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ARTICLE INFO ABSTRACT

Keywords: Introduction: Clinical trials confirmed the beneficial effects of adding pertuzumab (P) to the combination of
Breast cancer trastuzumab-chemotherapy (TC) in the (neo)adjuvant setting of high-risk HER2-positive early breast cancer
Pertuzumab

(HER2+BC). We evaluated the clinical, economic and societal impact of adding pertuzumab to neoadjuvant TC
combination (TPC) in Italy.

Methods: A cost-consequence analysis comparing TPC vs. TC was performed developing a cohort-based multi-
state Markov model to estimate the clinical, societal and economic impact of the neoadjuvant therapy of TPC
versus TC in HER2+BC at high-risk of recurrence. The model works on a cycle length of 1 month and 5-years-
time horizon. Literature review-based data were used to populate the model. The following clinical and eco-
nomic outcomes were estimated: cumulative incidence of loco-regional/distant recurrences, life of years and
QALY and both direct and indirect costs (€). Finally, sensitivity analyses were performed.

Results: TPC was associated with a 75,630 € saved of direct costs. Specifically, it was associated with an initial
increase of treatment costs (+4.8%) followed by reduction of recurrence management cost (—20.4%). TPC was
also associated with an indirect cost reduction of 1.40%, as well as decreased incidence of distant recurrence
(—20.14%), days of work lost (—1.53%) and days lived with disability (—0.50%). Furthermore, TPC reported
10,47 QALY gained (+2.77%) compared to TC. The probability to achieve the pathological complete response
(pCR) was the parameter that mostly affected the results in the sensitivity analysis.

Conclusion: Our findings suggested that TPC combination could be a cost-saving option in patients with
HER2+BC at high-risk of recurrence.

Neoadjuvant
Italy
Cost-consequence analysis

1. Introduction women (23% of all cancer cases in female and male) and about 12,500
deaths in 2021 [2]. BC is a heterogeneous disease, usually classified

Breast cancer (BC) is the most frequent malignancy affecting women according to the expression of hormonal receptors and of human
worldwide, with 2.26 million new cases leading to 684,996 deaths in epidermal growth factor receptor 2 (HER2). HER2-positive breast cancer
2020 [1]. In Italy, BC was responsible for 834,154 cases of cancer among accounts for approximately 15% of all breast cancer diagnoses and it is

* Corresponding author. Centre on Public Health (CESP), University of Milan-Bicocca Via Pergolesi 33, Monza, MB, Italy.
E-mail address: ippazio.antonazzo@unimib.it (I.C. Antonazzo).

https://doi.org/10.1016/j.breast.2023.08.005

Received 29 April 2023; Received in revised form 3 August 2023; Accepted 5 August 2023

Available online 8 August 2023

0960-9776/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:ippazio.antonazzo@unimib.it
www.sciencedirect.com/science/journal/09609776
https://www.journals.elsevier.com/the-breast
https://doi.org/10.1016/j.breast.2023.08.005
https://doi.org/10.1016/j.breast.2023.08.005
https://doi.org/10.1016/j.breast.2023.08.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.breast.2023.08.005&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A. Zambelli et al.

characterized by a poor prognosis in the absence of specific
HER2-targeting therapies [3-5]. The availability of anti-HER2-targeting
therapies has dramatically improved the survival of these patients,
significantly reducing the risk of recurrence and death. Nowadays,
several biological therapies entered the clinic, including the monoclonal
antibodies (mAb) trastuzumab, pertuzumab, the tyrosine kinase inhib-
itor (TKI) neratinib, and the antibody drug conjugate (ADC) T-DM1 and
are now available for the (neo)adjuvant treatment of HER2-positive
early BC [4-6].

Notwithstanding the relevant advantages obtained through the
combination of these anti-HER2 treatments, approximately 25-30% of
HER2-positive early BC still recur [7,8] and new approaches are needed
to improve the clinical outcome of the patients. Currently, most patients
with operable high-risk HER2-positive early BC (cT2-4 and/or c¢N+)
receive neoadjuvant treatments [9]. The neoadjuvant approach allows
the in vivo testing of treatment activity and eventually enables a
personalized subsequent adjuvant therapy, providing significant sur-
vival advantage. The neoadjuvant regimen of antracycline/taxane
chemotherapy plus trastuzumab/pertuzumab is the gold standard
treatment for high-risk HER2-positive early BC [10-12] according to the
evidence-based clinical research. Indeed, the seminal NEOSPHERE trial
demonstrated that the addition of pertuzumab to trastuzumab (and
chemotherapy) significantly increased the rate of pathological complete
response (pCR) [13-15], in women with HER2-positive, locally
advanced, inflammatory, or early early BC [9]. Similarly, different
clinical trials confirmed the beneficial effects of the combination of
trastuzumab and pertuzumab plus chemotherapy in the (neo)adjuvant
setting [11,12], clearly defining the crucial role of pertuzumab in
HER2-positive high-risk early BC.

Based on findings, the European Society of Medical Oncology
(ESMO) recommendations stated the addition of pertuzumab to trastu-
zumab and chemotherapy as the optimal neoadjuvant approach in
HER2-positive high-risk early BC [9] and in 2015 the European Medi-
cine Agency (EMA) approved this combination in the neoadjuvant
setting of patients with HER2-positive, locally advanced, inflammatory,
early BC at high risk of recurrence.

Notwithstanding this approval, some European countries, including
Italy, decided not to reimburse pertuzumab in the neoadjuvant setting
[16], deriving patients disparity and questioning the universal access to
the optimal BC care in Europe.

This study aimed to evaluate the clinical, economic and societal
impact of adding pertuzumab to trastuzumab and chemotherapy in
HER2-positive early BC patients, in order to provide additional infor-
mation to help decision makers on the role of pertuzumab and its
reimbursement in Italy.

2. Methods
2.1. Model overview

A cohort-based multi-state Markov model was developed to conduct
a cost-consequence analysis in order to estimate the clinical, societal and
economic impact of the neoadjuvant therapy of pertuzumab, trastuzu-
mab plus chemotherapy (TPC) versus trastuzumab plus chemotherapy
(TC) in HER2-positive early BC at high risk of recurrence. The meth-
odological approach was based on a previous decision model health
economic evaluations of neoadjuvant/adjuvant treatments in HER2-
positive early BC patients and on the “Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) reporting guidelines”
[17-20]. The Markov model is a statistical approach to simulate
different events or health states that individuals might experience. In a
Markov model, each health states should be mutually exclusive and
exhaustive, and the rate at which transition between health states occurs
is called transition probability [21]. This statistical method allows for
the incorporation of a repeated set of outcomes, and the transition
matrix employs transition probability for individuals to move from one
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health state to another, considering associated costs and utilities [22].
For these reasons, it represents a valuable approach to perform health
economic evaluations. To populate the model, data on effectiveness,
safety, utility, and costs were gathered from clinical trials, literature
review, and regional tariff guidelines.

The transition model simulated the movement of a hypothetical
cohort of patients through 9 health states: 1) neoadjuvant treatment; 2)
surgery; 3) pathological complete response (pCR); 4) residual disease
(RD); 5) BC loco-regional recurrence; 6) remission; 7) distant recurrence
with a first line treatment for metastatic BC; 8) distant recurrence with
second and subsequent lines of treatment for metastatic BC; and 9) death
(Fig. 1). The Markov cycle length was 1 month. All patients began the
simulation in the neoadjuvant treatment status. During each monthly
cycle, patients remained in the neoadjuvant treatment status and then
transitioned to surgery. After surgery, the patients could report a pCR or
residual disease (RD) with predictable different impact on the risk of
recurrences. Accordingly, patients with loco-regional recurrence could
transit to the status called loco-regional recurrence and then to remis-
sion; however, in this health status, the patients still continued to be at
risk to develop distant recurrences. Patients developing a distant
recurrence moved to the health status called “distant recurrence with
first line of treatment”. Patients eventually failing the treatment in the
“distant recurrence with first line of treatment” moved to the “distant
recurrence with second and subsequent treatment lines”. Patients could
transit to the “death” health status from all other conditions based on the
individual and competitive probability of death. Movements of patients
from a living state to death was based on the general population mor-
tality and BC specific mortality occurring a distant recurrence. The
model used a 5-years-time horizon and society point of view.

2.2. Population

The model simulated a population of 100 treatment-naive women
with HER2-positive early BC at high-risk of recurrence including clinical
stages 2 and 3. The simulated cohort had a mean age of 50 years, a body
weight of 71.5 Kg, a height of 163.10 cm, and body surface of 1.77 m2
(Table 1) [10].

2.3. Treatment patterns

In the model, two treatment strategies were compared. Strategy 1 -
TPC: patients received as neoadjuvant four cycles of trastuzumab (8 mg/
kg loading dose followed by 6 mg/kg every 3 weeks), pertuzumab (840
mg loading dose followed by 420 mg maintenance every 3 weeks) and
paclitaxel (80 mg/m2 every 12 weeks). Strategy 2 — TC: patients
received as neoadjuvant four cycles of trastuzumab and paclitaxel with
the same dosage and schedule. After surgery patients in both strategies
received adjuvant treatment with trastuzumab (6 mg/kg every 3 weeks)
or trastuzumab emtansine (TDM-1) (3.6 mg/kg every 3 weeks) based on
the pathological response status, pCR versus residual disease, respec-
tively, accordingly to the ESMO Guidelines [9]. Along with either
strategy with trastuzumab or strategy with TDM-1 patients received the
adjuvant treatment based on anthracycline-cyclophosphamide combi-
nation (Fig. 1 A supplementary material).

The model included specific treatment patterns for loco-regional and
distant recurrence states. In particular, for loco-regional recurrence,
patients were treated with TPC whereas, for distant recurrence, the
patients were treated with TPC as first line- and with TDM-1 as second
line of treatment. The duration of TDM-1 was set at 10 months as re-
ported in the EMILIA trial [23]. Then, after the treatment with TDM-1
patients were considered treated with different antineoplastic treat-
ments (i.e. control arm of the DESTINY BREAST 02 and/or HER2CLIMB
clinical trials) [24,25].
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Fig. 1. Markov Model structure.

2.4. Clinical data

Available data on the general survival surrogacy of established
endpoints (i.e., pCR and RD) [26] were imputed in the model as proxy of
neoadjuvant treatments’ effect. Specifically, the model was populated
with data from pivotal clinical trials on the studied treatment. In
particular, in HER2-positive early BC the antitumor drugs activity was
estimated by weighted the percentage of pCR both in the BERENICE and
TRYPHAENA trials (TPC: 60.6%) [27,28] as well as in NOAH trial (TC:
38.5%) [29]. After neoadjuvant strategy, patients who achieved pCR
were considered at lower risk of distant recurrence than those with RD.
The model assumed a 15.9% 3-years risk of distant recurrence in pa-
tients with RD, as reported in the KATHERINE study. This risk is reduced
by 40% in order to account the adjuvant TDM-1 efficacy [18,30]. Pa-
tients who achieved the pCR the 5-years risk of distant recurrence was
5% as reported by Symmans and colleagues [31]. The risk of
loco-regional recurrence for pCR and RD patients was considered similar
in both strategies based on Symmans’s study and KATHERINE trial [30,
31], and previous neoadjuvant treatment health economic evaluation
[18]. Furthermore, for patients with loco-regional recurrence, the model
applied a 10-years risk of distant recurrence of 18.9% [18,32]. Efficacy
of first line treatment of distant recurrence were estimated from
CLEOPATRA trial [33] with a treatment failure of 3.12% per month. The
CLEOPATRA trial was used also to estimate the risk of death due to BC in
this group of patients [33]. As reported in the EMILIA trial, the model
assumed a risk of death of 2.11% for patients who began a second or
subsequent line of treatment [23]. In addition, epidemiological data on
the Italian general population mortality rate was retrieved by using the
National Institute of Statistics — Istituto Nazionale di Statistica (ISTAT)
[34]. These data stratified by age, was used to account in the simulation
for risk of death due to other causes rather than cancer.

2.5. Cost input

The study was conducted adopting the societal perspectives; there-
fore, the direct and indirect costs were considered in the model
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(Table 1). The treatment costs were estimated based on the ex-factory
price and undisclosed discount in the Lombardy region. The drug
administration costs were based on the regional price tariff named
MACOL. For the surgery procedure, the model included the mean costs
associated with the hospitalization for different BC surgeries as indi-
cated in the Lombardy regional tariff. Finally, an Italian study on BC
costs was used to estimate the costs associated with the management of
patients across the different tumour stages included in the model [35].

The model included also the indirect costs associated with BC: loss of
productivity and daily life impaired by disease. The days of work-lost as
well as the days with daily activity impaired were estimated by stage of
disease based on Verrill and colleagues’ data [36]. The indirect costs
associated with the number of productivity days-lost was calculated by
multiplying the number of work days-lost due to disease, during the
simulated period, with the average wage (90 euros per day) reported by
the Italian general population statistics-ISTAT [34].

2.6. Health states utility input

Patients in the event-free state were assumed to have better quality
of life (QoL) than those in the recurrence states. Health state utilities
were obtained from data available in the literature [18-20,37]. The
utility associated to each health state was used to estimate the
quality-adjusted life per years (QALY) for each of the compared treat-
ment strategy. As reported in previous studies, for patients who received
surgery, was applied a disutility of —0.02487 to account in the model for
the impact of this procedure on the QoL of the patients (Table 1) [20,
38].

2.7. Outcome

In this cost-consequence analysis, for each of the included treatment
option, the main economic, clinical and societal outcomes were esti-
mated. Specifically, as economic outcomes the model estimated the
direct and indirect costs associated with the two treatment strategies.
The model estimated the direct costs of the neoadjuvant and adjuvant
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Table 1
Key model inputs.
Parameter Value” (95%CI or References
Range)
Clinical input
Age 50 (40-60) [29]
Body weight (Kg) 71.42 (57.42-85.42) [29]
Height (cm) 163.10 [29]
(131.13-195.07)
Body surface (m2) 1.77 (1.42-2.12) [29]
Probability to achieve the pCR status under ~ 0.61 (0.49-0.72) [27,28]
TPC treatment
Probability to achieve the pCR status under ~ 0.38 (0.31-0.46) [29]
TC treatment
Monthly probability of distant recurrence 0.0003 [30,31]
in pCR patients (0.0002-0.0004)
Monthly probability of distant recurrence 0.0009 [31]
in pCR patients (0.0007-0.0010)
Monthly probability of loco-regional 0.0003 [30,31]
recurrence in RD patients (0.0002-0.0004)
Monthly probability of distant recurrence 0.0028 [18,30]
in RD patients (0.0022-0.0033)
Monthly probability of distant recurrence 0.0017 [32]
in patients with cancer remission (0.0014-0.0021)
Probability to switch from first line of 0.0312 [33]
pharmacological treatment to the other (0.0251-0.0373)
ones in patients with distant BC
recurrence
Probability of death in patients with 0.0016 [33]
distant BC recurrence under first line of (0.0013-0.0019)
treatment
Probability of death in patients with 0.0180 [23]
distant BC recurrence under second or (0.0145-0.0215)
subsequent treatment strategies
Costs input
Direct costs
Cost of TPC (4 cycles) €0.43 [39-41]
Pertuzumab € per mg € 4.80 [39-41]
Trastuzumab emtansine (TDM-1) € per mg € 11.57 [39-41]
Paclitaxel € per mg €2.53 [39-41]
Administration cost €44 [40,41]
Surgery € 3.098.00 [40,41]
(2490.79-3705.21)
Monthly costs for management of patients €333.42 [35]
under neoadjuvant therapy (268.07-398.77)
Monthly costs for management of patients € 333.42 [35]
under adjuvant therapy (268.07-398.77)
Monthly costs for management of patients € 114.42 [35]
free of recurrence (91.99-136.84)
Monthly costs for management of patients € 591.58 [35]
with loco-regional recurrence (475.63-707.53)
Monthly costs for management of patients €114.42 [35]
in remission (91.99-136.84)
Monthly costs for management of patients € 868.79 [35]
with distant recurrence and under first (698.51-1039.07)
line of treatment
Monthly costs for management of patients € 1146.00 [35]
with distant recurrence and under (1146.00-1146.00)
second or subsequent treatment
strategies
Monthly costs for management of patients €1635.38 [24,39]
with distant recurrence and with (1314.84-1955.91)
subsequent therapeutic strategy after the
failure of TDM-1
Indirect costs
Number of monthly work days lost due to 10.42 (8.38-12.46) [36]
post-surgery treatment
Number of monthly work days lost in 3.76 (3.02-4.50) [36]
patiewnts free of recurrence
Number of monthly work days lost due to 10.42 (8.38-12.46) [36]
loco-regional recurrence
Number of monthly work days lost in 3.76 (3.02-4.50) [36]
patients with BC remission
Number of monthly work days lost due to 14.51 (11.67-17.35) [36]

distant recurrence under first line of
treatment
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Parameter Value® (95%CI or References
Range)
Number of monthly work days lost due to 14.51 (11.67-17.35) [36]
distant recurrence under second/
subsequent treatment strategy
Number of monthly work days lost due to 22.44 (18.04-26.84) [36]
surgery
Cost associated with a work day lost €90.00 (72.36-107.64) [34,36]
Number of monthly days lived with 10.35 (10.28-10.42) [36]
impairment in routine activities during
post-surgery treatment
Number of monthly days lived with 8.40 (8.35-8.45) [36]
impairment in routine activities in
patients free of recurrence
Number of monthly days lived with 10.35 (10.28-10.42) [36]
impairment in routine activities in
patients with loco-regional recurrence
Number of monthly days lived with 8.40 (8.35-8.45) [36]
impairment in routine activities in
patients in remission
Number of monthly days lived with 14.64 (14.55-14.73) [36]
impairment in routine activities in
patients with distant recurrence under
first line of treatment
Number of monthly days lived with 14.64 (14.55-14.73) [36]
impairment in routine activities in
patients with distant recurrence under
second/subsequent treatment strategies
Number of monthly days lived with 30.44 (30.24-30.63) [36]
impairment in routine activities due to
surgery
Utility inputs
Utility during neadjuvant treatment 0.829 (0.667-0.991) [20]
Utility during post-surgery treatment 0.829 (0.667-0.991) [20]
Utility of states free of recurrence 0.840 (0.675-1.005) [20]
Utility of loco-regional recurrence 0.720 (0.579-0.861) [18]
Utility of remission state 0.840 (0.675-1.005) [20]
Utility of distant recurrence and first lineof ~ 0.715 (0.575-0.855) [18,37]
treatment
Utility of distant recurrence and second/ 0.443 (0.356-0.530) [18,37]
subsequent treatment strategies
Disutility associated with surgery —0.025 (0.20-0.030) [38]

# Mean for number of days, costs, and utilities; probability for pCR and RD and
for health state transitions (health state transitions probability are estimated
from rates reported in the studies).

therapy; these included: the cost of therapies; the drug administration
costs; the costs associated with the management of patients with loco-
regional recurrence as well as those associated with distant recurrence
and under different line of treatments. For the estimation of indirect
costs, the model included those related to the productivity lost. As
regards, the clinical outcomes, the model estimated: cumulative inci-
dence of loco-regional recurrences; cumulative incidence of distant re-
currences, life of years and QALY. Finally, from the societal perspective
the model estimated: loss of productivity (days of work-lost) and impact
of disease on routine activities (number of days in which the patients
experienced impairment in routine activities).

2.8. Statistical analysis

The cost-consequence analysis compared the direct and indirect costs
and the consequence (clinical and societal outcomes) of TPC neo-
adjuvant therapy with the standard of care with TC. The results were
expressed as mean value and delta difference per 100 treated patients.

To test the robustness of the analysis, a sensitivity analysis was
performed by using a time-horizon of 10 years. In addition, the impact of
model parameters variability was assessed via one-way sensitivity
analysis. Specifically, we iteratively replaced individuals model input by
using their 95% confidence intervals or alternatively high and low value
of range (calculated by using mean and standard error) and re-estimated
model results, holding other inputs constant. Finally, we rank-order the
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resulting set of sensitivity analysis by absolute magnitude of deviation
from the base case to assess which input parameters mostly affected the
results. The one-way sensitivity analysis was applied to test the pa-
rameters variability on overall costs, cumulative incidence of distant
recurrences, QALY and daily activities/loss of productivity (days of
work lost and number of days in which the patients experienced
impairment in daily activities).

3. Results

In our simulation, the use of TPC (strategy 1) as neoadjuvant therapy
compared with the use of TC (strategy 2) was associated with a reduc-
tion of costs in 5-years simulation. In particular, the use of TPC was
associated with 124,966 euros saved per 100 treated patients (Table 2).
As reported in Table 2, the use of the TPC was associated with an initial
increase of treatments cost of about 4.8% (3,397,847 euros for TPC Vs
3,241,629 for TC per 100 treated patients) and with a parallel reduction
of about 20.4% of costs for the management and treatment of distant

Table 2
Cost-consequence analysis results. Results are reported as outcomes and costs
per 100 treated patients.

Difference
TPC vs TC

Neoadjuvant
TPC

Neoadjuvant
TC

Delta (%)

Economic outcomes

Costs of
neoadjuvant-
adjuvant therapy

Costs of
management of
patients free of
recurrences

Cost for treatment
of distant
recurrence

Cost of
management of
loco-regional
recurrence

Cost of
management of
patients in
remission

Cost of therapy for
distant
recurrence

Cost of
management of
patients with
distant
recurrence

3,397,847 € 3,241,629 € 156,218 € 4.82%

821,573 € 814,242 € 7330.67 € 0.90%

68,760 € 68,052 € 708.36 € 1.04%

10,243 € 10,139 € 104.13 € 1.03%

3095.90 € 3078 € 18.29 € 0.59%

734,095 € 921,658 € —187,563 € —20.35%

204,696 € 257,142 € —52,446 € —20.40%

-1.32%
—1.53%

Total direct costs

Costs associated
with
productivity lost

Total costs

Clinical outcomes

Cumulative
incidence of
loco-regional
recurrences

Cumulative
incidence of
distant

5,649,965 €
3,169,027 €

5,725,595 €
3,218,353 €

—75,630 €
—49,326 €

8,818,992 € 8,943,948 € —124,956 € —1.40%

1.61 1.59 0.018 1.14%

8.32 10.42 -2.10 —20.14%

recurrences

Life years

QALY

Societal Outcome

Number of days of
work lost

Number of days
lived with
routine activities
impairment

495.22
388.66

494.69
378.19

0.53
10.47

0.11%
2.77%

35,211 35,760 —548 —1.53%

55,999 56,282 —283 —0.50%
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recurrence (938.791 euros for TPC Vs 1.178.800 euros for TC per 100
treated patients). The analysis of indirect costs showed similar results to
the previous one. Overall, the TPC was associated with a reduction of
1.40% (8,818,992 euros for TPC Vs 8,943,948 euros for TC per 100
treated patients) of total costs (Table 2).

The favourable economic profile of TPC compared with TC was also
associate to clinical and societal benefits. In fact, the TPC was associated
with a numerically decreased of cumulative incidence of distant re-
currences (delta: 20.14%) and number of days of work lost (delta %:
1,53%). Additionally, TPC therapy showed a reduction in the number of
days lived with disability (difference: 283 days per 100 treated patients;
delta %: 0.50%). Further, in 5 years of simulation, TPC produced 388.66
QALY compared with 378.19 QALY produced by TC with 10,47 QALY
gained (delta %: +2.77%) per 100 treated patients.

Findings from the sensitivity analysis performed by using a longer
time-horizon (10 years) were in line with those reported in the based-
case scenario. In particular, the use of neoadjuvant TPC showed a
higher value as indicated by economic and clinical outcomes improve-
ment compared with the TC strategy. In particular, in a 10-years simu-
lation, TPC was associated with 673,822 euros saved compared with
treatment with TC. Additionally, TPC treatment was also associated with
a numerically decreased incidence of distant recurrences (4 events per
100 patient) and increase of QALY 27.27 per 100 treated patients.

The one-way sensitivity analysis confirmed the good cost-
consequence profile of TPC compared with TC. In the OWSA, the
probability to achieve the pCR was the parameter that mostly affected
the overall costs, incidence of metastatic recurrence and QALY gained.
Days of work lost and days of daily activities impairment were mainly
affected by the number of day lost or impaired associated to patients
with pCR and free from recurrence (Fig. 2).

4. Discussion

Since 2015 the use of TPC is authorized in Europe as neoadjuvant
therapy in case of HER2-positive, locally advanced, inflammatory, early
stage BC with a high risk of recurrence. Nonetheless, in Italy this
treatment is still not reimbursed by the NHS, therefore this study, for the
first time, attempts the cost-consequence associated with the TPC
treatment compared with TC, which is the current standard of care in the
country. The aim of the study was focused on a model-based economic
evaluation; it was performed to examine the cost-consequence of neo-
adjuvant TPC versus TC, adopting the Italian societal perspective.
Findings from this study showed that the use of TCP reduce the 5-years
overall costs compared to TC. The TPC combination is also associated
with an improvement of clinical and societal outcomes. In particular,
TPC is associated with a reduction of days of work lost due to progressive
disease, because of the estimated reduction in the rate of distant re-
currences and improved prognosis with an increase of QALY [9,42,43].
In addition, the estimated higher rate of pCR with use of neadjuvant TPC
will derive a limited use of T-DM1, as escalating treatment in the
adjuvant setting, with a substantial benefit for the quality of life of the
patients [44].

The efficacy and the favourable safety profile of pertuzumab in the
neoadjuvant setting, has already been assessed in several real-world
observations in other authorized markets and eventually should be
confirmed in the Italian national context. However, the apparent addi-
tional costs associated with new treatments forced the regulatory
agencies to perform proper health economic analyses to assess the real
benefits and price/value of these drugs to ensure the optimal NHS
resource allocation. All together the aforementioned type of data are
crucial to guarantee sustainable access to high-value care for patients, in
particular for patients with cancer.

Although pertuzumab as neoadjuvant therapy is not really a novelty,
the evidence of its value and cost is still limited. Our findings were in line
with those reported in previous published studies [20,45,46]. Borges
and colleagues found that the addition of pertuzumab as neoadjuvant
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Fig. 2. Tornado diagram for one-way sensitivity analysis on the following outcomes: a) Overall costs, b) Incidence of metastatic recurrence, ¢) QALY gained and d)

days of work lost/days with activities impairment.

therapy was associated with an increase of 40% of the overall costs per
patient and an improvement of clinical outcomes (i.e., pCR response)
[45]. However, it should be noted that this was a real-world study
including a small cohort of patients. Our study, corroborates the positive
impact of pertuzumab/trastuzumab as neoadjuvant therapy by
exploring the impact of these medications on multiple outcomes such as
indirect costs and different clinical outcomes. The cost-effectiveness
favourable profile of neoadjuvant pertuzumab/trastuzumab combina-
tion was observed also in a Canadian study [46] in which the authors
performed two cost-utility analyses by using the data from the Neo-
Sphere and TRYPHAENA data. Findings suggested that based on the
NeoSphere data, the combination resulted in an incremental cost per life
year gained of 23,658 dollars and per QALY of 25,388, values that
slightly increased, reaching values of 43,000 dollars per LY and 46,000
per QALY when the data from the TRYPHAENA trial was included in the
model [46]. Sussel et al., developed a hybrid decision tree with Markov
state-transition simulation model to compare several competing neo-
adjuvant/adjuvant treatment strategies for high-risk HER-2 positive BC
patients by using data from the US health system [20]. Findings from the
aforementioned study suggested that strategies including neoadjuvant
pertuzumab/trastuzumab combination yielded the highest overall clin-
ical benefits. Neoadjuvant pertuzumab/trastuzumab approach was less
costly and more effective (dominant) compare to only trastuzumab [20].
Similar results were found also in another model-based economic eval-
uation that compared five (neo)adjuvant treatments for patients with
HER2 positive early BC [18]. The authors showed that paclitaxel along
with the use of trastuzumab/pertuzumab followed by adjuvant
dose-dense anthracycline/cyclophosphamide and T-DM1 in case of RD
or only trastuzumab for those who obtained the pCR was a cost-effective
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treatment associated with highest health-related benefits and lowest
costs compared with other alternatives in the same setting [18]. How-
ever, the aforementioned studies adopted different study protocols and
designs, and therefore a direct comparison with our findings is not
worthy. From above, we may conclude that adding pertuzumab to the
neoadjuvant TC treatment combination in HER2-positive high-risk early
BC, improved the patients clinical outcome along with a not negligible
costs reduction. Our findings confirm the previous data from
extra-European studies, by adding relevant evidence of the direct and
indirect treatment costs as well as the clinical and societal outcomes,
from an European country.

Even if we attempted to perform the most robust study and provide
the most reliable results, our study has some limitations that need to be
discussed. Firstly, we needed to make assumptions to fully specify the
model in order to translate the complex medical decisions and treat-
ments pathways in the model used for the analysis. In our approach, we
assumed that the effectiveness of studied treatments in real-world
setting were similar to the treatment efficacy showed in the clinical
trials. In this context, it is well known that difference in patient’s out-
comes might exist between clinical trials and real-world evidence
studies [47]. These differences might stem from different factors,
including differences in patient’s characteristics, treatment approaches,
and health care practice. Real world studies might have limitations in
comparing different treatment approaches due to the possible bias
associated to observational studies, further the differences in effects
reported in real world studies is an issue related to all treatment inves-
tigated with a possible different efficacy reported by each treatment.
However, despite these limitations, post-marketing phase, real-world
data can be valuable in supporting policymakers in periodically
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reassessing the drug’s effectiveness and value after regulatory approval.
For this reason, there should be collaboration between clinicians,
pharmaceutical companies, and healthcare policy makers to conduct
real-world evidence studies, which might be used to assess the predic-
tion provided by decision model on treatment effectiveness and its
impact on patients and the healthcare system [47,48]. In addition, we
showed the pooled results for all patients, without stratification by nodal
status or other relevant clinical factors. Thirdly, the costs associated
with mastectomy and/or conservative surgery plus irradiation treatment
were not included in the model. Further, it should be noted that,
recently, a subcutaneous formulation, of a fixed-dose combination of
trastuzumab and pertuzuamb has been approved by the US food and
Drug administration (US-FDA) and European Medicine Agency (EMA)
[49]. This new formulation has the potential to favourably impact on the
clinical daily management of HER2-positive early BC patients and rep-
resents an important opportunity for a less invasive, faster and safer
drug administration with expected time-saving benefits and side-effects
reduction, including catheter-associated discomfort, thrombosis and
infection [50-54]. In this perspective, the current general
cost-consequence model deserves to be regularly updated. In the era
with the availability of new effective treatments for BC, updated
pharmaco-economic studies are crucial to assess the economic value of
the therapeutic alternatives and to estimate their cost-effectiveness in
order to properly allocate the economic resource and guarantee the
optimal treatment option to the patients.

5. Conclusion

The combination of trastumab/pertuzumab and chemotherapoy
(TPC) represents the gold standard treatment in patients with HER2-
positive early BC at high-risk of recurrence, according to all national/
international guidelines. For the first time, our findings suggest that
adding pertuzumab to neoadjuvant regimen is an effective and cost-
saving approach with a favourable clinical, economic and societal
impact in the Italian national context. The results of this cost-
consequence analysis might inform policy-makers to plan public
health intervention in order to guarantee an universal patients access to
optimal and sustainable treatment, reaffirming the role of the Italian
NHS in ensuring adequate levels of life-saving care. Further studies are
needed to confirm our findings in real world clinical practice in Italy and
in other countries.
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