;0,048pgN(4,3809;0,0707)
TTP | LogN(3,272;0,061) LogN(2,895;0,108) LogN(3,200;@10 LogN(2,743;0,080) LogN(2,7142;0,098pgN(3,1486;0,0801)
MDR | LogN(3,451;0,073) LogN(3,407;0,094) LogN(3,472;@)12 LogN(2,981;0,141) LogN(3,4354;0,092pgN(3,1486;0,0865)
DO Beta (255,25) Beta (256,15) Beta (225,29) Beta (224,14) Beta (262,13) Beta (267,15)
RD Beta (255,166) Beta (256,92) Beta (225,56 Beta (224,13  Beta (262,5) Beta (267,35)
Tox C Beta (255,61) Beta (256,3) Beta (225,29) Beta (224,11) Beta (262,11) Beta (267,22)
Tox 1 Beta (255,96) Beta (256,38) Beta (225,209 Beta (233,17  Beta (262,28) Beta (267,129)
Tox 2 Beta (255,41) Beta (256,32) Beta (225,54) Beta (224,16) Beta (262,15) Beta (267,28)
Tox 3 Beta (255,41) Beta (256,54) Beta (225,34) Beta (224,9) Beta (262,14) Beta (267,22)
Table 5 : Cost-effectiveness analysis: Survival
Arm Cost (€) AC Effectiveness (wks AE ICER (€/ year)
Cap/Doc 5,466 [4,886;6,074] 81.9[71.6;92.8]
Pac 6,016 [5,328;6,710] 550 [223;877] 81.1 [683&/D -0.8 [-21.4;16.8] Dominated
Doc 6,917 [6,111;7,740] 1,451[962;1,922] 75.9 [59676] -5.9 [-26.4;18.0] Dominated
Gem/Pac 11,052 [9,868;12,253] 5,586[4,894;6,29@8.8 [88.9;109.0] 16.9 [2.1;31.3] 17,160

Cost

Figure 3 :4C and4E Distributions (WTP = 959

Figure 1 : Cost-Effectiveness Scatterplot
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Table 6 : Cost-effectiveness analysis: qualityifefadjusted survival
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Arm

Cost (€)

AC

Effectiveness (wks)

AE

ICER (€ / year)

Cap / Doc
Pac
Doc

Gem / Pac

5,466 [4,886;6,074]
6,015 [5,329;6,710 ]
6,917 [6,111;7,740]
11,052 [9,869;12,253

550 [223;877]
901[448;1,366]
5,036 [4,427;5,6

55.7 [49.3;62.5]
56.6 [455H]

53.8 [445185
52]69.4 [63.1;75.9]

0,9 [-12.8;12.7]
-2.8[-18.2;16.6]
12.8[1.4;26.3]

31,777
Dominated
20,458

Cap / Doc

Gem / Pac

5,466 [4,886;6,074]

11,052 [9,869;12,253

5,586 [4,894,6,2

55.7 [49.3;62.5]
90]69.4 [63.1;75.9]

13.7 [4.4;22.7]

21,202

Figure 5 : AC and/E distributions(WTP = 959
€/week) : Gem-Pac vs Cap-Doc
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quality of life adjusted survival
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2500

T T
3000

Arm Cost (€) AC Effectiveness (Wks) AE ICER (£ / year)
Cap / Doc 5,466 [4,886;6,074] 81.9[71.6;92.8
Pac 6,016 [5,328:6,710] 550 [223;877] 81.1[686&1 | -0.8[-21.4;16.8]] Dominated
Doc 6,917 [6,111;7,740] 1451 [962;1922 75.9[59676] | -5.9[-26.4;18.0]]  Dominated
Gem/Pac 10,205 [9,014;11,409" 4,740 [4,040;5,453] 8.8 $88.9;109.0] 16.9[2.1;31.3] 14,585
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