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ABSTRACT

Background: This real-world analysis evaluated drug utilization focusing on wastage and healthcare costs
for treatment of patients with advanced breast cancer (aBC) hormone receptor-positive (HR+)/human
epidermal growth factor receptor-2 negative (HER2-) in lItaly.

Methods: A retrospective analysis was conducted on administrative data covering about 13.3 million
health-assisted individuals. Across January/2017-June/2021, all patients with HR+/HER2-aBC were
identified by > 1 prescription for cyclin-dependent kinase 4/6 inhibitors (CDK 4/6i). Cost analysis was
performed and updated referring to the prices of November 2021.

Results: Overall, 3,647 HR+/HER2-aBC patients were included (2,627 palbociclib treated, 729 ribociclib
treated, and 291 abemaciclib treated). After 12 months of follow-up, 35% of palbociclib patients had
a dose reduction (on average 8.9 wasted pills/patient), 44.7% of abemaciclib patients had a dose
reduction (on average 6.7 wasted pills/patient), 22.1% of ribociclib patients had a dose reduction (no
wasted pills). Therapy wastage added up to 528,716€ for palbociclib-treated patients (524€/patient) and
5,738€ in abemaciclib-treated patients (151€/patient). No wastage was attributed to ribociclib.
Conclusions: Dose reduction was associated with drug wastage in palbociclib and abemaciclib-treated
patients, but not in ribociclib-treated ones. These findings might be helpful to policy decision-makers
who, for healthcare strategies implementation, among several variables should consider the possible
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restraining of drug wastage.

1. Introduction

In the era of rising healthcare costs and limited resources,
drug wastage evaluation could be helpful for health systems
and payers to reduce costs significantly. Discarding unused
medications is a public issue affecting all therapeutic areas,
especially oncology. During 2018, the total cost of cancer
(direct costs including cancer drugs, informal care costs, indir-
ect costs) in Europe was €199 billion, of which healthcare
expenditures were €103 billion with €32 billion for oncologic
medications [1]. Thus, when a portion of those drugs is dis-
carded after being partially used or discontinued, the cost of
that wastage can be considerable. In 2008, Fasola and collea-
gues reported that in their Department of Medical Oncology
in Italy, by comparing prescription orders with the actual
amounts of consumed drugs, the net loss from drug wastage
was 6.4% of the department’s total expenditure [2]. In 2014,
the same group estimated that drug wastage accounted for
8.3% of the Department’s annual drug expenditure and over
70% of these costs were attributable to six drugs (cetuximab,
docetaxel, gemcitabine, oxaliplatin, pemetrexed and trastuzu-
mab) [3]. A report on the top 20 oncology-infused drugs in the
United States showed that, based on 2016 projected sales, the
leftover drugs after treatment ranged from 1% to 33%, and

this large variability was due to market volumes and vial sizes
[4]. Despite infused anticancer drugs have been a focus of
attention in terms of wastage, the estimation of economic
burden from drug wastage for orally administered anticancer
drugs has been poorly investigated and represents an impor-
tant component of cancer care and costs.

According to the most recent global cancer burden data
released by the World Health Organization (WHO), breast
cancer (BC) is the most prevalent cancer worldwide, with
almost 2.26 million new cases in 2020 [5] and with approxi-
mately 55,000 new diagnosed cases per year in ltaly [6].
Hormone receptor-positive (HR+)/human epidermal growth
factor receptor-2 negative (HER2-) BC represents approxi-
mately 70% of BCs [7,8]. While most of BCs are detected
in early stages, about 30% of them eventually develop into
advanced BC (aBC) [9]. The management of HR+/HER2- aBC
patients is based on first-line treatment with a novel class of
orally administered agents acting as inhibitors of cyclin-
dependent kinase 4 and 6 (CDK 4/6i), namely palbociclib
(approved by the EMA in 2015), ribociclib and abemaciclib
(approved by the EMA in 2017) [10]. Palbociclib is available
as 21 or 63 tablets per package with three different dosages
each (125mg, 100mg and 75mg) [11]. Ribociclib is
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Article highlights

e Drug wastage is an unsolved issue for public health services and
payers. This is particularly true in oncology area since the frequent
necessity of progressing through therapeutic schemes or dose adjust-
ments can cause a costly discard of unused medications.

e This real-world analysis assessed drug utilization and wastage in
women with HR+/HER2- advanced breast cancer treated with CDK
4/6 inhibitors currently approved in Italy, namely palbociclib, riboci-
clib and abemaciclib. The economic analysis highlighted that the
expenses for CDK 4/6 inhibitors were by far the weightiest cost
item accounting for 65-75% of the overall healthcare expenditures.

o After one-year from the start of therapy with CDK 4/6 inhibitors, dose
reductions were seen in 35% of women on palbociclib resulting in
nearly 9 wasted pills per patient, 44.7% of those on abemaciclib
resulting in average 6.7 wasted pills per patient, and 22.1% of
those on ribociclib with no pill wastage. Discarding leftover drugs
with dose adjustments occurs when the high dosage strengths pre-
vent pill splitting and preservation for later use. The therapy with
ribociclib did not imply wastage because this drug is available with
a unique formulation of 200 mg, thus dosage can be modulated on
the number of pills without requiring a new prescription.

o In the era of rising healthcare costs especially in the oncology setting,
all strategies to keep drug wastage phenomenon under control are
highly desirable. The data emerging from this analysis suggest that
future efforts of pharmacological research should target dose
strengths to facilitate dose adjustments and minimize until to cancel
wastage of unused medications.

available as 200 mg tablets (63, 42, or 21 tablets per pack-
age) [12], while abemaciclib is dispensed as 28 tablets pack-
age in 3 strengths (150 mg, 100 mg, and 50 mg) [13]. The
recommended posology for these medications is 125 mg for
palbociclib, 600 mg for ribociclib and 300 mg for abemaci-
clib, administered for 21 days out of 28 for palbociclib and
ribociclib and continuously for abemaciclib [11-14]. As for
many oncology drugs, the dose of targeted therapies may
need to be adjusted over time [15]. Indeed, the product
labels of all three CDK 4/6i temporary specify that dose
reduction, temporary interruption or discontinuation are
required in the presence of adverse events/intolerance and
other circumstances [11-13]. For palbociclib from the
recommended dose of 125 mg/day, the first dose reduction
is indicated to 100 mg/day, and the second to 75 mg/day,
then permanent discontinuation is needed in case of further
dose reduction below 75 mg/day [11]. Ribociclib dosage has
to be lowered from the initial 600 mg/day (corresponding to
3 daily tablets 200 mg each), to 400 mg/day (2 daily tablets)
as first reduction and 200 mg/day (1 daily tablet) as second
reduction, if below the treatment has to be withdrawn [12].
For abemaciclib from the recommended dose of 150 mg
twice daily, the first dose modification is indicated at 100
mg twice daily, and the second at 50 mg twice daily [13]. In
clinical trials, dose reduction rates of palbociclib and riboci-
clib treatments have been found to be comparable, ranging
from 36.0% to 36.1% [16,17]. A summary of the posology
has been provided in Supplementary Table S1. Drug
wastage may occur when a dose modification is needed
but the dose cannot be split or saved for successive use
[2,3,18]. This could be the case of palbociclib [19-21] and
abemaciclib because of their available dosage strengths.
Conversely, ribociclib dose adjustment could be achieved

by changing the number of tablets assumed without recur-
ring to a new prescription [21].

To provide a more complete characterization of the impact
of dose modifications of palbociclib, ribociclib and abemaci-
clib, here we present an analysis based on real-world data
captured by administrative claims database, describing dosing
patterns and estimating the economic burden of the potential
drug wastage associated with dose reductions in women with
HR+/HER2- aBC treated with CDK 4/6i in Italy.

2. Methods
2.1. Data source

A retrospective analysis was conducted using administrative
databases of a pool of Local Health Units, geographically
distributed across Italy, covering about 13.3 million health-
assisted individuals. These databases contain all data reim-
bursed by the Italia National Health Service (INHS), which is
based on the principle of universal coverage of all residents.
The following databases were used: (i) demographic database,
which consists of all patient demographic data, such as gen-
der, age, death; (ii) pharmaceuticals database, that supplies
information on medicinal products reimbursed by the Italian
national health system (INHS) as the Anatomical-Therapeutic
Chemical (ATC) code, number of packages, number of units
per package, unit cost per package and prescription date; (iii)
hospitalization database, which encloses all hospitalizations
data for patients under analysis, such as the discharge diag-
nosis codes classified according to the International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM), Diagnosis Related Group (DRG) and DRG related
charge (provided by the Health System); (iv) outpatient spe-
cialist service database, which incorporates all the information
about visits and diagnostic tests date and type of prescription,
description activity and laboratory test or specialist visit
charge); (v) payment exemption database, which contains
data of the exemption codes that allow to avoid the contribu-
tion charge for services/treatments when specific diseases are
diagnosed. An anonymous univocal numeric code was
assigned to each study subject to guarantee patients’ data
privacy, in full conformity with the European General Data
Protection Regulation (GDPR) (2016/679). The patient code in
each database permitted the electronic linkage among all
databases. All the results coming out from the analyses were
produced as aggregated summaries and never attributable to
a single institution, department, doctor, individual, or indivi-
dual prescribing behaviors. The analysis was conducted in
compliance with the principles of the Declaration of Helsinki
and approved by the local Ethics Committees of the
Healthcare Departments involved. Informed consent was
waived due to the use of encrypted anonymous data and to
the retrospective nature of the research design.

2.2. Study design and study population

From January 2017 to June 2021, all aBC patients were identi-
fied by at least one prescription of CDK 4/6i (palbociclib, ATC
code: LO1XE33; ribociclib, ATC code: LOTXE42; abemaciclib,



ATC code: LOT1XE50) and included in the retrospective obser-
vational analysis. Patients were allocated in three cohorts
based on the drug first prescribed (palbociclib, ribociclib or
abemaciclib). The index-date was defined as the date of the
first drug prescription. Patients were characterized during all
the available period before index-date and had at least 12
months of data availability after the index-date. The follow-up
represents the treatment period. Moreover, patients sub-
grouped by menopausal status were included: in particular,
premenopausal patients were identified by presence of at
least one prescription for the following gonadotropin-
releasing hormone (GnRH) analogues: leuprorelin (ATC code:
LO2AE02), goserelin (ATC code: LO2AEQ3), triptorelin (ATC
code: LO2AEO4). The prescription of GnRH analogues was
used as proxy to detect premenopausal status as the three
drugs listed above are approved for reimbursement by the
INHS with the Note 51 of the AIFA (Italian Medicines Agency)
for the treatment of estrogen receptor positive breast cancer
in premenopausal women [22].

At index-date, mean and median age was evaluated and
reported. During the treatment period (up to 12 months), drug
usage in terms of daily mean dosage, number of dispensed
drug packages, dose de-escalation (dose reduction) and mean
wastage of pills per patients during dose de-escalation, were
evaluated. Moreover, healthcare resource consumptions and
related costs during the first year of follow-up were estimated
and projected to the entire Italian population (patients with
less of one year of follow-up due to death or loss of data
availability were not computed in the analysis).

2.3. Drug utilization analysis

Drug utilization analysis was performed from treatment start
up to 12 months and variables were evaluated every 3 months,
in overall patients and those stratified by menopausal status.
At each time point, the daily mean dosage of CDK 4/6i was
calculated as the sum of total dosage prescribed during
a prescription divided by the days covered by the prescription.
The mean number of drug package dispensed during treat-
ment was evaluated. The percentage of patients with dose de-
escalation (reduction) was calculated based on the occurrence
of dose reduction during treatment (evaluated on the posol-
ogy of CDK 4/6i reported on the Summary of product char-
acteristics SmPC). Drug wastage was defined as drug doses
that could not be used by the patient following a dose reduc-
tion and calculated as the mean number of pills (units) wasted
during dose reduction per patients. Since subsequent dose
increase after a dose reduction was not observed in any of
the clinical trials and the drug wastage was calculated based
on drug reduction, it was not reported.

2.4. Healthcare resource consumption and cost analysis

During the first year of treatment, in alive patients, healthcare
resource utilization was evaluated in terms of the following
variables: (i) a mean number of CDK 4/6i drug prescriptions
and of all other drugs (in terms of all drugs prescribed and
reimbursed by the INHS), (ii) a mean number of hospitaliza-
tions, in terms of all-cause hospitalizations, and (iii) a mean
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number of outpatients specialists services prescribed and
reimbursed by the INHS in terms of specialist tests and visits.
The direct healthcare costs were evaluated over the treatment
period and were related to the following resource consump-
tion: hospitalizations (determined by using the DRGs tariffs),
drug costs (evaluated for those drugs reimbursed by the INHS
and using the INHS purchase price; costs for CDK 4/6i were
reported according to current prices, November 2021 [14]).
The outpatient specialist service costs were estimated accord-
ingly to regional tariffs. Data were reported as the mean
annual healthcare cost per patient. Moreover, the overall
annual cost for therapy was evaluated among included
patients. To estimate the total costs at National level, the
number of patients in each treatment cohort was projected
to the entire Italian population based on the census of the
[talian Institute of Statistics for 2021 (N =59.236.213); the over-
all annual cost related to wastage therapy among the study
sample was also estimated and reproportioned to the entire
Italian population.

2.5. Statistical analysis

Data are mostly reported descriptively. Continuous variables
were presented as mean + standard deviation (SD), categorical
variables as numbers and percentages. Since costs are not
normally distributed, to overcome the heteroscedasticity in
the error variance of the cost data [23], a generalized linear
model (GLM) was developed in order to evaluate the possible
correlations between costs and the use of CDK 4/6i (consider-
ing palbociclib group as a reference due to its largest numer-
osity), adjusting for baseline variables: age, menopausal status,
prescription of fulvestrant (ATC code LO2BA03), of aromatase
inhibitors (ATC code LO2BG) and the presence of metastasis (in
patients with data available data among the database; for
details Supplementary Table S2). Hazard Ratio (HR) and 95%
Confidence Interval (Cl) were evaluated to predict total costs.
A gamma distribution and identity link function (in order to
retrieve non transformed costs) were applied; therefore, the
coefficients are not reported on the logarithmic scale and are
expressed in euros. Post estimation tests included residuals
analysis and check for influential observations. No influential
observations were identified, and residuals were normally
distributed.

All analyses were performed using Stata SE version 17.0
(StataCorp, College Station, TX, U.S.A.).

3. Results

Among the study population, 3,647 aBC patients were
included: 2,627 treated with palbociclib, 729 with ribociclib
and 291 with abemaciclib. The mean age at inclusion
(treatment start) was 63.5x11.5years in palbociclib-
treated group, 62.0 = 11.8 years in ribociclib-treated group,
and 62.1+122years in abemaciclib-treated group
(Table 1). The percentage of patients in pre-menopausal
status ranged from 22.4% to 23.5% (Table 1). The evalua-
tion of healthcare resource consumption was carried out in
alive patient with at least one-year treatment: 1,009 trea-
ted with palbociclib, 249 treated with ribociclib and 38
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Table 1. Baseline characteristics of HR+/HER2-Abc patients included in the analysis (period:
January 2017-June 2021) identified by at least one prescription for CDK 4/6i, divided by palbociclib,

ribociclib and abemaciclib-treatment cohort.

Palbociclib Ribociclib Abemaciclib

(N=2,627) (N=729) (N=291)
Age, years (mean + SD) 63.5+11.5 62.0+11.8 62.1+12.2
<70 years (n, %) 1,738 (66.2) 517 (70.9) 201 (69.1)
>70 years (n, %) 889 (33.8) 212 (29.1) 90 (30.9)
Median (min-max) 64 (26-93) 63 (33-89) 63 (26-87)
Pre-menopausal status (n, %) 588 (22.4) 171 (23.5) 68 (23.4)
Post-menopausal status (n, %) 2,039 (77.8) 558 (76.5) 223 (76.6)

Table 2. Healthcare annual resource consumptions per patient during the first year of follow-up.

Palbociclib Ribociclib Abemaciclib

(N=1,009) (N =249) (N=38)
CDK 4/6i prescriptions, mean + SD 11.3+2.0 10.7+£23 123+26
Other drugs prescriptions, mean + SD 93+5.1 9.2+6.0 79+48
Visits prescriptions, mean + SD 82+76 76+73 9.8+6.8
Tests prescriptions, mean = SD 15.2+9.9 149 +£9.1 18.5+8.8
Hospitalizations, mean + SD 02+0.7 0.2+0.7 0.1+04

with abemaciclib were included in the analysis. Table 2
details the healthcare resource consumptions, calculated
as number of CDK 4/6i prescriptions, other drugs prescrip-
tions, specialist visits, diagnostic tests, and hospitalizations
per patient in palbociclib, ribociclib and abemaciclib
groups during the first year of treatment. The number of
CDK 4/6i prescriptions per patient averaged 11.3 (in palbo-
ciclib), 10.7 (in ribociclib) and 12.3 (in abemaciclib) cohorts;
for endocrine therapies it ranged between 7.9 and 9.3. The
total annual direct costs related to resource consumptions

during the first-year treatment averaged 25,397€ for pal-
bociclib, 23177€ for ribociclib and 24,122€ for abemaciclib-
treated patients, of which 4,851€, 2,265€ and 3,338€ for
palbociclib, ribociclib and abemaciclib-treated patients,
respectively, were related to other drugs (Figure 1). Tests
were among the major driver of cost (CDK inhibitors
excluded), accounting for 2,844€ for palbociclib, 2,623€
for ribociclib and 3,430€ for abemaciclib, while all-cause
hospitalization costed a mean/patient of 837€ (palbociclib),
791€ (ribociclib) and 552€ (abemaciclib).

o o 25,397
W
= o0 — T
S
c 15,000
©
QU
= 10,000
5,000
Palbociclib Ribociclib Abemaciclib
M Hospitalizations (€) 837 791 552
m Tests (€) 2,844 2,623 3,430
m Visits (€) 220 223 166
Other drugs (€) 4,851 2,265 3,338
CDK 4/6i (€) 16,645 17,275 16,636
Total (€) 25,397 23,177 24,122
Costs (median, min-max) Palbociclib Ribocidlib Abemaciclib
Hospitalizations (€) 0(0-13,428) 0(011,949) 0(0-7,113)
Tests (€) 1,926 (0-15,036) 1,634 (6 16,415) 3,416 (122-9,781)
Visits (€) 124(0-2,797) 121(0-2,389) 128(0-747)
Other drugs (€) 550 (0-9,746) 499 (0-9,227) 558 (0-2,672)
CDK 4/6i (€) 27,061 (805 -39,747) 23,327 (9,037 -34,774) 17,460 (821-27,438)

Figure 1. Healthcare direct costs during the first year of follow-up.



To identify predictors (among different baseline character-
istics of patients) of total cost, a GLM analysis was carried out.
As shown in Supplementary Table S3, treatment with abema-
ciclib and ribociclib was not associated with a significant
impact on total cost compared to palbociclib (considered as
a reference due to the larger sample size of the cohort).
Moreover, age was associated with a cost decrease (-70.7€
for each year, p=0.004), hormonal therapy was associated
with a cost increase (+3,039€ with fulvestrant, p <0.001) or
decrease (—2,498€ with aromatase inhibitors, p <0.001). The
presence of metastases (especially bone, liver and brain
lesions, evaluated in patients with data available within the
database) was associated with cost increase (Supplementary
Table S3).

The analysis of drug usage among included patients was
evaluated up to 12 months of treatment period, with 3-month
time intervals. In palbociclib-treated patients the daily mean
dosage prescribed ranged from 117.64 mg/daily at 3 months to
102.01 mg/daily up to 12 months; for ribociclib-treated patients
the daily mean dosage ranged from 568.66 mg/daily at 3 months
to 475.31 mg/daily up to 12 months and for abemaciclib-treated
patients the daily mean dosage ranged from 281.32 mg/daily at
3 months to 229.16 mg/daily up to 12 months (Supplementary
Table S4). During the same treatment period, the mean number
of drug packages dispensed was estimated; between 3 and 12
months it ranged from 3.29 to 11.56 for palbociclib-treated
patients, from 3.23 to 10.94 for ribociclib-treated patients and
from 6.77 to 22.66 for abemaciclib-treated patients (Table 3). The
estimation of mean number of drug packages dispensed strati-
fied by drug dosage are reported in Supplementary Table S5.
During 12months of treatment, among palbociclib-treated
patients, 35% had a dose reduction with a mean of 8.9 wasted
pills per patient; among those treated with ribociclib 22.1% had
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a dose reduction and no wastage of pills was found, as expected.
In abemaciclib-treated patients, 44.7% had a dose reduction and
a mean number of 6.7 wasted pills per patient (Table 4). At 12
months of treatment, the months to first reduction averaged 7.5
months (palbociclib), 7.6 months (ribociclib) and 6.6 months
(abemaciclib); the mean time to second dose reduction was
11.3,13.2, and 13 months in palbociclib-, ribociclib-, and abema-
ciclib-treated patients, respectively (not shown in the tables).

The estimation of total costs of therapy during the
first year of treatment is reported in Table 5. The overall
annual cost of therapy included patients’” management with
palbociclib was 21.24 million €, 5.34 million € for ribociclib
and 0.52 million € for patients treated with abemaciclib. The
projection of these data to the entire Italian population
estimated 94.94 million € for palbociclib treatment,
23.86 million € for ribociclib and 2.31 million € for abemaci-
clib. The total cost of wasted therapy was 354,400€
(1.58 million € by Italian projection) for palbociclib-treated
patients and 10,200€ in patients prescribed with abemaciclib
(45,500€ by Italian projection) corresponding to the price
updated to November 2021 of 528,716€ and 5,738€ per
patient respectively with palbociclib (524€/patient) and abe-
maciclib (151€/patient). For ribociclib-treated patients, no
wastage costs were estimated (Table 5) since the residual
tablets could be administered in subsequent cycles after
dose modification.

4. Discussion

This is a real-world analysis on drug usage and the economic
impact of dose reduction in terms of drug wastage in HR+
HER2- aBC patients treated with CDK 4/6i in Italy.

Table 4. Number and percentages of patients with dose reduction and number of wastage pills during the
first year of treatment period with palbociclib (A), ribociclib (B), and abemaciclib (C).

Treatment period N. of patients Patients with reduction Wastage, pills
A. Palbociclib
e up to 3 months 2,154 409 (19.0%) 7.9
e up to 6 months 1,638 464 (28.3%) 7.6
e up to 9 months 1,308 421 (26.4%) 8.8
e up to 12 months 1,009 353 (35.0%) 8.9
B. Ribociclib
e up to 3 months 565 38 (6.7%) /
e up to 6 months 431 64 (14.8%) /
e up to 9 months 347 64 (15.3%) /
e up to 12 months 249 55 (22.1%) /
C. Abemaciclib
e up to 3 months 189 36 (19.0%) 317
e up to 6 months 113 36 (31.9%) 24.0
e up to 9 months 81 32 (34.6%) 20.7
38 17 (44.7%) 6.7

e up to 12 months




6 S. PALLADINO ET AL.

Table 3. Mean number of drug packages dispensed during treatment period with palbociclib (A), ribociclib (B), and
abemaciclib (C). For each time point, the number of pre-menopausal, post-menopausal and overall women (in the
mentioned order) for the three treatment cohorts is provided in brackets.

Treatment period Pre-menopausal Post-menopausal Overall
A. Palbociclib
o up to 3 months (N =496; 1,658; 2,154) 330 328 329
« up to 6 months (N = 369; 1,269; 1,638) 6.01 592 5.94
« up to 9months (N =302; 1,006; 1,308) 8.72 8.64 8.66
o up to 12 months (N = 249; 760; 1,009) 11.67 11.52 11.56
B. Ribociclib
o up to 3months (N =134; 431; 565) 333 319 3.3
« up to 6 months (N = 95; 336; 431) 6.18 572 582
e up to 9months (N=71; 276; 347) 8.63 8.18 8.27
o up to 12months (N = 47; 202; 249) 11.26 10.87 10.94
C. Abemaciclib
e up to 3months (N=43; 146; 189) 7.33 6.60 6.77
o up to 6months (N=26; 87; 113) 13.08 11.89 12.16
e up to 9months (N=14; 67; 81) 18.86 17.64 17.85
e up to 12 months (N =38; 30; 38) 24.00 2230 22.66
Table 5. Overall costs of therapy during first year of treatment and projection to Italian population.
Palbociclib Ribociclib Abemaciclib
(N=1,009) (N =249) (N=138)
Total annual cost of therapy (€) 21,240,000 5,340,000 520,000
Total annual cost of therapy (€) 16,794,805 4,301,475 632,168
(price updated to Nov-2021)
Total annual cost of wastage therapy (€) 354,400 0 10,200
Total annual cost of wastage therapy (€) 528,716 [524] 0 5,738 [151]
(price updated to Nov-2021)
[mean annual costs of wastage/patient]
Total annual cost of therapy (€) - Italian projection 94,940,000 23,860,000 2,310,000
Total annual cost of therapy (€) — Italian projection (price updated to Nov-2021) 75,072,778 19.227,593 2,825,791
Total annual cost of wastage therapy (€) - Italian projection 1,580,000 0 45,500
Total annual cost of wastage therapy (€) — Italian projection (price updated to Nov-2021) 2,363,361 0 25,649

Between January 2017 and June 2021, 3,647 aBC patients
treated with CDK 4/6i therapy were included. The mean age at
the start of treatment was 62years and the majority of
patients were in post-menopausal status (more than 75%).
These data mirror those from a previous study conducted in
aBC patients under CDK 4/6i, showing mean age at inclusion
being 60 years old and 79-92% patients in post-menopausal
status [24].

The number of drug packages dispensed over a 12-
month treatment period was on average 11.6 for palboci-
clib, 10.9 for ribociclib and 22.7 for abemaciclib. The daily
mean dosage tended to decrease over the first year of
treatment for all medications, with 35% of palbociclib-
treated, 22% of ribociclib-treated and 45% of abemaciclib-
treated who experienced at least one dose reduction. These
trends are consistent with previous reports available for the
less recent drug palbociclib: in a retrospective analysis
among US population 31% of patients with =6 months fol-
low-up had experienced palbociclib dose reductions [25].

A series of RTCs conducted in US between 2009 and 2014
investigated palbociclib plus letrozole as first-line treatment
of HR+ HER2- aBC patients (phase 2 studies PALOMA-1/
TRIO-18 and PALOMA-2) [16,26] and the combination of
the palbociclib and fulvestrant in HR+ HER2- metastatic
cancer progressed on previous endocrine therapy
(PALOMA-3) [27]. In all these trials, the patients in the
palbociclib-treatment arm had at least one dose reduction,
on average 40% in PALOMA-1, 36% in PALOMA-2 and 34%
in PALOMA-3 [16,26,271].

The analysis of direct healthcare costs during the first year
of treatment showed that, as expected, overall mean annual
costs were mainly driven by CDK 4/6i; the total costs excluding
these drugs ranged between 5,902 and 8,752€. Our findings
are in general consistent with a previous work by Piccinni et al
[28] reporting an average cost for managing patients with HR
+/HER2- metastatic breast cancer of 7,543€ in the first follow-
up year, in front of some differences, as the data by Piccinni
refer to year 2013 when CDK 4/6i were not available yet and



could not be computed among the medication costs. The
overall healthcare cost for the management of palbociclib-,
ribociclib- and abemaciclib-treated patients were comparable
between each other and the treatment itself did not predict
the amount of total expenditures. Dose reductions led to drug
wastage in patients treated with palbociclib and abemaciclib,
but not in those on ribociclib, as it is only available in 200 mg
tablets across all strengths, allowing dose adjustment without
the necessity for a new prescription [16]. Consistently, the
estimation of the total cost related to wastage therapy aver-
aged 354,400€ for palbociclib and 10,200€ for abemaciclib-
treated patients, while no drug wastage expenditure was
observed for patients treated with ribociclib.

Previous analyses conducted in US and Chinese popula-
tions to compare drug wastage among palbociclib- and ribo-
ciclib-treated patients reported that drug wastage costs were
higher in palbociclib than ribociclib regimen due to different
dosing patterns [29,30]. In fact, while for palbociclib dose
reductions may result in drug wastage due to the need to
discard capsule to step down to a lower dose, the decrease of
dosage in ribociclib-treated patients can simply be achieved
by modifying the number of tablets consumed, potentially
reducing drug wastage to zero [29,30].

These results must be interpreted considering the limita-
tions related to the observational nature of the study, which
was based on data collected from administrative databases.
Our cohort of patients reflected real clinical practice by eval-
uating data from a subset of health-assisted individuals. The
assessment of drug usage and drug wastage is based on
prescriptions only and it is not possible to get insights into
what patients do with unused pills; moreover, daily mean
dosage could be influenced by the refill of the prescription:
indeed, if a patient take a prescription before ending the
previous one, the daily mean dosage could be slightly higher.
This effect could be more evident in the limited time horizon
(for instance the first trimester of treatment). Moreover, the
estimation of the total cost of drug wastage is directly depen-
dent on the number of patients treated with a certain medica-
tion. The GLM model to determine cost predictors took into
account only variables collected; thus the impact of other
variables was not considered.

5. Conclusions

In the area of oncology, the impact of pharmaceutical
expenses and the potential drug wastage associated with
dose adjustments represents an important component of eco-
nomic evaluations on drugs. This real-world analysis investi-
gated drug usage and related economic burden of CDK 4/6i
therapy in aBC patients in Italy. Among the different sub-
groups of patients, comparable direct healthcare costs were
observed. The evaluation of drug consumption showed that in
palbociclib and abemaciclib-treated patients dose reduction
led to drug wastage, with related expenses, while this phe-
nomenon was not evident for ribociclib-treated patients.
These results may support prescribers and healthcare policy
decision-makers in highlighting drug wastage phenomenon to
design a strategy to minimize this issue.

EXPERT REVIEW OF PHARMACOECONOMICS & OUTCOMES RESEARCH . 7

Funding

Novartis Farma Italy purchased the study report, which is the basis for this
manuscript.

Declaration of interest

S Palladino, E Premoli, D Valsecchi and MSuter are employees of Novartis
Farma Italy. This manuscript was developed with Novartis Farma Italy and
CliCon S.r.l. Societa Benefit. The agreement signed by Clicon S.r.l. Societa
Benefit and Novartis Farma Italy does not create any entity, joint venture
or any other similar relationship between the parties. Clicon S.r.l. Societa
Benefit is an independent company. Neither Clicon S.r.l. Societa Benefit
nor any of its representatives are employees of Novartis Farma Italy in any
purpose. The authors have no other relevant affiliations or financial invol-
vement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

Author contributions

Study conception: S Palladino, E Premoli, D Valsecchi, M Suter, V Perrone,
L Degli Esposti. Acquisition/analysis/interpretation of data: V Perrone,
E Giacomini, D Sangiorgi, L Degli Esposti. Final approval of the publication:
all authors.

Data sharing statement

All data used for the current study are available upon reasonable request
next to CliCon s.rl. which is the body entitled of data treatment and
analysis by Local Health Units.

References

Papers of special note have been highlighted as either of interest (¢)
or of considerable interest (s¢) to readers.
1. Hofmarcher T, Lindgren P, Wilking N, et al. The cost of cancer in
Europe 2018. Eur J Cancer. 2020 Apr;129:41-49.
2. Fasola G, Aita M, Marini L, et al. Drug waste minimisation and
cost-containment in medical oncology: two-year results of
a feasibility study. BMC Health Serv Res. 2008 Apr 1;8(1):70. doi:
10.1186/1472-6963-8-70
3. Fasola G, Aprile G, Marini L, et al. Drug waste minimization as an
effective strategy of cost-containment in oncology. BMC Health
Serv Res. 2014 Feb 7;14(1):57. doi: 10.1186/1472-6963-14-57
Italian research on drug wastage in oncology
. Bach PB, Conti RM, Muller RJ, et al. Overspending driven by over-
sized single dose vials of cancer drugs. BMJ. 2016 Feb 29;352:i788.
doi: 10.1136/bmj.i788. .
Important research on some contradictory regulatory stan-
dards in the US that allow drug production in single dose
vials containing large quantities that increase leftover drug
5.Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 Countries. CA A Cancer J Clin. 2021;71
(3):209-249. doi: 10.3322/caac.21660
. AIOM (Associazione Italiana di Oncologia Medica): | numeri del
cancro in ltalia, 2020. Available from: https://www.aiom.it/wp-
content/uploads/2020/10/2020_Numeri_Cancro-operatori-web.pdf.
Last accessed: 18 May 2023
7. Keen JC, Davidson NE. The biology of breast carcinoma. Cancer.
2003;97(S3):825-833. doi: 10.1002/cncr.11126


https://doi.org/10.1186/1472-6963-8-70
https://doi.org/10.1186/1472-6963-8-70
https://doi.org/10.1186/1472-6963-14-57
https://doi.org/10.1136/bmj.i788
https://doi.org/10.3322/caac.21660
https://www.aiom.it/wp-content/uploads/2020/10/2020_Numeri_Cancro-operatori-web.pdf
https://www.aiom.it/wp-content/uploads/2020/10/2020_Numeri_Cancro-operatori-web.pdf
https://doi.org/10.1002/cncr.11126

8 S. PALLADINO ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Trivers KF, Lund MJ, Porter PL, et al. The epidemiology of

triple-negative breast cancer, including race. Cancer Causes
Control. 2009;20(7):1071-1082. doi: 10.1007/s10552-009-9331-1

. Mayer M, Hunis A, Oratz R, et al. Living with metastatic breast

cancer: a global patient survey. Community Oncol. 2010;7
(9):406-412. doi: 10.1016/51548-5315(11)70415-6

Linee Guida 2020 AIOM delle Neoplasie della Mammella. Available
from: https://www.aiom.it/wp-content/uploads/2020/10/2020_LG_
AIOM_NeoplasieMammella.pdf Last accessed: 18 May 2023
Ibrance. INN-palbociclib. Available from: https://www.ema.europa.
eu/en/documents/product-information/ibrance-epar-product-
information_it.pdf Last accessed: 18 May 2023

Kisgali. INN-ribociclib. Available from: https://www.ema.europa.eu/
en/documents/product-information/kisqali-epar-product-
information_it.pdf Last accessed: 18 May 2023

Verzenios. INN-abemaciclib. Available from: https://www.ema.
europa.eu/en/documents/product-information/verzenios-epar-
product-information_it.pdf Last accessed: 18 May 2023

So.Re.Sa. Societa Regionale per la Sanita - Farmaci ed Emoderivati.
Available from: www.soresa.it/pa/Pagine/Anagrafe/Farmaci-
Emoderivati.aspx Last accessed: 18 May 2023

Prasad V, Massey PR, Fojo T. Oral anticancer drugs: how limited
dosing options and dose reductions may affect outcomes in com-
parative trials and efficacy in patients. J Clin Oncol. 2014;32
(15):1620-1629. doi: 10.1200/JC0.2013.53.0204

Finn RS, Martin M, Rugo HS, et al. Palbociclib and letrozole in
advanced breast cancer. N Engl J Med. 2016;375(20):1925-1936.
doi: 10.1056/NEJMoa1607303

Hortobagyi GN, Stemmer SM, Burris HA, et al. Ribociclib as first-line
therapy for HR-positive, advanced breast cancer. N Engl J Med.
2016;375(18):1738-1748. doi: 10.1056/NEJM0oa1609709
Randomized, placebo-controlled, phase 3 trial, on ribociclib
combined with letrozole for first-line treatment in postmeno-
pausal women with HR+ HER2- recurrent or metastatic breast
cancer

Daughton CG, Ruhoy IS. Lower-dose prescribing: minimizing “side
effects” of pharmaceuticals on society and the environment. Sci
Total Environ. 2013;443:324-337. doi: 10.1016/j.scitotenv.2012.10.
092

Baird JA, Starner Cl, Bowen K, et al. Palbociclib (Ibrance) utilization
and costs among 18 million insured Americans: managed care
pharmacy opportunities. Poster presented at the Academy of
Managed Care Pharmacy (AMCP) 27" Annual Meeting & Expo
2015. Available from: https://pharmacy.primetherapeutics.com/con
tent/dam/corporate/Documents/Newsroom/Primelnsights/2015/
posters/1015-fall-palbociclib.pdf Last accessed: 18 May 2023
Galactionova K, Loibl S, Salari P, et al. Cost-effectiveness of palbo-
ciclib in early breast cancer patients with a high risk of relapse:
Results from the PENELOPE-B trial. Front Oncol. 2022;12:886831.
doi: 10.3389/fonc.2022.886831

21.

22.

23.

24,

25.

26.

Li N, Du EX, Chu L, et al. Real-world palbociclib dosing patterns and
implications for drug costs in the treatment of HR+/HER2- meta-

static breast cancer. Expert Opin Pharmacother. 2017;18
(12):1167-1178. doi: 10.1080/14656566.2017.1351947
Nota 51. Farmaco in nota: Ulipristal acetato, Triptorelina,

Leuprorelina, Goserelina, Buserelina. Available from: https://www.
aifa.gov.it/en/nota-51 Last accessed: 18 May 2023

Moran JL, Solomon PJ, Peisach AR, et al. New models for old
questions: generalized linear models for cost prediction. J Eval
Clin Pract. 2007 Jun;13(3):381-389. doi: 10.1111/j.1365-2753.2006.
00711.x

Burne R, Balu S, Guérin A, et al. Comparison of healthcare resource
utilization and costs of patients with HR+/HER2- advanced breast
cancer treated with ribociclib versus other CDK4/6 inhibitors. J Med
Econ. 2021;24(1):806-815. doi: 10.1080/13696998.2021.1939705
Patt D, Mitra D, Harrell R, et al. Early treatment utilization of
palbociclib  for  metastatic  breast cancer (mBC) in
a U.S. community oncology network [abstract. J Clin Oncol.
2016;34(15 Suppl):e18112. Available from: https://ascopubs.org/
doi/abs/10.1200/JC0O.2016.34.15_suppl.e18112

Finn RS, Crown JP, Lang |, et al. The cyclin-dependent kinase 4/6
inhibitor palbociclib in combination with letrozole versus letrozole
alone as first-line treatment of oestrogen receptor-positive,
HER2-negative, advanced breast cancer (PALOMA-1/TRIO-18):
a randomised phase 2 study. Lancet Oncol. 2015;16(1):25-35. doi:
10.1016/51470-2045(14)71159-3

« Randomized phase 2 trial, on palbociclib plus endocrine ther-

27.

28.

29.

30.

apy as first-line treatment for postmenopausal women with
HER+/HER2- advanced BC

Cristofanilli M, Turner NC, Bondarenko |, et al. Fulvestrant plus
palbociclib versus fulvestrant plus placebo for treatment of hor-
mone receptor-positive, HER2-negative metastatic breast cancer
that progressed on previous endocrine therapy (PALOMA-3): final
analysis of the multicentre, double-blind, phase 3 randomised
controlled trial. Lancet Oncol. 2016;17(4):425-439. doi: 10.1016/
S1470-2045(15)00613-0

Piccinni C, Dondi L, Ronconi G, et al. HR+/HER2- metastatic breast
cancer: epidemiology, prescription patterns, healthcare resource
utilisation and costs from a large Italian real-world database. Clin
Drug Investig. 2019 Oct;39(10):945-951.

Biskupiak J, Oderda G, Brixner D, et al. Quantification of economic
impact of drug wastage in oral oncology medications: comparison
of 3 methods using palbociclib and ribociclib in advanced or
metastatic breast cancer. J Manag Care Spec Pharm. 2019;25
(8):859-866. doi: 10.18553/jmcp.2019.25.8.859

Zhu L, Wang M, Luo X, et al. Pharmacoeconomic evaluations of
CDK4/6 inhibitors plus endocrine therapy for advanced hormone
receptor-positive (HR+) and human epidermal growth factor
receptor-2 negative (HER2-) breast cancer: a systematic review.
Ann Transl Med. 2022 Feb;10(4):233. doi: 10.21037/atm-21-5110


https://doi.org/10.1007/s10552-009-9331-1
https://doi.org/10.1016/S1548-5315(11)70415-6
https://www.aiom.it/wp-content/uploads/2020/10/2020_LG_AIOM_NeoplasieMammella.pdf
https://www.aiom.it/wp-content/uploads/2020/10/2020_LG_AIOM_NeoplasieMammella.pdf
https://www.ema.europa.eu/en/documents/product-information/ibrance-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/ibrance-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/ibrance-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/kisqali-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/kisqali-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/kisqali-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/verzenios-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/verzenios-epar-product-information_it.pdf
https://www.ema.europa.eu/en/documents/product-information/verzenios-epar-product-information_it.pdf
http://www.soresa.it/pa/Pagine/Anagrafe/Farmaci-Emoderivati.aspx
http://www.soresa.it/pa/Pagine/Anagrafe/Farmaci-Emoderivati.aspx
https://doi.org/10.1200/JCO.2013.53.0204
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1056/NEJMoa1609709
https://doi.org/10.1016/j.scitotenv.2012.10.092
https://doi.org/10.1016/j.scitotenv.2012.10.092
https://pharmacy.primetherapeutics.com/content/dam/corporate/Documents/Newsroom/PrimeInsights/2015/posters/1015-fall-palbociclib.pdf
https://pharmacy.primetherapeutics.com/content/dam/corporate/Documents/Newsroom/PrimeInsights/2015/posters/1015-fall-palbociclib.pdf
https://pharmacy.primetherapeutics.com/content/dam/corporate/Documents/Newsroom/PrimeInsights/2015/posters/1015-fall-palbociclib.pdf
https://doi.org/10.3389/fonc.2022.886831
https://doi.org/10.1080/14656566.2017.1351947
https://www.aifa.gov.it/en/nota-51
https://www.aifa.gov.it/en/nota-51
https://doi.org/10.1111/j.1365-2753.2006.00711.x
https://doi.org/10.1111/j.1365-2753.2006.00711.x
https://doi.org/10.1080/13696998.2021.1939705
https://ascopubs.org/doi/abs/10.1200/JCO.2016.34.15_suppl.e18112
https://ascopubs.org/doi/abs/10.1200/JCO.2016.34.15_suppl.e18112
https://doi.org/10.1016/S1470-2045(14)71159-3
https://doi.org/10.1016/S1470-2045(14)71159-3
https://doi.org/10.1016/S1470-2045(15)00613-0
https://doi.org/10.1016/S1470-2045(15)00613-0
https://doi.org/10.18553/jmcp.2019.25.8.859
https://doi.org/10.21037/atm-21-5110

	Abstract
	1.  Introduction
	2.  Methods
	2.1.  Data source
	2.2.  Study design and study population
	2.3.  Drug utilization analysis
	2.4.  Healthcare resource consumption and cost analysis
	2.5.  Statistical analysis

	3.  Results
	4.  Discussion
	5.  Conclusions
	Funding
	Declaration of interest
	Reviewer disclosures
	Author contributions
	Data sharing statement
	References

