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Background: Hormone receptor-positive (HR+) and human epidermal growth factor receptor-2 negative 
(HER2−) breast cancer is the most common molecular subtype of breast cancer in many countries, and 
endocrine therapy remains a mainstay in its treatment. Cyclin-dependent kinase (CDK) 4/6 inhibitors are 
a new class of targeted agents administered orally that are recommended being used in combination with 
endocrine therapy as first and second line treatments for advanced HR+/HER2− breast cancer. However, 
their high prices largely hinder using these drugs in real world settings. To offer a new basis for future 
research, we investigated the cost-effectiveness of combinations of CDK4/6 inhibitors with endocrine 
therapy in the treatment of advanced HR+/HER2− breast cancer. 
Methods: We systematically searched several frequently used databases and identified economic evaluations 
published from February 2015 to April 2021. The systematic review was performed after retrieving the 
literatures and extracting data based on inclusion and exclusion criteria. The quality of each selected economic 
evaluation was assessed by the Consolidated Health Economic Evaluation Reporting Standards (CHEERS). 
Results: The literature search yielded 161 articles, among which fourteen studies (15 articles) with 
CHEER scores ranging from 58.33% to 87.50% entered the final analysis. Markov models were used in 
most studies. Based on the currently available data, CDK4/6 inhibitors plus endocrine therapy were less cost-
effective in first- or second-line treatment of patients with HR+/HER2− advanced breast cancer. However, 
ribociclib plus letrozole was more cost-effective than palbociclib plus letrozole in the first-line treatment 
of postmenopausal women. The economic impacts of CDK4/6 inhibitors plus endocrine therapy in non-
postmenopausal patients or second-line therapy cannot be fully evaluated due to the limited number of 
studies. The three most common factors affecting economic outcomes were the prices of CDK4/6 inhibitors, 
hazard ratios for progression-free survival and overall survival, and health status utility values. 
Discussion: CDK4/6 inhibitors plus endocrine therapy have shown significantly improved efficacy 
outcomes in HR+/HER2− metastatic breast cancer (mBC)/advancer breast cancer (ABC) first-line and 
second-line treatment for endocrine-sensitive and endocrine-resistant populations, while more potential 
fields including neoadjuvant and adjuvant settings are being identified to benefit a wider range of breast 
cancer patients. Meanwhile, risk of severe adverse events that more likely to happen in patients treated with 
CDK4/6 inhibitors can lead to reduced life quality and higher medical costs patients need to afford. The 
adverse drug reaction related cost in several economic burden studies were explored to be primarily driven 
by hospitalizations and outpatient, and assessment of cost associated with CDK4/6 inhibitors adverse events 
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Introduction

According to the latest global cancer burden data released 
by the World Health Organization’s International Agency 
for Research on Cancer, the number of new breast cancer 
(BC) cases was 2.26 million in 2020, which means BC 
was the most prevalent cancer worldwide (1). Hormone 
receptor-positive (HR+) and human epidermal growth 
factor receptor-2 negative (HER2−) breast cancer is the 
most common molecular subtype of breast cancer in many 
countries (2), and endocrine therapy remains a mainstay 
in its treatment. The prognosis of patients with advanced 
HR+/HER2− breast cancer usually depends on the 
sensitivity to endocrine therapy (SET), and patients with 
resistance to endocrine therapy often have a poor prognosis 
after disease progression due to insufficient effective 
treatment strategies (3). New therapeutic agents are being 
developed to prolong the survival of such patients, among 
which the cyclin-dependent kinase inhibitors (CDKi), a 
group of novel orally-administered targeted drugs, have 
become a global research hotspot in recent years.

Cyclin-dependent kinases (CDKs) are serine/threonine 
kinases that bind to cyclin to control the whole cell cycle, 
and they are regarded as key regulatory enzymes through 
the cell cycle (4). Overexpression of functional mutations 
of CDKs and cyclins, and deletion or dysfunction of CDK 
inhibitory factors can lead to dysregulation of CDK activity, 
which in turn can cause a disordered cell cycle and lead 
to malignant tumors (5). Therefore, CDK inhibitors have 
been considered novel agents for cancer therapy. Three 
generations of CDK inhibitors have been developed up to 
now, and among them the first two generations of CDK 
inhibitors could not be clinically applied due to their poor 
selectivity against CDK and high toxicity. The third-
generation of CDK inhibitors can specifically inhibit 
CDK4/6 targets and become the first kind of selective CDK 
inhibitors licensed for clinical use (6). The mechanism 

of CDK4/6 inhibitors is to inhibit the phosphorylation 
of tumor suppressor retinoblastoma protein (Rb) by 
preventing CDK4/6 from binding to cyclinD. Further, 
these drugs inhibit the expression of the Rb-mediated 
transcriptional elongation factor (E2F) family, preventing 
cells from proliferating through the G1/S checkpoint (7,8). 
The CDK4/6-Rb axis plays an extraordinarily important 
role in ER+ breast cancer, where the binding of estrogen 
to the estrogen receptor promotes cyclinD1 transcription, 
activating Rb phosphorylation and CDK4/6 to complete the 
entire cell cycle (9). It has been reported that overexpression 
of cyclinD1 was observed in approximately 50% of breast 
cancer cases (8,10). Therefore, CDK4/6 inhibitors plus 
endocrine therapy have shown satisfactory efficacy in 
patients with advanced HR+ breast cancer by inhibiting 
cyclinD1 and CDK4/6. Clinical trials have demonstrated 
that CDK4/6 inhibitors did significantly improve survivals 
in these patients.

CDK4/6 inhibitors plus endocrine therapy are primarily 
indicated for advanced breast cancer (ABC) or metastatic 
breast cancer (mBC) as target population (11). In 2018, 
palbociclib was approved by the Chinese National Medical 
Products Administration (NMPA) for treating HR+/HER2− 
ABC/mBC. In 2020, abemaciclib was approved for treating 
HR+/HER2− ABC/mBC. The combination of CDK4/6 
inhibitors with endocrine therapy was also included in the 
Chinese Society of Clinical Oncology (CSCO) guidelines as 
a treatment recommendation for such patients, confirming 
the effectiveness of CDK4/6 inhibitor regimens. At present, 
CDK4/6 inhibitors have not been approved into the 
Catalogue of Drugs for Basic National Medical Insurance, 
so that patients have to afford CDK4/6 inhibitors at their 
own expenses completely. Even with the support of some 
social charity projects, most Chinese patients are still under 
great pressure on large expenses, which hinders using these 
drugs in real-world settings to a great extent. Therefore, 

is worth further developing. Drug wastage costs were found higher in palbociclib regimen than ribociclib 
regimen due to different dosing patterns. Moreover, current economic evaluations showed that ribociclib 
plus letrozole had better economic benefits than palbociclib plus letrozole for first-line treatment of 
postmenopausal women with HR+/HER2− ABC.
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economic evaluations of CDK4/6 inhibitors plus endocrine 
therapy are urgently required in order to find better 
therapy regimens and provide evidences for government 
health insurance decision-making. Here we systematically 
reviewed the pharmacoeconomic evaluations of CDK4/6 
inhibitors plus endocrine therapy in Chinese- and English-
language literatures, to clarify the economic properties of 
the combinations of CDK4/6 inhibitors with endocrine 
therapy in treating advanced HR+/HER2− breast cancer 
and offer a new basis for subsequent economic researches. 
We presented the following article in accordance with 
the PRISMA reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-5110/rc).

Methods

Literature search

We systematically searched Chinese-language databases 
including China National Knowledge Infrastructure, 
Wanfang Database, and CQVIP, and English-language 
databases including PubMed, ScienceDirect, and Web of 
Science by using Chinese and English keywords or subject 
words including CDK4/6 inhibitor, advanced breast cancer, 
palbociclib, ribociclib, abemaciclib, pharmacoeconomics, 
economic evaluation, cost, cost-effectiveness, cost-benefit, 
and cost-utility. Since the first CDK4/6 inhibitor palbociclib 
was marketed in the United States in February 2015, the 
search period was set from February 2015 to April 2021.

Inclusion and exclusion criteria 

Inclusion criteria
The inclusion criteria included: (I) the subjects were 
patients with advanced HR+/HER2− breast cancer; (II) 
the intervention regimens included a CDK4/6 inhibitor; 
(III) the outcome indicators included cost, life-years (LYs), 
quality-adjusted life-years (QALYs), incremental cost-
effectiveness ratio (ICER), and incremental cost-utility ratio 
(ICUR); and (IV) the study type was pharmacoeconomic 
evaluation through the modeling-based approach.

Exclusion criteria
The exclusion criteria were: (I) articles only with 
abstract but without access to the full text; (II) reviews 
or commentaries; (III) literatures with incomplete or 
erroneous data; (IV) duplicate publications; (V) literatures 

published in languages other than Chinese or English; (VI) 
literatures that do not specify outcome indicators; (VII) 
literatures containing only cost analysis or budget impact 
analysis; (VIII) literatures that analyze only the efficacy or 
pharmacological effects of CDK4/6 inhibitors.

Data extraction

The extracted data included: (I) author(s) and year of 
publication; (II) country; (III) study perspective; (IV) target 
population; (V) type of study; (VI) time horizon; (VII) 
discount rate; (VIII) evaluation model; (IX) intervention 
regimen; (X) control regimen; (XI) cost type; (XII) outcome 
measures; (XIII) ICER and ICUR; (XIV) willingness to 
pay (WTP) threshold; (XV) sensitivity analysis; (XVI) 
conclusions.

Quality evaluation of the articles

The quality of the included studies was evaluated by the 
Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) (12,13), which focuses on six aspects 
of a pharmacoeconomic evaluation report: title and abstract, 
introduction (background and objective), methods, results, 
discussion, and others (funding sources and conflicts of 
interest). Each item was scored following the compliance 
with the CHEERS (full compliance =1, partial compliance 
=0.5, and non-compliance =0). The total score of the report 
was calculated using the following formula: total score = 
sum of the actual scores of all items/sum of all items when 
fully complied with ×100. The quality of a report was 
regarded as high if the total score was ≥85%, relatively high 
if 70–85%, medium if 55–70%, and low if <55% (14).

Results

Results of literature search and quality of the included 
literature

After a comprehensive search based on the inclusion 
and exclusion criteria, a total of 15 articles (15-29) were 
included. Because the study by Matter-Walstra et al. was 
published as two articles (one with revised results) (21,22), 
14 studies entered the final analysis. The flowchart of article 
searching and screening is shown in Figure 1. The CHEERs 
scores of these 14 studies ranged from 58.33% to 87.50%, 
suggesting these studies were of medium to high quality.

https://atm.amegroups.com/article/view/10.21037/atm-21-5110/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-5110/rc
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Figure 1 Flow chart of screening studies. 

Records screened (n=161)

Records identified from China National 
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Wanfang Database (n=1), CQVIP (n=0), 
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Identification of studies via databases and registers

Reports sought for retrieval (n=93)

Reports assessed for eligibility (n=61)

Studies included in review (n=15)

Records excluded: duplicated (n=68)

Reports not retrieved: not directly 
relevant to CDK4/6 inhibitors 
economic evaluation (n=32)

Reports excluded:
Review (n=16)
Abstract (n=16)
Only efficacy (n=3)
Only cost (n=6)
Non-modeling approach (n=3)
Without outcome (n=1)
Non-English or -Chinese (n=1)

Basic features of the enrolled studies

The years of publication of the included studies ranged 
from 2016 to 2021. Eight studies were conducted in the 
United States (18,20,23,25-29), 3 in China (24,26,28), 
and 1 each in Spain (15), the United Kingdom (16),  
Singapore (19), Canada (17), and Switzerland (21,22). One 
of the 14 studies did not describe the study perspective (25),  
4  s t u d i e s  a d o p t e d  a  h e a l t h  s y s t e m  p e r s p e c t i v e 
(15,19,21,22,24), 6 studies used a health insurance payer 
perspective (17,18,23,26,27,29), 1 study used a society-wide 
perspective (20), and 2 studies used both a health system 
perspective and a health insurance payer perspective (16,28). 
Study types included cost-effectiveness analysis (CEA) and/
or cost-utility analysis (CUA).

Target populations in all studies were HR+/HER2− 

ABC. With poor disease progression and physical 
condition, these patients were eligible for CDK4/6 
inhibitor treatment. One of these 14 studies did not report 
on the menopausal status of the target population (26), 
three studies were conducted in non-postmenopausal 
patients (19,27,28), and the remaining 10 studies evaluated 
the cost-effectiveness of using CDK4/6 inhibitors 
plus endocrine therapy in postmenopausal women  
(15-18,20-25,29). In terms of treatment line, two studies 
did not report the treatment line (18,25), and only 
three studies assessed the cost-effectiveness of CDK4/6 
inhibitors plus endocrine therapy for second-line 
treatment in target populations (20,26,29).

Since all included studies were pharmacoeconomic 
evaluations through a modeling-based approach, the study 
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time horizon was generally as long as possible to simulate 
long-term outcomes in the target population after receiving 
the intervention. Only three of the included studies 
explained the reason for selecting their study time horizon, 
all of which were sufficiently long to capture most survival 
events in the target patients (15,17,19). Eight studies chose 
specific periods, including 10 years (18,19,26,29), 15 years 
(15,17), and 40 years (16,23), as time horizons, while six 
studies used full lifetime to simulate the costs and health 
outputs of patients following using CDK4/6 inhibitors 
(20-22,24,25,27,28). Most studies consistently discounted 
the costs and health outcomes consistently at 3% or 5% 
(15,17-20,23-29), except for one study that did not report a 
discount rate (16) and one study that used both 3% and 6% 
discount rates for costs and health outputs (21,22).

The basic information of the included studies is 
summarized in Table 1.

Results of economic evaluations

The results of economic evaluations are summarized in 
Table 2.

Evaluation models
Breast cancer is a chronic disease that usually involves 
multiple survival states, including progression-free 
survival (PFS) (partial remission and complete remission), 
progression-disease survival, and death. Model analysis is 
more suitable for the complete simulation of breast cancer 
patients’ costs and health outcomes throughout their life 
cycle. Four of the included studies used partitioned survival 
models (15,16,19,23), three used discrete event simulation 
models (17,20,24), and seven used Markov models 
(18,21,22,25-29). Markov model fits to chronic diseases, 
which is one of the basic models in economic evaluations 
of cancer field. However, since the Markov model exhibits 
certain disadvantages, including the complexity to calculate 
the transition probability, presence of multiple hypothetical 
events, and deviation from the real-world treatment, the 
partitioned survival model and discrete event simulation 
model are more suitable for the economic evaluation of 
metastatic tumors with more transitions in survival status.

Intervention regimens versus control regimens
The 14 included studies involved two comparisons: 
comparisons between CDK4/6 inhibitors plus endocrine 
therapy and endocrine therapy alone; and comparisons 
between different combinations of CDK4/6 inhibitors with 

endocrine therapy. The former included 12 studies, with 
the control regimens mainly including letrozole (17,20-25), 
fulvestrant (18,20,26,29), and combinations with endocrine 
therapy (19,27,28). The latter included three studies 
(15,16,23) comparing the cost-effectiveness differences 
between ribociclib plus letrozole and palbociclib plus 
letrozole. No literature has evaluated the economic aspects 
of abemaciclib.

Cost types and outcome measures
The cost types of all studies were direct medical costs, 
which mainly included costs related to medications, adverse 
reactions management, medical tests, and supportive care 
after disease progression, in line with the study perspective 
of most studies. However, one study based on a society-
wide perspective did not consider direct non-medical costs 
and indirect costs when calculating the costs (20). CUA was 
adopted in all included studies, with the outcome indicators 
including cost, QALYs, and incremental cost-to-utility ratio 
(ICUR). CEA was also used in some articles for economic 
evaluation (15,18,19,24,26-28), with the outcome indicators 
including cost, LYs, and incremental cost-to-effect ratio 
(ICER). All studies judged whether CDK4/6 inhibitors 
had clear economic benefits by comparing willingness-to-
pay (WTP) thresholds [delineated according to national 
guidelines for economic evaluation and gross domestic 
product (GDP) per capita] with ICUR.

Results of basic evaluation of cost-effectiveness
The main conclusions from the 13 foreign studies were as 
follows: (I) CDK4/6 inhibitors plus endocrine therapy for 
first- or second-line treatment of patients with HR+/HER2− 
ABC are less likely to be cost-effective from the society-
wide, health care system, and health care payer perspectives 
(17-23,25,26,28,29). Only the study by Le et al. concluded 
that when used as the first-line treatment of HR+/HER2− 
ABC in premenopausal and perimenopausal women, 
ribociclib plus endocrine therapy was more economically 
advantageous compared with endocrine therapy alone from 
the perspective of US health insurance payer (27). The 
economic advantage of a specific intervention regimen 
depends on various factors, including the type of CDK4/6 
inhibitor, drug price, threshold setting, GDP per capita, 
and health care system. However, economically, CDK4/6 
inhibitor plus endocrine therapy is unlikely to replace 
conventional endocrine therapy. (II) All the three studies 
evaluating the economic benefits among different CDK4/6 
inhibitors concluded that ribociclib plus letrozole was more 
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Table 2 Economic evaluation results of the included studies

Author(s) 
and year of 
publication

Evaluation 
model

Intervention 
regimen

Control 
regimen

Cost type Outcome measures ICER ICUR
Willingness-to-pay 

threshold
Sensitivity analysis Conclusions

Galve-Calvo 
et al. (15), 
2018

Partitioned 
survival model

Ribociclib plus 
letrozole

Palbociclib 
plus 

letrozole

Direct medical costs; 
incremental cost: €439.86

LYs: incremental effectiveness: 0.437 LYs; QALY: 
incremental effectiveness: 0.285 QALYs

€1,007.69/LY; €1,543.62/QALY €20,000–30,000/QALY DSA: key drivers: parametric distribution 
of PFS and OS, prices of ribociclib and 

palbociclib, and time frame
PSA

The ribociclib regimen is cost-effective

Suri et al. (16), 
2019

Partitioned 
survival model

Ribociclib plus 
letrozole

Palbociclib 
plus 

letrozole

Direct medical costs; 
incremental cost: −£8,464

QALYs: incremental effectiveness: 0.261 QALYs −£32,429.12/QALY £30,000/QALY DSA: key drivers: HR of PFS and OS for 
palbociclib regimen and ribociclib regimens 
compared to letrozole alone; discount rate

PSA

The ribociclib regimen is a preferred regimen

Raphael et al. 
(17), 2017

Discrete event 
simulation 

model

Palbociclib 
plus letrozole

Letrozole Direct medical costs;
Incremental cost: $161,507.58

QALYs: incremental effectiveness: 14.68 QALMs $10,999.16/QALM $4,167/QALM 
($50,000/QALY)

PSA The palbociclib regimen is not cost-effective

Yang et al. 
(18), 2020

Markov model Ribociclib + 
fulvestrant

Fulvestrant Direct medical costs; 
incremental cost: $382,172

LYs: incremental effectiveness: 0.65Lys; QALYs: 
incremental effectiveness: 0.47 QALYs

$587,956/LY; $813,132/QALY $150,000/QALY DSA: key drivers: utility value of PFS status 
and price of ribociclib

PSA

The ribociclib regimen is not cost-effective

Loke et al. 
(19), 2021

Partitioned 
survival model

Ribociclib + 
endocrine 
therapy

Endocrine 
therapy

Direct medical costs; 
incremental cost: SGD90,470

LYs: incremental effectiveness: 0.6323 LYs;  
QALYs: incremental effectiveness: 0.4577 QALYs

SGD143,080/LY; SGD197,667/QALY SGD100,000/QALY DSA: key drivers: utility value of PFS status 
and price of ribociclib

PSA

The ribociclib regimen is not cost-effective

Mamiya et al. 
(20), 2017

Discrete event 
simulation 

model

Palbociclib 
plus letrozole; 
palbociclib + 
fulvestrant

Letrozole; 
fulvestrant

Direct medical costs; 
incremental cost: $244,326 

(first-line), $114,591  
(second-line)

QALYs: incremental effectiveness: 0.32 QALY (first-
line); 0.12 QALY (second-line)

$768,498/QALY (first-line); $918,166/
QALY (second-line)

$100,000/QALY DSA: key drivers: utility value of each health 
state, probability of choosing chemotherapy 

as post-progression treatment, price of 
palbociclib, and discount rate

PSA

All the palbociclib regimens are not cost-
effective

Matter-
Walstra et al. 
(21,22), 2016-
2017

Markov model Palbociclib 
plus letrozole

Letrozole Direct medical costs; 
incremental costs: CHF342,440 
(pre-revision), and post-revision 

results not reported

QALYs: incremental effectiveness: 1.14 QALYs 
(pre-revision), and post-revision results not 

reported

CHF301,227/QALY (pre-revision); 
CHF137,063/QALY

CHF100,000/QALY DSA: key drivers: utility values of PFS state 
and HR of PFS and OS for palbociclib 

regimen versus letrozole alone
PSA

The palbociclib regimen is not cost-effective

Mistry et al. 
(23), 2018

Partitioned 
survival model

Ribociclib plus 
letrozole

Letrozole; 
palbociclib 

plus 
letrozole

Direct medical costs; 
incremental cost: $144,915 

(letrozole), −$43,037 
(palbociclib + letrozole)

QALYs: incremental effectiveness: 0.689 QALYs 
(letrozole), 0.086 QALYs (palbociclib + letrozole)

$210,369/QALY (letrozole), −$500,430 
(palbociclib + letrozole)

$5,000–200,000/QALY DSA: key drivers: HR of PFS and OS for 
palbociclib regimen and ribociclib regimen 

versus letrozole alone, cost of PD state, 
the utility value of disease response, and 

discount rate
PSA

Ribociclib regimen is not cost-effective 
compared to letrozole alone but is superior to 

the palbociclib regimen

Wan et al. 
(24), 2019

Discrete event 
simulation 

model

Ribociclib plus 
letrozole

Letrozole Direct medical costs; 
incremental cost: $10,881 
(China), $23,935 (Beijing)

LYs: incremental effectiveness: 0.631 LYs; QALYs: 
incremental effectiveness: 0.451 QALYs

$17,224/LY (China), $37,932/LY 
(Beijing), $24,126/QALY (China), 

$53,071 (Beijing)

$24,360/QALY (China), 
$53,384/QALY 

(Beijing)

PSA When RIB costs less than $721 or $1,170 per 
4 weeks, there was a nearly 90% likelihood 

that the RIB regimen is cost-effective 
(threshold: $24,360/QALY or $53,384/QALY, 

respectively)

Zhang et al. 
(25), 2019

Markov model Palbociclib 
plus letrozole; 
ribociclib plus 

letrozole

Letrozole Direct medical costs; 
incremental cost: $304,510 

(palbociclib), $378,335 
(ribociclib)

QALYs: incremental effectiveness: 0.48 QALYs 
(palbociclib); 0.86 QALYs (ribociclib)

$634,396/QALY (palbociclib); 
$439,924/QALY (ribociclib)

$100,000/QALY DSA: key drivers: HR for death and 
progression in palbociclib regimen group 
and letrozole alone group and prices of 

palbociclib and ribociclib

The ribociclib and palbociclib regimens are 
not cost-effective compared with letrozole 

alone

Zhang et al. 
(26), 2019

Markov model Palbociclib + 
fulvestrant

Fulvestrant Direct medical costs; 
incremental cost: $277,504 

(United States), $112,974/LY 
(China)

LYs: Incremental effectiveness: 0.83 LYs (United 
States), 0.912 LYs (China); QALYs: incremental 

effectiveness: 0.568 QALYs (United States), 0.618 
QALYs (China)

$334,062/LY (United States); 
$123,925/LY (China); $488,854/QALY 

(United States); $182,779/QALY 
(China)

$100,000/QALY 
(United States); 

$26,846 and 58,480/
QALY (China)

DSA: key drivers: HR of PFS for palbociclib 
regimen versus letrozole alone, the utility 

value of PFS state, and price of palbociclib
PSA

The palbociclib regimen is not cost-effective

Table 2 (continued)
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Table 2 (continued)

Author(s) 
and year of 
publication

Evaluation 
model

Intervention 
regimen

Control 
regimen

Cost type Outcome measures ICER ICUR
Willingness-to-pay 

threshold
Sensitivity analysis Conclusions

Le et al. (27), 
2021

Markov model Ribociclib + 
endocrine 
therapy

Endocrine 
therapy

Direct medical costs; 
incremental cost: $317,866

LYs: incremental effectiveness: 3.63 LYs; QALYs: 
incremental effectiveness: 2.46 QALYs

$87,473/LY; $129,299/QALY $150,000/QALY DSA: key drivers: the price of ribociclib and 
utility value of PFS state

PSA

The ribociclib regimen is cost-effective

Huang et al. 
(28), 2021

Markov model Ribociclib + 
endocrine 
therapy

Endocrine 
therapy

Direct medical costs; 
incremental cost: $604,960.06 
(United States); 224,731.88943 

(China)

LYs: incremental effectiveness: 1.85973 LYs (United 
States), 6.1427 LYs (China); QALYs: incremental 
effectiveness: 1.12163 QALYs (United States), 

3.65686 QALYs (China)

$325,294.5643/LY (United States), 
$36,585.197/LY (China),  

$539,357.95/QALY (United States), 
$61,454.96/QALY (China)

$150,000/QALY 
(United States); 

$29,383/QALY (China)

DSA: key drivers: the price of ribociclib and 
utility values of PD and PFS states

PSA

United States: the ribociclib regimen is not 
cost-effective

China: The ribociclib regimen is cost-
effective when the price of ribociclib is below 

$31.74/200 mg (threshold: $29,383/QALY)

Jiang et al. 
(29), 2021

Markov model Ribociclib + 
fulvestrant

Fulvestrant Direct medical costs; 
incremental cost: $351,103

QALYs: incremental effectiveness: 0.327 QALYs $1,073,526/QALY $150,000/QALY DSA: key drivers: the price of ribociclib and 
utility value of PFS state

PSA

The ribociclib regimen is not cost-effective

€, euro; £, British pound; $, US dollar; SGD, Singapore dollar; CHF, Swiss franc; DSA, deterministic sensitivity analysis; PSA, probabilistic sensitivity analysis; PFS, progression-free survival; OS, overall survival; PD, progressive disease; HR, hazard ratio; LY, life year; QALY, quality-adjusted life-year; QALM, 
quality-adjusted life month; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio.
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cost-effective than palbociclib plus letrozole as the first-line 
treatment of HR+/HER2− ABC/mBC in postmenopausal 
women (15,16,23), and even in two studies conducted by 
Mistry et al. and Suri et al. also concluded that the ribociclib 
regimen was superior to the palbociclib regimen (16,23). 
Currently, there is no economic evaluation of second-
line treatment for these two combinations. Economically, 
ribociclib plus letrozole is superior to palbociclib plus 
letrozole in the first-line settings.

One of the three Chinese studies evaluated the 
economic properties of palbociclib plus fulvestrant for the 
second-line treatment of patients with HR+/HER2− mBC 
and concluded that it was unlikely to be cost-effective (26). 
By establishing simulation models, the other two Chinese 
studies evaluated the cost effectiveness of ribociclib plus 
endocrine therapy, a CDK4/6 inhibitor not yet available in 
China, for the first-line treatment of HR+/HER2− ABC in 
postmenopausal and premenopausal women, respectively, 
to inform the health insurance authorities on the pricing 
of this drug when it is marketed in China. Wan et al. used 
three times the per capita GDP of China 2016 ($24,360) 
and three times the per capita GDP of Beijing city 2016 
($53,384) as willingness-to-pay thresholds (24). They 
found that ribociclib plus letrozole could be cost effective 
when the price of ribociclib was below $732 and $1,170 
per 4 weeks for China and Beijing, respectively (24). 
Huang et al. concluded that a value-based price for the 
cost of ribociclib was less than $31.74/200 mg for China (in 
2018, the three times per capita GDP was $29,383/QALY 
in China) (28).

Sensitivity analysis
All studies conducted sensitivity analyses to verify the 
robustness of the base analyses, mostly using both univariate 
sensitivity analysis and probabilistic sensitivity analysis. 
Two studies conducted only probabilistic sensitivity analysis 
(17,24) and one study conducted only univariate sensitivity 
analysis (25). The key drivers addressed in the univariate 
sensitivity analysis were mainly the price of CDK4/6 
inhibitors (15,18-20,25-29), discount rate (16,20,23), study 
time horizon (15), hazard ratios (transition probability) of 
PFS and overall survival (OS) (16,21-23,25,26), parametric 
distribution of PFS and OS (15), utility values under 
different health states (18-23,26-29), and treatment cost 
after disease progression (23). The three most frequently 
mentioned factors affecting the cost-effectiveness were the 
price of CDK4/6 inhibitors, hazard ratios of PFS and OS, 
and utility values under different health conditions.

Probabilistic sensitivity analyses were mostly implemented 
using Monte Carlo simulation, using cost-effectiveness 
planes or cost-effectiveness acceptability curves (CEACs) to 
represent the likelihood that a CDK4/6 inhibitor regimen is 
cost-effective at the current willingness-to-pay threshold in 
each country. The included studies validated the robustness 
of the models by using probabilistic sensitivity analysis. 
Two studies compared the economic benefits between 
two CDK4/6 inhibitors and concluded by a probabilistic 
sensitivity analysis that ribociclib plus letrozole is more cost-
effective than palbociclib plus letrozole regardless of the 
willingness-to-pay thresholds (16,23). These results further 
confirmed that ribociclib plus letrozole is a superior regimen 
over palbociclib plus letrozole.

Discussion

In most economic evaluations of CDK4/6 inhibitors plus 
endocrine therapy, models are constructed to analyze 
the costs and health outcomes in breast cancer patients 
throughout the life cycle and further calculate the 
incremental cost and effectiveness. With the advances 
in CDK4/6 inhibitor related researches, the economic 
evaluation of CDK4/6 inhibitors plus endocrine therapy 
will undoubtedly involve more treatment regimens 
and therapeutic purposes and the results may vary 
spontaneously.

As the CDK4/6-Rb axis was proved to play the 
important role in cell cycle progression in estrogen 
receptor-positive breast cancer, CDK4/6 inhibitors have 
extraordinarily strong effect on HR+/HER2− advanced 
breast cancer (ABC) patients combined with endocrine 
therapy in first line and second line treatment through 
clinical trials demonstration (9,30). Based on outstanding 
survival benefits in HR+/HER2− ABC, CDK4/6 inhibitors 
have been triggered broader exploration in the localized 
and early breast cancer setting, including neoadjuvant and 
adjuvant studies (31-33). Considering neoadjuvant therapy, 
currently in National Comprehensive Cancer Network 
(NCCN) 2021 breast cancer guideline, recommended 
neoadjuvant therapy for HER2− BC is still chemotherapy 
regimen (NCT), and neoadjuvant endocrine therapy 
(NET) may be only considered for patients with ER+ 
disease or low-risk luminal biology. However, HR+/
HER2− BC subtype was supposed to be less sensitive to 
NCT with respect to other subtypes, while NET turned 
into an equally effective and less toxic alternative to 
NCT through proof by multiple clinical trials (34,35). 
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Accordingly, concurrent neoadjuvant chemotherapy and 
estrogen deprivation had been proposed that whether 
NCT plus NET can convert to a higher tumor response. 
Several studies found that the combination neoadjuvant 
therapy appeared to improve the clinical response or 
shrinkage of tumor in ER+/HER2− BC (36-38), while 
inconsistent conclusion was reached that NCT plus NET 
as neoadjuvant therapy was not superior to NCT or NET 
alone in tumor response (39,40). More large-scale and 
high-quality prospective studies are required to follow 
these preliminary results to confirm the efficacy, safety and 
economic benefits of concurrent neoadjuvant chemotherapy 
and estrogen deprivation for HR+/HER2− BC patients, 
while in the future similar studies can involve CDK4/6 
inhibitors into NET regimen to explore new fields. Besides, 
CDK4/6 inhibitors post-progression choice, combination 
partner and biomarker are also key questions many studies 
focus on to achieve deeper understanding on molecular 
mechanisms (9,41). At present CDK4/6 inhibitors have 
exactly shown satisfactory efficacy on HR+/HER2− ABC, so 
more potential fields are being identified to benefit a wider 
range of breast cancer patients. 

CDK4/6 inhibitors plus endocrine therapy have 
shown significantly improved efficacy outcomes in HR+/
HER2− mBC/ABC first-line and second-line treatment 
(11,42). For endocrine-sensitive population, clinical trials 
(palbociclib: PALOMA-2; ribociclib: MONALEESA-2, 
MONALEESA-3,  MONALEESA-7;  abemacic l ib : 
MONARCH-3) found that palbociclib, ribociclib and 
abemaciclib plus letrozole or fulvestrant all obtained 
significantly longer PFS than endocrine therapy alone in 
clinical trials (43-47). While in two trials that reported 
OS data, MONALEESA-3 trial discovered that ribociclib 
plus fulvestrant and fulvestrant alone existed no significant 
differences (48) and as the only trial focusing on pre-/
perimenopausal population, MONALEESA-7 reported 
that ribociclib plus endocrine therapy showed notably 
longer OS than endocrine therapy alone (49). Based on 
the current studies, CDK4/6 inhibitors combined with 
endocrine therapy can benefit endocrine-sensitive HR+/
HER2− mBC/ABC population, while in the future long-
term follow-up data of palbociclib and abemaciclib are 
worth the wait. For endocrine-resistant population, 
CDK4/6 inhibitors plus endocrine therapy similarly 
live up to common expectations. PALOMA-3 subgroup 
analysis showed that the preset statistical difference in 
PFS and OS had not reached between palbociclib plus 
fulvestrant and fulvestrant alone for HR+/HER2− mBC 

patients resistant to previous hormonal therapy (50,51). 
Different from the negative outcomes of palbociclib, 
MONALEESA-3 and MONARCH-2 trial found that 
ribociclib plus fulvestrant and abemaciclib plus fulvestrant 
resulted in a significant PFS and OS improvement in HR+/
HER2− ABC patients resistant to previous endocrine 
therapy (45,48,52,53). Schettini et al. conducted a meta-
analysis to assess the efficacy of first-/second-line endocrine 
therapies ± target therapies in clinically-relevant subgroups 
of HR+/HER2− mBC (54). They found that for endocrine-
sensitive subgroup CDK4/6i-containing therapy had 
both the greatest PFS benefit and the numerically highest 
OS benefit, and for endocrine-resistant subgroup the 
CDK4/6i-containing therapy was the only group showing 
an individually significant pooled OS result. Concordantly, 
Messina et al. concluded that the addition of CDK4/6 
inhibitors to endocrine therapy was associated with a 
statistically significant PFS and objective response rates 
(ORR) benefit in endocrine-sensitive and endocrine-
resistant setting for HR+/HER2− ABC (55), but meanwhile 
the use of CDK4/6 inhibitors plus endocrine therapy was 
characterized by a higher risk of G3–G4 adverse events 
than endocrine therapy alone. Clinical trials demonstrated 
that there was higher incidence of grade 3–4 hematologic 
adverse events with both ribociclib and palbociclib, while 
gastrointestinal-related toxicity appeared to be more 
predominant with abemaciclib (10,56). Risk of severe adverse 
events that more likely to happen in patients treated with 
CDK4/6 inhibitors can lead to reduced life quality and higher 
medical costs patients need to afford, which may influence 
actual selection on CDK4/6 inhibitors in medical practice.

As newly marketed targeted drugs that have not yet 
been covered by national health insurance, their costs are 
extremely high. About CDK4/6 inhibitors, all economic 
evaluations included in our study just calculated direct 
medical costs, of which the drug treatment costs and 
adverse drug reaction related costs were indeed two major 
parts most studies focused on. The cost of drug treatment 
was mostly based on drug unit price and treatment 
frequency, and the drug unit price mainly came from the 
ex-factory price, wholesale acquisition costs and certain 
official websites or databases. The adverse drug reaction 
related cost was mostly obtained from management unit 
price and adverse reaction frequency in clinical trials, while 
management unit price in most studies were accessed 
from current literatures on economic burden of drug 
adverse events. Several economic burden studies explored 
that the primary driver of adverse events related costs in 



Annals of Translational Medicine, Vol 10, No 4 February 2022 Page 11 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(4):233 | https://dx.doi.org/10.21037/atm-21-5110

patients with mBC was associated with hospitalizations 
and outpatient (57-59). Severity and frequency of adverse 
events, targeted therapies were also mentioned as driver 
of adverse events related costs in mBC patients (60-62). 
However, most studies focused on the adverse events caused 
by chemotherapy and endocrine therapy, and currently the 
economic burden research on CDK4/6 inhibitor containing 
therapy has not been published. Therefore, assessment of 
cost associated with CDK4/6 inhibitors adverse events is 
worth developing in the future.

Many economic evaluations have truly concluded that 
CDK4/6 inhibitors combined with endocrine therapy are 
unlikely to be more cost-effective than endocrine therapy 
alone. Several studies have conducted cost analyses of 
CDK4/6 inhibitors. Two real-world cost analyses in the 
United States have shown that the cost of palbociclib 
contains high drug wastage costs. Li et al. found that 
411 (33.1%) of the 1,242 patients who used palbociclib 
changed dose, among whom 128 (31.1%) experienced 
prescription fill overlap (average =11.1 days). The mean 
potential drug wastage cost among patients with fill 
overlap was $5,471 (63). Based on a database, Dalal et al. 
retrospectively analyzed the impact of dosing modality on 
the cost of palbociclib. Dose modification was observed in 
17.8%, 31.2%, and 35.0% of patients in the first, second, 
and third lines. The average overlap in prescription fills 
was 9.2, 9.9, and 5.4 days in the first, second, and third 
line. This potential drug waste resulted in an average 
cost of $4,376, $4,740, and $2,592 per patient in the first, 
second, and third line (64). The investigators attributed 
this to the fact that palbociclib is available in 125, 100, 
and 75 mg capsule sizes. These size differences result in 
drug wastage when patients experience serious adverse 
reactions that require dose reductions, or when patients do 
not respond to the initial low dose (which is often applied 
due to high comorbidity burden and low tolerance). 
Therefore, these patients require dose escalation, as 
capsules cannot be unwrapped or the previous doses of 
the drug are taken. However, ribociclib, which has a more 
flexible dosing pattern, is presumed to reduce the cost of 
drug wastage. Based on the Markov model and pharmacy 
acquisition cost model, Biskupiak et al. (65) found that 
ribociclib dose adjustment did not result in drug wastage. 
However, palbociclib users experienced drug wastage of 
$1,124 and $3,727 per treated patient per year due to dose 
changes, likely because ribociclib is a 200 mg tablet, and 
the unused tablets could be administered in subsequent 
cycles. Another cost analysis by analyzing data from two 

clinical trials, PALOMA-2 and MONALEESSA-2, also 
confirmed the advantage of ribociclib in terms of cost 
per PFS gained (66). In addition, as a research tool to 
assess drug accessibility, one budget impact analysis in the 
United States used a cohort-based budget impact model 
to calculate the incremental cost of introducing ribociclib 
plus letrozole over three years for American health 
insurance system (67). The simulation showed that the 
market share of ribociclib plus letrozole would increase 
from 3.3% to 19.3%, and the cumulative total savings 
with this regimen would be $3.01M over three years. The 
authors recommended that ribociclib plus letrozole may 
be a cost-saving strategy in the first-line settings. In the 
future, more budget impact analyses of CDK4/6 inhibitors 
should be conducted to assess their impact on national 
health insurance systems to inform drug pricing and 
increase drug accessibility.

On the other side, we found that current cost-
effectiveness comparison among different CDK4/6 
inhibitors plus endocrine therapy were less published, and 
only economic evaluations of palbociclib versus ribociclib 
in first-line treatment on ABC patients were included. As 
shown in our analysis of the included studies and some 
conference articles (68-70), ribociclib plus letrozole has 
better economic benefits than palbociclib plus letrozole for 
first-line treatment of postmenopausal women with HR+/
HER2− ABC. Therefore, China may consider introducing 
ribociclib in the future, and the pricing of ribociclib could 
be adjusted based on two studies conducted from the 
perspective of the current Chinese healthcare system. Few 
studies have explored cost-effectiveness of ribociclib or 
palbociclib under various treatment settings, such as with 
other endocrine agents, in premenopausal patients or in 
second- and third-line settings. Further, more studies are 
still required to demonstrate the economic advantages of 
ribociclib over palbociclib in different situations.

This article is the first systematic review of the 
pharmacoeconomic evaluations of CDK4/6 inhibitors 
plus endocrine therapy for breast cancer. CHEER 
checklist evaluated the included studies as medium to 
high quality studies, whose base analysis and sensitivity 
analyzes were performed for cost and health outcomes. 
Our review had some limitations: (I) only three studies 
compared the cost-effectiveness among different CDK4/6 
inhibitors, all of which were about the first-line treatment 
of postmenopausal patients with HR+/HER2− ABC. The 
small number made the basic analysis less persuasive. Since 
there is no pharmacoeconomic evaluation of the newly 
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marketed CDK4/6 inhibitor abemaciclib, it is impossible to 
compare its cost-effectiveness with endocrine therapy and 
two other inhibitors. Thus, the evaluation system among 
CDK4/6 inhibitors remains incomplete. There is only one 
pure cost analysis on three CDK4/6 inhibitors (71), which 
concluded that the economic value of abemaciclib ranked 
between ribociclib and palbociclib according to the cost per 
PFS obtained, and the introduction of abemaciclib did not 
change the cost-effectiveness profile. (II) Several studies 
did not adjust the inclusion of different costs according to 
the study perspective. For example, the impact of indirect 
costs, including loss of labor, on the cost-effectiveness of 
CDK4/6 inhibitors was not considered from a society-wide 
perspective. The difference in costs had a significant impact 
on the results observed in the univariate sensitivity analysis. 
(III) There is insufficient literature evaluating the economic 
properties of CDK4/6 inhibitors for different subgroups 
of target populations, including patients receiving second-
line treatment and non-postmenopausal women. As shown 
in clinical trials, the efficacies of CDK4/6 inhibitors vary 
in different subgroups in terms of endocrine therapy drug 
type, metastatic site, age, and race, and consequently, the 
economic outcomes may also differ remarkably. However, 
a more detailed analysis is currently impossible due to the 
small volume of literature. (IV) The studies were conducted 
in different countries, so there may be heterogeneity among 
studies in different dimensions, including cost calculation, 
monetary units, and health preferences, which may impact 
our conclusions. Most of the included studies were from 
developed countries, which may be related to the access to 
CDK4/6 inhibitors.

Conclusions

In the first-line treatment of postmenopausal patients with 
advanced HR+/HER2− breast cancer, the combinations of 
CDK4/6 inhibitors with letrozole do not offer an economic 
advantage over letrozole alone, but ribociclib plus letrozole 
is more cost-effective than palbociclib plus letrozole. The 
economic impacts of CDK4/6 inhibitors plus endocrine 
therapy in non-postmenopausal patients or for second-line 
therapy cannot be fully judged due to the limited number 
of studies, and it can be speculated from the currently 
available studies that these strategies are unlikely to be 
cost-effective. It is recommended that higher-quality, real-
world studies and economic evaluations be conducted in 
the future for CDK4/6 inhibitors in different subgroups of 
the population, and that the possible impacts of drug price, 

HR of PFS and OS, and utility values on the robustness 
of baseline analysis results be considered in sensitivity 
analyses. Few economic evaluations of CDK4/6 inhibitors 
plus endocrine therapy have been carried out in developing 
countries. For example, a CDK4/6 inhibitor has been 
marketed in China for only three years, and only a small 
number of economic evaluations have been conducted. A 
series of pharmacoeconomic studies should be conducted 
based on the Chinese health care system to inform price 
adjustments and health insurance coverage.
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