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Cost-effectiveness Analysis of PertuzumabWith Trastuzumab

in PatientsWithMetastatic Breast Cancer

Wei Fang Dai, MPH; Jaclyn M. Beca, MSc; Chenthila Nagamuthu, MPH; Ning Liu, PhD; Claire de Oliveira, PhD;

Craig C. Earle, MD; Maureen Trudeau, MD; Kelvin K. W. Chan, MD

IMPORTANCE The initial assessment of pertuzumab use for treatment of metastatic breast

cancer by health technology assessment agencies suggested that pertuzumabwas not

cost-effective. In Ontario, Canada, pertuzumab became funded in November 2013 based on

the substantial clinical benefit. To date, there is a paucity of analysis of pertuzumab using

real-world data for cost-effectiveness.

OBJECTIVE To assess the cost-effectiveness of pertuzumab, trastuzumab, and chemotherapy

vs trastuzumab and chemotherapy for patients with metastatic breast cancer.

DESIGN, SETTING, AND PARTICIPANTS A population-based retrospective economic evaluation

was conducted in Ontario, Canada. Patients who received first-line treatments for metastatic

breast cancer from January 1, 2008, to March 31, 2018, were identified. Patients were

followed up from the start of treatment up to 5 years, with maximum follow-up toMarch 31,

2019. Patients were identified from the Ontario Cancer Registry and linked to the NewDrug

Funding Program database to identify receipt of first-line treatment (N = 1158).

INTERVENTIONS Treatment with pertuzumab, trastuzumab, and chemotherapy after public

funding (November 25, 2013) compared with treatment with trastuzumab and chemotherapy

before funding.

MAIN OUTCOMES ANDMEASURES Cost-effectiveness, from a public payer perspective,

was estimated from administrative data with a 5-year time horizon, adjusted for censoring,

and discounted (1.5%). Incremental cost-effectiveness ratios for life-years gained and

quality-adjusted life year (QALY) with bootstrapped 95% CIs were calculated. Sensitivity

analysis with price reduction of pertuzumab alone or in combination with trastuzumab

was conducted.

RESULTS A total of 579 pairs of matched patients receiving pertuzumab and controls were

included. Themean (SD) age of thematched study cohort was 58 (12.97) years; 1151 were

women (99.4%). Pertuzumab resulted in 0.61 life-years gained and 0.44 QALYs gained at an

incremental cost of $192 139 (all costs measured in Canadian dollar values, CAD) with an

incremental cost-effectiveness ratio of $316 203 per life-year gained and $436679 per QALY.

Themain factors associated with cost included the cost of pertuzumab (60%), outpatient

cancer treatment delivery (24%), and trastuzumab (15%). With 100% price reduction of

pertuzumab, the incremental cost-effectiveness ratio was $174027 per QALY. When the price

of pertuzumab and trastuzumabwere both reduced bymore than 71%, the incremental

cost-effectiveness ratio decreased below $100000 per QALY.

CONCLUSIONS AND RELEVANCE The findings of this population-based study suggest that

pertuzumabmay increase survival for patients with metastatic breast cancer but would

not be considered cost-effective, even after 100% price reduction, under conventional

thresholds.
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T
heeconomicburdenof cancer care is increasing around

theworld.1,2 InCanada, thenational net expenditure in

Canadian dollars (CAD) for cancer care more than

doubled from $2.9 billion in 2005 to $7.5 billion in 2012.3 The

estimated lifetime total cost for patients with breast cancer,

which accounts for 25%of newcancer diagnoses inwomen in

Canada,4 is one of the highest among different tumor types.5

One study reported that, during aperiodof 10years, the 1-year

treatment cost incurred after breast cancer diagnosis

increased by 2-fold.6One factor in this increasing cancer care

cost isuseof chemotherapy,whichhasgrownmore than3-fold

from 2005 to 2012.3

With the changing treatment landscape in breast cancer,

patients diagnosed with late-stage cancer often incur higher

cancer-related drug costs.7 For ERBB2 (formerly HER2)-

positivebreast cancer, thecancer-relateddrugcosts forERBB2-

positive cancer can be 6- to 10-fold higher than those for

ERBB2-negative breast cancers.7,8 For patients with meta-

static breast cancer that isERBB2-positive, the standard first-

line treatment in Canada was trastuzumab, an ERBB2-

targeted therapy, plus taxane in the earlier years, and since

2013, the additionof pertuzumab to trastuzumabwith taxane

became routinely available.9

In 2013, the Canadian Agency for Drugs and Technolo-

gies inHealth (CADTH) conductedahealth technologyassess-

ment onpertuzumab.9At the initial health technology assess-

ment review, theCADTH indicated the landmarkCLEOPATRA

trial demonstrated that the addition of pertuzumab to

trastuzumab and docetaxel in patients with ERBB2-positive

metastatic breast cancer substantially improvedprogression-

free survival (hazard ratio [HR],0.62;P < .001) andoverall sur-

vival (HR, 0.66; P < .001).9,10 According to the manufactur-

er’s economicmodel, pertuzumabwasprojected toprovidean

incremental clinical benefit of0.64 life-years (LY) gained (LYG)

or 0.51 quality-adjusted life-years (QALY) gained, along with

an incremental cost of $120 287 (dollar amounts presented

herein as CADunless otherwise indicated).9,11Based on these

estimates, the submitted incremental cost-effectiveness ra-

tio (ICER)was$187376/LYGand$238014/QALY.9Theeconomic

guidance panel at CADTH conducted a reanalysis and esti-

mated the ICER was between $262263/QALY and $303 726/

QALY, which was not considered cost-effective.9

Similar to the CADTH evaluation, the UK National Insti-

tute forHealth andCareExcellence (NICE) also suggested that

the base-case ICERs generated by the manufacturer’s model

had a 0% probability of being cost-effective at a willingness-

to-pay threshold of £30000 per QALY (with 1 British sterling

pound equal to approximately USD $1.36).12,13 The NICE De-

cisionSupportUnit examinedpertuzumaband found that the

factor associatedwith this relativelyhigh ICERappeared tobe

use of pertuzumab in combinationwith trastuzumab and any

additional progression-free survivalwas accompanied by the

costs of both pertuzumab and trastuzumab; thus, per-

tuzumabwouldnotbeconsideredcost-effectiveevenataprice

of $0.12-14 After the initial NICE review in 2013, pertuzumab

became available through the Cancer Drug Fund and, follow-

ing a subsequent review in 2018, pertuzumab was approved

for routine use.15 Despite deeming pertuzumab as not cost-

effective, theCADTHissuedaconditional recommendation for

the fundingofpertuzumabbasedonthe improvedclinicalben-

efit in 2013, conditional on pricing arrangements to improve

thecost-effectiveness.9Within the sameyear, pertuzumabbe-

came publicly funded in Ontario for patients with ERBB2-

positive metastatic breast cancer.9

Economic models developed by researchers across

the globe have ranged between USD $183 901/QALY to

$593 741/QALY.16-20 Along with the wide range of variations,

the estimated ICERswere all above conventionalwillingness-

to-pay thresholds, suggesting potentially inefficient invest-

ment in pertuzumab. Moreover, the model-based cost-

effectiveness studies derived the estimate of clinical benefit

of pertuzumab from theCLEOPATRA trial. Similar to other lit-

erature that demonstrated the gapbetween the efficacy in the

clinical trial andtheoutcomes in thereal-worldsetting,21-23per-

tuzumab has also been reported to have lower benefit in the

realworldcomparedwith theefficacyobserved in the trial.24-26

Giventheseuncertainties regarding theclinicalbenefit and

the wide variation in the economic estimates, there is an im-

petus forevaluatingthecost-effectivenessofpertuzumabusing

real-world population-based data. Moreover, with the grow-

ing interest toward life-cycle health technology assessment

by health technology agencies, such as CADTH and NICE,

cost-effectiveness studies can also inform the reassessment

of funded drugs.27 To address these gaps, we conducted a

population-based study to evaluate the cost-effectiveness of

pertuzumab, trastuzumab, andchemotherapy, comparedwith

trastuzumab plus chemotherapy in patients with metastatic

breast cancer from the public payer perspective. Using popu-

lation-based administrativedata sets,weestimated the incre-

mental cost per LYG and per QALY.

Methods

Study Design and Setting

A population-based retrospective economic evaluation was

conductedusingdata fromOntario,Canada,whichhasapopu-

Key Points

Question What is the cost-effectiveness of pertuzumab,

trastuzumab, and chemotherapy for patients with metastatic

breast cancer?

Findings In this economic evaluation, pertuzumab treatment

was associated with survival benefit but was not cost-effective

based on conventional willingness-to-pay threshold

($100000/quality-adjusted life-year), even after reducing the

price of pertuzumab to $0. This finding supports previous

model-based results from the UK National Institute for Health

and Care Excellence that suggested pertuzumabwould not be

cost-effective even at a price of $0, using the conventional

threshold.

Meaning Results of this study suggest that, based on the

conventional willingness-to-pay threshold, pertuzumab,

trastuzumab, and chemotherapy would not be considered

cost-effective, even if pertuzumabwas free.
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lation of approximately 14 million people.28 Treatments for

breast cancer are administered in cancer clinics and are reim-

bursedby theprovincial government.We identified adults di-

agnosedwith incident breast cancer from the Ontario Cancer

Registry using the International Statistical Classification of

Diseases andRelatedHealthProblems, 10thRevision site codes

C50.0 toC50.9. The cohortwas linked to theNewDrugFund-

ing Program database to ascertain treatment records for pa-

tientswithmetastatic breast cancer between January 1, 2008,

and March 31, 2018 (N = 1158). The treatments of interest in-

cluded first-line use of trastuzumab and chemotherapy with

or without pertuzumab administered under the respective

palliative-intent funding policies.

Pertuzumab became publicly funded in Ontario on

November 25, 2013. The pertuzumab group consisted of pa-

tients who received first-line treatment for metastasis com-

prisingpertuzumab, trastuzumab,andchemotherapyafterper-

tuzumab funding, and the control group included patients

who received treatment formetastasiswith trastuzumab and

chemotherapy before the funding was available. We ex-

cludedpatientswhohadadateof first doseofpertuzumabbe-

fore the funding date, received treatment before the cancer

diagnosis in the cancer registry, or were not an Ontario resi-

dent at the timeof diagnosis. The indexdate of treatmentwas

the first record of pertuzumab administration for metastatic

intent for the pertuzumab case group, and the first record of

trastuzumab administration formetastatic intent for the con-

trol group. The study cohort was followed up until March 31,

2019. The cohort creationprocess and studydesignare shown

in eFigure 1 in the Supplement.

Data Sources and Reporting

Data were retrieved from administrative databases and were

linkedusingunique encoded identifiers andanalyzed at ICES,

an independent, nonprofit research institute fundedbyanan-

nual grant from the Ontario Ministry of Health and the Min-

istryofLong-TermCare.Thedatabasesused tocreate thestudy

cohort include Registered Persons Database, Ontario Cancer

Registry, Ontario Health Insurance Plan database, Canadian

Institute of Health Information Discharge Abstract Database,

Canadian Institute of Health Information National Ambula-

tory Care Reporting System, and Activity Level Reporting

Systems. Baseline demographic and clinical characteristics

were ascertained from linked administrative data sets

(eMethods in the Supplement). As a prescribed entity under

Ontario’s privacy legislation, ICES is authorized to collect and

use health care data for the purposes of health system analy-

sis, evaluation, and decision support. Secure access to these

data is governed by policies and procedures that are ap-

proved by the Information and Privacy Commissioner of On-

tario. This study was designed, analyzed, and reported in ac-

cordance with the RECORD-PE and Consolidated Health

EconomicEvaluationReportingStandards (CHEERS) reporting

guidelines.29,30 In accordancewith the policies of ICES, small

cell countswere suppressed and are reported as less than 6 to

limit the risk of patient reidentification. This study was

approved by the Sunnybrook Research Ethics Board, which

waived informed consent for deidentified data.

Treatment Effectiveness

Treatment effectiveness was measured as life-years (LY) and

QALY.Life-yearsweredefinedas5-yearsurvivalcalculatedfrom

theindexdateuntildeathdateor theendof the5-year followup.

Patientswhowerealiveat theendof thestudyperiodonMarch

31,2019,orwhohad lost theirOntarioHealth InsurancePlaneli-

gibilitywerecensored.Quality-adjustedlife-yearswereobtained

by adjusting 5-year survivalwith different utilities for patients

who were receiving ERBB2-directed treatment vs those who

discontinuedtreatment.Utilityweightswereobtained fromex-

isting literature and were also used by the initial CADTH drug

review.31 The time that patients were receiving initial ERBB2-

directed treatmentwasweightedwith theutility valueof0.79,

and the time that patients had discontinued treatment was

weightedwith the utility value of 0.5.31,32

Cost Analysis

We adopted the public payer perspective when estimating

the 5-year total costs for each patient. The total cost from the

index date to death or the end of the 5-year follow-up period

was estimated using a validated costing algorithm available

at ICES.33 Costs were censored for patients who were alive at

the maximum follow-up or had lost their Ontario Health

Insurance Plan eligibility. The total costs for each patient

were the sum of health care services from the following cat-

egories: outpatient visits, ambulatory hospital care visits,

acute inpatient hospitalizations, chronic and rehabilitation

care, and drug costs (eMethods in the Supplement). All costs

were adjusted to the 2018 CAD amount using the Statistics

Canada Consumer Price Index.34

Statistical Analysis

The study cohort was characterized using descriptive statis-

tics. The pertuzumab case and control groups were matched

using propensity score methods including variables listed in

theeMethods in theSupplement.Thepertuzumabandcontrol

groups were matched 1:1, with a caliper width equal to 0.2.35

Standardizeddifferencesbetweentheadjustedcovariateswere

calculated, and differences less than or equal to 0.1 are gen-

erally considered to represent acceptable balance.36Findings

were considered statistically significant with a 2-sided test at

P < .05. Statistical analyses were conducted using SAS, ver-

sion 9.4 (SAS Institute Inc).

Cost-effectiveness Analysis

Inverseprobabilitycensoringweightingwasappliedtothecosts

and effectiveness (LY orQALY), partitioned into 30-day inter-

vals to adjust for administrative censoring.37All costs and ef-

fectiveness (LYandQALY)werediscountedusinga rateof 1.5%

annually as a base case as per the CADTH guidelines.38

Cost-effectivenesswas estimated by computing the ICER

and net monetary benefit methods.39-41 The ICER was deter-

mined by the difference inmean total costs between the per-

tuzumab case and control group and divided by the differ-

ence inmeantotal effectiveness (LYGorQALYgained)between

the pertuzumab case and control groups. The 95%CIs for the

ICERs were calculated by generating 1000 bootstrap resa-

mples.Cost-effectivenessacceptability curveswereplotted for

Cost-effectiveness of PertuzumabWith Trastuzumab in Patients With Metastatic Breast Cancer Original Investigation Research
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thedistributionofbootstrappedICERSthatarebeloweachwill-

ingness-to-pay threshold. The net benefit (NB), for each per-

son (i) was calculated for thewillingness-to-pay threshold (λ)

between $100 000 and $700 000 as NB = (effecti × λ) −

costi.
39,42 Two scenarios were conducted as part of the sensi-

tivity analysis. The first scenario varied thebasediscount rate

(1.5%) to no discounting (0%). The second scenario exam-

ined the outcome of reducing the price of pertuzumab (from

0% to 100%) alone and in combination with trastuzumab on

the ICER.

Results

Study Population and Baseline Characteristics

A total of 1823 patients with incident breast cancer diagnosis

received trastuzumabandchemotherapywithorwithoutper-

tuzumab for treatmentofmetastasis betweenJanuary 1, 2008,

and March 31, 2018 (eFigure 1 in the Supplement); of these,

912 were in the pertuzumab case group and 911 were in the

control group. Propensity scorematching identified 579pairs

of the pertuzumab and control groups. Overall, the mean

(SD) ageof thematched study cohortwas 58 (12.97) years, 1151

were women (99.4%), 7 were men (0.6%), and 1012 (87.4%)

lived inurban regions (Table 1). All variableswerebalancedbe-

tween the propensity score–matched pertuzumab case and

control groups.

Cost Distribution

Figure 1 presents the breakdown of the 5-year total costs by

the major resource categories. The main categories included

pertuzumab drug cost (pertuzumab: 28% of total costs), out-

patient cancer treatment delivery (pertuzumab: 27%; con-

trol: 29%), trastuzumab drug costs (pertuzumab: 23%; con-

trol: 30%), physician claims (pertuzumab: 6%; control 10%),

other drugs (pertuzumab: 6%; control: 9%), acute inpatient

hospital care (pertuzumab: 4%; control: 10%), chronic reha-

bilitation care costs (pertuzumab: 3%; control: 7%), and am-

bulatoryhospital care (pertuzumab:2%;control:5%).Themain

factors associated with cost for both groups included

trastuzumab cost, pertuzumab costs, and outpatient cancer

delivery cost. For the pertuzumab group, the cost of per-

tuzumab was the main factor. The incremental cost differ-

ence between the 2 groups was $192 139. The main contribu-

tors of the incremental cost differences included the costs of

pertuzumab (60%), outpatient cancer treatment delivery

(24%), and trastuzumab (15%).

Incremental Cost-effectiveness

Table 2 summarizes the mean inverse probability censoring

weighting–adjusted 5-year LY, QALY, total costs, and ICERs.

Mean total health care cost was higher for the pertuzumab

group compared with the control group. Mean LY was esti-

mated as 3.08 for the pertuzumabgroup and2.48 for the con-

trol group,with an incremental LYgainedof0.61.MeanQALYs

were 2.11 for the pertuzumab group and 1.67 for the control

group,with an incrementalQALYgainedof0.44. The ICER for

the pertuzumab group vs the control group was $316 203 per

LYG and $436679 per QALY. The scenario for no discounting

was similar to the 1.5% discounting case with slightly lower

ICERs. All bootstrapped samples comparing the pertuzumab

case and control groupswere in thenortheast quadrant of the

cost-effectivenessplane (Figure2A).Thecost-effectivenessac-

ceptability curve noted that the probability of pertuzumab

being cost-effective at a willingness-to-pay threshold of

$50000 or $100000was 0 (Figure 2B). eFigure 2 in the Sup-

plement presents the incremental net benefit. At a willing-

ness-to-pay threshold of $50000 and $100000, the incre-

mentalnetbenefit forbothLYGandQALYgainedwerenegative

(ie, pertuzumab was not cost-effective at these thresholds).

Price Reduction

At 100%price reductionofpertuzumab, that is,when theprice

of pertuzumab is $0, the ICER was calculated to be $174027/

QALY. Figure 3 illustrates the outcome of reducing the price

of pertuzumab alone or in combinationwith trastuzumab as-

sociated with the calculated ICER. The ICER was reduced to

less than $100 000/QALY when the combination of per-

tuzumabandtrastuzumabwas reducedby71%andto less than

$50000/QALY when the combination was reduced by 81%.

Discussion

In this population-based, propensity score–matched eco-

nomic evaluation,weexamined the cost-effectiveness of per-

tuzumab for treatment of patientswithmetastatic breast can-

cer.Theresults largelysupport thatpertuzumabwasassociated

with improvedclinical benefit butwasnot cost-effectiveat the

commonwillingness-to-pay thresholds from a public payer’s

perspective. We found that the average 5-year total cost in-

curred by the pertuzumab groupwas 89%higher than that of

the control group. Themain cost contributors in both groups

were the costs associated with outpatient cancer treatment

delivery (eg, cancer clinics) andERBB2-directed therapy (per-

tuzumab and trastuzumab). The ICERs ($316 203/LYG and

$436679/QALY)were higher than the initial economicmodel

($187376/LYGand$238014/QALY).Thisdifferencemaybedue

to higher incremental drug cost ($192 139) comparedwith the

initialmodel ($117932).Moreover,althoughwelimitedthetime

horizon inour study to5years, the initial economic reviewpro-

jected the ICERs over 10 years.11 It is expected that the ICERs

might commonly decrease over a longer time horizon as the

costs for thedrugsmaybe larger during the earlier yearswhile

the survival benefit may continue to accrue.

The ICERs from this study lie within the range calculated

from model-based models (USD $183 901/QALY to USD

$593 741/QALY).16-20 Our finding also largely supports the

evaluation by the NICE Decision Support Unit during the ini-

tial appraisal ofpertuzumab that there is0%probabilityofper-

tuzumabbeing cost-effective at £30000and that itwouldnot

be cost-effective at any price.12,13,43 In the real world, even at

thepriceof $0, the ICERofpertuzumab is greater than thecon-

ventional willingness-to-pay threshold of $100000/QALY.

NICE suggested that, because pertuzumabwas given in com-

binationwith trastuzumabandchemotherapy, any additional
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Table 1. Baseline Characteristics of Study Population

Variablea

Crude cohort Propensity score–matched cohort

Pertuzumab (n = 912) Control (n = 911) P value Pertuzumab (n = 579) Control (n = 579) SDif

Age at index date, mean (SD), y 57.7 (12.7) 58.1 (12.8) .50 58.3 (12.5) 58.2 (13.0) 0.01

LHIN, No. (%)

Region 1 38 (4.2) 52 (5.7)

.08

30 (5.2) 28 (4.8) 0.02

Region 2 92 (10.1) 83 (9.1) 56 (9.7) 54 (9.3) 0.01

Region 3 41 (4.5) 41 (4.5) 27 (4.7) 29 (5.0) 0.02

Region 4 81 (8.9) 73 (8.0) 52 (9.0) 56 (9.7) 0.02

Region 5 56 (6.1) 45 (4.9) 28 (4.8) 27 (4.7) 0.01

Region 6 93 (10.2) 95 (10.4) 58 (10.0) 58 (10.0) 0

Region 7 76 (8.3) 90 (9.9) 53 (9.2) 48 (8.3) 0.03

Region 8 95 (10.4) 121 (13.3) 73 (12.6) 77 (13.3) 0.02

Region 9 88 (9.6) 92 (10.1) 56 (9.7) 53 (9.2) 0.02

Region 10 42 (4.6) 42 (4.6) 29 (5.0) 29 (5.0) 0

Region 11 136 (14.9) 103 (11.3) 70 (12.1) 75 (13.0) 0.03

Region 12 35 (3.8) 20 (2.2) <20b 16 (2.8) 0.01

Region 13 33 (3.6) 41 (4.5) 25 (4.3) 22 (3.8) 0.03

Region 14 6 (0.7) 13 (1.4) <5b 7 (1.2) 0.03

Neighborhood income quintile, No. (%)

1 (lowest) 155 (17.0) 154 (16.9)

.64

99 (17.1) 99 (17.1) 0

2 202 (22.1) 191 (21.0) 135 (23.3) 133 (23.0) 0.01

3 189 (20.7) 195 (21.4) 122 (21.1) 124 (21.4) 0.01

4 174 (19.1) 195 (21.4) 113 (19.5) 114 (19.7) 0

5 (highest) 192 (21.1) 175 (19.2) 110 (19.0) 109 (18.8) 0

Urban residence, No. (%) 801 (87.8) 797 (87.5) .82 505 (87.2) 507 (87.6) 0.01

Charlson comorbidity index score

0 505 (55.4) 522 (57.3)

.07

333 (57.5) 327 (56.5) 0.02

1 61 (6.7) 72 (7.9) 41 (7.1) 45 (7.8) 0.03

≥2 16 (1.8) 28 (3.1) 13 (2.2) 17 (2.9) 0.04

No hospitalization 330 (36.2) 289 (31.7) 192 (33.2) 190 (32.8) 0.01

Time between diagnosis to index date,
mean (SD), y

2.75 (4.1) 3.10 (3.6) .06 2.71 (4.14) 2.72 (3.75) 0

Cancer stage at diagnosis, No. (%)

I 50 (5.5) 36 (4.0)

<.001

30 (5.2) 33 (5.7) 0.02

II 177 (19.4) 99 (10.9) 85 (14.7) 84 (14.5) 0

III 222 (24.3) 156 (17.1) 127 (21.9) 120 (20.7) 0.03

IV 325 (35.6) 284 (31.2) 224 (38.7) 222 (38.3) 0.01

Missing/unknown 138 (15.1) 336 (36.9) 113 (19.5) 120 (20.7) 0.03

Prior therapy, No. (%)

Hormonal 136 (14.9) 166 (18.2) .06 85 (14.7) 93 (16.1) 0.04

Bisphosphonate 88 (9.6) 155 (17.0) <.001 69 (11.9) 67 (11.6) 0.01

Adjuvant trastuzumab 313 (34.3) 236 (25.9) <.001 160 (27.6) 160 (27.6) 0

Any adjuvant 209 (22.9) 238 (26.1) .11 128 (22.1) 118 (20.4) 0.04

Neoadjuvant 122 (13.4) 82 (9.0) .003 53 (9.2) 60 (10.4) 0.04

Adjuvant radiotherapy 326 (35.7) 326 (35.8) .99 187 (32.3) 185 (32.0) 0.01

Prior cancer

Breast 66 (7.2) 17 (1.9) <.001 16 (2.8) 17 (2.9) 0.01

Other 43 (4.7) 31 (3.4) .16 23 (4.0) 25 (4.3) 0.02

Estrogen receptor, No. (%)c

Negative (20) 189 (39.0) 116 (48.9)
<.001

117 (50.6) 111 (48.3) 0.03

Positive (10) 295 (61.0) 121 (51.1) 114 (49.4) 119 (51.7) 0.02

Progesterone receptor, No. (%)c

Negative (20) 252 (52.3) 152 (64.4)
<.001

149 (64.5) 146 (63.7) 0.01

Positive (10) 230 (47.7) 84 (35.6) 82 (35.5) 83 (36.3) 0

Abbreviations: LHIN, Local Health Integration Network; SDif, standardized

difference.

a In accordance with the patient privacy policies of ICES, the numbers and

percentage values for male and female populations in the data are not

reported to avoid the possibility of back calculation of populations less than 5.

bSmall cells are suppressed in compliance with ICES policy to limit the risk of

patient identification.

c Percentages are based on known cases.
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survival benefit would be accompanied by cost of both per-

tuzumab and companion drugs.13 We observed that the cost

of trastuzumab was 44% higher in the pertuzumab group

compared with the control group, thus supporting previous

projections that the longer survival in the pertuzumab group

led to a substantial increase in treatment and management

costs in addition to the cost of pertuzumab.13,17

Strengths and Limitations

This study has limitations. First, inherent to the nature of ob-

servational studies are possible selection biases due to non-

random treatment assignment. Althoughweusedpropensity

scoremethods tominimize potential biases between groups,

given that we used historical controls, there may be treat-

mentand/orpracticepatternchangesover timeresulting inpo-

tential bias. Second,wewere only able to capture 5-year total

costs in both groups owing to the public funding date. This

short period limits the ability to compare with model-based

estimates that estimate theseoutcomesbasedona lifetimeho-

rizon. For example, the initial CADTH model was projected

using a 10-year time horizon and the NICE model was pro-

jectedusing a 25-year timehorizon.11,12Third, the approval of

a novel subcutaneous formulation of pertuzumab and

trastuzumab by the US Food and Drug Administration in

Figure 1. Disaggregated Cost by Cases and Controls After Accounting for Censoring
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All costs reported in Canadian dollars

and adjusted for censoring and 1.5%

discounted.

Table 2. Cost, Cost-effectiveness, and ICERa

Variable
Cost, mean
5-y total, $

Mean
LY

Mean
QALY

Incremental difference (95% CI) ICER, $ (95% CI)

Cost, $ LYG QALY Per mean LYG
Per mean
QALY gained

1.5% Discounting

Controls 215 648 2.48 1.67 192 139
(160 715-224 736)

0.61
(0.33-0.87)

0.44
(0.23-0.63)

316 203
(247 725-498 153)

436 679
(288 990-833 190)Pertuzumab 407 787 3.08 2.11

Scenario: no
discounting

Controls 219 417 2.53 2.00 196 622
(180 774-219 172)

0.63
(0.48-0.84)

0.50
(0.26-0.71)

312 147
(260 753-375 492)

393 244
(273 866-759 238)Pertuzumab 416 039 3.16 2.50

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life-year; LYG, LY gained; QALY, quality-adjusted life-year.

a All costs reported in Canadian dollars.
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2020maypotentially affect the cost-effectiveness of the com-

bination drug.44 Although the drug acquisition cost may be

higher, the reductionofnondrugcosts, suchas chair time,may

partly offset the higher drug acquisition cost.45 Future cost-

effectiveness analysis could explore this further after ap-

proval of the subcutaneous formulation in Canada. Despite

these limitations, using real-world data allowed us to avoid

some of the assumptions around the parameters required for

themodel, suchasestimatingboth theeffectiveness fromclini-

cal trials using parametric methods or estimating costs using

published data.

To our knowledge, thiswas the first economic evaluation

of pertuzumab use for patients withmetastatic breast cancer

usingpopulation-basedpatient-leveldata.Althoughothereco-

nomic studies have explored the cost-effectiveness of per-

tuzumab, the strength of our study was that we used data on

Figure 2. Incremental Cost-effectiveness Ratios (ICERs) for Life-years Gained (LYG)

andQuality-Adjusted Life-years (QALY)
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Figure 3. Price Reduction of Pertuzumab Alone and in CombinationWith Trastuzumab
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survival and cost accrued by the same patients who received

public funding under examination. By evaluating the cost-

effectiveness, we noted the initial estimation that per-

tuzumab would not be cost-effective at any price. Our study

also suggests the feasibility of conducting economic evalua-

tionsusingpatient-leveldata thatare routinelycollected inOn-

tario. The lessons learned fromthis studywill be important for

the larger work of the CanREValue Collaboration or other ini-

tiatives that aim to develop frameworks for the reassessment

of publicly funded drugs as part of life-cycle health technol-

ogymanagement.46-48With the increasing costs ofnewdrugs,

life-cycle health technologymanagement with reassessment

allows decision-makers to consider alternative funding ap-

proaches, such as conditional approval contingent on collec-

tion of data or performance-based agreement.49,50Our study

suggests the feasibility of conducting population-based eco-

nomic evaluation that can support these alternative funding

approaches toallowdecision-makers to renegotiatedrugprices

that can achieve lower drug costs and improve the long-term

sustainability of health care systems.

Conclusions

Weconducted apopulation-basedeconomic evaluation to ex-

aminethecost-effectivenessofaddingpertuzumabtothetreat-

ment regimen for patients with metastatic breast cancer. Al-

thoughpertuzumab isassociatedwithclinicalbenefit, it comes

with substantial increases in cost. The main factors associ-

ated with cost are targeted therapies and outpatient onco-

logic treatment delivery. Our findings largely support the

results from the initial health technology assessments that

the ICERs for pertuzumab would not be considered cost-

effective, at anyprice, using commonly acceptedwillingness-

to-pay thresholds. This finding is mostly owing to the added

cost of pertuzumab in the case group, as well as longer dura-

tion of trastuzumab incurred because of longer survival after

addingpertuzumab to the combination. In addition,wenoted

the feasibility of deriving ICERs using population-based pa-

tient-level data,whichmaybeused to inform life cycle health

technology assessment.
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