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This retrospective study compares the economic superiority of palbociclib versus everolimus for advanced 
and recurrent breast cancer. Furthermore, we investigated the safety and treatment continuity of palbociclib 
and everolimus regimens. Expected costs were calculated based on data from patients with advanced and 
recurrent breast cancer who were treated with palbociclib and everolimus. The progression-free survival 
(PFS) from the PALOMA-3 clinical trial and BOLERO-2 clinical trial was used to evaluate the therapeutic 
efficacy of the regimens. The cost-effectiveness ratio of each chemotherapy agent was calculated by dividing 
the expected cost by the progression-free survival (PFS). The cost-effectiveness ratio per month was JPY 
391,551.3/PFS for palbociclib and JPY 488,690.5/PFS for everolimus (p=0.627). The incremental cost-ef-
fectiveness ratio per month of everolimus to palbociclib was JPY 100,133.7/PFS. For patients receiving 
everolimus, adverse drug reactions included stomatitis (77.3%), rash (59.1%) and leukopenia (59.1%). For 
patients receiving palbociclib, neutropenia (69.2%), leukopenia (69.2%) and anemia (30.8%) occurred. In 
terms of discontinuation owing to adverse events (AEs), pneumonitis, thrombocytopenia, edema, fatigue, 
and neutropenia were experienced in the everolimus group. The cost-effectiveness of everolimus and 
palbociclib are equivalent, but since the prevalence of AEs is high in patients receiving everolimus, its AE 
management is important. 

1. Introduction
A treatment for metastatic and recurrent breast cancer should be 
selected that will prolong survival while maintaining quality of 
life (QOL) according to the individuality and hope of each patient 
instead of simply aiming to cure, as is the case for initial breast 
cancer (Motoo 2016). In advanced hormone receptor-positive, 
human epidermal growth factor receptor type 2 (HER2)-negative 
breast cancer cases, cyclin-dependent kinase (CDK) 4/6 (palboci-
clib) and mTOR (everolimus) inhibitors, which target molecules 
involved in cancer progression, prolong progression-free survival 
(PFS) when administered in combination with hormonal drugs 
versus administration of a hormone blockade alone (Finn et al. 
2016; Turner et al. 2015; Baselga et al. 2012). The American 
Society of Clinical Oncology guidelines recommend CDK4/6 
inhibitors as first-line and second-line treatments for ER-positive, 
HER2-negative advanced cancer (Rugo et al. 2016). The NCCN 
(National Comprehensive Cancer Network) Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) recommend endo-
cardine therapy (±a CDK4/6 or mTOR inhibitor) as the standard 
for systematic treatment of recurrent or stage IV disease, including 
ER- and/or PR-positive, HER2-negative breast cancer. Thus, it is 
conceivable to use palbociclib (CDK4/6 inhibitor) or everolimus 
(mTOR inhibitor) for the treatment of advanced and recurrent 
breast cancer in various countries.
The high medical cost of these treatments is an important factor 
(Rugo et al. 2016), because long-term use of molecular-targeted 
drugs is expensive. The concept of drug economics must be used 
to reduce medical expenses, but this approach is more popular in 
Western countries than in Japan. As represented by the guidelines 
of the National Institute for Health and Clinical Excellence and 
the Canadian Agency for Drugs and Technologies in Health, an 

Table 1: Patient characteristics

Everolimus Palbociclib p value

Number 22 13

Age, years

Median (range) 63 (49-83) 60 (47-84) 0.767a)

Gender, n

Male/female 0/22 0/13 0.861b)

Previous treatment line 5 (2-12) 5 (2-9) 0.473a)

Body surface area, m2

Median (range) 1.51 (1.44-1.65) 1.50 (1.20-1.73) 0.986a)

CrCl, mL/min 84.9 (52.9-136.5) 84.9 (34.8-127.5) 0.946a)

Disease status

Unresectable 1 2 0.268b)

Recurrent 21 11

Metastatic site

Liver 8 5 0.964b)

Lung 9 7

Peritoneal 1 1

Lymph node 14 6

Bone 18 8

Brain 2 1

Others 1 1

a) Mann-Whitney’s U test
b) Chi-square for independence test
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economic evaluation has been mandated in the United States and 
European countries (Williams et al. 2008). However, no report is 
available on the cost-effectiveness and safety of palbociclib and 
everolimus for metastatic and recurrent breast cancer. Clarification 
of the cost-effectiveness and treatment continuation of these drugs 
will demonstrate their medical economic advantages and safety 
and help support decision making and treatment continuation 
when selecting treatment.
In this study, we evaluated the economic superiority of palboci-
clib versus everolimus for advanced and recurrent breast cancer. 
In addition, we examined the safety of palbociclib in Japan due 
to the limited number of reports available. Lastly, we investigated 
the safety and treatment continuity of palbociclib and everolimus 
regimens.

2. Investigations and results

2.1. Patient characteristics
The patient characteristics are summarized in Table 1. The median 
ages of the patients who received everolimus and palbociclib were 
63 (range: 49–83) and 60 (range: 47–84) years, respectively, and 
the previous treatment lines were 5 lines (range: 2-12 lines) and 5 
lines (range: 2-9 lines), respectively. 

2.2. Cost data
For everolimus, the calculated direct medical costs per regimen 
included the medication fee (anticancer drugs = JPY 452,474.5 
and supportive care drugs = JPY 17,307.5), inspection fee of JPY 
8,775.5, and outpatient medical examination fee of JPY 2,466.8. 
For palbociclib, the calculated direct medical costs per regimen 
included the medication fee (anticancer drugs = JPY 504,924.6 
and supportive care drugs = JPY 11,865.6), inspection fee of JPY 
14,413.6, and outpatient fee of JPY 2,068.3. The total costs per 
course (28 days) of each regimen were JPY 487724.0 and JPY 
538338.8, respectively (p = 0.927) (Table 2).

2.3. Cost-effectiveness analysis
The cost-effectiveness ratio per month was JPY 488,690.5/PFS for 
everolimus and JPY 391,551.3/PFS for palbociclib. No significant 

differences were found between the two regimens (Table 3; p = 
0.627), and the ICER per month of everolimus to palbociclib was 
JPY 100,133.7/PFS. 

2.4. Adverse events analysis
The major adverse events (AEs) are summarized in Table 4. For 
patients receiving everolimus, these AEs consisted of stomatitis 
(77.3%), rash (59.1%), leukopenia (59.1%), and an increase in 
aspartate aminotransferase (AST)/ alanine aminotransferase (ALT) 
(59.1%). For patients receiving palbociclib, neutropenia (69.2%), 
leukopenia (69.2%), anemia (30.8%), fatigue (23.1%), nausea 
(23.1%), and arthralgia (23.1%) occurred. 

2.5. Treatment period and reasons for discontinuation
The treatment enforcement periods for the different regimens were 
as follows: everolimus, 278 (range: 13-603) days and palbociclib, 
287 (range: 13-603) days; no differences were noted between the 
two groups. The reasons for discontinuation of everolimus included 
AEs in 5 patients, deterioration in performance status in 1 patient, 
and progressive disease (PD) in 13 patients. Eight patients discon-
tinued palbociclib for PD. In terms of discontinuation due to adverse 
events, pneumonitis, thrombocytopenia, edema, fatigue, and neutro-
penia were experienced in the everolimus group (Table 5). 

3. Discussion
In this study, we conducted an economic and safety analysis to 
compare the palbociclib and everolimus chemotherapeutic regi-
mens for advanced and recurrent breast cancer. We found that 
palbociclib and everolimus had the same cost-effectiveness. For 
implementation of the palbociclib and everolimus regimens, anti-
cancer drug expenses accounted for the majority of the total expen-
diture. However, the cost data in this study are based on the patient 
population of a single facility, and therefore cost data should be 
collected from several facilities in the future to allow the data to be 
applied more widely. According to surveys conducted by Shiroiwa 
Shiroiwa et al. (2010) and Ohkusa et al. (2016), a chemotherapeutic 
regimen is considered cost-effective if it costs less than 500-600 
million yen per quality-adjusted life year (QALY). Because this 
study did not consider the patients’ quality of life (QOL), accurate 
determination of the cost-effectiveness was impossible. However, 
because the incremental cost-effectiveness ratio (ICER) of palbo-
ciclib over everolimus was JPY 100,133.7/PFS, we believe that 
these regimens may be within the range considered good in terms 
of cost-effectiveness. 
Regarding the development of AEs, patients receiving everolimus 
frequently developed non-hematological toxicity, such as stoma-
titis and diarrhea. Furthermore, various hematological and non-he-
matological AEs occurred in the everolimus-treated patients. In the 
palbociclib-treated patients, neutropenia was the most prevalent 
AE, and the incidence of non-hematological toxicity was lower 
than that of everolimus treatment. The AEs observed in this study 
were similar to those in the PALOMA-3 clinical trial (Turner et 
al. 2015) and the BOLERO-2 clinical trial (Baselga et al. 2012). 
Non-hematologic toxicities, such as fatigue, nausea, stomatitis, 
and rash, have been reported to lower a patient’s QOL and increase 
withdrawal from treatment (Tsunoda et al. 2010; Ganguli et al. 
2013). Therefore, the AEs experienced by the everolimus-treated 
patients may have greatly reduced their QOL. Discontinuation due 
to AEs occurred in 5/22 everolimus-treated patients (23%) but in 
no palbociclib-treated patients. This result suggests that non-he-
matologic toxicities affect treatment continuity in patients treated 
with everolimus. Therefore, AE management must be considered 
for everolimus treatment.
The severity of AEs can be reduced by pharmacist outpatient 
intervention. Todo et al. (2018) reported that comprehensive 
pharmaceutical care was highly effective for enhancing treatment 
outcomes by maintaining a patient’s QOL. For instance, implemen-
tation of comprehensive pharmaceutical care remarkably reduces 
the incidence of severe oral mucositis. Additionally, Kimura et 

Table 2: Details of cost data

Variable Everolimus Palbociclib p value

Medication fee

 Anticancer drugs 452,474.5 504,924.6 0.956a)

 Supportive care drugs 17,307.5 11,865.6 0.387a)

Inspection fee 8,775.5 14,413.6 0.672a)

Outpatient medical examination 
fee

2,466.8 2,068.3 0.053a)

Others 6,699.8 5,066.7 0.204a)

Total 487,724.0 538,338.8 0.927a)

Note: The amount shown in Table 2 represents the cost per course (28 days) of each regimen. Others 
includes drug information providing fee, outpatient prescription fee, dispensing technology basic 
fee, oncology patient service fee 3, etc. Unit: Japanese yen (JPY).
a) Mann-Whitney’s U test

Table 3: Cost-effectiveness ratio

Expected cost 
(JPY/person)

Cost-effectiveness ratio 
(JPY/PFS)

PFS

Everolimus

Palbociclib 

3,371,964.4

3,602,271.8

488,690.5

391,551.3

6.9

9.2

p value 0.011a)* 0.627a) NA

Note: PFS = progression-free survival; cost-effectiveness ratio = expected cost (JPY/person)/effec-
tiveness (PFS).; NA, not applicable; a) Mann-Whitney’s U test * p < 0.05
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Table 4: Adverse events

Everolimus Palbociclib 

Grade Grade

n = 22 1 2 3 4 All grades (%) n = 13 1 2 3 4 All grades (%)

Leucopenia 4 8 2 0 13 (59.1) Leucopenia 1 3 5 0 9 (69.2)

Neutropenia 6 3 2 0 11 (50.0) Neutropenia 0 4 4 1 9 (69.2)

Thrombocytopenia 5 3 0 0 8 (36.4) Thrombocytopenia 1 0 0 0 1 (7.7)

Anemia 5 6 0 0 11 (50.0) Anemia 3 1 0 0 4 (30.8)

AST/ALT increase 11 2 0 0 13 (59.1) AST/ALT increase 1 0 0 0 1 (7.7)

Creatinine increase 2 0 0 0 2 (9.1) Creatinine increase 0 0 0 0 0 (0.0)

Fatigue 10 1 0 - 11 (50.0) Fatigue 3 0 0 - 3 (23.1)

Anorexia 1 0 0 0 1 (4.5) Anorexia 0 0 0 0 0 (0.0)

Nausea 7 1 0 0 8 (36.4) Nausea 3 0 0 0 3 (23.1)

Vomiting 6 0 0 0 6 (27.3) Vomiting 0 0 0 0 0 (0.0)

Stomatitis 13 3 1 0 17 (77.3) Stomatitis 1 0 0 0 1 (7.7)

Diarrhea 5 2 0 0 7 (31.8) Diarrhea 1 0 0 0 1 (7.7)

Constipation 0 0 0 0 0 (0.0) Constipation 2 0 0 0 2 (15.4)

Dysgensia 6 0 0 0 6 (27.3) Dysgensia 0 0 0 0 0 (0.0)

Edema 9 1 0 - 10 (45.5) Edema 0 0 0 - 0 (0.0)

Pruritus 11 1 0 - 12 (54.5) Pruritus 1 0 0 - 1 (7.7)

Rash 12 1 0 0 13 (59.1) Rash 1 0 0 0 1 (7.7)

Pneumonitis 7 0 0 0 7 (31.8) Pneumonitis 0 0 0 0 0 (0.0)

Epistaxis 2 0 0 0 2 (9.1) Epistaxis 0 0 0 0 0 (0.0)

Hypokalemia 11 0 0 0 11 (50.0) Hypokalemia 0 0 0 0 0 (0.0)

Nail ridging 4 - - - 4 (18.2) Nail ridging 1 - - - 1 (7.7)

Arthraigia 4 0 0 0 4 (18.2) Arthraigia 3 0 0 0 3 (23.1)

Cholesterol high 6 5 4 6 21 (95.5) Cholesterol high 0 2 0 0 2 (15.4)

Hyperglycemia 8 1 1 0 10 (45.5) Hyperglycemia 0 0 0 0 0 (0.0)

Others 7 0 0 0 7 (31.8) Others 1 0 0 0 1 (7.7)

AST, aspartate aminotransferase; ALT, alanine aminotransferase

Table 5: Reasons for discontinuation

Everolimus, n=22 Palbociclib, n=13 p value

Reasons for discontinuation

Adverse events 5 0 0.039

Decrease in PS 1 0 0.435

Deterioration in disease condition 2 0 0.263

PD 13 8 0.886

Other 1 0 0.435

Ongoing 0 5

PS, performance status; PD, progressive disease
AEs include pneumonitis (2), thrombocytopenia (1), thrombocytopenia, edema and
fatigue (1), neutropenia (1).

al. (2017) reported that treatment discontinuation due to AEs was 
prevented by conducting pharmacist outpatient interventions based 
on a pharmacological indicator, and the completion rate of postop-
erative chemotherapy with S-1 was improved. 
The ICER calculated in this study is a relative evaluation and there 
is a problem that there is no threshold. Therefore, it is necessary to 
conduct an absolute evaluation using QALY in the future.
A limitation of this study is that it is a retrospective survey performed 
in a single hospital. Therefore, since the results of this research are data 
from a specific area, a nationwide survey, such as a multi-facility joint 
study, should be conducted in the future to increase the number of cases.

This study is the first to analyze the cost-effectiveness and safety of 
two types of chemotherapy regimens for advanced and recurrent breast 
cancer. The cost-effectiveness of everolimus is equivalent to that of 
palbociclib. However, since the prevalence of AEs is high in patients 
receiving everolimus, AE management is important for this regimen. 

4. Experimental

4.1. Patients
Between June 2014 and August 2018, patients with advanced and recurrent breast 
cancer who were treated with palbociclib and everolims at Ogaki Municipal Hospital, 
Japan, were included in the study. Palbociclib was administered in combination with 
endocrine therapy, usually in adults, at a dose of 125 mg once daily after meals for 3 
weeks, and then the drug was withdrawn for 1 week. This regimen was repeated for 
one cycle (28 days). Everolimus 10 mg was orally administered daily after meals.

4.2. Cost-effectiveness analysis
Patients received two or more courses of either palbociclib (n = 13) or everolimus 
(n = 22) for treatment of advanced and recurrent breast cancer. Either palbociclib 
or everolimus was administered after previous 5 lines treatment, were those data of 
efficacy or safety resulted from the sequential treatment but not only caused from 
palbociclib or everolimus, respectively.

Cost data: Cost data included direct costs incurred at the time of chemotherapy. Fees 
were collected for medication (including supportive care), inspection, and outpatient 
medical examinations. We collected information about drug prices from the Insur-
ance Drug Encyclopedia (Pharmaceutical Society 2012) and medical fees from the 
Medical Fee Points Table (Kawakami 2008) to calculate the total medical expenses. 
The average medical cost per course was calculated using actual patient data. We also 
simulated the cost up to progression-free survival (PFS). 
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Calculation exclusions: The diagnostic imaging (chest computed tomography (CT)) 
costs and the labor costs of the medical staff were included for each chemotherapy 
treatment. We excluded these costs from the calculations in this analysis. We also 
excluded the facility running and depreciation costs, because they were difficult to 
calculate per patient.

Data source for therapeutic effect analysis: To evaluate the therapeutic effects of 
palbociclib and everolimus, PFS data from the PALOMA-3 clinical trial (Turner et 
al. 2015) and the BOLERO-2 clinical trial (Baselga et al. 2012) were used as the 
data source.

Cost-effectiveness: The cost-effectiveness analysis was conducted by determining the 
cost and efficacy data for each chemotherapy agent; these data were obtained using 
the methods described above. The cost-effectiveness ratio of each chemotherapy agent 
was calculated by dividing the expected cost by PFS. In addition, the incremental 
cost-effectiveness ratio (ICER) was used to examine the superiority of the palbociclib 
regimen over the everolimus regimen using the following equation:
ICER (JPY/PFS) = (expected cost of palbociclib – expected cost of everolimus) / (PFS 
with palbociclib – PFS with everolimus).

4.3. Adverse events analysis
Adverse events (AEs) were retrospectively investigated for each patient. The date of 
each AE was identified using electronic charts and pharmacy service records. The AE 
severity was classified according to the Common Terminology Criteria for Adverse 
Events (US Department Of Health And Human Services 2009).

4.4. Treatment period and reasons for discontinuation
The reasons for discontinuation of treatment and the treatment duration for patients 
who underwent each regimen were investigated retrospectively. 

4.5. Statistical analysis
The Mann-Whitney U test was used to analyze the patients’ characteristics and 
the cost-effectiveness. Significance was set at p < 0.05, and all statistical analyses 
were performed in EZR (v1.30, Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria) (Kanda 2013).

4.6. Ethical considerations
Personal information was protected in the aggregated data. The present study was 
approved by the Institutional Review Board of Ogaki Municipal Hospital (no. 
20190627-6). The requirement for informed consent was waived by the Institutional 
Review Board.

Conflicts of interest: None declared.
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