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Cost-effectiveness of ribociclib plus endocrine 
therapy versus placebo plus endocrine therapy 
in HR-positive, HER2-negative breast cancer
Vivian Le, PharmD Candidate; Lixian Zhong, PhD; Nihal Narsipur, PharmD; Elizabeth Hays, PharmD Candidate; 
Daniel Khuong Tran, PharmD Candidate; Kimberly Rosario, PharmD Candidate; and Leslie Wilson, PhD

ABSTRACT

BACKGROUND: The 2015 American Society 
of Clinical Oncology guidelines recommend 
first-line treatment of hormone receptor 
(HR)-positive breast cancer with endocrine 
therapy plus or minus palbociclib, a selective 
cyclin-dependent kinase (CDK)4/6 inhibitor. In 
2018, the U.S. Food and Drug Administration 
approved ribociclib, a new orally available 
selective CDK4/6 inhibitor. While gains in 
progression-free survival (PFS) and overall 
survival (OS) from ribociclib are important for 

clinical and treatment outcomes, trade-offs 
in adverse events (AEs) and additional costs 
necessitate cost-effectiveness analysis (CEA) 
to assist consideration by third-party payer 
systems, physicians, and patients.

OBJECTIVES: To (a) develop a Markov model 
and (b) determine the cost-effectiveness 
of ribociclib plus endocrine therapy ver-
sus endocrine therapy alone as treatment 
for premenopausal and perimenopausal 
patients with HR-positive, human epidermal 
growth factor receptor 2 (HER2)-negative 
breast cancer.

METHODS: A lifetime 3-state Markov model 
("stable," "progressed," and "dead" health 
states) was developed using a U.S. payer 
perspective. Transition probabilities were 
calculated based on OS and PFS outcomes 
from the randomized controlled phase 3 
trial MONALEESA-7. These Kaplan-Meier 
curves were extended to lifetime by estimat-
ing best-fit distributions using loglogistic 
distribution for ribociclib curves and Weibull 
distribution for placebo curves. Costs were 
obtained from national data sources using 
2019 U.S. dollars (USD) and discounted by 
3%. Utilities were obtained via published 

What is already known  
about this subject

• The American Society of Clinical 
Oncology currently recommends 
endocrine therapy plus or minus a 
selective cyclin-dependent kinase 
(CDK)4/6 inhibitor as the first-line 
treatment for hormone receptor (HR)-
positive breast cancer.

• Ribociclib, a selective CDK4/6 
inhibitor, plus endocrine therapy 
has demonstrated significant 
improvements in progression-free 
and overall survival for patients living 
with HR-positive breast cancer in 
recent clinical trials.

• Gains in response and overall survival 
come with trade-offs such as adverse 
events and costs, which are important 
considerations for providers and 
third-party payer systems when 
determining the value of new 
treatments and therapies. 

What this study adds

• This study evaluates the cost-
effectiveness of ribociclib plus 
endocrine therapy over endocrine 
therapy alone in endocrine treatment-
naive, pre- and perimenopausal women 
living with HR-positive, HER2-negative 
advanced breast cancer.

• This analysis determines and evaluates 
important factors affecting the 
cost-effectiveness of ribociclib plus 
endocrine therapy using sensitivity 
analyses.

• Results of this study provide additional 
information for consideration by payers, 
clinicians, and formulary decision 
makers in determining the benefit of 
adding ribociclib to therapy regimens.
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In 2020, an estimated 279,100 new cases of breast cancer 
and 42,690 deaths in women living in the United States were 
reported by the American Cancer Society.1 Biological path-
ways by which breast cancer may metastasize can be inferred 
by the presence of hormone receptor (HR) and human epi-
dermal growth factor receptor 2 (HER2). In HR-positive, 
HER2-negative advanced breast cancer particularly, 
cyclin-dependent kinases (CDK)4/6 are known to promote 
continued progression and growth of the cancer.2 Current 
American Society of Clinical Oncology (ASCO) guidelines 
recommend first-line treatment of HR-positive breast can-
cer with aromatase inhibitors plus or minus palbociclib, a 
selective CDK4/6 inhibitor.3 Second-line therapy includes 
an alternative endocrine therapy agent, fulvestrant, plus or 
minus palbociclib. Chemotherapy is not recommended in 
initial HR-positive breast cancer treatment except in imme-
diately life-threatening disease due to higher toxicity and 
lower quality of life (QOL) versus endocrine therapy.3 Since 
the release of ASCO guidelines in 2015, 2 new orally available 
selective CDK4/6 inhibitors were approved by the U.S. Food 
and Drug Administration (FDA) in 2018, ribociclib (KISQALI) 
and abemaciclib (VERSENIO). While head-to-head clinical 

trials are still needed between the 3, indirect meta-analysis 
has shown equal effectiveness among the CDK4/6 inhibi-
tors, making ribociclib and abemaciclib equal alternatives 
to palbociclib for first-line treatment regimens.4,5

Recent clinical trials of ribociclib have demonstrated 
that ribociclib combined with endocrine therapy results in 
significantly longer overall and progression-free survival 
(PFS) over endocrine therapy alone. The MONALEESA-7 
(Mammary Oncology Assessment of LEE011’s [Ribociclib] 
Efficacy and Safety-7) trial was the first to study PFS 
and overall survival (OS) of ribociclib plus endocrine 
therapy in endocrine treatment-naive premenopausal 
and perimenopausal patients.6-14 These patients tend to 
be underrepresented in clinical trials of breast cancer 
despite differences in molecular alterations of key breast 
cancer driver genes, tumor-suppressor genes, and genes 
involved in signaling pathways.15 MONALEESA-7 showed 
a significantly longer PFS and OS survival with ribociclib 
plus endocrine therapy than with endocrine therapy alone 
among these patients.14 While gains in PFS and OS are 
important for clinical and treatment outcomes, it is essen-
tial to examine the trade-offs for patients in adverse events 
(AE) and additional costs to the health care system. These 
factors are important considerations for third-party payers 
when determining overall value of new therapies and for 
providers and patients determining treatment effect on 
their QOL and willingness to pay (WTP). 

Our objective was to determine the cost-effectiveness of 
ribociclib plus endocrine therapy versus endocrine therapy 
alone as treatment for premenopausal and perimenopausal 
patients with HR-positive, HER2-negative breast cancer 
from a U.S. payer’s perspective. This study will help health 
care decision makers to better understand ribociclib with 
respect to its efficacy, toxicity, and cost, and to make 
informed value-based decisions when evaluating the benefit 
of adding ribociclib to a treatment regimen or formulary.

Methods
We performed a cost-effectiveness analysis (CEA) of riboci-
clib plus endocrine therapy versus placebo plus endocrine 
therapy. The methods in conducting this CEA adhere 
to the recommendations of good research practices for 
model transparency and validation from the International 
Society for Pharmacoeconomics and Outcomes Research 
(ISPOR), the Society of Medical Decision Making, and the 
Consolidated Health Economic Evaluation Reporting 
Standards statement from the ISPOR Task Force.16-18

We used a lifetime 3-state Markov model with stable, 
progressed, and dead health states. Transition probabilities 
were based on OS and PFS outcomes from the randomized 

breast cancer literature and were included for each health state 
and for time spent with each AE. Results were expressed as an 
incremental cost-effectiveness ratio (ICER) expressed as USD per 
quality-adjusted life-year (QALY) saved. Treatments were assumed to 
be cost-effective based on a willingness-to-pay (WTP) threshold of 
$150,000 per QALY gained. Base-case, 1-way sensitivity tornado dia-
grams and probabilistic sensitivity analyses demonstrated changes 
in the ICER and were driven by the cost of ribociclib and the utility of 
remaining in the stable health state.

RESULTS: Ribociclib plus endocrine therapy was cost-effective at an 
ICER of $124,513 per QALY when compared with endocrine therapy 
alone at a WTP threshold of $150,000. The ribociclib plus endocrine 
therapy arm had an effectiveness of 5.28 QALYs and a total cost of 
$385,112, while placebo plus endocrine therapy provided only 2.46 
QALYs at a lower total cost of $67.246. The model was sensitive to 
the cost of ribociclib and the utility of time spent in the stable health 
state. Probabilistic sensitivity analysis demonstrated that endocrine 
therapy alone was cost-effective until a WTP of $125,000 and was 
cost-effective 72% of the time at the WTP threshold.

CONCLUSIONS: Ribociclib plus endocrine therapy is more cost-effec-
tive than endocrine therapy alone. Professionals in managed care 
settings should consider the pharmacoeconomic benefits of ribociclib 
for the treatment of HR-positive, HER2-negative breast cancer as 
they make value-based formulary decisions. Further CEAs should be 
considered as direct treatment comparison trials between CDK4/6 
inhibitors are completed in the future.
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sensitivity analyses were performed using TreeAge soft-
ware (TreeAge, Williamstown, MA). 

SURVIVAL CURVE MODEL FITTING
Transition probabilities represented the proportion of 
patients who moved from 1 health state into another 
health state after 1 cycle of treatment.19 To calculate tran-
sition probabilities, PFS and OS data for both treatment 
arms were extracted from published Kaplan-Meier curves 
in MONALEESA-7 using a validated graphical digitizer 
(Engauge Digitizer version 12.1, Torrance, CA).14 To extend 
the OS and PFS curves to lifetime, we extracted these 
Kaplan-Meier curves using maximum likelihood estima-
tion estimates from Hoyle and Henley (2011) using RStudio 
(RStudio, Boston, MA) to determine the best-fitting life-
time OS and PFS probabilities by using the lowest Akaike 
information criterion and Bayesian information criterion.21 

Best-fit lifetime distribution was loglogistic for the riboci-
clib curves and Weibull distribution for the placebo curves. 

controlled phase 3 trial MONALEESA-7.14 We included utili-
ties of each health state, as well as time spent with each AE. 
The study was done from a payer’s perspective and included 
direct medical costs associated with treatment. Costs of 
drug, treatment of AEs, and subsequent drug treatments 
were obtained from national literature using 2019 U.S. 
dollars (USD) and discounted by 3%. CEA results were 
expressed as an incremental cost-effectiveness ratio (ICER) 
expressed as USD per life-year (LY) saved and quality-
adjusted life-year (QALY) saved. Treatments were assumed 
to be cost-effective based on a WTP threshold of $150,000 
per QALY gained.16,19 

MARKOV MODEL 
Eligible patients were women aged between 18 and 59 years; 
premenopausal or perimenopausal at time of trial entry 
with histologically or cytologically confirmed HR-positive, 
HER2-negative advanced breast cancer; and no previ-
ous endocrine therapy or more than 1 previous line of 
chemotherapy.

The 3-state Markov model was developed with 2 choice 
branches at the decision node to reflect MONALEESA-7 
treatment options: ribociclib plus endocrine therapy or 
endocrine therapy alone (placebo; Figure 1). Both treatment 
groups received goserelin (at a dose of 3.6 mg, adminis-
tered subcutaneously on day 1 of each 28-day cycle) and 
either nonsteroidal aromatase inhibitor (letrozole 2.5 mg 
or anastrozole 1 mg) or tamoxifen (20 mg) orally once daily. 
Each cycle length was designated as 1 month, or 28 days, 
to match treatment protocol. From the decision nodes, all 
patients began in the “stable” health state and then either 
stayed stable or transitioned to the “progressed” or “dead” 
health states. Patients who transitioned to the progressed 
state could stay progressed or enter the dead state but 
could not go back to the stable state. “Death” was the 
absorbing state (Supplementary Figure 1, available in online 
article). Probability of progression and mortality after pro-
gression were obtained from the fitted OS and PFS curves 
in the MONALEESA-7 trial (see Survival Curve Model Fitting 
section). Patients could also die directly from the stable 
state from background mortality estimated from 2017 life 
tables.20 The simulation continued until 360 months, when 
nearly all patients (94.7% in ribociclib arm and 99.9% in 
placebo arm) had transitioned to the dead terminal node. 

Our base-case analysis included utilities of each disease 
state and disutilities of AEs to assess effectiveness as 
QALYs. Further analyses were performed to create an LYs 
model by assessing the model without any utilities, which 
was expressed as cost per LY to determine the effect of 
utility estimates on our results. The Markov model, 1-way 
sensitivity analyses, tornado diagrams, and probabilistic 

Note: This figure shows a schematic representation of the Markov model 
with disease states and transitions between each state. In the stable state, 
ribociclib plus endocrine therapy or placebo plus endocrine therapy for 
first-line treatment of HR-positive, HER2-negative advanced breast cancer 
in pre- and perimenopausal patients. Once transitioned to the progressed 
state, switched to a subsequent therapy: chemotherapy (paclitaxel), hormonal 
therapy (fulvestrant), or palliative care.
HER2 = human epidermal growth factor receptor 2; HR = hormone receptor.

Stable

Dead

Progressed

FIGURE 1 Study Markov Model

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials20411-1612793334.pdf
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patients received from drug manufacturers.22 Any weight-
based dosing was calculated based on an average weight of 
77 kg for a healthy woman and rounded up to 80 kg due to 
an assumed 2.7 kg weight gain while in treatment for breast 
cancer.23,24 Other costs, including guideline-based man-
agement of AEs, were estimated using Current Procedural 
Terminology codes and the 2019 Clinical Laboratory Fee 
Schedule from Centers for Medicare & Medicaid Services for 
lab costs, Health Care Cost and Utilization Project for hospi-
talization costs, and the 2019 American Medical Association 
Healthcare Medical Fees Directory for physician costs.25,26 

These distributions were used to project lifetime sur-
vival curves that were then used to calculate transitional 
probabilities for each monthly cycle in our Markov model 
(Figure 2). 

COSTS AND UTILITIES
Costs were calculated for each arm to include monthly drug 
therapy, management of AEs, and other treatment-associ-
ated costs (Table 1). Average wholesale price of drug therapies 
were taken from RED BOOK Online via Micromedex and 
discounted by 16% to account for discounts and rebates 

0 100 200 300
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Overall survival - ribociclib
Overall survival - placebo
Progression-free survival - ribociclib
Progression-free survival - placebo
Projected overall survival - ribociclib
Projected overall survival - placebo
Projected progression-free survival - ribociclib
Projected progression-free survival - placebo

FIGURE 2 Projected Overall and Progression-Free Survival Curves Using Data Extrapolated from 
MONALEESA-7 for 360 Months 

Note: Projected curves for the ribociclib arm followed loglogistic distributions, while projected curves for the placebo arm followed Weibull distributions in 
accordance with best-fit distributions from Kaplan-Meier curves. Patients in the ribociclib treatment arm experienced higher rates of overall survival and 
progression-free survival. 
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Input Parameter

Drug Cost Monthly Cost Low High Reference Source

Rubociclib 600 mg × 21 days followed  
by 7 days off

13,349 10,012 16,687 22; ± 25%

Goserelin 3.6 mg on  
day 1 of each 28-day cycle

640.33 480.25 800.42 22; ± 25%

Letrozole 2.5 mg once dailya 426.42 319.81 533.02 22; ± 25%

Anastrazole 1 mg once daily 312.82 234.61 391.02 22; ± 25%

Tamoxifen 20 mg once daily 88.67 66.50 110.84 22; ± 25%

Treatment Arm Costa Monthly Cost Low High Reference Source

Ribociclib plus endocrine therapy 
(NSAID)

14.376 10,782 17,970 22, 25, 26; corresponding guidelines, ± 25%

Placebo plus endocrine therapy 1,024 768.26 1,280 22, 25, 26; corresponding guidelines, ± 25%

Subsequent Treatment Costa Monthly Cost
Weighted Cost 

(Ribociclib)
Weighted Cost 

(Placebo) Reference Source

Palliative care 2,965 975.34 874.86 42

Chemotherapy (paclitaxel) 261.71 80.08 95.53 22, 25, 26; corresponding guidelines, ± 25%

Hormonal therapy (fulvestrant) 904.06 405.02 387.84 22, 25, 26; corresponding guidelines, ± 25%

Cost of progression 11,133 – – 43

AE Cost
Weighted Cost of 

AE Treatment Low High Reference Source

Ribociclib plus endocrine therapy 16,462 12,346 20,577 22, 25, 26; corresponding guidelines, ± 25%

Placebo plus endocrine therapy 3,789 2,842 4,736 22, 25, 26; corresponding guidelines, ± 25%

Utilities for Disease States Utilities Low High Reference Source

Stable disease, base case 0.715 0.50 0.80 28, 29

Progressed disease, base case 0.443 0.41 0.69 28, 29

Utilities for AEs Utilities Low High Reference Source

Neutropenia or leukopenia  
(febrile and hospitalized)

0.33 0.25 0.41 44; ± 25%

Anemia 0.64 0.34 0.94 45; range calculated from SD

Thrombocytopenia 0.65 0.33 0.67 46

Sepsis 0.20 0.15 0.25 29; ± 25%

Hepatobiliary toxicity 0.216 0.16 0.27 36; ± 25%

Pulmonary toxicity 0.461 0.35 0.58 47; ± 25% 

QT interval prolongation 0.60 0.45 0.75 48; ± 25%

Renal toxicity 0.39 0.29 0.49 49; ± 25%

Pulmonary embolism 0.395 0.30 0.49 50; ± 25%

Note: Costs are represented in U.S. dollars.
aCosts include all treatment-associated costs, including outpatient initial visit, follow-up visits, lab draws, monitoring, follow-up imaging, and pretreatment 
regimens as applicable and recommended by treatment guidelines.
AE = adverse event; CMS = Centers for Medicare & Medicaid Services; HCUP = Healthcare Cost and Utilization Project; NSAID = nonsteroidal anti-inflammatory drug; 
SD = standard deviation.

TABLE 1 Model Input Parameters, Distribution, and Range
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due to toxicity were not included due to lack of available 
data. Utilities for stable and progressed disease states and 
disutility for grade 3/4 AEs in patients with breast cancer 
were found from literature estimates (Table 1).28,29 Both a 
disease state utility and a weighted disutility for each AE 
were included.

SENSITIVITY ANALYSES
Deterministic 1-way sensitivity and probabilistic sensitiv-
ity analyses (PSA) were performed using TreeAge software 
with varied parameters to account for uncertainty in all 
parameters. Deterministic sensitivity analyses varied cost 
parameters by a ± 25% plausible range around mean esti-
mates, while utility parameters used plausible ranges 
reported in literature (Table 1).28 For PSA, cost estimates 
were assigned gamma distributions, giving it infinity at 
the upper end and bounding it to zero at the lower end, to 
account for the high variability of cost. Disutility and utility 
estimates were assigned beta distributions, bounding it by 
1 at the upper end and 0 at the lower end, while transition 
probabilities were assigned PERT distributions.19 PSA was 
performed for 10,000 Monte Carlo simulations. 

Results

BASE-CASE COST-EFFECTIVENESS ANALYSIS 
We found that ribociclib plus endocrine therapy com-
pared with endocrine therapy alone was cost-effective at 
an ICER of $124,513 per QALY, which is less than our WTP 
threshold of $150,000 per QALY. The ribociclib arm cost 
$369,862 while the placebo arm was least costly at $63,760. 
Ribociclib had an additional life expectancy of 5.28 QALYs 

All costs were adjusted to 2019 USD using the Consumer 
Price Index, and all costs were discounted at an annual rate 
of 3% to account for time preference of costs. 

Ribociclib cost was determined using the dosing regimen 
of 600 mg administered orally once daily for 21 consecu-
tive days, followed by 7 days off, for a complete cycle of 
28 days. Patients were assumed to be on treatment of 
ribociclib or placebo until disease progression. Patients 
who progressed during MONALEESA-7 were switched to 
a subsequent therapy, including chemotherapy, hormonal 
therapy, other therapy, or a combination of the 3. Our model 
presumed these therapies to be paclitaxel, fulvestrant, and 
palliative care, respectively, based on clinical guidelines.3,27 
The cost of these subsequent therapies was weighted 
according to the percentage of patients receiving each 
subsequent therapy in MONALEESA-7. Thus, patients in the 
progressed state were switched from the cost of original 
treatment to the cost of new subsequent therapy, as done 
in MONALEESA-7. 

Costs for grade 3/4 AE management, determined by 
treatment guidelines and clinical expert assessment for 
each AE, were calculated to include treatment medications, 
diagnostic lab tests, monitoring lab tests, follow-up outpa-
tient visits, and hospitalization costs for managing the AEs. 
Costs were calculated for each individual AE and weighted 
according to the percentage of patients experiencing each 
AE. Notable AEs included hematological (neutropenia, 
anemia, and thrombocytopenia) and nonhematological 
(hepatobiliary toxicity, prolonged QT interval, pulmonary 
toxicity, renal toxicity, and sepsis; Table 1).9,14 Grade 1/2 
AEs were not included due to minimal medical services 
required and limited cost impact; data available also did 
not allow for differentiation of grade 2 from grade 1 events. 
Discontinuation, dose reduction, and delay of therapy 

Treatment
Total Cost  
(95% CI) 

Total  
Effectiveness

Incremental  
Cost

Incremental  
Effect

Annual  
ICER

QALY Model QALY QALY $/QALY

Placebo plus endocrine therapy 67,246 2.83 – – –

Ribociclib plus endocrine therapy 385,112 5.28 317,866 2.46 129,299

Life-Years Model LY LY $/LY

Placebo plus endocrine therapy 67,246 4.44 – – –

Ribociclib plus endocrine therapy 385,112 8.07 317,866 3.63 87,473

Note: Costs are represented in U.S. dollars.
CI = confidence interval; ICER = incremental cost-effectiveness ratio; LY = life-year; QALY = quality-adjusted life-year.

Summary of Cost-Effectiveness of Ribociclib plus Endocrine Therapy and Placebo plus Endocrine  
Therapy as First-Line Treatment of HR-Positive, HER2-Negative Advanced Breast Cancer in  
Pre- and Perimenopausal Patients

TABLE 2
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ribociclib remained cost-effective 
until a utility of 0.61 for the stable 
disease state (14.7% lower). A utility 
of 0.61 is a possible utility for patients 
experiencing stable advanced breast 
cancer, though lower on the plau-
sible range.28 Unlike the stable state, 
utility of the progressed state was 
not as effective, with no change in 
cost-effectiveness when changed in 
a plausible range from 0.41 to 0.69.28 
Despite common and notable AEs, 
including neutropenia and sepsis, cost 
and disutility of AEs did not cause a 
remarkable effect on the ICER. Utility 
of both stable and progressed disease 
states and cost of progression and 
treatment were significantly more 
effective than cost or disutility of 
AEs. No other disutility or utility value 
besides stable disease state utility 
caused the ICER to become not cost-
effective, likely due to the extended 
amount of time the ribociclib group 
spent in the stable state compared 
with the placebo group.

The acceptability curve (Figure 3) 
indicated that treatment with riboci-
clib does not become cost-effective 
over endocrine therapy alone until 
a WTP threshold of $54,000 per 
QALY is reached. Given a WTP of 
$150,000, ribociclib was cost-effective 
for 71.7% of all iterations, indicating 
strong robustness in our results. By 
a WTP threshold of $200,000, ribo-
ciclib was cost-effective for 95.5% of 
all iterations. Thus, with increasing 
acceptable WTP thresholds for cancer 
therapies, ribociclib plus endocrine 
therapy became more cost-effective, 
while endocrine therapy alone became 
less cost-effective.

Discussion
Based on our CEA and a WTP thresh-
old of $150,000 per QALY, ribociclib 
plus endocrine therapy is cost-effec-
tive when compared with placebo 
plus endocrine therapy for first-line 

disease (0.715). The tornado diagram 
shows that these 2 variables alone 
accounted for 98.2 % of the variability 
in our model (Supplementary Figure 
2, available in online article). A ± 25% 
change in cost of ribociclib led to a 
± 26.4% change in the base-case ICER; 
ribociclib was still cost-effective up 
to a monthly cost of $16,600 (15.5% 
higher). The LYs model indicated that 
ribociclib was cost-effective up to an 
even higher monthly cost of $24,150 
(68.0% higher). 

Increasing the utility of the stable 
disease state from 0.715 to a high 
input of 0.8 from reported litera-
ture decreased the ICER by 10.0%, 
as patients experienced higher util-
ity and effectiveness when surviving 
longer on ribociclib; decreasing the 
utility from 0.715 to a low input of 
0.5 increased the ICER by 39.2%.28 
Threshold analyses indicated that 

while placebo life expectancy was 2.46 
QALYs shorter (2.86 QALYs). When util-
ities were excluded from our model, 
the ribociclib arm was associated with 
8 LYs as compared with only 4.4 LYs for 
the placebo arm, leading to an ICER of 
$84,236 per LY saved. In the life-year 
model, ribociclib plus endocrine ther-
apy provided an additional 3.63 LYs 
with an incremental cost of $306,102 
as compared with placebo plus endo-
crine therapy (Table 2).

SENSITIVITY ANALYSES
To determine which variables were 
most influential, 1-way sensitivity and 
threshold analyses were performed 
on all variables within the base-case 
QALYs model and LYs model excluding 
utilities. Given plausible ranges, only 
2 variables affected ribociclib cost-
effectiveness: ribociclib cost (mean 
$14,376/month) and utility of stable 
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FIGURE 3 WTP Acceptability Curve from Probabilistic  
Sensitivity Analysis
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Note: Ribociclib was not a viable option until a WTP threshold of $54,000/QALY and was cost-effective for 
71.7% of Monte Carlo simulations at a WTP of $150,000. All costs are represented in U.S. dollars.
QALY = quality-adjusted life-year; WTP = willingness to pay.

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials20411-1612793334.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials20411-1612793334.pdf
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As the availability of generic versions and rebates occur, 
ribociclib will continue to be more cost-effective.

Our model could not include costs of discontinuation 
and dose reduction from toxicity due to lack of available 
data from the clinical trial. Dose reduction, in particular, 
raises concerns for drug wastage since alternative CDK4/6 
inhibitors like palbociclib have significant drug wastage 
costs of $1,124 per patient per year from dose changes. 
This limitation is not applicable to ribociclib since prior 
studies indicated that dose reductions in ribociclib resulted 
in $0  drug wastage since unused tablets could be used 
in future treatment cycles.33 In fact, for postmenopausal 
patients in MONALEESA-2, a dose reduction in ribociclib 
resulted in decreased costs per month of PFS gained.34 

Similar reductions in cost for pre- and perimenopausal 
patients requiring dose adjustments could also be expected 
due to the reusability of unused tablets.

For utility, the model potentially underestimated the 
effect of progressed state utility since tornado analyses 
were only run from 0.41 to 0.69, while base value was 0.443 
due to ranges given in literature.28 However, even when 
progressed utility was reduced to 0, ribociclib remained 
cost-effective, indicating that it was not effective in our 
model. This is attributable to patients spending most of 
their time in the stable state. Once progressed, patients 
quickly proceeded to the dead state. Patients in the pro-
gressed state never exceeded 12.8% in the ribociclib group 
or 19.4% in the placebo group in any 1 given cycle.

In contrast, patients in both arms spent the most time 
in the stable state, and the most significant difference 
was that the ribociclib group had more patients remaining 
stable. In the ribociclib arm, 56.6% of patients remained 
stable versus 41.2% patients in the placebo arm by month 
40, while the percentage of patients in the progressed state 
was more equivalent at 12.3% versus 16.4%, respectively. 
By month 150, 13.6% of patients remained stable in the 
ribociclib group versus only 0.1% patients remained stable 
in the placebo group, indicating that patients in the ribo-
ciclib group remained stable for significantly longer. Thus, 
MONALEESA-7's PFS rate and difference between stable 
groups were a larger driving force of ribociclib’s effective-
ness than that for patients who had progressed.

There are concerns that MONALEESA-7’s results are not 
generalizable since it was a multinational trial that showed 
most favorable results in Asia, weakly beneficial results in 
North America, and only 3% of its participants were black.10 
This weaker benefit in non-Asian patients has also been 
reflected in previous clinical trials such as MONALEESA-2.11 
Thus, we recognize that non-Asian patients may not see 
utility and, consequently, cost-effectiveness results as 
strongly favorable as those described in this CEA. However, 

treatment of HR-positive, HER2-negative advanced breast 
cancer in pre- or perimenopausal patients, with an ICER of 
$124,513 per QALY. Some analysts indicate that there should 
be variation across disease types, especially for oncology 
drugs, and a WTP threshold of $200,000-$300,000 per 
QALY would be more reasonable due to increases in health 
care spending over time and subsequent health gains.5 We 
preferred a more conservative and widely accepted esti-
mate of $150,000 per QALY. If a WTP of $100,000 is used, 
then the cost of ribociclib would have to be reduced by 
21.5% to approximately $11,300 per cycle in order for riboci-
clib to remain cost-effective. 

Previous studies have suggested that cost-effectiveness 
seemed unlikely due to high cost. Niraula (2018) calculated 
that ribociclib would cost $1.92 million to prevent 1 PFS 
event, causing potential financial toxicity.30 This high 
cost is partly due to the long exposure to ribociclib (23.8 
months) before PFS events, due to its effectiveness.10 
Previous studies have also found ribociclib plus letrozole 
cost-effective versus letrozole alone in postmenopausal 
women despite the $1.76 million indicated to prevent 1 
PFS.30,31 Niraula also argued that the addition of CDK4/6 
inhibitors could cause financial toxicity due to lack of 
OS improvements and require infinite cost to prevent 
1 death.30 However, ribociclib has since shown signifi-
cant improvements in OS, and our results indicate that 
ribociclib can still be cost-effective despite its high cost 
burden.14 Nonetheless, the incredible cost burden must be 
acknowledged considering that it is an optional addition to 
first-line treatment with endocrine therapy.

For cost variables, 1-way sensitivity and tornado analyses 
indicated that the ICER was most sensitive to the total drug 
cost of ribociclib. Ribociclib plus endocrine therapy is natu-
rally more expensive than endocrine therapy alone due to 
inclusion of ribociclib, extensive monitoring of lab results, 
and treatment guidelines surrounding ribociclib.9 Given 
$211.89 per 200 mg tablet, a 28-day course of treatment 
with ribociclib, (21 days of oral 600 mg ribociclib plus 7 days 
off) amounted to approximately $13,349 per month for 
drugs alone.32 This amount was added to endocrine therapy 
(goserelin plus tamoxifen, anastrozole, or letrozole), which 
ranged from $729.00-$1,267 per month. Thus, endocrine 
therapy with ribociclib cost 10.5 times more than the most 
expensive endocrine therapy (letrozole plus goserelin). 
Treatment-associated costs were an additional $701.28 per 
month without accounting for follow-up outpatient visits. 
Due to the significant monthly cost of ribociclib, the ICER 
was heavily influenced by the total drug cost. However, 
threshold analysis indicated that the monthly drug cost 
could increase up to 23.1% higher and still be cost-effective. 
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these findings, it is reasonable to assume that adherence 
issues outside of an RCT setting would lower the cost-
effectiveness of ribociclib if its adherence is lower than that 
of the control group.

While ribociclib has 2 competitors, palbociclib and 
abemaciclib, our study did not include direct comparisons 
since there are no comparable clinical trials among the 
3 treatments. While both competitors had clinical trials 
conducted in pre- and perimenopausal women (PALOMA-3 
and MONARCH-2), they studied previous heavily treated 
women, requiring their endocrine therapy to be fulves-
trant unlike MONALEESA-7.39,40 Thus, the studies did not 
have equivalent background treatments suitable even for 
indirect comparisons across these trials.4,41 Future com-
parable studies on the use of palbociclib/abemaciclib plus 
aromatase inhibitors in pre- or perimenopausal women are 
needed before determining which CDK4/6 inhibitor is most 
cost-effective. 

LIMITATIONS
Our model has limitations worth mentioning, since it 
required several assumptions based on limitations of the 
clinical trial (MONALEESA-7). First, when denoting utili-
ties, each patient had a chance to experience all AEs once, 
regardless of length of drug treatment. This could be 
an underestimation of AE frequency since some events 
could occur more than once, but there was no certainty 
in whether these events were allowed to occur more than 
once in MONALEESA-7 before treatment discontinuation. 
We estimated the cost of each AE treatment based on the 
expected time in each disease state. For example, neutro-
penia was estimated to receive treatment for 4 days only. 
Therefore, we believe we did a fair estimation of AE costs 
and utilities, given the available data.

Second, MONALEESA-7 did not specify time of drug treat-
ment discontinuations for reasons other than progression, 
making it difficult to determine if such discontinuations 
occurred early in treatment for some or most patients or 
if this was at a constant rate. Since discontinuation rate 
for reasons other than progression only amounted to 
12.9%-14.2% of total discontinuations, these possible earlier 
discontinuations were not accounted for in the model. 
Moreover, when patients did discontinue treatment due to 
progression, assumptions were made on their subsequent 
therapy based on guidelines rather than exact data from the 
clinical trial patient experience, which was not available. We 
also assumed patients receiving “other therapy” received 
palliative care due to the nature of advanced cancer.14 

Despite these weaknesses, our model was robust to 
most variables in our sensitivity analysis. Additionally, our 
probabilistic sensitivity analysis showed strong stability 

we expect to see some favorable results due to the robust 
results and general benefit seen in non-Asian patients. 
Future studies can benefit from research published after 
the completion of our analysis, which compared the QOL of 
each treatment group over time within the MONALEESA-7 
trial using the Quality of Life Questionnaire Core 30, 
a health-related QOL measure.35 Although these results 
cannot be used directly in a CEA study because they are 
not utilities, their results can be mapped to the EuroQol-5 
Dimension to obtain utilities within a CEA. Although our 
utilities are reflective of the QOL advantages of treatment 
with ribociclib plus endocrine therapy, and we would not 
expect a different CEA decision, future studies should map 
and use their detailed QOL assessments. 

Compared with utility of disease states, disutility of 
AEs played a lesser role in ribociclib’s cost-effectiveness. 
Although ribociclib yielded remarkable improvements in 
OS, we expected treatment AEs to be a significant burden 
for patients. In addition to neutropenia at 63.5%, 4.8% 
of participants experienced sepsis in the ribociclib arm 
compared with 2.4% in the placebo arm, which had a utility 
of 0.2 in patients with breast cancer.14,29 Grade 3/4 hepato-
biliary toxicity was experienced in 11% of patients treated 
with ribociclib versus 6.8% treated with placebo, which 
had a utility of 0.216.14,36 These numbers indicated that 
patients were likely to experience substantially decreased 
utility due to both the prevalence and severity of these AEs. 
However, sensitivity analyses showed that both cost and 
disutility of AE had little effect on the ICER. This could be 
because patients only experienced AEs for brief periods of 
time (i.e., 4 days for neutropenia), and AE detriments were 
significantly outweighed by improvements in survival and 
prolongation of stable disease states. 

Adherence is typically assumed to be near 100% in a 
randomized control trial (RCT) setting unless stated other-
wise. However, a study on real-world clinical and economic 
outcomes of palbociclib indicated growing evidence of 
suboptimal effectiveness of oral anticancer medications 
(OAMs) due to significant low patient adherence, adverse 
effect profiles, and sociodemographic factors.37 Although 
the study evaluated palbociclib, these findings can be 
applied equally to other CKD4/6 inhibitors. Adherence 
issues due to toxicity or other factors can lead to lower 
survival rates, increased risk of recurrence, and higher 
health care costs. Psychosocial factors, such as depression, 
side effect concerns, and race and geographical differences, 
also have significant influences on patient adherence to 
OAMs.38 Thus, medication management is highly important 
for patients on OAMs due to narrow therapeutic ranges 
and safety margins associated with these drugs.37 Given 
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of the cost-effectiveness of ribociclib 
within our WTP, demonstrating it was 
cost-effective 71.7% of the time. 

Conclusions
This CEA demonstrates that riboci-
clib plus endocrine therapy is more 
cost-effective compared with endo-
crine therapy alone. This analysis 
provides important value-based 
information for indication-specific 
pricing of treatments and is useful 
for clinicians and managed care spe-
cialists considering whether to add 
ribociclib to endocrine therapy or 
formulary. Endocrine therapy alone 
is still a first-line treatment accord-
ing to ASCO guidelines, and decision 
makers may be deterred from adding 
ribociclib when considering the addi-
tional cost and significant AEs.3 

The results of this CEA lend some 
support for the addition of ribociclib 
to conventional endocrine therapies 
for pre- and perimenopausal women. 
Ribociclib’s cost-effectiveness is 
mainly influenced by current drug 
costs and our assumptions about util-
ity of stable disease while on drug 
treatment. Although the cost of ribo-
ciclib and its competitors may change 
in the future due to further competi-
tion and potential FDA approval of 
newer CDK4/6 inhibitors, this study 
can support decision makers in the 
meantime. 
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