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Purpose: The aim of this study was to evaluate the cost-effectiveness of ribociclib compared
to palbociclib, both in combination with letrozole, in the first-line treatment of postmenopausal
women with hormone receptor-positive (HR+)/human epidermal growth factor receptor 2-nega-
tive (HER2-) advanced or metastatic breast cancer (ABC) from the perspective of the Spanish
National Health System (NHS).

Patients and methods: Disease progression was simulated with a partitioned survival model
developed from the parameterization and extrapolation of survival curves of postmenopausal
women with HR+/HER2— ABC from clinical trials with ribociclib or palbociclib, both in combi-
nation with letrozole. The model was structured on the basis of three health states (progression-
free, progressed disease, and death), with a 1-month cycle length and inclusion of subsequent
treatments administered for disease progression, over a time horizon of 15 years. Clinical,
economic, and quality of life parameters were drawn from clinical trials and the literature. The
use of resources and clinical practice in the Spanish setting was validated by a panel of experts.
The Spanish NHS perspective was adopted, taking into account exclusively direct health costs
from 2017 expressed in Euros. Drug prices used were the reported ex-factory prices. Uncer-
tainty of the parameters and robustness of the results were evaluated using deterministic and
probabilistic sensitivity analyses (2,000 iterations).

Results: This cost-effectiveness analysis showed a greater benefit (0.437 and 0.285 life-years
gained [LYGs] and quality-adjusted life years [QALYs] gained, respectively) and a slightly
higher cost (€439.86) for ribociclib+letrozole compared to palbociclib+letrozole. The resulting
incremental cost-effectiveness and cost-utility ratios were €1,007.69 per LYG and €1,543.62
per QALY gained, respectively. The results of the multiple sensitivity analyses showed limited
dispersion of the outcomes, thus corroborating their robustness.

Conclusion: From the NHS perspective, considering the most commonly established
willingness-to-pay thresholds in the Spanish setting, ribociclib+letrozole would represent a
cost-effective therapeutic option compared to palbociclib+letrozole in the first-line treatment
of HR+/HER2—- ABC in postmenopausal women.
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Introduction

Currently, breast cancer is the second most common cancer in the world and the
most common cancer in women. In Spain, it ranks fourth in incidence in the general
population. In 2015, 27,747 patients were diagnosed with this disease, accounting for
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11.2% of the total number of tumors diagnosed in Spain.!
About 5% of patients have metastatic disease at the time
of diagnosis, and it is estimated that 20%-25% of patients
diagnosed with early stage disease will eventually experience
metastatic relapse.’

In terms of mortality, breast cancer is the leading cause
of cancer-related deaths among women in developed coun-
tries,'3* and Spain is no exception: in 2015, 6,213 deaths due
to this disease were recorded.!

Despite the available treatments, locally advanced or
metastatic breast cancer (ABC) is considered to be essen-
tially incurable.>® The two main therapeutic goals are to
improve survival and optimize patients’ quality of life.® The
management of ABC is complex, and the participation of a
multidisciplinary team is essential.>¢

In patients with hormone receptor-positive (HR+) and
human epidermal growth factor receptor 2-negative (HER2-)
disease, hormone therapy (HT) is the treatment of choice
in the first-line treatment, even in the presence of visceral
disease, unless visceral crisis occurs.>¢

Good results were observed during the clinical develop-
ment of cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors,
a new class of innovative medications for the treatment of
HR+/HER2- ABC, which includes palbociclib and ribo-
ciclib.”® This has prompted the most recent international
clinical guidelines to list these drugs as therapeutic candi-
dates, in combination with aromatase inhibitors (Als), in
the first-line treatment of patients with HR+/HER2— ABC.>*°
CDK4/6 inhibitors in combination with Als have shown not
only a manageable safety profile!® but also improved clinical
response and progression-free survival (PFS).!"

To address the long-term economic challenges associ-
ated with therapeutic innovations, the uncertainty regarding
the relative value of the different therapeutic options, and
budgetary constraints faced by the Spanish National Health
System (NHS); this study was designed to evaluate the cost-
effectiveness of ribociclib vs palbociclib, both in combination
with letrozole, as the first-line treatment in postmenopausal
women with HR+/HER2— ABC from the perspective of the
Spanish NHS.

Patients and methods
Study design

A targeted non-systematic literature review was performed
to retrieve pharmacoeconomic assessments, studies on cost
and use of resources associated with ABC, and to obtain
the main parameters for the pharmacoeconomic model. A
panel of four clinical experts in oncology and one hospital

pharmacy in the Spanish setting participated in the validation
of the model assumptions through a structured questionnaire
with with 149 total queries presented as matrix, closed-ended,
and opened-ended questions. Individual responses were ana-
lyzed, gathered, and presented to reach a consensus through
a face-to-face meeting.

Patients

The study population was a hypothetical cohort of post-
menopausal women receiving the first-line treatment for
HR+/HER2- ABC. On the basis of pivotal clinical trials of
CDK4/6 inhibitors (MONALEESA-2 and PALOMA-2),%12
average age was 62 years, with an estimated mean body
surface of 1.7 m?.13!4

Therapeutic options

Currently, ribociclib and palbociclib are the only CDK4/6
inhibitors authorized for the treatment of HR+/HER2— ABC
in Spain."” Both drugs are dispensed via hospital pharma-
cies.'® The recommended daily dose of ribociclib and pal-
bociclib is 600 mg once a day orally (po) and 125 mg once a
day po, respectively. Both drugs should be administered for
21 consecutive days followed by 7 days without treatment.
Letrozole is administered at a dose of 2.5 mg once a day po
in concomitant treatment and monotherapy.'”"

The pharmacoeconomic model also included subse-
quent treatments attributed to disease progression. It was
assumed that the subsequent treatments would remain inde-
pendent of the CDK4/6 inhibitors used in the first-line treat-
ment. The duration of subsequent treatment was obtained
from the study by Macalalad et al,”® which describes the
usage patterns and durations in real clinical practice of
the second- and third-line treatments of postmenopausal
patients with HR+/HER2— ABC. The distribution of the
chemotherapies, targeted therapies, and endocrine therapies
administered as subsequent treatments was based on the
clinical practice recommendations of the Spanish Society
of Medical Oncology, described in the consensus docu-
ment in the study by Gavila et al.® The treatments with
higher degree of recommendation and levels of evidence
were selected. The selection, duration, and distribution of
the subsequent treatments were validated by the panel of
clinical experts (Table 1).

Type of analysis

The costs (monetary value) and effects (health benefit) of the
therapeutic options were compared. Results of this analysis
were expressed as an incremental cost-effectiveness ratio
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Table | Duration and distribution of subsequent treatments considered

Subsequent treatments | Second line

Third line

Distribution of Duration of treatments Distribution of Duration of
treatments (%) (months) treatments (%) treatments (months)
Endocrine therapy 31.35 4.9 11.31 49
Targeted therapy 16.15 49 5.57 49
Chemotherapy 47.50 3.7 50.63 3.1
No active treatment 5.00 - 32.50 -
Total 100 - 100 -

(ICER) and incremental cost-utility ratio (ICUR), estimated
using the following formula:

(COStribociclib+letrozole_c0Stpalbociclibﬂetrozole) /(EffeCtlvenessribociclib+letr
ozoleiEffeCtlveneSspalbociclib+letrozole)
Cost and Cost are the total direct

ribociclib+letrozole palbociclib+letrozole

healthcare costs of treating a postmenopausal patient
with HR+/HER2— ABC in the first-line treatment with
ribociclib+letrozole or palbociclib+letrozole, respectively.
and Effectiveness

palbociclib+letrozole

EffeCtiveneSsribociclib+]etrozole
are the clinical benefits expressed as life years (LYs) and
quality-adjusted life years (QALYs) gained with each of the
therapeutic options evaluated.

The analysis was performed from the perspective of the
Spanish NHS. Similar to the study by Raphael et al,*' a time
horizon of 15 years was set, which was sufficient to capture
differences between the compared strategies in terms of costs
and health outcomes. In accordance with Spanish guidelines,
a discount rate of 3.0% was applied to both costs and health

outcomes.?

Pharmacoeconomic model

A cohort-based partitioned survival model was developed to
simulate the natural history of the disease, using three mutu-
ally exclusive health states: 1) progression-free (PF), which
was in turn divided into two sub-states: PF with complete
response (CR) or partial response (PR), or PF with stable
disease (SD); 2) progressed disease (PD); and 3) death (Fig-
ure 1). The two health sub-states were included to capture
the quality of life benefits associated with tumor response in
ABC patients who remained PF.

All patients in the hypothetical cohort of postmenopausal
women with a confirmed diagnosis of HR+/HER2— ABC
entered the model in a state of PF with SD, and the treatment
was started immediately. Their health states could transition
to PF with CR/PR, PD, or death. All transitions between
health states were assumed to occur on a monthly basis

Figure | State diagram of the three health states considered.
Abbreviations: PD, progressed disease; PF, progression-free.

(cycles determined in the model). A transition in the health
state from PF with SD to PF with CR/PR was considered as
an improvement in the patient’s quality of life. In contrast, a
transition in the health state from PF to PD implies a dimin-
ished quality of life as a result of the disease progression,
emotional burden, and clinical impact. The PD health state
captures clinical outcomes experienced by ABC patients as
they receive subsequent treatments after the first-line therapy.
Consequently, after transitioning to the PD health state,
patients could only transition, at some stage, to the death state.

Both CDK4/6 inhibitors have not been directly com-
pared in head-to-head clinical trials, but clinical trials that
evaluated the efficacy of both treatments used the same
comparator: letrozole monotherapy. Accordingly, the letro-
zole monotherapy arm from the MONALEESA-2 study
was established as the reference group to estimate survival
curves for ribociclib+letrozole and palbociclib+letrozole.
After the parameterization and extrapolation of the area
under the curves of the PFS and overall survival (OS) for
letrozole monotherapy in the MONALEESA-2 study, the
hazard ratios (HRs) obtained from the comparisons of
ribociclib+letrozole or palbociclib+letrozole vs letrozole
monotherapy were applied (see clinical parameters below).
In every cycle of the model, the proportion of patients in the
PF state was obtained from the PFS curves (P, =P,.,). The
proportion of patients in the death state in every cycle was
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obtained from the OS curves (P, ,=1-P ). The difference
between OS and PFS was used to establish the proportion of
patients with PD (P, =P -P,.0).

This model was developed using Microsoft Excel® 2013.

Clinical parameters

Efficacy

PFS and OS for ribociclib+letrozole were obtained from
the phase Il MONALEESA-2 study (data cutoff, January
2, 2017).2 PFS parameters for palbociclib+letrozole were
obtained from the phase Il PALOMA-2 study (data cutoff,
May 31, 2017),* whereas the OS data were obtained from
the phase Il PALOMA-1 clinical trial (data cutoff, December
30, 2016)% since the OS data have not been published in the
PALOMA-2 trial. All of these studies assessed the efficacy
and safety of both CDK4/6 inhibitors in combination with
letrozole, compared with letrozole monotherapy in the first-
line treatment of postmenopausal women with HR+/HER2—
ABC and comprise the main sources of clinical evidence of
both CDK4/6 inhibitors.?%%’

As no head-to-head clinical trials were available, the indi-
vidual results of the different clinical trials had to be taken
into consideration. Matching-adjusted indirect comparison
(MAIC) was used to match the individual data of the MONA -
LEESA-2 study with those of PALOMA-1 and PALOMA-2
studies. This is a technique that allows two studies to be
compared when the individual data of the patients from one
of the studies are available (MONALEESA-2), but not from
the other studies (PALOMA-1 and PALOMA-2). Thus, the
individual patient-level data of the MONALEESA-2 study
were adjusted and weighted to match with the published data
from the PALOMA-1 and PALOMA-2 studies. MAIC was
used to estimate the adjusted HR of ribociclib+letrozole vs
letrozole monotherapy.?®** The results obtained from the
MAIC were considered for the base case, whereas the use
of non-adjusted HR was considered as a sensitivity analysis
(Table 2).

Since the follow-up period in the MONALEESA-2 study
was shorter than the time horizon considered in the model,
the respective PFS and OS curves for letrozole monotherapy
from the MONALEESA-2 study (reference arm) had to be
extrapolated using parametric adjustment. The following
parametric distributions were tested: exponential, log-
logistic, log-normal, Gompertz, gamma, generalized gamma,
and Weibull. To determine the degree of adjustment of the
parametric curves obtained from the Kaplan—-Meier (KM)
curves, the Akaike information criteria (AIC) and Bayesian
information criteria (BIC) were used. According to both
criteria, all tested distributions provided a similar goodness

of fit to the KM curve values. However, in the period after
the MONALEESA-2 study follow-up, the models generated
highly variable extrapolations. For this reason, the selection
of the parametric distribution was based fundamentally on
the clinical plausibility of the data extrapolated to the long
term. Taking into account the results of studies carried out
with the first-line letrozole monotherapy in women with HR+/
HER2- ABC,3!23%34 clinical experts agreed that it would be
clinically plausible to see PFS rates of between 8%—10% and
1%—2% at 5 and 10 years, respectively. They also confirmed
that it would be clinically plausible to observe OS rates of
between 20%—-30% and 1%—5% for letrozole monotherapy at
5 and 20 years, respectively. In accordance with the criteria
for clinical plausibility and goodness of fit, the exponential
distribution and Weibull distribution were used when mod-
eling the KM curves of the letrozole monotherapy arm for
PFS and OS, respectively (Table S1; Figures S1 and S2).%°

Safety

The model included adverse events (AEs) associated with the
first-line treatments. Only severe events (grade 3 or above)
that met the following criteria were considered: AEs related
to treatment and likely to result in hospitalization or expected
to have a meaningful impact on patient’s well-being. As a
result, the AEs included in the model were diarrhea, infec-
tion, nausea, febrile neutropenia, pulmonary embolism, and
vomiting. The incidence of AEs was obtained from the phase
III clinical trials (Table 2).'826.27

Quality of life

Utility values were used to represent the impact on quality of
life of each health state considered by the model, on a scale
of 0 (death) to 1 (perfect health). QALY's associated with
each of the therapeutic options evaluated were estimated by
assigning the utility values to the health states.

The utility values for the PF state were obtained from
the MONALEESA-2 study, quantified using the EQ-5D-5L
quality of life questionnaire. The utility values for the PD
state were obtained from the quality of life study by Lloyd
et al* conducted in 100 patients with ABC using the standard
gamble method (Table 2).

Use of resources and costs
Direct health costs considered in the analysis included drug
costs, administration costs, costs associated with monitor-
ing, costs attributed to the patient’s health state, costs for the
management of AEs, and costs of end-of-life care.

List ex-factory prices (EFPs) were used in the base case
to estimate drug costs.'® It should be acknowledged that the
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Table 2 Efficacy, safety, and quality of life parameters considered

Efficacy parameters

Progression-free survival HR (vs LZE) 95% ClI

Base case

Ribociclib+LZE (MAIC; MONALEESA-2; cutoff, January 2017* 0.524 0.407-0.676

Palbociclib+LZE (PALOMA-2; cutoff, May 2017)* 0.563 0.461-0.687

Sensitivity analysis

Ribociclib+LZE (unmatched HR; MONALEESA-2; cutoff, January 0.568 0.457-0.704

2017)®

Overall survival HR (vs LZE) 95% CI

Base case

Ribociclib+LZE (MAIC; MONALEESA-2; cutoff, January 2017* 0.682 0.456-1.021

Palbociclib+LZE (PALOMA-1; cutoff, December 2016)% 0.897 0.623-1.294

Sensitivity analysis

Ribociclib+LZE (unmatched HR; MONALEESA-2; cutoff, January 0.746 0.517-1.078

2017)®

Response rates?” OR (vs LZE) 95% ClI

Ribociclib+LZE 1.420 1.200-1.600

Palbociclib+LZE 1.230 1.030-1.440

Safety parameters®

First-line treatment | Diarrhea (%) | Infection (%) | Nausea (%) | Febrile neutropenia (%) | Pulmonary Vomiting (%)
embolism (%)

Ribociclib+LZE 1.20% 4.19% 2.40% 1.20% 0.90% 3.59%

Palbociclib+LZE 1.35% 5.16'® 0.237 1.80% 1.35% 0.45%

Quality of life

Health state Mean Standard error

Progression-free state (PR/CR) 0.8345 0.0068

Progression-free state (SD) 0.8296 0.0063

Progressed disease 0.5050 0.0505

Note: *Only severe events (grade 3 or above) that met the following criteria were considered: AEs related to treatment and likely to result in hospitalization or expected

to have a meaningful impact on patient’s well-being.

Abbreviations: AE, adverse event; Cl, confidence interval; CR, complete response; HR, hazard ratio; LZE, letrozole; MAIC, matching-adjusted indirect comparison; OR,

odds ratio; PR, partial response; SD, stable disease.

reimbursed price of ribociclib and palbociclib are lower than
the reported EFP, when charged to the Spanish NHS. !¢ Those
reimbursed prices by the NHS are confidential and could not
be used in this study (Table 3).

The use of resources in the management of ABC accord-
ing to the clinical practice in Spain was obtained from the
expert panel, allowing the cost estimation of the different
health states considered in the model. Costs due to subsequent
treatments (second- and third-line therapy) were considered
in the PD state. The resources used during the month before
patient’s death were also obtained from the expert panel. In
both cases, resources associated with both health states and
end-of-life care were considered to be independent from
the CDK4/6 inhibitor used during the first-line treatment.
The use of resources associated with the monitoring of
both CDK4/6 inhibitors was based on the initial monitoring
recommendations from the respective product information
sheets.!”!8 The costs of initial monitoring were applied in the
first cycle of the model. For palbociclib+letrozole, according

to the product information sheet of palbociclib, a follow-up
monitoring was also taken into consideration after the sixth
treatment cycle (Table 3).'8

The unit costs assigned to intravenous administration,
disease management, management of AEs, monitoring, and
end-of-life care were obtained from databases and cost stud-
ies carried out from the perspective of the Spanish NHS.!3-36-38
All costs were expressed in Euros for 2017. The cost attrib-
uted to each cycle of the model (1 month) in which patients
remained in the PF health state during the time horizon of the
analysis was €107.33. For patients in the PD health state, the
cost of the cycle was €544.77, including the cost associated
with treatments administered after the first-line treatment
(€329.09 for each cycle). With regard to initial monitoring,
the costs of patients treated in the first line with ribociclib
and palbociclib, both in combination with letrozole, were
€396.79 and €20.97, respectively. For palbociclib+letrozole,
a subsequent monitoring cost of €3.23 per model cycle was
also taken into account. The total costs attributed to AEs with
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CDK4/6 inhibitors were €317.24 and €369.93 for patients
treated with ribociclib and palbociclib, respectively, both in
combination with letrozole. The cost attributed to end-of-life
care was €3,966.31 (Table 3).

The model considered dose reductions of CDK4/6
inhibitors during treatment, given that during their clinical
development, a proportion of patients required dose modifica-
tions to alleviate AEs.®* For ribociclib, the dose reductions
observed in the MONALEESA-2 trial (data cutoff, January
2,2017) were applied in each cycle. No dose reductions had
to be applied for palbociclib, since the prices of the three
pharmaceutical forms authorized in the Spanish setting are
equivalent (Table 3), so the drug cost attributed to an ABC
patient receiving full dose of palbociclib is the same as for
a patient receiving a reduced dose.

However, in the base case, a drug wastage cost was
assumed for palbociclib, since whenever a patient with ABC
needs to reduce her dose during the treatment cycle, a new
drug package must be used (switch from 150 to 100 mg or
from 100 to 75 mg). According to the results of the study by
Li et al,** who assessed the dosing patterns and economic
implications of palbociclib in real clinical practice in the
treatment of postmenopausal women with HR+/HER2—ABC,
10.3% of the patients were assumed to have experienced
prescription fill overlap (average 11.1 days). In the case of
ribociclib, each commercial package has a different drug
price, but they all contain 200 mg tablets with an equivalent
price per tablet, so it was considered acceptable to assume
that dose modifications would not require a new package.

Sensitivity analyses

The uncertainty associated with the study variables and
the robustness of the obtained results were evaluated using
deterministic (univariate analysis) and probabilistic sensitiv-
ity analyses (PSAs).

Univariate sensitivity analysis

Alternative parametric distributions were tested for modeling
letrozole monotherapy PFS and OS curves (reference arm).
Base case parametric distributions were selected based on
the best goodness of fit and clinical plausibility. Moreover,
while maintaining the base case parametric distribution in
the letrozole monotherapy PFS and OS curves, the use of
alternative unmatched HRs was tested.

With regard to patient characteristics, the results of the
analysis were evaluated after varying age by +20%. For qual-
ity of life parameters, an analysis with a variation of +20%
of the utility values used was proposed. In addition, it was

assessed to consider the utility values quantified by using
the EQ-5D-5L quality of life questionnaire in the MONA-
LEESA-2 trial for the PD health state.

With regard to economic parameters, given the uncer-
tainty of the prices reimbursed by the Spanish NHS, a sce-
nario was proposed involving price parity between ribociclib
(package of 200 mg, 63 tablets) and palbociclib (package of
125 mg, 21 capsules). In addition, an analysis that did not
include drug wastage attributed to the change in dose dur-
ing palbociclib treatment was proposed. Variations of 20%
were applied to costs associated with monitoring, patients’
health states, drug costs of subsequent treatments, and costs
of managing AEs.

With regard to structural parameters, discount rates per
time preference of 0% and 5% were considered, both in costs
and health effects, together with alternative time horizons (5,
10, 20, and 30 years).

Probabilistic sensitivity analysis
The PSA consists of simultaneously modifying all the param-
eters of the model according to an established distribution.
Two thousand simulations were performed using the Monte-
Carlo method.*' A beta distribution for utility and clinical
parameters was applied (except for response and HRs, for
which a log-normal distribution was used), whereas a gamma
distribution was used for the economic parameters (except
for end-of-life costs and costs of subsequent treatments, for
which a log-normal distribution was used) (Table S2). The
results of the probabilistic simulation were shown in an incre-
mental cost-effectiveness plane and an acceptability curve.
Given the uncertainty of the prices reimbursed by the
Spanish NHS as mentioned above, a PSA was proposed
with price parity between ribociclib (package of 200 mg, 63
tablets) and palbociclib (package of 125 mg, 21 capsules),
maintaining the price proportionality per package of the other
ribociclib pharmaceutical forms depending on the number
of tablets per package.

Results

Base case

The results of the base case analysis, which took into account
the comparators’ list price, showed that the treatment of
postmenopausal women with HR+/HER2— ABC, when the
first-line ribociclib is used instead of palbociclib, both in
combination with letrozole, involves an incremental cost of
€439.86 together with an incremental effectiveness of 0.437
LYs and 0.285 QALYs. These outcomes resulted throughout
the patient’s life from the first treatment for advanced disease,
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Table 3 Economic parameters considered

Drug costs

Pharmaceutical form

EFP per package | Posology©

Monthly cost

targeted therapy

(€;2017) (€;2017)
Ribociclib 200 mg, 63 tablets 4,444.44 Recommended starting dose: 600 mg/day for 2| days+7 days without 4,831.34
treatment (3/1 scheme)
Ribociclib 200 mg, 42 tablets 2,962.96 After first dose reduction: 400 mg/day for 2| days+7 days without 3,220.90
treatment (3/1 scheme)
Ribociclib 200 mg, 21 tablets 1,481.48 After second dose reduction: 200 mg/day for 2| days+7 days without 1,610.45
treatment (3/1 scheme)
Palbociclib 125 mg, 21 capsules 3,600.00 Recommended starting dose: 125 mg/day for 2| days+7 days without 3,913.39
treatment (3/1 scheme)
Palbociclib 100 mg, 21 capsules 3,600.00 After first dose reduction: 100 mg/day for 21 days+7 days without 3,913.39
treatment (3/1 scheme)
Palbociclib 75 mg, 21 capsules 3,600.00 After second dose reduction: 75 mg/day for 21 days+7 days without 3,913.39
treatment (3/1 scheme)
Letrozole GE 2.5 mg, 30 tablets 59.00 2.5 mg/day 59.86
Administration costs
Type of administration Unit cost Frequency*©
(€5 2017)°
Parenteral administration 211.67 Per day of active treatment with parenteral chemotherapy, endocrine therapy, or

Costs attributed to health state
Resource use Unit cost Patients (%) Frequency Frequency
(€;2017)¢ (PF state) (PD state)
General medicine visits 22.59 50.00 | visit/2 months | visit/2 months
Outpatient visits (oncology) 84.32 100.00 | visit/month | visit/month
Nursing visits 26.73 25.00 | visit/2 months | visit/month
Computed tomography 175.51 20.00 | visit/3 months | visit/3.5 months
Bone scintigraphy 173.73 8.00 | visit/6 months | visit/6.5 months
Hospitalizations 544.77 12.50 - 8 days
Monitoring costs
Resource use Unit cost Frequency*© Frequency©
(€;2017)¢ Ribociclib+letrozole Palbociclib+letrozole
Liver function tests 22.67 Baseline -
Every 2 weeks, cycles | and 2
Once, cycles 3, 4, 5, and 6
Complete blood count 4.16 Baseline Baseline
Every 2 weeks, cycles | and 2 Every 2 weeks, cycles | and 2
Once, cycles 3,4, 5,and 6 Once, remaining cycles.
For patients without grade >2 neutropenia
during first six cycles, monitoring every
3 months
Electrocardiogram 38.83 Baseline -
Every 2 weeks, cycle |
Once, cycle 2
Adverse event costs
Adverse event Diarrhea Infection Nausea Febrile Pulmonary Vomiting
neutropenia embolism
Unit cost (€; 2017) 738.10¢ 4,791.79 589.65¢ 2,624.35° 4,543.68¢ 589.65¢
End-of-life care
Unit cost Patients (%) Frequency
(€;2017)
Palliative care unit 332.30f 40.00 2-3 weeks until death (mean, 15.19 days)
Home care, doctor’s visits 65.38¢ 12.50 2-3 visits/week until death (mean, 8.74 visits)
Home care, nurse visits 45.26¢ 12.50 2-3 visits/week until death (mean, 8.74 visits)
Acute hospital unit 540.81¢ 35.00 1-2 weeks until death (mean, 9.01 days)

Notes: *Reported EFP from the Spanish drug prices database.'® *Estimated from the described posology. A mean body surface area of 1.7 m? was considered. “Technical
specifications of the respective pharmaceutical forms.' “Using average rates from the Spanish health costs database.’” *Unit cost updated to 2017 Euros from the study by
Alba et al.”? Unit cost updated to 2017 Euros from the study by Isla et al.?¢ #Unit cost updated to 2017 Euros and estimated from NHS minimum basic data set.*®

Abbreviations: EFP, ex-factory price; GE, generic equivalent; NHS, national health system; PD, progressed disease; PF, progression-free.
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ie, time horizon of 15 years. Resulting ICER and ICUR
were €1,007.69 per life-year gained (LYG) and €1,543.62
per QALY gained, respectively (Table 4). Considering the
willingness-to-pay thresholds most commonly established
in the Spanish setting (from €20,000 to €30,000/QALY
gained),*>* ribociclib+letrozole would be a cost-effective
treatment option compared to palbociclib+letrozole in the
first-line treatment of HR+/HER2— ABC in postmenopausal
women.

Sensitivity analyses

Table 4 details the univariate sensitivity scenarios assessed.
For each scenario, the main results are shown, expressed in
incremental costs, LY's and QALY's, and the respective ICER
and ICUR. Sensitivity scenarios that generated greater vari-
ability in the results of this analysis were listed in a decreasing
order: price parity between the CDK4/6 inhibitors, alterna-
tive parametric distributions, and finally short-term time
horizons (Table 4).

Due to the significant variability observed in the price
parity scenario, an ad hoc sensitivity analysis was conducted
to describe the impact of the differential drug cost between
ribociclib and palbociclib, whereas the remaining parameters
were not modified. As represented in Figure 2, the y-axis
shows the resulting incremental cost, and the x-axis shows the
relative differential drug cost between both CDK4/6 inhibi-
tors. The extremes show the base case on one side, with the
reported EFPs for both CDK4/6 inhibitors, and the scenario
of price parity between both CDK4/6 inhibitors on the other
side. With a relative reduction of >0.50% in the notified EFP
for ribociclib (package of 63 tablets X 200 mg, <€4,422.28),
the use of ribociclib+letrozole would represent a dominant
alternative (greater effectiveness and lower costs) compared
to palbociclib+letrozole.

The results of the PSA are shown in Figure 3 (without
price parity between both CDK4/6 inhibitors) and Figure 4
(with price parity between both CDK4/6 inhibitors) using an
incremental cost-utility plane (Figures 3A and 4A) and an
acceptability curve (Figures 3B and 4B).

Ribociclib+letrozole is a dominant option over
palbociclib+letrozole in 15.75% of the simulated cases.
In 68.15% of the simulations, ribociclib+letrozole pro-
vides greater effectiveness and results in higher costs than
palbociclib+letrozole. In 6.20% of the simulations, it is a less
effective and less costly option. Finally, in 9.90% of the PSA
simulated cases, ribociclib+letrozole represents an option
dominated by palbociclib+letrozole (Figure 3A). Considering
the willingness-to-pay thresholds most commonly established
in the Spanish setting (from €20,000 to €30,000/QALY

gained),** 78.10% of the PSA simulations were found to
be below this threshold (Figure 3B).

In the price parity scenario, ribociclib+letrozole is found
to be a dominant therapeutic option over palbociclib+letrozole
in 83.30% of the simulated cases. In 16.70% of the simu-
lations, it is a less effective and less costly option. No
simulated cases emerged in which the therapeutic option of
ribociclib+letrozole is more costly than palbociclib+letrozole
(Figure 4A). Considering the willingness-to-pay thresholds
most commonly established in the Spanish setting (from
€20,000 to €30,000/QALY gained),** 99.85% of the
PSA simulations were found to be below this threshold
(Figure 4B).

Discussion

In Spain, as in other developed countries,* there has been
a recent decline in breast cancer incidence rates, mainly
attributed to the implementation of screening programs.*
However, breast cancer in Spain remains one of the most
common neoplasms and the major cause of mortality and
morbidity among women.*4” Given the increasing health
costs and the budgetary restrictions of the Spanish NHS,
economic assessments may be a useful tool to quantify the
use of resources derived from competing therapeutic alter-
natives in the management of diseases that incur high costs,
such as HR+/HER2—- ABC.

Economic assessments of innovative treatments for the
first-line treatment of ABC can be found in the literature,*-5°
together with findings published by health technology
assessment agencies.’>>’ However, this study represents the
first economic evaluation that compares the use of different
CDK4/6 inhibitors in the first-line treatment of ABC accord-
ing to the Spanish healthcare setting.

The base case analysis showed that, without taking into
account the confidential discounts applied to drugs reim-
bursed by the Spanish NHS, the use of ribociclib+letrozole
vs palbociclib+letrozole in the first-line treatment of HR+/
HER2- ABC in postmenopausal women would increase the
clinical benefit with 0.437 LYGs and 0.285 QALYs gained, at
a slight increase in costs of €439.86. This resulted in incre-
mental cost-effectiveness and cost-utility ratios of €1,007.69
per LYG and €1,543.62 per QALY gained, respectively.
Considering the willingness-to-pay thresholds most com-
monly established in the Spanish setting (from €20,000 to
€30,000/QALY gained),*** ribociclib+letrozole would be
a cost-effective treatment option compared to palbociclib+
letrozole in the first-line treatment of HR+/HER2— ABC in
postmenopausal women. The sensitivity analyses conducted
to evaluate the uncertainty of the variables and assumptions
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Table 4 Base case and univariate sensitivity analysis

Base case results

Ribociclib + LZE Palbociclib + LZE Ribociclib + LZE vs
palbociclib + LZE
Cost results
First-line line treatment (€) 90,923.49 91,895.72 -972.23
PF state (€) 4,155.48 3,902.99 252.49
PD state (€) 1,798.47 1,474.23 324.24
Subsequent treatments (€) 4,925.20 3,975.62 949.58
AEs (€) 317.24 369.93 -52.69
End-of-life (€) 3,458.24 3,519.78 -61.55
Total costs (€) 105,578.12 105,138.26 439.86
Health outcomes
LYG 4.474 4.037 0.437
QALY 3313 3.028 0.285
Incremental ratios
ICER(€/LYG) - - 1,007.69
ICUR (€/QALY gained) - - 1,543.62
Univariate analysis results
Scenario A Cost (€) ALY A QALY ICER (€/LYG) ICUR (€/QALY)
Alternative parametric distributions
PFS, Weibull distribution 988.86 0.470 0.289 2,106.07 3,421.83
PFS, gamma distribution 870.70 0.460 0.288 1,892.13 3,022.53
PFS, log-normal distribution 103.74 0.424 0.302 244.65 343.39
OS, Gompertz distribution -468.08 0.260 0.196 Ribociclib is Ribociclib is
dominant dominant
OS, gamma distribution 1,945.13 0.738 0.437 2,634.84 4,447.75
OS, log-logistic distribution 2,532.82 0.873 0.505 2,901.96 5,012.69
Unadjusted HR (MONALEESA-2; cutoff, January 2017)
Ribociclib + LZE 65.36 0.258 0.142 252.84 460.18
PFS HR: 0.568 (0.457 - 0.704)
OS HR:0.746 (0.517 - 1.078)
Patient characteristics
Patients’ age (+20%) 439.86 0.437 0.285 1,007.69 1,543.62
Patients’ age (-20%) 439.86 0.437 0.285 1,007.69 1,543.62
Quality of life questionnaires
Utility PF state (CR/PR) (+20%) 439.86 0.437 0.315 1,007.69 1,396.30
Utility PF state (CR/PR) (-20%) 439.86 0.437 0.255 1,007.69 1,725.69
Utility PF state (SD) (+20%) 439.86 0.437 0.288 1,007.69 1,529.45
Utility PF state (SD) (-20%) 439.86 0.437 0.282 1,007.69 1,558.06
Utility PD state (+20%) 439.86 0.437 0.309 1,007.69 1,422.39
Utility PD state (-20%) 439.86 0.437 0.261 1,007.69 1,687.44
Utility PF and PD states (MONALEESA-2) 439.86 0.437 0.352 1,007.69 1,249.29
Economic parameters
Disregarding palbociclib wastage 722.72 0.437 0.285 1,655.70 2,536.26
Price parity between CDK4/6 inhibitors -16,321.32 0.437 0.285 Ribociclib is Ribociclib is
dominant dominant
Cost PF state (+20%) 553.16 0.437 0.285 1,267.25 1,941.21
Cost PF state (-20%) 326.57 0.437 0.285 748.14 1,146.03
Cost PD state (+20%) 631.83 0.437 0.285 1,447 .48 2,217.30
Cost PD state (-20%) 247.89 0.437 0.285 567.91 869.94
Cost subsequent treatments (+20%) 629.78 0.437 0.285 1,442.78 2,210.10
Cost subsequent treatments (-20%) 249.95 0.437 0.285 572.61 877.14
Cost ribociclib monitoring (+20%) 517.59 0.437 0.285 1,185.77 1,816.40
Cost ribociclib monitoring (-20%) 362.13 0.437 0.285 829.62 1,270.84
Cost palbociclib monitoring (+20%) 421.64 0.437 0.285 965.95 1,479.68
Cost palbociclib monitoring (-20%) 458.08 0.437 0.285 1,049.44 1,607.56
(Continued)
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Table 4 (Continued)
Univariate analysis results
Scenario A Cost (€) ALY A QALY ICER (€/LYG) ICUR (€/QALY)
Cost AEs (+20%) 429.32 0.437 0.285 983.55 1,506.64
Cost AEs (-20%) 450.40 0.437 0.285 1,031.83 1,580.60
Structural parameters
Discount rate (0%) 467.44 0.502 0.329 931.00 1,421.02
Discount rate (5%) 432.00 0.400 0.260 1,080.89 1,658.60
Time horizon: 5 years -208.42 0.235 0.151 Ribociclib is dominant | Ribociclib is dominant
Time horizon: 10 years 395.04 0.411 0.264 960.34 1,496.27
Time horizon: 20 years 459.07 0.444 0.291 1,034.70 1,577.98
Time horizon: 30 years 465.91 0.446 0.293 1,044.63 1,590.89

Abbreviations: AEs, adverse events; CDK4/6, cyclin-dependent kinase 4 and 6; CR, complete response; HR, hazard ratio; ICER, incremental cost-effectiveness ratio; ICUR,
incremental cost-utility ratio; LY, life years; LYG, life-years gained; LZE, letrozole; OS, overall survival; PD, progressed disease; PF, progression-free; PFS, progression-free
survival;PR, partial response; QALY, quality-adjusted life years; SD, stable disease; A, differential.

6,000 Base case: reported EFP
4,000
2,000

0
—2,000
—4,000
—6,000
—8,000
—-10,000

Incremental cost (€)

-12,000
—14,000
-16,000

Ribociclib 600 mg package cost: €4,444.44

Alternative scenario: price parity
Ribociclib 600 mg package cost: €3,600.00

Relative reduction between both CDK4/6 notified EFPs: 0.50%

Ribociclib 600 mg package cost: €4,422.28

—18,000

—20,000
0.0 2.0 4.0 6.0 8.0

10.0 12.0 14.0 16.0 18.0 20.0

Relative differential drug cost between both CDK4/6 inhibitors (%)

Figure 2 Ad hoc sensitivity analysis results.
Abbreviations: CDK4/6, cyclin-dependent kinase 4 and 6; EFP, ex-factory price.

included in the model showed a low dispersion in results,
corroborating the robustness of the base case findings.
This model has a number of limitations, some of which
are inherent to pharmacoeconomic modeling, the structural
rigidity of which makes it difficult to simulate precisely the
real clinical progress of patients. Partitioned survival analysis
models are conceptually similar to the state transition mod-
els. However, they differ in the way the state membership is
determined. In state transition models, state membership is
usually determined by the transition probability matrix. In
the partitioned survival analysis approach, the state mem-
bership is determined from a set of non-mutually exclusive
survival curves. Strengths of the partitioned survival analysis
derive from the direct correspondence between frequently
reported time-to-event endpoints, such as PFS and OS, and

the survival functions used to estimate state membership.
This promotes model comprehension, communication, and
construction. Moreover, partitioned survival analysis mod-
els each survival curve as a function of time. This makes it
straightforward to reflect any time-dependencies in the event
rates, or treatment effects on event rates, of each survival
curve. Thus, partitioned survival analysis generally provides
accurate predictions for the within-trial period. In addition,
partitioned survival analysis can be implemented using the
individual patient data. The limitations of the partitioned sur-
vival analysis approach stem from its fundamental structural
assumption that the survival endpoints are independent. The
assumption that the modeled survival endpoints are structur-
ally independent is potentially problematic as there are a
number of dependencies between the survival endpoints. For
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Figure 3 Probabilistic sensitivity analysis results (without price parity between the two CDK4/6 inhibitors), represented through an incremental cost-utility plane (A) and

a cost-effectiveness acceptability curve (B)

Abbreviations: CDK4/6, cyclin-dependent kinase 4 and 6; LZE, letrozole; QALY, quality-adjusted life year.
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Figure 4 Probabilistic sensitivity analysis results (with price parity between the two CDK4/6 inhibitors), represented through an incremental cost-utility plane (A) and a

cost-effectiveness acceptability curve (B)

Abbreviations: CDK4/6, cyclin-dependent kinase 4 and 6; LZE, letrozole; QALY, quality-adjusted life year.

the within-trial period, these dependencies are reflected in
the data and therefore should be closely reflected in the par-
titioned survival analysis results. However, beyond the trial
period analysis, dependencies between endpoints are ignored
with potentially important implications for extrapolation.
Some work has attempted to overcome this limitation via the

development of statistical models for extrapolation. However,
the proposed methods increase the role of subjectivity and
only informally reflect the full set of available information.
The lack of a link between clinical endpoints also limits
the clinical plausibility from the generated extrapolations
and limits the degree of scrutiny of sensitivity analyses.
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Therefore, assuming independence between endpoints may
reduce the value of PSA as a means of quantifying decision
uncertainty.*® In this analysis, long-term extrapolations had
to be conducted given the limited follow-up period of the
available clinical trials. For this reason, alternative parametric
distributions were considered for long-term survival curve
modeling. The results of this sensitivity analysis showed some
variability from the base case results. However, in all sce-
narios tested, ribociclib was shown to improve clinical benefit
and, considering the commonly established willingness-to-
pay thresholds in Spain, proved to be at least a cost-effective
treatment for the Spanish NHS.

One of the strengths of this study is the application of
a previously published model.”” The methodology of this
partitioned survival model has also been developed and
validated in previous economic assessments submitted to
health technology assessment agencies.>®’

Given the lack of randomized clinical trials compar-
ing CDK4/6 inhibitors head-to-head, the treatments have
been indirectly compared on the basis of their respective
clinical trials. Baseline patient demographic, clinical char-
acteristics, inclusion and exclusion criteria from clinical
trials considered in this analysis were in detail presented
and validated within the expert panel. Despite the mount-
ing evidence regarding the variability between testing
modalities and thresholds, patient HR+/HER2- qualifica-
tion is similar between the assessed clinical trials: Among
MONALEESA-2 eligibility criteria, HER2-negative breast
cancer had to be defined as a negative in-situ hybridization
test or an immunohistochemistry (IHC) status of 0, 1+, or
2+. If THC status is 2+, a negative fluorescent, chromo-
genic, or silver in-situ hybridization assay was required
by local laboratory testing.?* Likewise, in PALOMA-2
trial, HER2 status had to be determined by the US Food
and Drug Administration approved assays. Commercial
kits considered as acceptable for fluorescent, chromo-
genic, or silver in-situ hybridization assays are detailed
in the PALOMA-2 protocol.?* Finally, in the PALOMA-1
trial, HR receptor status was determined by routine THC,
whereas HER2 status was assessed by either fluorescent
in-situ hybridization or THC.?* The MAIC technique was
adopted in the base case analysis because it incorporates
individual patient data and can be used to address a num-
ber of limitations related with indirect comparisons based
solely on data aggregation. MAICs are useful for resolving
significant differences in patient baseline characteristics,
for resolving differences associated with the definition of
clinical responses, for reducing the sensitivity of the mea-

surement of the effects, and for allowing the comparison
of clinically relevant dosing schedules.® By using MAIC
from the ribociclib trial, patients were selected on the basis
of inclusion/exclusion criteria specified in the palbociclib
trials and were reweighted to match baseline characteristics
reported for the palbociclib trials.?® However, as a sensi-
tivity analysis, the results of using an indirect comparison
without considering the individual patient data (ie, without
the MAIC adjustment) were assessed. The results of this
analysis reported a more favorable result for ribociclib,
which combined with letrozole would represent a dominant
therapeutic option for HR+/HER2— ABC postmenopausal
women compared to palbociclib+letrozole. This represents
a strength of the present analysis, as it indicates that con-
sidering the MAIC in the base case analysis provides not
only methodological advantages but also a more conserva-
tive approach.

Another limitation is the use of data from the UK for
health state utilities, but this is a common limitation in
Spanish economic assessments, given the lack of national
utility values, specifically in postmenopausal women with
ABC. Moreover, ribociclib+letrozole remained cost-effective
compared to palbociclib+letrozole in the scenario in which
the results of the EQ-5D-5L quality of life questionnaire from
the MONALEESA-2 study were used to estimate the utility
values of the PD health state.

The use of resources and economic parameters validated
by the Spanish expert panel were modified by £20% to
capture and simulate possible variations in clinical practice.
The resulting sensitivity scenarios showed a low dispersion
compared to the base case results. This supports the robust-
ness of the analysis by suggesting that the results presented a
low sensitivity to possible scenarios derived from the clinical
variability.

The wastage associated with palbociclib, although it
favors the results of the analysis, was based on experience in
real clinical practice in postmenopausal women with HR+/
HER2- ABC receiving palbociclib. As shown by the sensitiv-
ity analysis when wastage was not considered, the variation
on incremental cost remained relatively limited, indicating
that its inclusion or exclusion from the analysis does not
alter the conclusion.

In contrast, the results and conclusion of this analysis
were highly sensitive to variations in the cost of the CDK4/6
inhibitors evaluated. This, along with the uncertainty of the
prices reimbursed by the Spanish NHS, supported the con-
duction of the price parity scenario between ribociclib and
palbociclib, along with the ad hoc sensitivity scenario which
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describes the impact of varying the differential cost between
both CDK4/6 inhibitors.

After reductions of >0.50% in the price of ribociclib, the
first-line treatment of choice for postmenopausal women
with HR+/HER2— ABC would be ribociclib+letrozole,
since this would provide greater effectiveness together with
economic savings. The degree of dominance of ribociclib
over palbociclib, both in combination with letrozole, would
be more marked in the scenario of price parity, in which the
economic benefits of using a CDK4/6 inhibitor plus letrozole
would result in savings of €16,321.32 per patient treated
with ribociclib+letrozole compared to palbociclib+letrozole.

Conclusion

The results of this cost-effectiveness analysis show a greater
benefit and a slightly higher cost for ribociclib vs palbociclib,
both in combination with letrozole, in the first-line treatment
of HR+/HER2— ABC in postmenopausal women. From the
Spanish NHS perspective, taking into account the willingness-
to-pay thresholds commonly established in the Spanish setting,
ribociclib would represent a cost-effective alternative therapy
compared to palbociclib. The limited dispersion of the sensi-
tivity analyses demonstrates the robustness of the results of
this appraisal. After deductions of >0.50% in the drug cost of
ribociclib, the treatment of choice would be ribociclib+letrozole
because this option would be dominant (greater effectiveness
and lower costs) over palbociclib+letrozole. In scenarios of price
parity between both CDK4/6 inhibitors, the economic benefits
of using ribociclib+letrozole compared to palbociclib+letrozole
would yield savings of €16,321.32 for each postmenopausal
woman with HR+/HER2— ABC treated in first line with
ribociclib+letrozole compared to palbociclib+letrozole.

Abbreviations

ABC, advanced or metastatic breast cancer; AE, adverse
event; AIC, Akaike information criteria; Als, aromatase
inhibitors; BIC, Bayesian information criteria; CDK4/6,
cyclin-dependent kinase 4 and 6; CR, complete response;
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factor receptor 2-negative; HR, hazard ratio; HR+, hormone
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Table S| Details on goodness of fit with the KM curves and
survival rates of letrozole monotherapy from MONALEESA-2
study (reference arm)

Parameterization of the PFS KM curves
Distribution Goodness of fit PFS rate (%)

AIC BIC 5 years 10 years
Exponential 1,693.30 1,697.11 6.79 0.46
Weibull 1,689.87 1,697.49 3.93 0.07
Gamma 1,689.11 1,696.73 453 0.15
Gompertz 1,692.06 1,699.68 1.97 0.00
Log-normal 1,688.60 1,696.22 12.16 4.07
Log-logistic 1,692.66 1,700.29 12.19 4.90
Parameterization of the OS KM curves
Distribution Goodness of fit OS rate (%)

AIC BIC 5 years 20 years
Exponential 763.63 767.44 60 13.0
Weibull 733.69 741.31 26 0.0
Gamma 735.99 743.61 37 0.1
Gompertz 729.74 737.36 4 0.0
Log-normal 741.89 749.51 49 7.8
Log-logistic 735.52 743.14 38 2.8

Abbreviations: AIC, Akaike information criteria; BIC, Bayesian information
criteria; KM, Kaplan—Meier; OS, overall survival; PFS, progression-free survival.

Table S2 Detail of the economic parameters considered in the probabilistic sensitivity analysis

Name Base case value Lower CI Higher CI Standard error Distribution
(€;2017) (€;2017) (€;2017)
Health care costs
General medicine visits 22.59 10.45 43.35 32.24 Gamma
Outpatient visits 84.32 25.25 149.31 121.58 Gamma
(oncology)
Nursing visits 26.73 12.37 49.27 36.16 Gamma
Hospitalizations 544.77 435.82 653.72 213.55 Gamma
Liver function tests 22.67 4.95 63.19 57.08 Gamma
Complete blood count 4.16 2.90 5.30 2.35 Gamma
Electrocardiogram 38.83 8.04 183.90 172.34 Gamma
Bone scintigraphy 173.73 138.98 208.48 68.10 Gamma
Computed tomography 175.51 36.67 743.49 692.68 Gamma
End-of-life cost 3,966.31 3,569.68 4,362.94 396.63 Log-normal
Subsequent treatment 6,746.43 6,071.79 7,421.08 674.64 Log-normal
costs

Adverse events cost

Diarrhea 738.10 664.29 811.91 7381 Gamma
Infection 4,791.79 4,312.61 5,270.97 479.18 Gamma
Nausea 589.65 530.68 648.61 58.96 Gamma
Febrile neutropenia 2,624.35 2,361.92 2,886.79 262.44 Gamma
Pulmonary embolism 4,543.68 4,089.31 4,998.05 454.37 Gamma
Vomiting 589.65 530.68 648.61 58.96 Gamma

Abbreviation: Cl, confidence interval.
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Figure S| Fit of the parametric distributions to the latest KM plots for PFS in MONALEESA-2 of letrozole monotherapy group (reference arm) with model extrapolation
over a 20-year time horizon (240 months).
Abbreviations: KM, Kaplan—Meier; PFS, progression-free survival.
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Figure S2 Fit of the parametric distributions to the latest KM plots for OS in MONALEESA-2 of letrozole monotherapy group (reference arm) with model extrapolation
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