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Abstract: Objective: To assess the economic impact of the introduction of trastuzumab and lapatinib, as 1st and 2nd line
treatment of HER-2 (Human Epidermal Growth Factor Receptor 2)-positive mBC (metastatic breast cancer) patients in
Veneto region (North-East of Italy).

Methods: A Markov state decision model was implemented to evaluate the cost impact of trastuzumab and lapatinib use
for a lapse of time of three years in Veneto public hospitals. The Markov model expressed transition probabilities from
three different states, comparing in addition the expected deaths and the monthly survival rates in treatment and no-
treatment groups, along the lines of previously published studies.

Results: From the initial cohort of 267 patients eligible for treatment, stable ones (195) were considered in order to
evaluate the impact of the targeted therapy on overall progression of the disease. Trastuzumab administration accounted
for a regional expense of 2765662 € within the 6 months, almost duplicating in 1 year. 2" line therapy accounted on the 6
months budget for almost 100000 €, costs overseen for the eligible patients at the beginning. All costs were considered
together with the associated drug. Costs of second line treatment increased within the last year, taken the higher number of
patients transiting from a stable condition to a progressive one.

Conclusion: Our result pointed out that mBC represents a considerably high cost also from a regional perspective.
Economic evaluations are usually performed in different countries at national level, while in local health care decision
making there is lack of health economic data and evaluations.
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In 1975, the worldwide estimated number of new female
cancers was 3 million. By 2000, this figure reached
approximately 5 million [1]. Breast cancer is the most
common malignancy in women [2]. As such, it accounts for
more than 1/5 of worldwide cancers prevalence. In the last
ten years, an increase of 33% has been observed, accounting
for 1,050,346 new cases in the year 2000 [3]. The average
10-year distant recurrence rate in early breast cancer is
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estimated at between 20 and 30% [4].

Incidence in the European Union is 109.8/100 000 women/
year, mortality sets around 38.4/100 000 women/year. Since
1990, the incidence rate has increased 1.5% annually [5S].
Approximately 6% of breast cancers are metastatic at
diagnosis with a 5-year survival rate of 21%.

Metastatic breast cancer (mBC) remains essentially
incurable, and the main treatment goal is palliation, with the
aim of prolongation of overall survival time without
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negatively impacting quality of life. Due to advances both in
early detection and in treatment options, mortality rates from
breast cancer have been decreasing, however, it is still the
leading cause of cancer mortality in women worldwide (1,2).
Currently, the treatment of patients with metastatic breast
cancer (mBC) involves the use of multiple agents, including
endocrine therapies for hormone receptor-positive (HR+)
disease, cytotoxic chemotherapy, and therapies targeting
human epidermal growth factor (EGF) receptor 2 (HER-2)
and vascular endothelial growth factor (VEGF) pathways.
HER-2 has been recognized as acentral target for breast
cancer [6]. HER-2 is amplified or overexpressed in
approximately 20% of breast cancers, and increased HER-2
expression is linked with more aggressive breast tumors and
before trastuzumab’s introduction, with a prognosis less
favorable than tumors with normal HER-2 expression [7].

Trastuzumab is a recombinant humanized monoclonal
antibody that targets cancer cells that overexpress HER-
2/neu, a HER-2 oncogene. Among the estimated 20% to
30% of metastatic breast cancer patients whose tumors
overexpress HER-2 [8], trastuzumab is recommended as
first-line treatment, either as a single agent (in selected
patients) or in combination with endocrine therapy or
chemotherapy, as well as in the adjuvant setting, being
associated not only with a significant improvement in
mortality, but ending up in a drastic change of the natural
history of the disease [9].

Dawood et al. recently reviewed the M. D. Anderson
Cancer Center database and found that women with HER-2-
positive disease who received trastuzumab as first-line
treatment had an improved prognosis compared to women
with HER-2-negative disease [10]. Development of the
tyrosine kinase inhibitor (TKI) lapatinib, which targets the
inner part of the HER-2 receptor, has widened the
therapeutic possibilities.

Lapatinib is a reversible dual EGFR/HER-1 and HER-2
TKI that is approved as 2™ line agent, in combination with
capecitabine for the treatment of advanced or HER-2+ breast
cancer after failure of chemotherapy and trastuzumab.
Lapatinib’s linkage to the intracellular TK domains of HER-
1 and HER-2 results in inhibition of receptor
phosphorylation, resulting in the inhibition of downstream
pathways that control cell proliferation and survival.
Lapatinib has shown a considerable increase in time to
progression in combination with capecitabine in patients
progressing after trastuzumab [5, 11].

The lifetime cost of mBC is a key component for the
economic evaluations of these innovative products [12]:
indeed the addition of targeted drugs for cancer treatment to
standard chemotherapy entails a substantial growth of the
costs related to cancer care determined by the high-costs of
new anticancer drugs [13]. For example, the cost-
effectiveness of lapatinib in advanced breast cancer has been
questioned. In a UK-NICE statement (2009), lapatinib in
combination with capecitabine, within its licensed indication,
is not recommended for the routine treatment of women with
previously treated advanced or metastatic breast cancer
whose tumors overexpress HER-2, except in the context of
clinical trials [14].
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In terms of public policy maker and its decision process,
studies have shown that they resist applying rigorous health
economic evaluations in the decision process, in particular
since the available health-economic information is usually
framed in a way which cannot be directly applied to a
specific population [15]. The decision maker may deal in the
economic evaluation studies with some methods like cost-
effectiveness ratio or quality-adjusted life years (QALY)
gained, which poses some difficulties in being followed in
the ordinary health-care domain because they rarely are
providing data localized to the specific area or population
[16]. The choice of well-specified points of view is an
essential ingredient in the critical assessment of economic
evaluation [17].

From the point of view of the health-care decision maker,
the economic and clinical evaluation of a new therapy or
health technology is more effective when information is
presented in the general terms of a cost of illness analysis
(COI), or, in a disaggregated way by means of a list of the
costs and the outcomes or consequences of the intervention,
namely as a cost consequence analysis (CCA) [18].
Furthermore, it has been observed that economic evaluations
are usually performed in different countries at national level,
while in local health care decision making there is lack of
health economic data and evaluations, disconnecting
economic evaluations from the types of decision that local
institutions must normally face [19]. The NHS (National
Health System) costs are controlled by the regional
governments (which are financially accountable for health
care expenditure, including hospital drug budgets), but
agreements regarding price and discounts are decided in
Agenzia italiana del farmaco (AIFA). For this reason, some
regional governments ask the pharmaceutical companies to
produce a "Health Technology Assessment" before deciding
to introduce a drug in the regional hospital formulary.

Along the latter lines, the present paper is aimed at
assessing the economic impact of the introduction of
trastuzumab and lapatinib, in 1% and 2™ line treatment of
HER-2-positive mBC patients in Veneto region (North-East
of Italy). Whereas in previous work it has been calculated
economic, health and social costs and consequences of the
introduction of trastuzumab for the treatment of early stage
breast cancer in Veneto region [20], in the current paper, a
comparison concerning the introduction of targeted therapy
as adjuvants in mBC treatment is also pointed out.

MATERIALS AND METHODS
Target Therapy

HER-2 was one of the first receptors targeted by specific
monoclonal antibody trastuzumab [21]. Currently, it is used
alone or as adjuvant with chemotherapy for treatment of
breast cancer, especially in advanced stages of the disease.
Trastuzumab is a recombinant humanized monoclonal
antibody directed against the extracellular domain of HER-2
inhibiting receptor dimerization [21, 22]. The overall
response rate to trastuzumab monotherapies is ~26%
compared to 40-60% when a trastuzumab-chemotherapy
combination is applied [23]. Trastuzumab therapy has been
accompanied with improved progression-free survival and
consequently considered an indicative of host response to the
antibody therapy [24]. Trastuzumab is normally
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administered in association with paclitaxel every 3 weeks
with a loading dose of 8 mg/kg of body weight, followed by
maintenance doses of 6mg/kg of body weight or weekly with
a loading dose of 4mg/kg of body weight, followed by doses
of 2mg/kg of body weight. Lapatinib is a small-molecule
potent reversible and selective inhibitor of the TK domains
of EGFR and HER-2, that acts by competitive binding to the
intracellular ATP-binding site of the receptor. It is registered
for the treatment of advanced or metastatic HER-2+ breast
cancer in combination with capecitabine and for hormone
receptor-positive breast cancer in combination with an
aromatase inhibitor [25]. Although monoclonal antibodies
such as trastuzumab have resulted in significant clinical
benefit for patients with HER-2-positive breast cancer [10],
many patients exhibit intrinsic resistance and the common
development of acquired resistance, remains a considerable
clinical issue. Lapatinib cycle lasts 21 days and it consists of
a daily oral dose of 1250mg. It is given in association with
capecitabine. All characteristics are presented in Table 1.

Setting

Veneto is an Italian region with a population of 4.8
million. Veneto is situated in Northeast Italy and has a
population of 4 937 854 (year 2010) among which the
female population is 2 523 964 (year 2010) [26] and the
incidence of new cases of breast cancer is about 4000 per
year [27].

Target Population

The determination of the target population was obtained
by taking into account the annual incidence of breast cancer
patients, the criteria of clinical appropriateness, the yearly
incidence rates of people with metastatic breast cancer at
diagnosis, the proportion of patients presenting the HER-2
receptor and the proportion of patients which were not
eligible to trastuzumab treatment because of heart
dysfunction. All data were obtained from published studies
[9, 28]. Data on incidences and prevalences of mBC were
obtained from the pharmacological database of IOV (Veneto
Institute for Oncology) [27]. Target population of lapatinib’s
administration was calculated considering the yearly
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probabilities to be a first line refractory and being HER-2
(Table 4). All data were obtained from SISTAR website [26]
and from major published studies [9, 13].

Markov Model

A Markov state decision model was implemented to
evaluate the cost impact of trastuzumab and lapatinib use for
a lapse of time of three years in Veneto public hospitals. The
Markov model expressed transition probabilities from three
different states (Fig. 1), comparing in addition the expected
deaths and the monthly survival rates in treatment and no-
treatment groups, along the lines of previously published
studies [28]. The transition probabilities for clinical variables
are shown in Tables 2-4. Markov Model consists of 3
different states: “Stable disease”, “Progressive disease”, and
“Dead”. Patients start in the state “Stable disease” where
they receive treatment. Patients could then respond to the
therapy and remain in the “stable state” or move to a
different state when the therapy failed “Progressive disease”
or to the state “Dead”. Patients in the “Progressive State”
who were responding to the therapy, could remain in the
same state, or instead switch to the “Death state”. Death due
to breast cancer is only possible for patients in the state
“Progressive disease”, otherwise the transition to “Dead” is

Stable
AL 4 Ty
vietastauc
Disease

Progressive
Metastatic
Disease

Death

Fig. (1). Markov model.

Table 1. Characteristics of Anti-HER-2 Agents in Metastatic Breast Cancer (BW, Body Weight; BS, Body Surface)
Trastuzumab Lapatinib
Trade name Herceptin Tyverb
Selling dosage 150 mg 250 mg
Administration Infusion Oral
Line of treatment 1st >2nd
Previous treatment None trastuzumab + paclitaxel

In combination with

paclitaxel (in pts with no indication for anticyclin) or docetaxel or
Aromatase Inhibitors (in pts with ER/PR+)

capecitabine

Frequency of single cycle Every 3 weeks or Once a week

21 days

Dose Target Agent

Loading dose: 8 mg/kg BW q3w; 4 mg/kg BW qw
Following doses: 6mg/kg q3w; 2 mg/kg BW qw

1250 mg/die continuous

. Paclitaxel 175mg/m* BS q3w
Dose Chemotherapic agent )
80mg/m” BS qw

Capecitabine 2000 mg/m’ BS from day 1 to
14




20 The Open Pharmacology Journal, 2013, Volume 7

Ballali et al.

Table2. Incidences and Probabilities of Transition Among Markov’s Model Status in Patients Not Receiving Trastuzumab as 1%
Line Therapy
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50-74 0.0032 0.07 0.25-0.30 0.769 0.0085 0.058 0.047 0.22 0.44-0.57 9.1 7.4
>75 0.0038 0.11 0.25-0.30 0.745 0.011 0.058 0.047 0.22 0.44-0.57 9.1 7.4

due to other causes. The reference population mimics the
distribution of the Veneto population, assuming a median
drug dosage for a person of 60 kgs.

The Markov model structure followed a conventional
design in which patients were followed from first-line
treatment until death, in a 6 months period. Patients were

assumed to receive active treatment until an investigator’s
assessment of tumor progression was confirmed. Transition
probabilities (reflecting the 6-month cycle length) for
trastuzumab and for lapatinib were derived from major
published studies [9, 13, 29], necessary for the drug approval
of Food and Drug Administration (FDA) and European
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Table4. Incidences and Probabilities of Transition Among Markov’s Model Status in Patients Receiving Lapatinib as 2" Line
Therapy
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Medicines Agency (EMA), and institutional-derived data
from IOV [27]. Monthly transition probabilities were
determined from first year clinical probabilities, using the
following formula:

P=1-¢"

where, P is the probability of the event, e the natural
logarithm, r the rate, and ¢ being the time interval [17]. A
time period of three years was considered adequate to assess
the economic impact. The costs were related to the cost of
drug for a full cycle treatment of 6 months. Three scenarios
were simulated in order to determine the impact on mBC
population. The first one where patients were receiving
trastuzumab together with paclitaxel as 1% line treatment,
while in the second one, they were receiving only paclitaxel.
The third model considered patients treated with lapatinib
together with capecitabine as 2™ line agent, after receiving a
1** line treatment of trastuzumab plus paclitaxel.

Simulations

A micro-simulation approach has been used as the main
setting for the analysis. All quantities described above have
been implemented in the stochastic simulation model as
expected values of suitable probability functions. In more
detail, for discrete random variables (e.g.: number of people
incident for breast cancer), a binomial model has been used
(e.g.: sampling from the Veneto population with probability
equal to the age-specific incidence rate). For continuous
random variables (e.g.: weight of patients for drug dosage
administration), including costs, a Kumaraswamy
distribution, which is very flexible both as symmetric and

asymmetric two-parameters distribution, has been used [30].
Thus, 10000 Monte Carlo runs have been performed,
deriving the empirical distributions of the target quantities of
interest (e.g.: cost of care), for which selected summary
measures have been computed (e.g.: mean, 5™ and 95"
percentile, to be used as 90% credibility intervals for
inferential purposes). All estimated quantities are reported
along with 90% credibility intervals. Software used for
simulations was the VOSE Model Risk analyzer [31].

RESULTS

The impact of trastuzumab and lapatinib was evaluated
considering 1* and 2™ line treatment, respectively, in mBC
patients for a full period of 3 years in Veneto region. Patients
eligible for trastuzumab therapy were those in a stable
condition with a HER-2+ breast cancer. When comparing the
impact of trastuzumab on patients, results showed similar
results both in progression and number of deaths. As shown
in Table 5, despite the highest aggressiveness of HER-2+
mBC, trastuzumab patients maintained the same trends of
response of patients receiving the usual chemotherapy
treatment. The impact of lapatinib was evaluated in patients
eligible to receive 2™ line therapy, after a 1*' line treatment
of trastuzumab.

From the initial cohort of 267 patients eligible for
treatment, stable ones (195) were considered in order to
evaluate the impact of the targeted agents on overall
progression of the disease. When considering trastuzumab
impact, progression within the first 6 months was seen in the
31% of patients, while the rates of death transitions were
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TableS. Impact of Regular Therapy and Targeted Drugs Use on Overall Survival and Progression of mBC Patients of Veneto’s
Cohort. All Data are Presented with a 90% C.I.
Pts receiving Trastuzumab as Pts Not Receiving Trastuzumab Pts Receiving Lapatinib as
1st Line Treatment as 1st Line Treatment 2nd Line Treatment

Eligible at the beginning 267 (239;300) 269 (239;299) Not applicable
Stable at the beginning 195 (168;223) 227 (200;257) Not applicable
Eligible in 36 months Not applicable Not applicable 59 (41;78)

in Progression by the 6th month 60 (46;75) 30 (21;40) 6(2;10)

in Progression by the 12th month 54 (41;68) 28 (19;37) 15 (9;22)

in Progression by the 18th month 43 (32;55) 23 (16;32) 13 (7;20)

in Progression by the 24th month 27 (18;36) 16 (10;23) 9 (4;14)

in Progression by the 30th month 11 (5;16) 8 (4;13) 3(1;16)

in Progression by the 36th month 2 (0;4) 2 (0;4) 0(0;2)

Dead by the 6th month 14 (8;20) 11 (6;16) 1(0;2)

Dead by the 12th month 41 (31;53) 33(23;43) 3(0;6)

Dead by the 18th month 89 (72;107) 72 (57;87) 10 (5:16)

Dead by the 24th month 156 (132;181) 131 (110;154) 24 (16;33)

Dead by the 30th month 224 (194;256) 202 (174;230) 38 (27;50)

Dead by the 36th month 262 (229;296)) 253 (222;285) 43 (31;56)

achieved 98% within the first 3 years. Lapatinib use was
associated with a survival rate of 27% in a period of 3 years.

Costs of treatment are presented in Table 6. Trastuzumab
administration accounted for a regional expense of 2765662
€ within the 6 months, almost duplicating in 1 year (Table
6). 2™ line therapy accounted on the 6 months budget for
almost 100000 €, costs overseen for the eligible patients at
the beginning. All costs were considered together with the
associated drug, as explicated in Table 1. Costs of second
line treatment increased within the last year, taken the higher
number of patients transiting from a stable condition to a
progressive one.

DISCUSSION

Breast is the most common site of cancer in women
worldwide, accounting for approximately 25% of female
cancers, with higher rates in North America, Western and
Northern Europe, and Australia [32].

Table 6.

The prevalence of breast cancer is increasing taken
progresses on the overall survival of the patients. Outcomes
have improved as a result of progress in all major aspects of
multidisciplinary care. These include surgery, radiotherapy,
hormonal therapy, chemotherapy and newer targeted drugs.
Decisions regarding the timing and aggressiveness of
therapy are influenced by the site of the metastases.
Objective responses to some chemotherapy regimens are
common, but few patients with metastasis are cured [33] and
treatment might imply substantial adverse effects [32]. mBC,
either found at initial presentation, or after treatment, occurs
in 40% of breast cancer patients [4]. Women with breast
cancers that overexpress HER-2 have an aggressive form of
the disease with significantly shortened disease-free survival
and overall survival [34]. The advent of targeted therapies,
anti-HER-2 and antiangiogenic therapies, gives more
strategic options in mBC management. These agents are not
necessarily less toxic than traditional cytotoxics since
potentially they are associated with serious adverse events.
Actual research focuses on the development of biologic

Cost Impact of Anti-HER-2 Drugs in Association with Chemotherapy in mBC 1* and 2" Line Treatments. Lapatinib

Costs has been Considered as Cumulative with Previous 1st Line Treatments. All Costs are Given with a 90% C.I.

Cumulative Cost (€)

Trastuzumab + Paclitaxel

Trastuzumab + Paclitaxel (1* Line)
Lapatimib + Capecitabine (2" Line)

at 6th month

2765662 (1952414;3624763)

2860417 (2041610; 3728422)

at 12th month

5218245 (3678492; 6832740)

5422154 (3870426; 7056847)

at 18th month

7161248 (5031852; 9408276)

7534876 ( 5388511; 9798758)

at 24th month 8380218 (5890977; 11031288) 8876159 (6350390; 11541820)
at 30th month 8860272 (6212200; 11663988) 9391502 (6714179; 12223660)
at 36th month 8934821 (6262200; 11759706) 9468121 (6761737; 12333059)
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markers of disease; consequently targeted strategies will
continue to become more individualized.

Trastuzumab-based combination therapy has shown
effectiveness in reducing the relative risk death by 20% at a
median follow-up of 30 months [9]. Literature reports the
incremental cost-utility ratio for Trastuzumab as between
14.861 Euros per quality adjusted life year gained [35] and
25.990 euros per quality adjusted life year gained [36], but
this information alone is not sufficient to allow policy
makers to establish the true incremental costs for
implementation of this strategy at the local level.
Trastuzumab use and cost effectiveness have been broadly
debated. Several studies highlighted the cost effectiveness of
this therapy [35, 37], while others results were stressing the
doubtfulness of it, mostly relaying on the evaluation of
clinical results [38]. Same considerations can be made for
lapatinib use and diffusion. Lapatinib was recently
developed, and survival data will be essential to justify its
costs to the public administrators [25]. The activity of
lapatinib in refractory mBC, with potential benefit in patients
with brain metastases, has generated dgeneral interest,
becoming increasingly used in 2™ and 3™ lines treatment.
Interim results from a large, phase III trial in 392 patients
showed that in combination with capecitabine, lapatinib
almost doubled time to progression when compared with
capecitabine alone [39].

The use of targeted therapies in real world patients still
bears several uncertainties. There are important and
unanswered questions about the use of targeted therapies in
the real world, as pointed out by Philipps [40]. Selection of
patients eligible for treatment, accurateness of HER-2 testing
in the clinical setting, testing and treatment approaches used
to direct targeted HER-2 therapy in actual clinical practice,
are those essential steps which cannot be solved with
hypothetical cohort simulations gathered mainly by data
from trials or early-stage applications. Although real-world
effectiveness estimates are often unavailable or difficult to
generate, several other steps can be taken, including the
incorporation of local use patterns to improve figures and
behavioral assumptions.

Our results pointed out that mBC represents a
considerably high cost for the NHS. Having this in mind,
when implementing a program, it is important to identify
patients with characteristics that place them at risk of
incurring more utilization and higher health care costs. Our
findings suggest that patients with HER-2+ mBC will benefit
from trastuzumab therapeutic treatment as 1** line, switching
to lapatinib as 2™ line treatment in case of failure of the first
one. In order to achieve this and taken the impact on
patients, a shorter period of treatment should be considered,
as in the first 12 months patients seemed to obtain the
highest benefits. The per-patient cost of advanced breast
cancer is high, and hospital services are the largest
components of these costs [41].

Besides considering the impact of treatment on regional
health budget, breast cancer screening costs should be
considered when evaluating the impact of mBC treatments.
Early detection and treatment can prevent the development
of breast cancer in 75% of cases and reduce 30% of breast
cancer mortality [42]. The WHO recommends all women
between the ages of 50 and 69 to have breast screening every
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two years [42]. A recent Italian study considering the costs
of breast cancer screening within an organized national
framework [43] estimated a median value of 55,5 € per
screened women. Breast cancer screening would probably
represent a costly investment for the Italian healthcare
system if adopted on a large scale, but it could avoid
subsequent high costs for advanced stages treatment. The
Italian NHS established in 1978 follows a model similar to
the Beveridge model developed by the British National
Health System [44]. Healthcare coverage is provided by the
government through taxes, uniformly giving access to the
healthcare system to the whole Italian population. However,
power has progressively been shifted from the state to the
regions, due to the decentralization process occurred since
the early 90s. This lead to a reduced power held from the
state, that kept in any case its role of in order to ensure
uniform and essential levels of health services across the
country. The state allocates financial resources to the 20
regions, assigning legislative jurisdiction over health care
decisions. Thus, it is essential to provide to the regional
decision makers specific information about the single
regions, in particular on cost-effectiveness of interventions,
in order to distribute efficiently health-related financial
resources.
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