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ABSTRACT CONCLUSIONS: In the United States, ribociclib plus letrozole is a cost-
BACKGROUND: U.S. regulatory approvals of the cyclin-dependent kinase effective alternative to palbociclib plus letrozole for the first-line treatment
4 and 6 (CDK 4/6) inhibitors ribociclib and palbociclib as add-ons to letro- | Of Postmenopausal women with HR+/HER2- advanced or metastatic breast
zole greatly enhance the prospects for treating postmenopausal women cancer. Ribociclib plus letrozole is also cost-effective versus letrozole

with hormone receptor-positive (HR+)/human epidermal receptor 2-nega- | Monotherapy at willingness-to-pay thresholds greater than $198,000 per
tive (HER2-) advanced or metastatic breast cancer. Clinical trials have QALY (for probabilistic analysis).

established that the combination of a CDK 4/6 inhibitor with letrozole J Manag Care Spec Pharm. 2018;24(6):514-23

can significantly improve progression-free survival (PFS) versus letrozole
monotherapy and is safe and well tolerated. Cost-effectiveness studies are | Copyright©2018, Academy of Managed Care Pharmacy. All rights reserved.
required to inform payers and clinical decision makers on the money value
of combination treatment in clinical practice.

O0BJECTIVE: To evaluate the cost-effectiveness of ribociclib plus letrozole
versus palbociclib plus letrozole and versus letrozole monotherapy in the
first-line treatment of postmenopausal women with HR+/HER2- advanced or
metastatic breast cancer from a U.S. private third-party payer perspective.

What is already known about this subject

 Current treatment options for postmenopausal women with
hormone receptor-positive (HR+)/human epidermal receptor
METHODS: A partitioned survival model including 3 health states (pro-

- L i 2-negative (HER2-) advanced breast cancer include aromatase
gression free, with either overall response or stable disease; progressed

disease; and death) simulated lifetime costs and outcomes over a 40-year inhibitors (e.g., letrozole), selective estrogen receptor modulators
lifetime horizon with a 1-month cycle length. Clinical efficacy data (PFS (e.g., tamoxifen), estrogen receptor antagonists (e.g., fulvestrant),
and overall survival [0S]) were derived from a phase Il trial of ribociclib and the cyclin-dependent kinase 4 and 6 (CDK 4/6) inhibitors

p:us :e:rozo:e Ey:l-l\:)l'\\’ll.:lis}xé,r (I)\Ié;l’gf:;i)om)é a ;I)ahase_ll trialtof pzlbocticlib (e.g., palbociclib and ribociclib).
plus letrozole -1; , and a Bayesian network meta- )
analysis. Health care costs included drug acquisition and monitoring, dis- The MONALEESA-2, PALOMA-L, and PALOMA-2 trials have
ease management, subsequent therapies, and serious drug-related adverse demonstrated that adding the CDK 4/6 inhibitors ribociclib or
events. Effectiveness was measured in life-years, derived from survival palbociclib to letrozole is a safe and efficacious alternative to
projections, and in quality-adjusted life-years (QALYSs), calculated from time
spent in each state combined with health-state utility values. A one-way
deterministic sensitivity analysis explored the impact of uncertainty in key
model parameters on results, and probabilistic uncertainty was assessed )

through a Monte Carlo probabilistic sensitivity analysis.
RESULTS: Ribociclib plus letrozole was dominant versus palbociclib ¢ This is the first study to assess the cost-effectiveness of ribociclib
plus letrozole, with a cost saving of $43,037 and a gain of 0.086 QALYs. in combination with the aromatase inhibitor letrozole versus pal-
Compared with letrozole monotherapy, ribociclib plus letrozole was associ-
ated with an incremental cost of $144,915 and an incremental QALY of
0.689, equating to an incremental cost-effectiveness ratio of $210,369

per QALY. Key model drivers included 0S HRs for palbociclib plus letrozole * The results indicate that ribociclib plus letrozole is cost-effective
versus letrozole and for ribociclib plus letrozole versus letrozole, the PFS compared with palbociclib plus letrozole as the first-line treat-
HR for palbociclib plus letrozole versus letrozole, PD health-state costs,
utility of response, and cost discount rate. The probabilities that ribociclib
plus letrozole was cost-effective versus letrozole at thresholds of $50,000,
$100,000 and $200,000 per QALY gained were 1.6%, 6.3%, and 50.5%, life-years and cost savings.
respectively.

letrozole monotherapy for first-line postmenopausal HR+/HER2-

advanced breast cancer.

bociclib plus letrozole and versus letrozole monotherapy from a

U.S. private third-party payer perspective.

ment of postmenopausal women with HR+/HER- advanced or

metastatic breast cancer, resulting in gains in quality-adjusted
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are observed in patients with hormone receptor-positive

(HR+)/human epidermal receptor 2-negative (HER2-) breast
cancer.! For this population, the mainstay of treatment is hor-
monal therapy, which may include aromatase inhibitors (e.g.,
letrozole), selective estrogen receptor modulators (e.g., tamoxi-
fen), and estrogen receptor antagonists (e.g., fulvestrant).?’
However, clinical resistance to hormonal therapy due to
increased expression of growth factor receptor pathways even-
tually occurs in most patients, leading to disease progression.*

Cyclin-dependent kinase (CDK) 4 and 6 inhibitors (e.g.,
palbociclib, ribociclib) work by hindering phosphorylation
of the retinoblastoma protein, a key regulator of cell cycle
progression, thereby inhibiting tumor growth.” Several clini-
cal studies have shown that the combination of ribociclib or
palbociclib with letrozole is a tolerable, safe, and efficacious
alternative to letrozole monotherapy for first-line HR+/HER2-
advanced breast cancer.®® In the MONALEESA-2 study, for
example, ribociclib plus letrozole prolonged progression-free
survival (PFS) by 7.1 months, reducing the rate of progression
or death by 44% compared with letrozole plus placebo (haz-
ard ratio [HR] =0.56; 95% confidence interval [CI] =0.43-0.72;
P<0.0001).°

Along with providing health benefits, the use of ribociclib/
palbociclib plus letrozole versus letrozole monotherapy may
increase drug expenditure and health care costs due to longer
PES and life expectancy. The extent to which these additional
costs are considered a judicious use of resources is evaluated by
comparing the costs and effectiveness of competing treatment
strategies and summarizing the incremental cost per unit of
health gained. Cost-effective analyses are central to the reim-
bursement process in countries such as the United Kingdom
(UK), Sweden, and Canada but historically have had limited
use in the United States. Through the work of the Panel on
Cost-effectiveness in Health and Medicine and independent
organizations such as the Institute for Clinical and Economic
Review, cost-effectiveness analyses are taking a more central
role in U.S. treatment coverage decisions.

The incremental cost-effectiveness of palbociclib plus letro-
zole versus letrozole monotherapy has been reported elsewhere,
with results suggesting that palbociclib plus letrozole is not
cost-effective versus letrozole monotherapy in postmenopausal
HR+/HER2- advanced breast cancer.’' To inform decision
makers regarding the cost-effectiveness of ribociclib compared
with palbociclib in the same setting, a cost-effectiveness analy-
sis of ribociclib plus letrozole versus palbociclib plus letrozole
and versus letrozole monotherapy was conducted.

In the United States, 72.7% of invasive breast cancer cases

I Methods

Model Overview

A partitioned survival model was developed in Microsoft Excel
2010 to estimate costs, life-years (LYs), and quality-adjusted

www.jmcp.org  Vol. 24, No. 6 June 2018

LYs (QALYs) associated with treatment with ribociclib plus
letrozole, palbociclib plus letrozole, and letrozole monotherapy
from a U.S. third-party payer perspective representing both
commercial and Medicare lives. The analysis was performed
on the intention-to-treat cohort of MONALEESA-2, compris-
ing postmenopausal women with HR+/HER2- advanced or
metastatic breast cancer.® This covers the full indication for
ribociclib in the United States.'?

Consistent with approaches used in other advanced oncol-
ogy indications, the model uses survival curves for PFS and
overall survival (OS) to directly estimate state occupancy over
time, without the need for transition probabilities between
health states as required for Markov models.”” The area under
the OS curve estimates the proportion of patients who are alive,
and the area under the PFS curve estimates the proportion of
patients who are alive and progression free (PF). The difference
between OS and PFS gives the number of patients who are alive
and with progressed disease (PD).

The model comprised 3 health states: PF (with either overall
response or stable disease, defined by investigator assessment),
PD, and death (Figure 1). The substates of response and stable
disease captured the quality-of-life (QoL) benefits of tumor
reduction, while the PD state captured the cost and QoL impli-
cations of tumor progression, including worsening of symp-
toms and the use of subsequent treatment lines.

All patients entered the model in the PF with stable disease
state and immediately commenced treatment. From this state,
patients could achieve a complete or partial response to therapy
and enter PF with response, experience progression and enter
PD, or die and enter death. From PD, patients could enter the
death state only. All deaths were modeled, including those
unrelated to the disease.

Patient transitions and length of stay among the PF, PD,
and death states were used to calculate the expected costs and
effectiveness of treatment over a 40-year lifetime horizon. A
cycle length of 1 month was used in line with the dosing sched-
ule for ribociclib and palbociclib, which comprises 21 days on
drug followed by 7 days off drug.'*!* Half-cycle (mid-cycle)
corrections were applied to both costs and effectiveness as
per standard guidelines. The model incorporated subsequent
(second- and third-line) therapies for patients who progressed
while on treatment; the subsequent use of a CDK 4/6 inhibitor
was considered clinically inappropriate.

Treatment Efficacy and Duration

For letrozole monotherapy, PFS and OS were modeled from
the control arms of MONALEESA-2 (PFS and overall response)
and PALOMA-1 (OS).°" For PFS, Kaplan-Meier probabilities
were used for the initial 22 months (end of follow-up), with
lifetime extrapolations based on parametric models fitted to
patient-level data. The preferred parametric model for the base
case was Weibull, which demonstrated the best fit to survival
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Health-State Structure of the Economic
Model?

Progression free
(response/stable
disease)®

Progressed
disease

@Health-state transitions are not explicitly modeled in the partitioned survival
analysis. The direction of transition in the model is provided as an illustration.
bProgression free is split into 2 substates and the patient’s transition between
complete response/partial response and stable disease.

within MONALEESA-2 based on Akaike Information Criteria
and prediction of the Kaplan-Meier plot and generated a plau-
sible prediction of 10-year PES (0.01%), according to indepen-
dent clinical expert validation.

OS from MONALEESA-2 was relatively immature at the
time of model development (20 events/334 persons). When
modeled using Kaplan-Meier probabilities (up to 22 months)
followed by parametric models, MONALEESA-2 generated
10-year survival rates for letrozole that ranged from 19% to
72%. These predictions greatly exceeded real-world estimates
of survival at the time (6.4% to 12%) and lacked plausibility,
according to independent clinical review.!>!® To improve model
predictions, the OS Kaplan-Meier from the letrozole arm of
PALOMA-1 was used in place of data from MONALEESA-2 (up
to 33 months), with lifetime extrapolations based on parametric
models fitted to OS from the letrozole arm of MONALEESA-2.
As with PES, a Weibull distribution demonstrated the best fit to
OS and yielded a plausible 10-year survival rate of 11%, when
combined with the PALOMA-1 data.

For ribociclib plus letrozole, PFS was estimated from the
active arm of MONALEESA-2 (PES and overall response) and
OS from the active arm of PALOMA-1 (OS), using the same
methods as for letrozole monotherapy.®” A Weibull model was
used for both PFS and OS. This generated 10-year PFS and OS
rates of 1% and 15%, respectively.

For palbociclib plus letrozole, survival was modeled using
overall response, PFS, and OS for letrozole (as previously
detailed), adjusted for the relative efficacy of palbociclib
plus letrozole versus letrozole from a meta-analysis of the
PALOMA-1 and PALOMA-2 (overall response and PFS only)
studies (data on file, Analysis Group, Systematic literature
review and network meta-analysis of clinical trials in the first-
line setting for advanced HR+/HER2- breast cancer, 2017).

Overall response to therapy was assumed to accrue linearly
during the first 12 months of treatment (in line with the results
of MONALEESA-2) and to decline with PFS thereafter.®

In the base case, the HR of PFS and the odds ratio of
response were used. In the absence of patient-level data, OS
with palbociclib plus letrozole was assumed to be equal to
that of ribociclib plus letrozole. The overall effect of adding
a CDK 4/6 to letrozole was to reduce the rates of PFS and OS
and increase the rate of response compared with letrozole
monotherapy.

Treatment duration for letrozole was modeled on the time
spent in the PF health state. Treatment duration with a CDK 4/6
inhibitor was modeled independently of PFS, using data on
the time from randomization to treatment discontinuation
from MONALEESA-2.° Since comparable discontinuation data
were not available from the palbociclib studies, discontinua-
tion for palbociclib was modeled based on the ribociclib data
adjusted for any differences in PFS between CDK 4/6 inhibitors
(HR=1.010; 95% CI=0.730-1.390). The comparative efficacy
of CDK 4/6 inhibitors was obtained from a Bayesian network
meta-analysis (data on file, Analysis Group, Systematic litera-
ture review and network meta-analysis of clinical trials in the
first-line setting for advanced HR+/HER2- breast cancer, 2017).

Cost Data

All costs were in 2016 U.S. dollars inflated using the Consumer
Price Index.” Only costs relating to direct reimbursable
medical care were considered; these included drug acquisition,
administration and monitoring, disease management (health-
state costs), subsequent treatments, and adverse events (AEs).

Drug Acquisition Costs. Drug acquisition costs (Table 1) were
sourced from Medi-Span Price Rx using the wholesale acquisi-
tion cost (WAC) of each medication and applied for the dura-
tion that patients remained on therapy in the model."® Annual
drug acquisition expenditure was calculated from the WAC
and the mean total drug dose administered per year of the
simulation (dosing was modeled according to U.S. Food and
Drug Administration [FDA] label specifications) minus monthly
copayments ($567 for ribociclib plus letrozole or palbociclib plus
letrozole [assumed to be equall; $11 for letrozole). The treatment
acquisition cost for ribociclib was provided by Novartis.

Drug Administration and Monitoring Costs. Monthly treat-
ment administration costs were taken from the 2016 Physician’s
Fee Schedule, using Medicare facility prices."” Administration
costs were not applied to oral formulations, as these do not
require supervised administration.

Drug-specific monitoring costs were applied to ribociclib
and palbociclib at treatment initiation and at fixed intervals
up to a maximum of 6 or 12 months, respectively, as directed
by the product labels.!*** Monitoring requirements for letro-
zole were captured through routine disease-monitoring costs
assigned to the PF and PD health states.
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Summary of Model Inputs

Input

Rib +Let

Let Monotherapy

Pal +Let

Reference

Survival

PFS, HR, mean (95% CI)a

OS, HR, mean (95% CI)a

0.840 (0.492-1.345)

OvR, OR, mean (95% CI)2

1.807 (1.320-2.520)

0.560 (0.460-0.680)

Data on fileP

0.840 (0.492-1.345)

1400 (1.040-1.890)

HRs

PFS

1.010 (0.730-1.390)¢

‘ Data on fileP

Drug acquisition costs per month, $

CDK 4/6 inhibitor 600 mg: 10,950 — 10,963 18, data on
400 mg: 8,760 filee
200 mg: 4,380d
Letrozole 8! 8! 8l 18
BE PD
Disease management costs per month, $

Outpatient visit 47 214 17, 20

Bone metastases management 160 342

Hospitalization 272 703

Monitoring (LFT, CBC, and CMP) 15 -

Laboratory scan and tests - 420

Bone scan 54 —

CT scan 139 -

Palliative care — 4521

Rib + Let Let Monotherapy Pal + Let
Add-on treatment costs, $

Monitoring at treatment initiation 138 - 42 37, 38, data

on files

Monthly monitoring 22 - 11

End-of-life costs, $ 2,392 20, data
on files
AEs, probability, %

Diarrhea 1.2 0.9 1.7 6-8

Fatigue 2.4 0.9 2.3

Infection 4.2 2.4 44

Nausea 2.4 0.6 0.6

Febrile neutropenia 1.2 0.0 0.4

Pulmonary embolism 0.0 0.3 5.0

Vomiting 3.6 0.9 0.4

Anemia 1.2 1.2 5.5

AEs, unit cost, $

Diarrhea 7,377 17, 24, 39

Fatigue 6,908

Infection 10,128

Nausea 6,182

Febrile neutropenia 21,156

Pulmonary embolism 10,036

Vomiting 5,246

Anemia 6,777

Health-state utility values, mean (SE)

PFS Data on file8
CR/PR 0.837  (0.007) 26
Stable disease 0.830 (0.006)

PD 0.443h

WWWw.jmep.org

continued on next page

Vol. 24, No. 6 June 2018 JMcP Journal of Managed Care & Specialty Pharmacy 517



Cost-Effectiveness of Ribociclib plus Letrozole Versus Palbociclib plus Letrozole and Letrozole Monotherapy in the First-Line
Treatment of Postmenopausal Women with HR+/HER2- Advanced or Metastatic Breast Cancer: A U.S. Payer Perspective

Summary of Model Inputs (continued)

| Rib +Let Let Monotherapy | Pal + Let | Reference

AE disutility valuesi

Diarrhea -0.060 6

Fatigue -0.029

Infection -0.050

Nausea -0.021

Febrile neutropenia -0.012

Pulmonary embolism -0.050

Vomiting -0.050

Anemia -0.029
Discounting rate, % 3.000 28

Versus letrozole monotherapy.

bData on file, Analysis Group, Systematic literature review and network meta-analysis of clinical trials in the first-line setting for advanced HR+/HER2- breast cancer, 2017.
Versus palbociclib plus letrozole; used as a surrogate outcome to generate time-to-treatment discontinuation for palbociclib plus letrozole.

dThe model estimates the number of patients on each dose over time using data from MONALEESA-2. This is modeled using the distribution of doses received and the
median time to dose reduction during MONALEESA-2. All patients initiate therapy at the 600 mg dose. Between month 0 and the median time to reduction (5.0 months in
the base case), the proportion of patients at the 400 mg or 200 mg doses increases at a linear rate. After the median time to reduction, the dose distribution is held constant

until the end of the time horizon.
¢Data on file, Novartis, e-mail communications, 2016.

JWAC price of $8; however, with a copayment of $11, the acquisition cost is reduced to $0.

8Data on file, Novartis, Clinical study report: a randomized double-blind, placebo controlled study of LEEO11 in combination with letrozole for the treatment of
postmenopausal women with hormone receptor positive, HER2-negative, advanced breast cancer who received no prior therapy for advanced disease, 2016.
hStandard error was not reported by Lloyd et al. (2006);26 the model assumes that the standard error is equivalent to 10% of the mean utility.

IA duration of 30 days was applied in each case.

AE=adverse event; CBC=complete blood count; CDK 4/6 = cyclin-dependent kinase 4 and 6; CI=confidence interval; CMP=comprehensive metabolic panel;
CR=complete response; CT =computerized tomography; HR=hazard ratio; Let =letrozole; LFT =liver function test; OR=odds ratio; OS = overall survival; OvR=overall
response; Pal=palbociclib; PD = progressed disease; PF=progression free; PFS = progression-free survival; PR=partial response; Rib=ribociclib; SE = standard error.

Health State and Subsequent Treatment Costs. Routine disease
management costs, including hospitalizations, outpatient visits,
and laboratory scans, were modeled using data from Xie et al.
(2015) and applied monthly to the PF and PD states (Table 1).°
Subsequent (second- and third-line) treatment costs were
applied one-off at the start of the model evaluation. Not all
patients were assumed to receive further treatment, and the
case mix of subsequent therapies varied depending on whether
a CDK 4/6 inhibitor was received at first line, to reflect the
availability and expected use of palbociclib at second line after
letrozole monotherapy. The use of a CDK 4/6 inhibitor after pro-
gression on a CDK 4/6 inhibitor at first line was not considered.
Total cost of subsequent treatment was calculated by multi-
plying the mean treatment duration in months by the monthly
treatment cost and the market shares in a second-line or third-
line setting. Market share and treatment data were sourced
from Novartis, and the lowest WAC formulation on the market
was used (data on file, Novartis, e-mail communications, 2016).
Eribulin was chosen as a proxy representing all chemotherapies
because it was the highest-cost first-line chemotherapy.

Adverse Events. The analysis included serious AEs (Grade >3
according to the “Common Terminology Criteria for Adverse
Events™") that were reported more frequently with palbociclib’
or ribociclib® versus placebo and that, from previous health

technology assessment submissions and consultation with
modeling experts, were deemed relevant and related to the
treatment and likely to result in hospitalization or have a mean-
ingful impact on patient well-being (Table 1). The probability of
patients experiencing a Grade >3 AE was obtained from clinical
studies.®"?*? Associated costs were derived from the Healthcare
Cost and Utilization Project’s National Inpatient Sample and
were applied one-off at the beginning of the model.?* Table 1
provides an overview of AE probabilities and costs.

Utility Data

Treatment effectiveness was measured in LYs calculated from
survival projections and QALYs (calculated from the time spent
in each state combined with health-state utility [HSU] values).

Utility values for PF with stable disease and PF with
response were derived from EuroQol 5-dimension 5-level
(EQ-5D-5L) data collected in MONALEESA-2, which were con-
verted to HSUs using a published value set. Since a U.S. value
set for the EQ-5D-5L was not available, HSUs were calculated
using the latest UK value set.”

Utility values for PD were obtained from the published lit-
erature because, in MONALEESA-2, EQ-5D-5L was collected
up to only 1 month after progression, thereby limiting data
capture to the immediate health consequences of PD. The study
by Lloyd et al. (2006) was used; this study reported HSUs
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Total and Incremental Costs and QALYs

Treatment Incremental
Rib +Let Let Pal +Let Rib+Let vs. Let Rib + Let vs. Pal+Let

Drug costs, $

CDK 4/6 inhibitor 228,605 0 256,393 228,605 -27,788

Letrozole 0 0 0 0 0

Monitoring 196 0 116 196 80
Total drug costs 228,801 0 256,509 228,801 -27,708
Health-state costs, $

PES 21,790 12,834 19,931 8,956 1,859

Responder 9,672 3,830 7,104 5,842 2,567
Stable disease 12,118 9,003 12,826 3,115 -708

PD 150,772 187,606 167,575 -36,834 16,803

Second-line+ 27,285 84,027 27,285 -56,742 0

AEs 1,349 573 1,735 776 -386

End of life 2,098 2,140 2,098 -42 0
Total health-state costs 203,294 287,180 218,623 -83,886 -15,330
Total cost, $ 432,095 287,180 475,132 144,915 -43,037
LYs

PF 2.61 1.52 2.38

PD 2.03 2.52 2.26
Total LYs 4.64 4.04 4.64
QALYS

PF 2.17 1.26 1.99

PD 0.90 1.12 1.00
Total QALYs 3.07 2.38 2.99 0.689 0.086
ICER 210,369 Dominated by Rib + Let

AE=adverse event; CDK 4/6 = cyclin-dependent kinase 4 and 6; ICER=incremental cost-effectiveness ratio; Let=letrozole; LY =life-year; Pal = palbociclib; PD = progressed
disease; PF = progression free; PFS = progression-free survival; Rib=ribociclib; QALY = quality-adjusted life-year.

estimated via the standard gamble technique and has been
used in previous economic studies.*

Disutility values associated with AEs (i.e., the effects of AEs
on HSU) were also sourced from the literature. Table 1 shows
the HSU values applied to the PF and PD health states and
the disutility values associated with AEs presented by AE and
mean AE duration.?’

Analyses

The outputs of the analysis included total and incremental
costs and QALYs gained with ribociclib plus letrozole versus
palbociclib plus letrozole and versus letrozole monotherapy.
Costs and outcomes were discounted at 3% annually.?®

Deterministic Sensitivity Analysis. A one-way deterministic
sensitivity analysis (DSA) was performed to explore the impact
of varying key parameter values on the incremental cost-
effectiveness ratio (ICER) of ribociclib plus letrozole versus
palbociclib plus letrozole and versus letrozole monotherapy.
Each key parameter was varied by its standard error, 95% CI,
or £10% of the expected (base case) value. Key parameters
included discount rate (0%-6% variation), treatment acquisi-
tion costs (£ 10%) for ribociclib plus letrozole and the selected

www.jmcp.org  Vol. 24, No. 6 June 2018

comparator, health-state (PFS, PD) costs (= 10%), AE incidence
rates (+ 10%), and utilities for PF and PD health states (+ 10%).

Probabilistic Sensitivity Analysis. Probabilistic uncertainty
was assessed through a Monte Carlo probabilistic sensitivity
analysis (PSA; n=1,000 iterations). Key parameters included
clinical data (survival distributions for PFS and OS and time-
to-treatment distribution); cost data (drug acquisition and
monitoring costs, disease management costs, and AE costs);
and utility data (utility weights assigned to PF and PD states,
and disutility of AEs). Multivariate normal distributions with
correlation between shape and scale parameter were applied to
clinical data, gamma distributions were applied to costs, and
beta and gamma distributions were applied to utilities and
disutilities, respectively.

Model Assumptions. The following model assumptions were
made: (a) Patients received ribociclib plus letrozole or, in accor-
dancewith National Comprehensive Cancer Network guidelines,
palbociclib plus letrozole or letrozole monotherapy; (b) all costs
were applied to the mid-cycle occupancy to minimize under-
or overestimation; (c) the cost of CDK 4/6 inhibitor therapy
was modeled independently of PFS, based on MONALEESA-2
data showing that, on average, patients discontinue
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treatment before disease progression; (d) MONALEESA-2 and
PALOMA-1 were considered equivalent, so that any difference
in patient population had a minimal impact on outcomes; (e)
subsequent treatment costs accrued at the start of the time
horizon; (f) ribociclib plus letrozole and palbociclib plus letro-
zole were assumed to have had a clinical equivalence effect on
OS and PFS, since the therapies share the same CDK 4/6 path-
way inhibition mechanism; (g) proportional hazards between
comparators held true (in the absence of patient-level data from
other trials, it was challenging to reestimate the effect of treat-
ment on a nonproportional hazards scale); (h) AEs occurred in
the first month of the model, reflecting the likelihood that they
would be experienced within the first year of therapy; and (i)
HSUs were dependent on response status, as supported by the
published literature.

I Results

Base Case

Deterministic Base Case Results. Treatment with riboci-
clib plus letrozole had a total cost of $432,095 (calculated
as the sum of drug costs [$228,801] and health-state costs
[$203,294]) versus $475,132 ($256,509 and $218,623) for
palbociclib plus letrozole and $287,180 ($0 and $287,180) for
letrozole monotherapy (Table 2). Total LYs for each treatment
were 4.64 for ribociclib plus letrozole (PF=2.61; PD=2.03),
4.64 for palbociclib plus letrozole (2.38 and 2.26), and 4.04 for
letrozole monotherapy (1.52 and 2.52). Total QALYs for each
treatment were 3.07 for ribociclib plus letrozole (PF=2.17;
PD=0.90), 2.99 (1.99 and 1.00) for palbociclib plus letrozole,
and 2.38 (1.26 and 1.12) for letrozole monotherapy.

In terms of incremental costs and QALYs, ribociclib plus
letrozole treatment was associated with a cost reduction of
$43,037 and a gain of 0.086 QALYs compared with palbociclib
plus letrozole; ribociclib plus letrozole was therefore dominant
versus palbociclib plus letrozole (Table 2). Compared with
letrozole monotherapy, ribociclib plus letrozole was associated
with an incremental cost of $144,915 and an incremental QALY
gain of 0.689, giving an ICER of $210,369 per QALY gained.

Sensitivity Analyses

According to the DSA, the key model drivers were the OS HR
for palbociclib plus letrozole versus letrozole, the OS HR for
ribociclib plus letrozole versus letrozole, the PFS HR of pal-
bociclib plus letrozole versus letrozole, PD health-state costs,
utility of response, and cost discount rate (Appendix, available
in online article).

According to the PSA, ribociclib plus letrozole remained
dominant versus palbociclib plus letrozole, with a mean
incremental cost reduction of $45,511 and a mean increase of
0.040 QALYs. The probabilities that ribociclib plus letrozole
were cost-effective versus palbociclib plus letrozole at thresholds
of $50,000, $100,000 and $200,000 per QALY gained were
72.5%, 80.7%, and 81.9%, respectively.

In comparison with letrozole, ribociclib plus letrozole
resulted in a mean incremental cost of $143,834 and a mean
incremental QALY of 0.757, giving an ICER of $190,001 per
QALY gained. The probabilities that ribociclib plus letrozole
were cost-effective versus letrozole at thresholds of $50,000,
$100,000 and $200,000 per QALY gained were 1.6%, 6.3%,
and 50.5%, respectively. The cost-effectiveness acceptability
curves for ribociclib plus letrozole versus palbociclib plus
letrozole and letrozole monotherapy are presented in Figure 2.

= Discussion

Palbociclib was the first CDK 4/6 inhibitor to receive FDA
approval for use in breast cancer in combination with letro-
zole. Despite the clinical benefits reported in earlier studies,®
recent analyses have failed to demonstrate that palbociclib plus
letrozole is cost-effective compared with usual care in the first-
line treatment of HR+/HER2- advanced breast cancer.”!! By con-
trast, the results from the present study indicate that ribociclib
is cost-effective compared with letrozole at acceptable thresholds
of $198,000 per QALY (via probabilistic analysis). Since, in the
United States, common thresholds for new cancer technology
have increased from $50,000 to approximately $200,000 over
the last few decades,??!' a choice needs to be made at an indi-
vidual plan level on the willingness to pay per increased unit of
health with combination CDK 4/6 and letrozole.

The results of this cost-effectiveness analysis clearly sup-
port a preferred placement for ribociclib in combination with
letrozole. The results may inform formulary decision making in
the current market given the increasing importance of weigh-
ing cost-effectiveness analysis alongside clinical evidence.’*?
Additionally, it will likely provide a baseline for capturing
health outcomes and costs data to validate the model assump-
tions and outputs within individual health plans once real-
world evidence on the use of ribociclib becomes available.

It is noteworthy that the CDK 4/6 inhibitor abemaciclib was
not considered as a treatment option in this model because it
had not received FDA approval at the point of model devel-
opment. The subsequent approval included the same patient
population but a somewhat different use: in combination with
fulvestrant for disease progression following endocrine therapy
or as monotherapy for disease progression following endocrine
therapy and prior chemotherapy in the metastatic setting.**

Our findings are broadly consistent with those of other
published work on the cost-effectiveness of CDK 4/6 inhibitors
in HR+/HER2- breast cancer. The analysis by Bhattacharya et
al. (2016) used a Markov model with PF, PD, palliative care,
and death states to assess the cost-effectiveness of palbociclib
plus letrozole versus anastrozole monotherapy from a U.S.
third-party perspective.”” The incremental cost-effectiveness
ratio was $510,356 per LY gained, leading to the conclusion
that palbociclib was unlikely to be cost-effective in the patient
population considered for the analysis.
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Cost-Effectiveness Acceptability Curves for Ribociclib plus Letrozole Versus Palbociclib
plus Letrozole and Letrozole Monotherapy

A. Palbociclib plus Letrozole
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A study by Matter-Walstra et al. (2016) used a 3-state
Markov model, similar to the one presented here, to estimate
the cost-effectiveness of palbociclib plus letrozole versus
letrozole monotherapy from a Swiss health care perspective .’
Clinical efficacy was based on PALOMA-1, with PES and OS
extrapolated using exponential distributions. The incremental
cost-effectiveness ratio was 301,227 CHF (Swiss francs) per
QALY gained, with undiscounted QALYs of 3.33 for palbociclib
plus letrozole and 2.19 for letrozole monotherapy.

The authors concluded that palbociclib was unlikely to be
cost-effective in Switzerland. Notably, their QALY predictions

www.jmcp.org  Vol. 24, No. 6 June 2018

are consistent with values reported here, further validating our
findings, although cost and ICER results cannot be generalized
to a U.S. health care setting, due to differences in perspective
(i.e., public health care versus third-party payer) and currency
(Swiss francs versus U.S. dollars).

Our economic model has a number of strengths. The main
data source was MONALEESA-2, a large randomized phase 111
study that enrolled patients from the United States.® Where
required, MONALEESA-2 was supplemented by data from
other studies.”?*** A key driver of the analysis, the cost of
CDK 4/6 inhibitor treatment, was also modeled directly from
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exposure data in MONALEESA-2, providing an accurate pre-
diction of drug costs. Other models have used PFS as a proxy of
treatment discontinuation, which may overestimate cost if dis-
continuation occurs before progression. EQ-5D-5L data from
MONALEESA-2 were also used for HSU and are considered
representative of the health-related QoL for the target popula-
tion for ribociclib plus letrozole.

Limitations

This study has limitations that are intrinsic to many modeling
efforts. Relevant clinical trials reporting PFS and OS in HR+/
HER2- first-line breast cancer are scarce and show statistical
and clinical heterogeneity stemming from differences in study
design, particularly dose exposure. The mixing of PFS and
OS from 2 separate trials (MONALEESA-2 and PALOMA-1,
respectively)®’ relies on the assumption that the 2 sources are
generalizable to each other, which may not hold true if one
population is healthier than another or has access to more
efficacious subsequent treatments. The extent and direction of
any bias from the mixing of studies is unclear, given that this
assumption applied to all strategies in the analysis.

There are also limitations in the availability of applicable
health care resource use data, and of HSU from a U.S. societal
perspective. In this analysis, it was necessary to source resource
use data from an economic evaluation in second-line breast can-
cer® and to use HSU generated from UK societal preferences®
combined with standard gamble HSU.?® The extent to which
these data sources adequately represent the costs and QoL of
first-line patients in the United States is unclear. Further research
on the costs and preferences of U.S. patients with postmeno-
pausal HR+/HER2- breast cancer would help reduce uncertainty
surrounding future evaluations in this area.

I Conclusions
As the already substantial economic burden imposed by
breast cancer in the United States is projected to increase to
$20.5 billion by 2020,® there is a need for new therapy options
that improve patient outcomes in a cost-effective manner.

Based on the results of this economic analysis, first-
line treatment of postmenopausal women with HR+/HER2-
advanced or metastatic breast cancer with ribociclib p

lus letrozole generates QALY gains and cost savings com-
pared with palbociclib plus letrozole therapy. Therefore, the
combination ribociclib plus letrozole provides increased money
value and represents an efficient use of resources by third-
party payers in the United States. Furthermore, our economic
analysis shows that, at willingness-to-pay thresholds above
$198,000 per QALY (for probabilistic analysis), treatment with
ribociclib plus letrozole is also cost-effective versus letrozole
monotherapy.
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Gl 1209 Key Model Drivers from the Deterministic Sensitivity Analysis of Incremental Cost-Effectiveness
Ratio and Net Monetary Benefit

A. Incremental Cost-Effectiveness Ratio

HR OS of palbociclib (vs. letrozole)
HR OS (vs. letrozole)

HR PFS of palbociclib (vs. letrozole)
Health-state costs (PD)

Utility (response)

Discount rate—costs
Discount rate—benefits
Utility (stable disease)
Health-state costs (PF)

Including rate for infection

21,698 31,698 41,698 51,698 61,698 71,698

Net monetary benefit, $

B. Net Monetary Benefit
Discount rate—benefits
Utility (response)
Discount rate—costs
HR OS (vs. letrozole)
Utility (stable diease)
Health-state costs (PD)

Health-state costs (PF)

Utility (PD)
Including rate for infection

Including rate for neutropenia

T
190,000 195,000 200,000 205,000 210,000 215,000 220,000 225,000 230,000
Incremental cost-effectiveness ratio, $

HR = hazard ratio; OS =overall survival; PD = progressed disease; PF = progression free; PFS = progression-free survival.

www.jmcp.org  Vol. 24, No. 6 June 2018 JMcCP Journal of Managed Care & Specialty Pharmacy 523a



	Research
	Cost-Effectiveness of Ribociclib plus Letrozole Versus Palbociclib plus Letrozole and Letrozole Monotherapy in the First-Line Treatment of Postmenopausal Women with HR+/HER2- Advanced or Metastatic Breast Cancer: A U.S. Payer Perspective


