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Trastuzumab emtansine for treating HER2-positive, unresectable locally advanced or metastatic breast

cancer after treatment with trastuzumab and ataxane: A NICE Single Technology Appraisal

Squires H, Stevenson M, Simpson E, Harvey R, StevensJ

Abstract

The National Institute for Health and Care Excellence (NICE) invited the mamdfactll trastuzumab
emtansingT-DM1) (Kadcyla®; Roche) to submit evidence of its clinical and cost-effe@a&ifor treating
HER2-positive, unresectable locally advanced or metastatic breast cancer aftertedth trastuzumab and a
taxane The School of Health and Related Research Technology Appraisal Group (BeHAR) at the
University of Sheffield were the independent Evidence Review GieR&G] who produced a critical review of

the companys submission to NICEThe ERG also independently searched for relevant evidence and modified
the submitted decision analytic model to produce a revised estimate of fegtitrefiess and examine the
impact of altering some of the key assumptions

The clinical effectiveness data were taken from two randomised controdiexj which reported a significant
advantage in progression-free survival for T-DM1 over lapatinib mbdoation with capecitabine (EMILIA
trial), and over the treatment of physician’s choice (TH3RESA trial). A network meta-analysis suggested T-
DM1 was the best treatment in terms of both overall survival and progrdsséosurvival compared with:
lapatinib in combination with capecitabine; trastuzumab in combination with itsiiee; and capecitabine
monotherapy. Adverse event (AE) data were taken from a pooledsisnafyadditional trials of T-DM1 as a

single agent. The most common grade 3 or greater AEs for T-DM1tkverabocytopenia and hepatotoxicity.

Following the clarification process, the manufacturer reported a detetimiimsremental cost effectiveness
ratio (ICER) for T-DM1 compared with lapatinib in combination with capetiwalof £167,236, the latter of
which was estimated to have an ICER of £49,798 compared with capeeitabnotherapy. The ERG produced
similar values of £166,429 and £50,620 respectively. All other compsratere dominatedDuring the
appraisal, the manufacturer offered an analysis of a patient access schemev{i##S3uggested that T-DM1
had a 0% probability of being cost-effective at an ICER of £30@#0QALY gained. The NICE Appraisal
Committee concluded that whilst the clinical effectiveness of T-DM1 had beserp it was not likely to

represent a cost-effective use of NHS resources and so its use couldeuatrbmended.

Key pointsfor decision makers
e T-DM1 provides a significant advantage in terms of progression-fraévaland overall survival
compared with alternative treatment options for treating HER2-positivesectable locally advanced
or metastatic breast cancer after treatment with trastuzumab and a taxane.
e The adverse event profile of T-DM1 is favourable compared with alternative éngadptions.

e Given current acquisition costs, T-DM1 does not represent a cost-effectivENIS& resources.



1. Introduction

The National Institute for Health and Care Excellence (NICE) is an indepemadganisation whose
responsibilities include providing national guidance to the NHS in Engladd/Vales on health technologies.
The NICE Single Technology Appraisal (STA) process usually coverssimgle health technologies within a
single indication, soon after the UK market authorisation [The manufacturer submits evidence on the
clinical and cost-effectiveness of the technology, including a de nowmeio model, and an independent
Evidence Review Group (ERG) review this submission. The NICEraipgl Committee (AC) consider the
evidence submitted by the company and the ERG, alongside testfroamgxperts and other stakeholders in
order to develop national recommendations for England and Wales repoitted a Final Appraisal
Determination (FAD) An Appraisal Consultation Document (ACD)s initially produced if the
recommendations from the AC are restrictive or additional clarification is requoedtfie manufacturer about
their submission. All stakeholders have an opportunity to comorettie ACD before the AC meets again to
produce the FAD.

During this assessment, the FAD was subject to an appeal fraxartipany which led to a sixteen month delay
in publishing the FAD. This article presents a summary of the ERGtrapthre time of the assessment and the
outcome of the NICE guidance for the STA of trastuzumab emtanBiddi(l) for treating HER2-positive,
unresectable locally advanced or metastatic breast cancer after treatmerasititumab and a taxane. This is
one is a series of STA summaries being published in PharmacoEconomic&t&ildl af all relevant appraisal

documents can be found on the NICE website [2].

2. TheDecision Problem

T-DML1 is licensed for use in people with overexpression of the huepatermal growth factor receptor 2
(HER-2 positive), unresectable locally advanced or metastatic breast canserdidease has progressed after
treatment with trastuzumab and a taxane (paclitaxel or docetaxel) [3]. Whilstasinas generally improved
for breast cancer patients, for this patient group the diseaseddylargurable, with the majority dying within
three years of progression [4]. In the absence of targeted therafg-ptiSitive metastatic breast cancer is
associated with more aggressive disease, including higher recurrence mdtsfoger progression-free and

overall survival, than tumours not overexpressing HER-

As described by the manufacturer, T-DM1 is part of a new classigédrermed antibody-drug conjugates [4].
It has multiple modes of action to specifically target HER-2 positive candeBM1 is administered
intravenously every three weeks, typically within an established apgcalait in a hospital. No additional
monitoring for T-DM1 is required compared with alternative existingtrmeats. To be eligible for T-DM1,
patients should have either received prior therapy for locally advancetetastatic disease or developed
disease recurrence during, or within six months of, completingvadj therapy [3]. According to the

company’s calculations there are approximately 1300 eligible patients pef4je

Treatment options recommended by NICE for this patient populationtrastuzumab in combination with

paclitaxel (first line); capecitabine or vinorelbine (plus trastuzumab in centralusesystem only progression)



(second line); and vinorelbine or capecitabine or trastuzumab (third %héjdwever, due to the Cancer Drugs
Fund, current practice in England and Wales includes: pertuzumab in ctiotbinégth docetaxel or
trastuzumab in combination with a taxane (first line); lapatinib in combinationcajikcitabine (second line);
and vinorelbine or capecitabine or trastuzumab (third line) T4 company proposes T-DM1 as an alternative
second line option. Comparators included within the final NICEBadncluded: lapatinib in combination with
capecitabine; trastuzumab in combination with capecitabine; trastuzumab in combimigiovinorelbine;

capecitabine monotherapy; and vinorelbine monotherapy [2].

3. Thelndependent ERG Review

The company provided a submission to NICE regarding the clinical and éestiveiness of T-DM1 for
treating HER2-positive, unresectable locally advanced or metastatic breast cancetreafteent with
trastuzumab and a taxane. The ERG report comprised a critical review ofntpeny’s submission. In
accordance with the process for STAs, the ERG had the opportarggek clarification on specific points in
the companys submission, resulting in the company providing additional information. The ERG also modified
the companis decision analytic model to produce an ERG base case assessment of cost-eHestaed to
assess the impact of alternative parameters and assumptions on the model hesidectibon summarises the

evidence presented in the companybmission and the ERG’s review of that evidence.

3.1 Clinical Evidence provided by the Company

The clinical effectiveness data were taken from two (EMILIA and TH3RESA)-tgle, phase Il randomised
controlled trials (RCTs) of T-DM1 within its licensed indication [6;7]. Betare international, multi-centre
studies, with centres in Europe (including the UK), the United States efidanand Asia. The EMILIA trial
compared T-DM1 with lapatinib in combination with capecitabine. The compasétan the TH3RESA trial
was treatment of physician’s choice, of which: 68.5% of patients received chemotherapy plus trastuzumab;
10.3% of patients received lapatinib plus trastuzumab; 1.6% of patients receradnbl therapy plus
trastuzumab; 2.7% of patients received chemotherapy plus lapatinib; afd &b @atients received single-
agent chemotherapy. The RCTSs reported a significant advantagegiegsion-free survival (PFS) for T-DM1
over lapatinib in combination with capecitabine (stratified HR 0.65; 95% cocgdaterval Cl) 0.55— 0.77)
and over the treatment of physician’s choice (stratified HR 0.53; 95% CI 0.42 0.66). EMILIA reported a
significant advantage in overall survival (OS) for T-DM1 over lapatinitcambination with capecitabine
(stratified HR 0.68; 95% CI 0.55 0.85), whilst TH3RESA reported a non-significant difference ¢ié.not
cross the O'Brieflemming stopping boundary) compared with the treatment of physician’s choice (stratified
HR 0.55;95% CI 0.37- 0.83).

The only comparator from the final NICE scope for which there was teehdad data with T-DM1 was
lapatinib in combination with capecitabin&.network meta-analysis (NMA) was therefore undertaken by the
company which included five RCTs allowing a comparison of T-DM1 with: laphtim combination with
capecitabine; trastuzumab in combination with capecitabine; capecitabine monothedhpgratinif8-12], as
shown within Figure 1. The TH3RESA trial was excluded from the NM& t the large number of differing

treatments within the comparator arm which did not fit within tbepe of the appraisal [2]. The results



produced by the compatsyanalysis suggested that all hazard ratios (and credible intervals) associat&d with
DM1 fall below 1. No RCTs were identified of trastuzumab in combinatiadh winorelbine or vinorelbine

monotherapy within this patient population.

Fig. 1: Network of evidence
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Adverse event (AE) data were taken from an integrated safety snd$¥ of additional trials of T-DM1 as a
single agent. The data showed fewer AEs of grade 3 or great&€rDdtl than for lapatinib in combination
with capecitabine, or than for treatment of physician’s choice. The most common grade 3 or greater AEs for T-
DM1 were thrombocytopenia and hepatotoxicity. Limited health-related qualitifeofHRQoL) data were
identified; although the Functional Assessment of Cancer Therapy for tpatigihh Breast Cancer Trial
Outcomes Index- Physical/ Functional/ Breast (FACT-B TOI-PFB) data collected within the EMIL&# tr

suggested deterioration took longer in the T-DM1 group than the comparato

3.1.1 Critique of the Clinical Evidence and Interpretation

The ERG believes that all relevant trials with available data were included by thmmpnThe clinical
effectiveness data relevant to the decision problem were taken frotarygoRCTSs, both of which were open-
label, but otherwise at low risk of bias. The lack of blinding is unlikelgjave affected OS, but could bias the
HRQoL data. The EMILIA trial had independent outcome assessment of8PF3lfhough both trials were
ongoing at the time of thassessment, they had reached their primary endpoint. Data were availablg,f
PFS and AEs. AdditionallyAE data were available from a pooled analysis of T-DM1 tria(3:5D data is
being collected within the TH3RESA trial, however, these outcomesdiateen reported within the public
domain at the time of the assessment. Most of the data were from tkirdrlitater therapy, whereas the
company suggested T-DM1 as second-line treatment. The studies were imafpatonot all participants
would have had prior treatment in accordance with UK practice. The trialgtiops were broadly similar to
populations that would be encountered in UK practice, although omhath groportion of patients had Eastern

Cooperative Oncology Group performance status scale 2 whilst in prausces texpected to be a higher



percentageThe ERG’s clinical advisors did not expect this to impact upon the relative efficacy of the treatment

options.

The only comparator from the final NICE scope for which there was toehead data with T-DM1 was
lapatinib in combination with capecitabine. The NMA undertaken by the comzauy aifixed effect model
rather than a random effects model which assumes that there is nogyéesino between trials, which is
unlikely to be the case given knowledge of the trials. This is likelyntterestimate the uncertainty around the

relative efficacy of the treatment options.

3.2 Cost-Effectiveness Evidence provided by the company

The company identified no existing economic evaluations of T-DMile novo cohort state transition model
was developed which adhered to the NICE Reference Case [14]. The rasd#irée health states: BFS
progressed disease; and death, and uses weekly time cycles. Alyelgcpatients can either transition from
PFS to progressed disease, remain in the current state, or tratsitimath The EMILIA trial data [6]
comparing T-DM1 with lapatinib in combination with capecitabine weteapolated to estimate PFS and OS
independently within the model. Hazard ratios were applied for all other catopgmbased upon the results of
the NMA. Within the company’s base case, for PFS the Kaplan-Meier curve was applied directly untilF&eek
after which a lognormal distribution was used to represent the tail of thre, awhilst for OS the gamma
distributionwas fitted for the entire curve. The decision about which extrapolation apptoacse within the
base casevas based upon cumulative hazard plots, visual fit, external validity Emidat plausibility, as
recommended by Latimer within a NICE DSU Technical Support Docufi&ht A range of extrapolation

approaches were tested within sensitivity anayse

A utility was assigned to each health state based upon a published mixeldamalgisis [16]. Costs applied to

the health states included: the treatment options; administration regimeatsyeint of a selection of AEs;

supportive care; and treatment within the post-progression state. Hwdbfisurces were used for costs
including the BNF, NHS Reference Costs and PSSRU [17-19].

Following the clarification process, the company reported a deterministic f[GER-DM1 compared with
lapatinib in combination with capecitabine of £1534 the latter of which was estimated to have an ICER of
£49,798 compared with capecitabine monotherapy. All other comparagoesdeminated (less effective with
the same or higher cost, or more costly with the same or lower effezis)ethan these treatment options. The

company results are summarised in Table 1.



Table 1: Company’s base-case results

. Totals ICER
Technologies .
Costs (£) LYG QALYs (Cost per QALY gained)

Capecitabine £13,173 1.87 1.03 -
Vinorelbine £18,874 1.87 1.03 Dominated
Trastuzumab and capecitabine £37,629 227 1.31 Dominated
Trastuzumab and vinorelbine £39.047 227 1.31 Dominated
Lapatinib and capecitabine £34,170 253 1.45 £49,798
T-DM1 £111,162 3.16 1.91 £167,236

3.2.1 Critique of the Cost-Effectiveness Evidence and Interpretation

The de novo model developed was appropriate for the decision prabtemas generally well described within
the company report. The model structure was considered by the ERG to be clinically dpf@ognd data
sources were generally reasonablee use of hazard ratios for PFS and OS assumes that the treafetris ef
constant over time and thus hazards are proportional. Howeveixttapolation of both PFS and OS within the
companys base case used accelerated failure time models (lognormal and gamma distributions respgctivel
Although such distributions are theoretically incompatible with hazardsratlee curves produced were
clinically plausible. An error was identified within the calculation of utilitieewever, this was not corrected
within the ERG’s base case because the estimated utilities employed within the model were considered to be
externally valid based upon the results of a systematic review and metasanfhealth state utility values in

metastatic breast cancer identified by the ERG [20].

The ERG identified two key errors in implementation and four lesyimptions which were methodologically
weak which wererevised for the ERG’s base case. The errors were that the cost of AEs and the cost of
administration of trastuzumab in combination with vinorelbine were indbyrealculated within the model.
The four key assumptions which were deemed methodologically weikthat:
() afixed effects model was appropriate for the network meta-analysés thdn a random effects model,
which would underestimate the uncertainty between treatments;
(ii) the calculation of post-progression costs was simplified usingpanoach which was unequal across
treatments;
(i) a 10-year time horizon is sufficient. This does not capture all thectegh differences in costs and
outcomes between the interventions; and
(iv) the cost of T-DM1, capecitabine and trastuzumab can be estimated usingeahebody weight or
surface area of patients within the trial, rather than including patieigbildy. This impacts upon

overall vial usage when assuming that vial sharing was not passible

The uncertainty around the model inputs for the probabilistic sengitivialysis (PSA) was inappropriately

characterised by the company. In addition, the one way sensitidtysidid not establish the robustness of



the model results or determine the key drivers of the results because T-BMIbnly compared with

capecitabine monotherapy in the presented analyses

3.3 Additional Work Undertaken by the ERG

The ERG repeated the NMA using a random effects model. The central est{imat@sedians of posterior
distributions) of efficacy were, as expected, similar to those produc#tebyompany. However, allowing for
heterogeneity between studies increased the uncertainty about the traeritesdfect on OS and PFS. From the
ERG’s random effects model, T-DML1 is associated with a reduction in the hazard of death of 32% (HR=0.68
95% credible interval (Crl) [0.37, 1.25]) and a reduction in the harérdrogression or death of 35%
(HR=0.65, 95% Crl [0.35, 1.20]) compared to lapatinib in combinatitim capecitabine. The credible intersal
generated by the ERG do not rule out the possibility that T-DM1 is less &ftisgban comparators.

The ERG produced a revised deterministic base case ICER to correct thardamend the methodologically
weak assumptions described within Section 3 2hE cost per quality adjusted life year (QALY) gained for T-
DM1 compared with lapatinib in combination with capecitabine was estimated tb6i6e429, with the latter
having an ICER of £50,620 compared with capecitabine monotheFapge results were very similar to the
companys base case following the clarification process. It is noted that all of the ERG’s changes acted upon

the ICER in the same directioAll other comparators were dominated by these treatment options.

The ERG suggested that the following corrections would need to bertakeh as a minimum to provide
reasonable probabilistic results:

¢ Reanalyse the survival dataderive the parametric distributions for PFS and OS;

e Use the joint posterior distribution of (log) hazard ratios for each treafroemthe NMA,;

e Use informed parameters for the uncertainty around costs and utilities.
Given the substantial resources that would be required in delivering theskothémeframes for the work and
the relatively small expected impact of the PSA upon the mean ICEEERGefocused upon correcting the
deterministic base case analysis and undertaking substantial unigeriatavity analysis to describe the key

drivers of the model results rather than producing robust PSA results

The deterministic univariate sensitivity analysis undertaken by the EBGestied that the key drivers of the
model results are:

e the relative OS associated with the interventions;

e the distribution employed for extrapolation of PFS and OS;

o whether the treatment effect is assumed to continue beyond the trial data;

¢ the utility values associated with PFS and post-progression; and

e whether wastage is included within the drug costs.
However, the ICER for T-DM1 versus lapatinib in combination with capecialid not decrease below

£147,000 within any of the univariate sensitivity analyses.



3.4 Conclusions of the ERG Report

Data from two large RCTs at low risk of bias reported a statistically gigntfadvantage in PFS for T-DM1
over lapatinib in combination with capecitabine, and over the treatment of physician’s choice. Data also
reported a statistically significant advantage in OS and time to symptom wagr$éenT-DM1 over lapatinib in
combination with capecitabine. There was a lack of heddkad comparison with T-DM1 for most comparators
in the decision problem. Within the NMA, T-DM1 appears to be the bedimeesin terms of both OS and
PFS. From the ERG’s random effects model, T-DM1 is associated with a reduction in the hazard of death of
32% (HR=0.68, 95% Crl [0.37, 1.25]) and a reduction in the haafapdogression or death of 35% (HR=0.65,
95% Crl [0.35, 1.20]) compared to lapatinib in combination with capeeéalf-or T-DM1, the most common

grade 3 or greater AEs were thrombocytopenia and hepatotoxicity.

The de novo model structure developed by the company is appropridie fdecision problem defined in the
final scope and was considered to be clinically appropriate. However, there veeseidentified which were
corrected by the ERG and the population of the probabilistic model was considgnebpriate. Following the
clarification process, the company reported a deterministic ICER for T-Ddfdpared with lapatinib in
combination with capecitabine of £163& the latter of which is estimated to have an ICER of £49,798
compared with capecitabine monotherapy. The ERG produced very senied base case values of £166,429
and £50,620 respectively. The deterministic sensitivity analysis takder by the ERG suggests that by
changing parameters within plausible ranges, the ICER for T-DM1 vdapasinib in combination with
capecitabine is unlikely to decrease below £147,000 per QALY gairtexl results from a robust PSA are

unknown.

4, Key Methodological Issues

4.1 Model results

In the initial submission, the company did not present results ieoitaity or probabilistically, both of which
are necessary in order to be able to compare treatment options &iphppWithin the clarification process,
the request for a full incremental analysis led to the ICER for T-DMEILd1,095 (compared with capecitabine)
increasing to an ICER of £167,236 (compared with lapatinib mb@gation with capecitabine). The substantial
difference in these ICERs highlights the importance of makimyogpiate comparisons within the analysis,

although given these valugsvould be unlikely to affect NICE’s decision.

The company did not tabulate the results of the PSA and the characterdatinzertainty within the model
was insufficient. The company suggests that a fixed effect NMAemwees appropriate rather than a random
effects model because of the limited number of trials. However, thisnassthat there is no heterogeneity
between trials which is unlikely to be the case given knowledge of the ffiaé ERG believes that use of a
random-effects model would therefore more appropriately characteripéatigble uncertainty around relative

efficacy.

The characterisation of uncertainty for the PSA generally appears to itvargri-or example, many of the

mean costs are multiplied by 0.5 and 1.5 to estimate lower and uppetsb@spectively. Importantly, the



uncertainty around the hazard ratios did not take into account the jdiribudien of treatment effects as
generated by the NMA, which indicated lack of understanding of NMAeyompany. Additionally, the ERG
believes that the regression approach used to estimate the parameters f&iSbatiol ©S produces correlation
matrices which are arbitrary rather than appropriately characterising the ungerfaimthermore, no
relationship is assumed between PFS and OS, which in theory meaestithates of PFS could be greater than
estimates of OS within the PSA. Within the comparyse case, the effectiveness of lapatinib in combination
with capecitabine is based upon the Kaplan-Meier curve from EMILIA t2tieeks and hence no uncertainty
is assumed around the relative efficacy between this treatment and TliNMieyond 72 weeks. However it is
highly unlikely that improving the characterisation of uncertainty iwithe PSAwould reduce the mean ICER
for T-DML1 to the range of cost per QALY gained values quoted witienNICE Guide to the Methods of
Technology Appraisal as representing cost-effective use of resources. [14]

4.2 The Cancer Drugs Fund

The introduction of the Cancer Drugs Fund means that the budgéieéith technologies is likely to be
allocated more inefficiently as relatively expensive cancer drugs are beuedfin preference to drugs which
representa more cost-effective use of public funds within other disease.afea&sopportunity cost associated
with such drugs would be the primary reason for NICE to haw@yzed negative’ guidance where these drugs
have been appraiseduring the NICE appraisal process for T-DM1, the drug was made avdiakive Cancer
Drugs Fund. T-DM1 costs on averagés®00 per year per patient, with the annual cost rising to over £100,000
for patients weighing more than 100kg. Health economic evaluatggests that T-DM1 does not produce the
QALY gains required to be commensurate with this price. Whilst the avayjabfliT-DM1 is beneficial to
HER-2 positive metastatic breast cancer patients, there are a greater number of waliesttser diseases who
could produce greater QALY improvements than that seen by T-DMihéoisame monetary expende
addition, cancer treatments which are not recommended by NICE aesewefing current practice within
England and Wales which may lead to trials being run which are not refledtiddC& guidance, thus

increasing uncertainty about the relative efficacy of new cancer drugs.

Where current practice differs from NICE recommendations due to treeCBnugs Fund, the ERG believies

is appropriate to include all relevant comparators within the economic analgsisa the efficiency frontier to
assess cost-effectiveness, as has been done by the ERG within thiddsieder, if NICE were to consider the
appropriate comparator within a STA to be current practice within Endleaiter than limiting to those
treatments recommended by NICE), there may be a situation wheredaugewould be recommended because
it was considered to be cost-effective in comparison to a non-costiveffeeatment option. This will also lead

to inadequate clinical guidance when the Cancer Drugs Fund ceases

5. NICE Guidance

Following NICE’s provisional decision not to recommend T-DM1 within this patient population after the first
Appraisal Committee meeting, the company offered a patient access scheheqBiscount the price of the
drug. The level of discount was designated as commercial in confidedcedwnto concerns over backward

calculation of the PAS, the ICER of T-DM1 compared with lapatinib in coatigin with capecitabine was also



marked as commercial in confidence. The analysis with the PAS, undebiakiem company, suggested that T-
DM1 has a 0% probability of being cost-effective at an ICER of £30@#0QALY gained. The ERG were not
asked to undertake any additional analysis around the PAS. The Appraisalitt@endiscussed whether T-
DM1 met the end of life criteria and concluded after deliberation that .itHtidiever, they agreed that even
after adjusting the weights applied to the QALY benefits, T-DM1 wooldbe considered a cost-effective use
of NHS resources. The company appealed against the FAD on the basis t@t4tiharmaceutical Price
Regulation Scheme (PPRS) should have been taken into actharfPPRS is a voluntary agreement between
the Department of Health and the pharmaceutical industry to control the pribesnded drugs sold to the
NHS. Whilst the Appeal Panel agreed that the 2014 PPRS should haveonsalered within the appraisal, the
Committee concluded that the 2014 PPRS did not affect its recommendations TDM-1. The Final
Appraisal Determination (FAD) states that T-DM1 is not recommended fomiyeadiults with HER2-positive,

unresectable locally advanced or metastatic breast cancer previously treatedsiizumab and a taxane.

6. Conclusions

The evidence suggests that T-DM1 is an effective option for treating2hbBBitive, unresectable locally
advanced or metastatic breast cancer after treatment with trastuzumab and a Haxeneer, the ICER
reported by both the company and the ERG was in the regi6a6d,000 per QALY gained compared with
lapatinib in combination with capecitabine. Although the company provié%Sa T-DM1 was not considered

to be a cost-effective use of NHS resources by NICE.
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