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Abstract

Background and Objective Breast cancer is the second leading cause of cancer death worldwide. The economic burden of
breast cancer is crucial for the sustainability of healthcare systems. The objective of this study was to estimate the burden
of HR+/HER2— metastatic breast cancer (MBC) in Italy, in terms of incidence, prescription patterns, healthcare resource
utilisation and costs for the National Health System (NHS).

Methods A cohort study based on healthcare administrative data (ReS database), covering > 10 million Italians, was per-
formed. Incident cases of HR+/HER2— MBC were identified among adult women in 2013. The cohort was followed-up for
2 years to describe healthcare utilisation and integrated costs (pharmaceuticals, hospitalisations and outpatient services)
for NHS. Prescription patterns were described as first-line choice and therapeutic changes. Specific therapeutic changes
were used as proxies of disease progression. A survival analysis was performed to estimate the time from diagnosis to first
disease progression.

Results Of 5174,723 women, 355 cases of de novo HR+/HER2— MBC were selected (incidence: 6.9 per 100,000). During
the 1st follow-up year, they generated an average cost of €7543, whereas €4834 in the 2nd year. The 85.9% received a mono-
therapy, while the 14.1% received a combination therapy. The most used monotherapy was nonsteroidal-aromatase-inhibitors
(45.9%), while the most prescribed combination was tamoxifen + luteinizing hormone releasing hormone (LHRH) analogues
(6.2%). Therapeutic changes occurred in 45.4% of patients, especially from chemotherapy to nonsteroidal-aromatase-inhibi-
tors, after an average of 276.8 days from the first treatment. Disease progression was identified in 22.5% of patients occurring
after a mean 13 + 6 months from diagnosis.

Conclusions This detailed picture of HR+/HER2— MBC, based on real-world data, could be helpful in health technology
assessment and expenditure forecasts of future therapeutic strategies for this condition in Italy.

Part of results of this Study has been submitted as abstracts _

to the Italian Society of Pharmacology 39th annual national Healthcare administrative data can be useful to inves-

meeting (20-23 November 2019, Firenze) and to AIOM (Italian tigate epidemiology and real-world practice of HR+/
Association of Medical Oncology) 21st annual national meeting HER?2— metastatic breast cancer

(25-27 October 2019, Roma).
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1 Introduction

According to the International Agency for Research on Can-
cer (IARC), breast cancer is the second most cancer over-
all and the fifth leading cause of cancer death worldwide [1].
It hides an extremely complex biological tapestry that can
include multiple expressions of the neoplasm with varying
morphology, natural history and prognosis. The most recent
acquisitions on molecular biology have allowed to identify
a number of oncologic determinants able to characterise
different subsets of breast cancer patients. In daily clinical
practice, however, the most important biological factors are
oestrogen and progesterone receptors (ER and PR) and the
epidermal growth factor-2 receptor (HER?2). On the basis of
the expression of these three biological determinants, since
the early 2000s, mammary carcinomas have been classified
into four distinct and reproducible molecular subtypes: (i)
luminal A and (ii) luminal B, which express hormonal recep-
tors, with Ki67 overexpressed only in luminal B; (iii) basal-
like, mainly including triple negative breast carcinomas; and
(iv) HER2— enriched, having the highest activation of the
HER?2 pathway [2-5].

Each of these four categories has a substantially different
prognosis and, consequently, different therapeutic guide-
lines. It is therefore most interesting to analyse carefully, in a
real-world setting, the outcome correlated with cost manage-
ment for the National Health System (NHS). The economic
burden of breast cancer is crucial for the sustainability of
healthcare systems, also considering that it accounted for the
highest healthcare costs in European countries [6].

To this purpose, real-world data can be a valuable tool to
better understand current management of the different dis-
ease subtypes and to implement new policy programmes [7].

The aim of this study was to depict the current burden
of stage IV (de novo diagnosed) hormone receptor-positive
(HR+), human epidermal growth factor receptor 2-negative
(HER2—-) metastatic breast cancer (MBC) in Italy, provid-
ing real-world incidence, healthcare resource utilisation and
costs for NHS. An additional aim was to describe the pre-
scription patterns in terms of therapeutic choices, combina-
tion therapies and switches.

2 Methods
2.1 Data Source

A real-world analysis was conducted using ReS DataBase
(ReS DB), coming from the collaboration between ReS
(Fondazione Ricerca e Salute-Research and Health Foun-
dation) and CINECA (Interuniversity Consortium). ReS DB
is a patient-centred data warehouse, where the following
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healthcare administrative databases are linked with each
other: socio-demographic registry, reimbursed drug pre-
scription database, hospital discharge database, and outpa-
tient services and visits database. Therefore, ReS DB can be
analysed to describe the current disease burden by providing,
for each subject, the precise healthcare pathway and related
direct costs in the perspective of NHS.

From 2012 to 2015, this data source (previously named
ARCO) included information on more than 10 million Ital-
ian inhabitants, resident in different Regions and Local
Health Units. Quality and usefulness of data derived from
administrative databases have been demonstrated by recent
observational studies on other clinical populations [8, 9].

2.1.1 Cohort Selection

Patients affected by de novo HR+/HER2— MBC were iden-
tified among the female population aged > 18 years at 2013
(accrual year).

MBC was identified by searching hospital discharge data
where all diagnoses are codified according to the Interna-
tional Classification of Diseases — 9th Revision, Clinical
Modification ICD9-CM). The use of administrative hospital
discharge data to detect and stage breast cancer was sup-
ported by previous studies [10-12]. A woman was defined
by MBC if she was hospitalized in the accrual year with a
diagnosis (primary or secondary) of “malignant neoplasm
of female breast” (ICD-9-CM: 174.0-174.9) and, simultane-
ously, with a diagnosis (primary or secondary) of “second-
ary and malignant neoplasms” (ICD9-CM codes are listed in
the supplementary Table 1S). The discharge date responding
to these criteria was considered as the index date for each
patient. In order to select only de novo cases, all patients
who met the above criteria also in the previous year (2012)
were excluded. Therefore, this strategy was able to capture
MBC at the diagnosis (de novo) and it excluded MBC distant
recurrence, by assuming that a patient affected by breast
cancer is admitted to hospital at least one time during one
year (if nothing else in a day-hospital setting).

The expression of receptors was derived using drugs as
proxies, in agreement with previous researches [13, 14]. To
this purpose, the reimbursed drug prescription database,
where all drugs are codified according to the Anatomical
Therapeutic Chemical (ATC) classification, was investi-
gated. A patient was defined HR+ if, in the 24 months after
the index date, she received at least one prescription of the
following drugs: tamoxifen (ATC: LO2BAO1), aromatase
inhibitors (LO2BG), or fulvestrant (LO2BAO3). Finally, a
patient was defined HER2— if in the 24 months after the
index date, she did not receive any prescription of trastu-
zumab (L0O1XCO03) or lapatinib (LO1XEQ7).
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2.2 Study Design

This was a cohort study based on historical healthcare
administrative data. Each patient was selected in 2013
(accrual year, where the index date was identified). Start-
ing from the index date, a previous period of 12 months
was observed to ascertain the de novo status of the disease.
A follow-up period of 24 months after the index date was
also considered to define receptor expression and to describe
outcome, healthcare utilisation and costs.

2.3 Analysis of Disease Burden

At the accrual year (2013), the overall annual incidence esti-
mation (per 100,000 adult women) and its distribution across
age classes were provided. Healthcare resource utilisation
and direct costs, in the perspective of NHS, were calculated
separately for each year of follow-up.

Hospital admissions were analysed in terms of primary
diagnosis or procedure, using the DRG (Diagnosis-Related
Group) classification. Outpatient services and visits were
analysed using regional lists of all healthcare services reim-
bursed by NHS. Drug therapies were described in terms
of (i) specific outpatient drugs used to treat neoplasm, (ii)
chemotherapies administered in day-hospital or ambulatory
settings, and (iii) other concomitant drugs.

Healthcare costs were evaluated using real price paid by
NHS and tariffs for in- and outpatient services (only direct
costs). Cost analyses were performed both as single expendi-
ture item (i.e. hospital discharges, drug prescriptions and
ambulatory services and visits) and as integrated costs. The
total annual cost and the average annual cost per patient, in
the perspective of NHS, were calculated for each follow-up
year. Furthermore, the costs related to the index event (dis-
charge with one of the diagnoses of interest) were presented
separately.

2.4 Analysis of Prescription Patterns

The prescription pattern of each patient included in the study
cohort was analysed along the 2-year follow-up period. Drug
therapy was described in terms of first-line prescription
choice, both as monotherapy and combination therapy. Com-
bination therapy was defined as prescription of at least two
drugs in a time-window of 60 days. Subsequently, changes in
therapy were analysed by searching for any switch between
active substances and drug additions or removals in the
therapeutic plan.

Changes in drug therapy were also used as proxies of
disease worsening. According to clinical opinions, a list of
specific therapeutic switches identifying possible disease
worsening was selected (supplementary Table 2S). This list

does not include the switch from chemotherapy to endo-
crine therapy, due to the fact that it could be a maintenance
therapy after response to chemotherapy [15, 16]. If one of
the switches included in the list occurred during the follow-
up period, the woman was considered in disease progression.
The choice of considering as disease progression proxies
only the specific drug changes occurred after 60 days was
due to common clinical practice, according to which effec-
tiveness/ineffectiveness assessment is usually performed
after 2 months of therapy.

Kaplan—Meier survival analysis was performed to esti-
mate the time from diagnosis to first disease progression.

3 Results

3.1 Incidence of De novo HR+/HER2— Metastatic
Breast Cancer

From an overall population of 5,174,723 women
aged > 18 years, resident in 6 Italian regions at 2013 and
with complete data recorded in ReS DB, 802 were found
to be affected with hospitalised MBC (15.5 per 100,000).
Of these, 787 were de novo cases over the year (15.2
per 100,000). Among these de novo MBC, 381 were
HR+ (48.4% of de novo MBC) and, of these, 355 were
HER2- (93.2% of de novo MBC with HR+). Therefore,
the crude incidence of de novo HR+/HER2— MBC at 2013
was 6.9 per 100,000 adult women, without substantial dif-
ferences among the Italian regions included in the analysis.

This population had a mean age of 63 + 14 years and a
median age of 65 years. Incidence distribution by age class
showed an increase in estimation from 18-49 to 70-79 years,
where the incidence was 13.9 per 100,000, and then a
decrease in women aged 80 or more (Table 1).

3.2 Healthcare Utilisation and Costs

At the index date, all 355 women were admitted to hospital
for one of the diagnoses used to select the cohort. Hospi-
talisations had an average annual cost per patient of €3888.

During the first year of follow-up, a woman affected by
de novo HR+/HER2— MBC generated an average cost for
NHS of €7543. The main cost driver was outpatient services
and visits, which generated an average cost per patient of
€3380, accounting for 44.8% of the overall cost. Hospitali-
sation costs, excluding daily admissions for chemotherapy
administration, covered 22.6% of total expenditure (€1708
per patient). Chemotherapy, which is administered in day-
hospital or ambulatory service, accounted for 21.2% of all
expenses (€1601 per patient). Finally, drug prescriptions
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Table 1 Incidence of de novo HR+/HER2— metastatic breast cancer
among adult women, in 2013: distribution by age classes

De novo cases  Incidence
of HR+/HER2— (% 100,000)
metastatic

breast cancer

Age class (years)  Population of

adult women

N %
18-49 2,408,995 72 20.3 3.0
50-59 837,437 74 20.8 8.8
60-69 723,361 73 20.6 10.1
70-79 641,531 89 25.1 13.9
>80 563,399 47 13.2 8.3
Total 5,174,723 355 100.0 6.9

(both specific and concomitant drugs) generated 11.3% of
the total cost (€854 per patient).

Of 355 patients followed in the first year, 326 were also
followed in the second year. During the latter, a woman
who met the inclusion criteria generated an average cost
of €4834. The main cost driver was hospital admissions
(38.5%), followed by outpatient services and visits (28.6%),
drug prescriptions (17.8%), and chemotherapy administra-
tion (15.2%) (Table 2).

3.3 Prescription Patterns and Disease Progression

The prescription pattern analysis showed that, after the index
date, 85.9% of the cohort was treated with monotherapy,
whereas the remaining 14.1% received combination therapy.
The most commonly used monotherapy schemes, as first-line
choices, were nonsteroidal aromatase inhibitors (45.9%),
chemotherapy (19.4%) and tamoxifen (8.7%); the most pre-
scribed combination therapies were tamoxifen + luteinising
hormone releasing hormone (LHRH) analogues (6.2%), and

chemotherapy + LHRH analogues (3.1%) (supplementary
Table 3S).

By analysing the 2-year prescription history for each
subject, 54.4% of the cohort did not change therapy dur-
ing the whole follow-up, whereas 1, 2, 3 and 4 switches
were observed in 30.1%, 11.0%, 3.4% and 1.1% of patients,
respectively. The first change in therapy occurred after an
average of 276.8 days from the first treatment.

Overall, 237 changes were recorded during the follow-
up. Of these, 83% were due to modification of the active
substance, 9% to the addition of one or more drugs to a
previous scheme, and 8% to removal of one drug from the
previous scheme. A great number of switches occurred from
chemotherapy to other therapies, most commonly to mono-
therapy with nonsteroidal aromatase inhibitors (supplemen-
tary Table 4S).

Disease progression was analysed by using specific thera-
peutic changes as proxies. According to this strategy, dur-
ing the whole follow-up, 80 women (22.5% of the cohort)
experienced a disease progression; in particular, 1, 2 and 3
disease progression events were recorded in 18.0%, 2.7%
and 0.8% of patients, respectively. Survival analysis, which
was performed on 355 women, corresponding to 7061 per-
son-months (an average of 19.9 months for patient), found
that the first disease progression occurred, on average,
13 + 6 months after diagnosis (index date) (Fig. 1).

4 Discussion

This study provided an updated and comprehensive pic-
ture of a specific type of breast cancer, the de novo HR+/
HER2—- MBC. Using the well-validated Italian healthcare
administrative data, our analysis showed the real-world
incidence of this condition, its healthcare resource utilisa-
tion and related costs in the perspective of NHS. Moreover,

Table 2 Integrated healthcare costs for National Health System (NHS) generated by de novo HR +/HER2 metastatic breast cancer at the index

date and during the first and second year of follow-up

Index date 1st year of follow-up 2nd year of follow-up
Average cost per Average cost per NHS expenditure ~ Average cost per NHS
patient (€) patient (€) (%) patient (€) expenditure
(%)
Outpatient drug prescriptions 854 11.3 852 17.6
Specific drugs 421 548
Concomitant drugs 433 304
Chemotherapy® 1601 21.2 737 15.2
Hospital admissions 3888 1708 22.6 1861 38.5
Outpatient services and visits 3380 44.8 1384 28.6
Total 3888 7543 100.0 4834 100.0

# Administered in day-hospital or ambulatory service
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real-world data were used to describe the prescription pat-
terns and disease progression to provide more details on the
current management of this type of breast cancer. This could
be achieved thanks to the large ReS DB, representative of
the Italian population. Indeed, since the 1970s, advances
in oncology have also been made through the conduction
of randomised controlled trials, but generalisability of their
results to the current patient population remains an unsolved
issue. Real-world evidence, with the ability to analyse large
amounts of data relating to thousands of patients treated and
followed up by different institutions, allows to overcome this
limitation, providing reliable information on unselected
patients.

The first goal of our analysis was to provide the incidence
of de novo HR+/HER2— MBC, which was 6.9 per 100,000
adult women in Italy, in 2013. This result was found start-
ing from the cohort of de novo MBC adult women whose
incidence was 15.2 per 100,000, very close to the estimation
by Crocetti and colleagues (13.1 per 100,000) [17]. The lit-
tle discrepancy of the two incidence rates could be due to
differences in the methodology: our study analysed Italian
hospital discharges, whereas Crocetti et al estimated the Ital-
ian incidence by applying the US methodology by Mariotto
etal. [18].

Knowledge of the epidemiology of different types of
breast cancer is crucial for planning and funding effective
health services. This holds particularly true for MBC, as
information on its incidence and prevalence is scarce [18].

Our study included all breast cancer cases classifiable as
luminal A or B, given that information on the percentage of
Ki67 expression could not be obtained for each patient. In
order to select patients with de novo stage I'V breast cancer,
hospitalisations with specific diagnosis codes were used
as proxies. Therefore, despite being based on proxies, the

Survival to disease progression

00 T T T T T

Time (months)

Fig.1 Survival analysis (Kaplan—-Meier curve) for disease progres-
sion during 2-year follow-up

incidence estimated from our data can be considered relia-
ble, also given the ability of Italian administrative databases
to identify specific breast cancers [10].

As for prescription patterns and disease progression
regarding the 355 patients de novo HR+/HER2— MBC,
these are consistent with previous literature data [19-21].
Specifically, the use of drug prescriptions as proxies
of receptor expression reported that the rate of HR+/
HER2— was 48.4% of incident cases of MBC de novo. This
rate was quite lower than that reported by Gobbini et al,
where HR+/HER2— represented the 65.7% of the MBC
prevalent cohort [21]. This difference could be due to dis-
crepancies between analysed cohorts (incident vs prevalent)
and between data sources (administrative databases vs ad
hoc data collection). Otherwise, it could be explained by
the underestimation of the receptor expression, identified
through drug prescriptions as proxy. However, it is not in
doubt that algorithms applied to big healthcare data are built
to address the multiple biological and clinical variables that
characterise mammary neoplasia, allowing to extract homo-
geneous groups of patients that are used to perform clinical
and pharmacological analyses of great interest.

The reliability of our approach was also confirmed by
the results on disease progression retrieved using specific
drug switches as proxies (i.e. after 24 months the 22.5%
of patients experienced a disease progression at an aver-
age of 13 + 6 months after diagnosis). As a matter of fact,
these findings were comparable with the main results from
randomised controlled trials on HR+/HER2— MBC: in the
MONALEESA-2 trial [22], after 18 months disease progres-
sion was observed in 12% of patients treated with letrozole
plus placebo, with a median progression-free survival of
14.7 months; in the PALOMA-3 trial [23], after 15 months
disease progression occurred in 33% of patients in the ful-
vestrant plus placebo group, with a median progression-free
survival of 9.5 months.

Furthermore, our study provides a comprehensive pic-
ture of healthcare resource utilisation in de novo HR+/
HER2— MBC patients, in terms of drug prescriptions, hospi-
talisations and outpatient services, with the related costs, in
the perspective of NHS. Our analysis showed that a woman
affected by de novo HR+/HER2— MBC costs on average
€3800 at diagnosis (index date), €7500 in the first year of
follow-up and €4800 in the second year of follow-up. These
costs are remarkably similar to those reported for “M1 (dis-
tant metastasis) breast cancer” in an Italian study, where
administrative and cancer registry data were linked to obtain
staging information [24]. Moreover, the costs incurred in the
first year (diagnosis + first year of follow-up) were compa-
rable to those retrieved in a US elderly population affected
by HR+/HER2— MBC [25]. Hence, administrative data, if
adequately queried, could be helpful to complete and detail
the economic burden of breast cancer.
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In contrast to these strengths, several study limitations
should be acknowledged, some of which are pertaining to
observational studies based on healthcare administrative
database [26, 27]. First, proxies were used for the identi-
fication of a specific diagnosis subgroup and the receptor
expressions (using the presence/absence of particular drug
prescriptions). This strategy inevitably resulted in an under-
estimation of HR+/HER?2— subjects, since a small portion of
women could not be treated with drugs for different reasons
(e.g. comorbidities or intolerance), or they could be included
in clinical trials where the specific drug is not recorded in the
pharmaceutical administrative database. However, the used
methodology is highly reliable in the care setting analysed,
particularly in Italy. The Italian NHS covers the healthcare
costs of the entire resident population by reimbursing drug
prescriptions only if they meet specific rules established by
the National Medicines Agency (AIFA—Agenzia Italiana del
Farmaco). In the case of drugs for breast cancer treatment,
these rules are based on the specific expression of receptors.
Therefore, the presence/absence of a drug prescription ade-
quately reflects every type of receptor profile. Second, our
strategy could have missed those patients affected by HR+/
HER2- MBC who were neither hospitalized nor received
endocrine therapy prescription, resulting in a slightly under-
estimated incidence.

Therefore, our results should be validated by review-
ing medical records or linking with other data sources that
report cancer staging information and receptor expression,
to ascertain the precise diagnosis [11]. Third, administrative
data were used to estimate the costs that reflect the actual
expenditure paid by NHS. In some cases, these could not
necessarily convey accurate information about the economic
costs of procedures and services. Moreover, our analysis did
not include indirect costs (e.g. lost productivity), which rep-
resent a huge part of the costs related to breast cancer, paid
especially by patients and their caregivers [28]. Finally, pre-
scription changes were used as proxies of disease progres-
sion. This methodology was adopted because no information
on actual treatment failures is retrievable from administra-
tive databases, therefore it represents the unique optimal
strategy when these data sources are used.

5 Conclusion

In conclusion, using a sophisticated but easily applicable
methodology, our results showed that real-world data could
be helpful in health technology assessment and expendi-
ture forecasts of future therapeutic strategies for HR+/
HER2—- MBC, particularly in the field of “precision medi-
cine” or “personalised medicine” in Italy.
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