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DISCLAIMER

This Health Technology Assessment has been developed from analysis, interpretation
and synthesis of scientific research and/or technology assessment conducted by
other organizations available at the time of development. It also incorporates, where
available, Malaysian data, and information provided by experts to the Ministry of
Health Malaysia. While effort has been made to do so, this document may not
fully reflect all scientific research available. Other relevant scientific findings may
have been reported since completion of the review. MaHTAS is not responsible for
any errors, injury, loss or damage arising or relating to the use (or misuse) of any
information, statement or content of this document or any of the source materials.

Please contact htamalaysia@moh.gov.my if further information is required.
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sold, nor used to promote or endorse any product or service and not used in
inappropriate or misleading context.
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EXECUTIVE
SUMMARY

Background

Breast cancer is the most prevalent type of malignancy in females. It is a
heterogeneous disease which can be divided into several subtypes. Based on
severity, breast cancer is broadly categorised into three groups which are early
breast cancer (EBC), locally advanced breast cancer (LABC) and metastatic
breast cancer (MBC). Human epidermal growth factor receptor 2 (HER2)
is a growth-promoting protein on the outside of all breast cells. About 15 to
20% women with breast cancer have overexpression of HER2 and called as
HERZ2-positive. HER2-positive is an aggressive subtype that exhibits unique
epidemiological, clinical and prognostic differences with poor response to
standard chemotherapy regimens compared with HER2-negative. The treatment
of breast cancer generally depends on the stage of disease and characteristics
of the tumour which involves surgery, chemotherapy, radiotherapy and hormonal
therapy. Neoadjuvant therapy in breast cancer refers to the administration of
treatment with the intent of down staging the tumour and improves operability
and surgical outcomes. The current practices in Malaysia for management
of EBC include neoadjuvant chemotherapy only while management of LABC
include neoadjuvant chemotherapy and anti-HER2 therapy for operable and
inoperable conditions. In Ministry of Health Medicines Formulary (MHMF)
Malaysia, trastuzumab injection was approved in adjuvant setting only for
patients with HER2-positive, over-expressed by FISH (Fluorescence in situ
hybridization) and high risk group (>30% lifetime risk but no known genetic
variant). Both drugs (pertuzumab and lapatinib) are registered under National
Pharmaceutical Regulatory Agency (NPRA) but not included in the MHMF.
Pertuzumab injection is indicated for neoadjuvant treatment of patients with
HERZ2-positive, locally advanced, inflammatory, or early stage breast cancer
(either >2 cm in diameter or node positive) as part of a complete treatment
regimen for early breast cancer and indicated in combination with trastuzumab
and docetaxel for patients with HER2-positive metastatic or locally recurrent
unresectable breast cancer, who have not received previous anti-HER2 therapy
or chemotherapy for metastatic breast cancer. While, lapatinib is indicated in
combination with capecitabine for the treatment of patients with advanced or
metastatic breast cancer whose tumuors overexpressed HER2 and who have
received prior therapy including an anthracycline, a taxane, and trastuzumab
or in combination with letrozole for the treatment of postmenopausal women
with hormone receptor-positive metastatic breast cancer. As these agents may
play an important role in neoadjuvant therapy setting, their effectiveness and
economic implications need to be assessed. This HTA was requested by a
Clinical Oncologist from Hospital Kuala Lumpur (HKL).
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Technical features

Targeted drugs are designed to precisely identify and block the growth and
spread of specific cancer cells which are different from chemotherapy drugs that
attack all growing cells including cancer cells. Four types of targeted therapies
used for treatment of HER2-positive breast cancer are monoclonal antibodies,
small molecule tyrosine kinase inhibitors, antibody-drugs conjugates and other
emerging anti-HER2.

a) Monoclonal antibodies

Monoclonal antibodies are immune system proteins (antibodies) that are
designed to attach to the HER2 protein on cancer cells, which can help
stop the cells from growing. Monoclonal antibodies approved by United
States Food and Drug Administration (US FDA) for breast cancer include
trastuzumab, pertuzumab and bevacizumab. Trastuzumab (Herceptin®) was
the first monoclonal antibody drugs against the extracellular domain of HER2
approved by FDA which is well-tolerated in patients with little toxicity followed
by pertuzumab (Perjeta®). Trastuzumab biosimilars that have been approved
by FDA were Hertraz, Zuhera, Herzuma, Kanjinti, Ogivri, Ontruzant and
Trazimera. Even though previous studies have proved the tolerable therapeutic
efficacy of trastuzumab, some HER2-positive breast cancer patients showed
intrinsic or acquired resistance to it. Hence, research on developing anti-HER2
agents is still on-going. Later, the combination of pertuzumab with trastuzumab
and docetaxel was approved by US FDA on September 2013 as neoadjuvant
treatment of patients with HER2-positive for early-stage breast cancer, locally
advanced or inflammatory.

b) Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitor (TKI) is a group of drugs which interrupts the HER2
and epidermal growth factor receptor (EGFR) pathways by disrupting the signal
transduction pathways of protein kinases through several modes of inhibition.
Kinase inhibitors are either irreversible or reversible. The irreversible kinase
inhibitors tend to covalently bind and block the ATP site resulting in irreversible
inhibition. The reversible kinase inhibitors can further subdivide into four major
subtypes based on the confirmation of the binding pocket. Tyrosine kinase
enzymes (TKs) can be categorised into receptor tyrosine kinases (RTKSs),
non-receptor tyrosine kinases (NRTKs), and a small group of dual-specificity
kinases (DSK) which are phosphorylate serine, threonine, and tyrosine
residues. Lapatinib (Tykerb®) is the second US FDA approved HER2 targeted
drug after trastuzumab. In addition, FDA approved TKIs for breast cancer also
include afatinib, neratinib and tucatinib (which targets HER1 and HER2), have
substantial efficacy in the treatment of HER2-positive breast cancer.

c) Antibody drugs conjugates (ADCs)

Trastuzumab—-emtansine (T-DM1) is a HER2-targeted antibody-drug conjugate
which contains the humanised anti-HER2 IgG1, trastuzumab, covalently linked
to the microtubule inhibitory drug DM1 (a maytansine derivative) via the stable
thioether linker 4-[N-maleimidomethyl] cyclohexane-1-carboxylate (MCC).
Emtansine refers to the MCC-DM1 complex. An average of 3.5 DM1 molecules is



conjugated to each molecule of trastuzumab. Conjugation of DM1 to trastuzumab
confers selectivity of the cytotoxic agent for HER2-overexpressing tumour cells,
thereby increasing intracellular delivery of DM1 directly to malignant cells.
Upon binding to HERZ2, trastuzumab-emtansine undergoes receptor-mediated
internalisation and subsequent lysosomal degradation, resulting in release of
DM1-containing cytotoxic catabolites (primarily lysine-MCC-DM1).

Policy question

Should targeted therapies i.e. trastuzumab (tzmb), pertuzumab (pzmb) and
lapatinib (Ipnb) in combination with chemotherapy be used as a neoadjuvant
treatment for HER2-positive early and locally advanced breast cancer in Ministry
of Health facilities?

Objective

To conduct a systematic review:

I.  To assess the effectiveness and safety of trastuzumab, pertuzumab,
lapatinib in combination with chemotherapy in neoadjuvant setting for
patient with HER-positive breast cancer.

[I.  To determine whether to use one or dual targeted therapies in
combination with chemotherapy in neoadjuvant setting for HER2-
positive breast cancer.

[ll.  To evaluate the cost-effectiveness of trastuzumab, pertuzumab,
lapatinib in combination with chemotherapy for HER2-positive breast
cancer in neoadjuvant setting.

IV.  To assess the organisational or societal implication related to the use
of trastuzumab, pertuzumab, lapatinib in neoadjuvant setting for HER2
positive breast cancer.

Methods

Part A: Systematic Review of Literature

Electronic databases were searched through the Ovid interface: Ovid
MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other
Non-Indexed Citations, Daily and Versions(R)-1946 to March 26, 2021.
Google Scholar was used to search for additional web-based materials and
information. Additional articles were identified from reviewing the references
of retrieved articles. Last search was conducted on 5" of August 2021.
Three reviewers (AS, MAR and AA) independently screened the titles and
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abstracts against the inclusion and exclusion criteria. The risk of bias or quality
assessment (methodology quality) of all retrieved literatures were assessed by
three reviewers depending on the type of the study design; using the relevant
checklist of National Collaborating Centre for Methods and Tools (ROBIS) for
Systematic Review, Cochrane assessing of bias tools (RoB 2) for Randomised
Controlled Trials and Critical Appraisal Skill Programme (CASP) checklist for
cohort and economic studies. Data on the effectiveness, safety and outcomes
of using targeted therapies were presented in tabulated format with narrative
summaries. Meta-analysis using RevMan 5.0 was conducted for this Health
Technology Assessment for selected outcomes namely pathological complete
response (pCR) rate and safety data. The data was pooled when heterogeneity,
12 was less than 75%. Risk ratio (RR), Odds ratio (OR) were calculated using
fixed-effect model with 95% Confidence Interval (Cl). Statistical significance
was set at p< 0.05 for all outcomes.

Results

Atotal of 1031 records were identified through Ovid interface and other sources
(references of retrieved articles). After applying inclusion and exclusion criteria,
19 studies were included in this review: two systematic review (SR) and network
meta-analysis (NMA), nine randomised controlled trials (RCTs), three cohort
studies, one cross-sectional study and four economic analyses.

Combination of pertuzumab and trastuzumab plus chemotherapy (with or
without anthracyclines) improved pCR compared with single-targeted therapy
followed by combination of lapatinib plus trastuzumab plus chemotherapy (with
or without anthracyclines). In addition, for both types of interventions (addition
of pertuzumab or lapatinib), combination chemotherapy (with or without
anthracyclines) was superior than mono chemotherapy. From indirect meta-
analysis, there was no difference in pCR between the two groups with and without
anthracyclines. However, according to the SUCRA rank, the group without
anthracyclines had the highest rank for pCR for both addition of pertuzumab
or lapatinib. The use of trastuzumab biosimilar plus chemotherapy (with or
without anthracyclines) was as effective as the combination of pertuzumab plus
trastuzumab plus docetaxel. There was a good level of retrievable evidence
that showed the rates of PFS, DFS, EFS and OS were higher in dual-targeted
therapy (for addition of pertuzumab or lapatinib) than single-targeted therapy.

In terms of safety, grade 3 to 5 treatment-related side effects were significantly
higher in patients who received pertuzumab (neutropaenia), lapatinib (diarrhoea
and skin disorders) and chemotherapy with commonly reported side effects of
diarrhoea and skin disorders. For incidence of cardiac events, there was no
significant difference observed in all treatment arms. Trastuzumab biosimilar
had comparable side-effects to trastuzumab.

Based on two cost-effectiveness analyses studies, mono chemotherapy
(pertuzumab plus trastuzumab plus taxol) was more effective with the highest
health benefits (10.73 QALYs) and less costly (US $ 415 833) compared to
combination chemotherapy (taxol plus carboplatin plus pertuzumab plus



trastuzumab or taxol plus pertuzumab plus trastuzumab plus anthracyclines).
However, de-escalated strategies found that combination of trastuzumab plus
taxol became the most cost-effective option in both HR-positive and HR-negative
patients. One cost minimisation analysis showed SC trastuzumab resulted in
savings of MYR 7561 every patient to the MOH and MYR 7820 every patient to
the society in comparison with IV trastuzumab.

Part B: Economic Evaluation

Objective

The general objective of this economic evaluation was to assess the cost-
effectiveness of additional targeted therapy in the neoadjuvant treatment of
high risk early HER2-positive breast cancer patients.

The specific objective was to calculate the incremental cost-effectiveness ratio
(ICER)between single and dual targeted therapy (Trastuzumab and Pertuzumab/
Trastuzumab respectively) with standard neoadjuvant chemotherapy for early
HER2-positive breast cancer patients with high risk of recurrence.

Methods

A hybrid model (Decision tree and Markov cohort simulation) was developed
using Microsoft 365 Excel Workbook® to estimate the lifetime costs and quality
adjusted life years (QALYs) of using targeted agents in combination with
neoadjuvant chemotherapy in early HER2+ breast cancer. This type of model
was chosen for its ability to extrapolate efficacy data from short-term clinical
trials in early HER2+ breast cancer to longer term cost-effectiveness results.

Based on the systematic review and meta-analysis conducted in this HTA
report earlier, the most efficacious with no substantial differences in tolerability
was the trastuzumab (biosimilar) plus pertuzumab based dual targeted therapy
with combination chemotherapy. Taking the current practice and availability
of drugs available in MOHMF, the single targeted therapy assessed was the
trastuzumab biosimilar and chemotherapy; whereas the dual targeted therapy
assessed was the pertuzumab-trastuzumab combination. A hypothetical cohort
of high-risk stage I/ Ill HER2-positive breast cancer patients were simulated in
three strategies:-

i) Standard six cycles of neoadjuvant chemotherapy

ii) Addition of single targeted therapy with chemotherapy given
concurrently 3-weekly intravenously - Trastuzumab biosimilar

iii}) Addition of dual targeted therapy with chemotherapy given
concurrently 3-weekly intravenously- Pertuzumab/ Trastuzumab
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Model Structure

The model structure was constructed with reference to other published studies
and in consultation with an expert committee consisting of multidisciplinary
experts namely clinical oncologists, breast and endocrine surgeons, pathologist,
radiologist, health economists, public health physicians and pharmacists.
This economic evaluation was designed from the Ministry of Health (MOH)
perspective. The model decision analyses were projected to lifetime horizon
(20 years) and the transition cycle was one year. Half cycle correction was
performed to increase the applicability.

Model Estimation

The epidemiological and disease-related data were obtained from local
sources of data whenever available, or literature review when local data was
not available.

Results and Conclusion

From the decision analytic modelling that has been conducted, addition of six
cycles of neoadjuvant trastuzumab biosimilar on top of standard neoadjuvant
chemotherapy was considered as a cost-effective strategy for high-risk early
breast cancer with HER2 positive, yielding an ICER of MYR 16,471.59 per
QALY gained. Whereas addition of neoadjuvant Pertuzumab/ Trastuzumab on
top of standard neoadjuvant chemotherapy yielded an ICER of MYR 98,013.20
per QALY gained. However, if suggested cost-effectiveness threshold for
Malaysia is taken into consideration which is <1 GDP per capita, addition of
single targeted therapy may be the most cost-effective strategy. Definition of
one Malaysian GDP per capita per QALY gained is USD10, 500 (~MYR 43,
884.75).

Based on one-way sensitivity analysis performed, these components have
shown to be sensitive parameters for ICER determination: discount rate,
recurrence state transitional probability values, and cost of targeted therapies.

In general, we found that targeted therapies whether as dual-targeted or single-
targeted therapy produced favourable and improvement outcomes in HER2-
positive early and locally advanced breast cancer patients. From our review, the
dual targeted therapy which is the combination of pertuzumab and trastuzumab
with combination of chemotherapy (with or without anthracyclines) was the
most effective treatment as compared to single-targeted therapy or mono
chemotherapy. Based on economic modelling, only single-targeted therapy
is considered the cost-effective option. However, if the price of dual targeted
therapy be reduced to 50%, dual-targeted therapy may also be cost-effective.
The current treatment to be most cost-effective for Malaysian population was
the combination of neoadjuvant chemotherapy with trastuzumab biosimilar.



Recommendation

Targeted therapy in combination with chemotherapy is recommended to be
used in early and locally advanced breast cancer. Combination of chemotherapy
plus trastuzumab biosimilar is the most cost-effective option for Malaysian
population.

However, dual-targeted therapy may be used to achieve the highest effectiveness
treatment, if cost reduction of the dual targeted therapy of at least 50% could
be negotiated.
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ABBREVIATION

ADC
AEs
CASP
Cl
CDSR
Cl
CEA
DFS
EBC
EFS
EGFR
ER
HER2
HTA
ICER
ITT
Y
LABC
MaHTAS
MBC
MNCR
MOH
NMA
NPRA
OR
OS
pCR
PFS
RCT
RFS
RoB
RR
SC
SR
TKI
QALY
US FDA
WHO

Antibody drugs conjugate

Adverse events or adverse effects

Critical Appraisal Skill Programme
Confidence interval

Cochrane Database of Systematic Reviews
Confidence interval

Cost-effectiveness analysis

Disease-free survival

Early breast cancer

Event-free survival

Epidermal growth factor receptor
Estrogen receptor

Human epidermal growth factor receptor 2
Health Technology Assessment
Incremental cost-effectiveness ratio
Intention-to-treat

Intravenous

Locally advanced breast cancer

Malaysian Health Technology Assessment Section

Metastatic breast cancer

Malaysia National Cancer Registry
Ministry of Health

Network meta-analysis

National Pharmaceutical Regulatory Agency
Odds ratio

Overall survival

Pathologic complete response
Progression-free survival

Randomised controlled trial
Relapse-free survival

Risk of bias

Relative risk

Subcutaneous

Systematic review

Tyrosine Kinase Inhibitor

Quality adjusted life year

United States Food Drug Administration
World Health Organization
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TARGETED THERAPIES IN COMBINATION WITH
NEOADJUVANT CHEMOTHERAPY FOR HER2-POSITIVE
BREAST CANCER AND ECONOMIC EVALUATION

1.0 BACKGROUND

Breast cancer is the most prevalent type of malignancy in females. It is a
heterogeneous disease which can be divided into several subtypes.! Based on
severity, breast cancer is broadly categorised into three groups which are early
breast cancer (EBC), locally advanced breast cancer (LABC) and metastatic
breast cancer (MBC)." Human epidermal growth factor receptor 2 (HER2)
is a growth-promoting protein on the outside of all breast cells. About 15 to
20% women with breast cancer have overexpression of HER2 and called as
HER2-positive.? HER2-positive is an aggressive subtype that exhibits unique
epidemiological, clinical and prognostic differences with poor response to
standard chemotherapy regimens compared with HER2-negative.?* In addition,
HERZ2 may become positive from initially negative tumours over time especially
after treatment of endocrine targeting therapy estrogen receptor (ER)."

Breast cancer is the commonest cancer in Malaysia with the prevalence of 19%
among Malaysian as revealed in the Malaysian National Cancer Registry Report
(2012-2016). The new cases of breast cancer had increased from 32.1% (2007-
2011) to 34.1% (2012-2016) of overall cancer among women.* The incidence
started to increase at the age of 25 and peak at the age of 60 to 64 years. The
incidence was highest among Chinese (40.7 per 100,000) followed by Indian
(38.1 per 100,000) and Malay (31.5 per 100.000).*

In general, the overall survival rates of breast cancer have improved even
though it varies worldwide due to improvement in medical care and availability
of more effective treatment. Majority were diagnosed at an earlier and localised
stage.® In many countries, the five-year survival rate for women diagnosed
with stage one or two breast cancer range between 80% to 90%.° According
to Malaysian Clinical Practice Guideline in Management of Breast Cancer
(Third Edition), the early breast cancer include stage |, stage IIA and stage
lIB while locally advanced breast cancer includes stage I11. In 2012-2016, the
percentage of women in Malaysia diagnosed with breast cancer at stage | was
17.5%, stage Il was 34.5% and stage lll was 25.2%. Hence, approximately
more than third-quarter of breast cancer patients were included in the early and
locally advanced breast cancer population (77.2%).4

The treatment of breast cancer generally depends on the stage of disease
and characteristics of the tumour which involves surgery, chemotherapy,
radiotherapy and hormonal therapy.? Neoadjuvant therapy in breast cancer
refers to the administration of treatment with the intent of down staging the
tumour and improve operability and surgical outcomes.® Half of HER2-positive
breast cancers are ER-positive but they generally have lower ER levels and
many have p53 alterations.” The current practice in Malaysia for management
of EBC include neoadjuvant chemotherapy only while management of LABC



include neoadjuvant chemotherapy and anti-HER2 therapy for operable
and inoperable conditions. These tumours have higher proliferation rates,
extra aneuploidy and are associated with poorer patient prognosis. The poor
outcome is improved with appropriate chemotherapy combined with the HER2-
targeting drug." Pathological complete response (pCR) have been achieved
in 75% patients with metastatic HER2-positive breast cancer, hence improved
their prognosis.? Despite the achievements, however, the persisting high toll of
deaths resulting from HER2-positive breast cancer calls for continued intensive
clinical research of newer therapies and combinations.”

In Ministry of Health Medicines Formulary (MOHMF), Malaysia, trastuzumab
injection was approved in adjuvant setting only for patients with HER2-positive,
over-expressed by FISH (Fluorescence in situ hybridization) and high risk group
(>30% lifetime risk but no known genetic variant).® Both drugs (pertuzumab and
lapatinib) are registered under National Pharmaceutical Regulatory Agency
(NPRA) but not included in the MOHMF.2° Pertuzumab injection is indicated for
neoadjuvant treatment of patients with HER2-positive, locally advanced,
inflammatory, or early stage breast cancer (either >2 cm in diameter or
node positive) as part of a complete treatment regimen for early breast cancer
and indicated in combination with trastuzumab and docetaxel for patients with
HERZ2-positive metastatic or locally recurrent unresectable breast cancer, who
have not received previous anti-HER2 therapy or chemotherapy for metastatic
breast cancer.® While, lapatinib is indicated in combination with capecitabine for
the treatment of patients with advanced or metastatic breast cancer whose
tumours overexpress HER2 and who have received prior therapy including an
anthracycline, a taxane, and trastuzumab or in combination with letrozole for
the treatment of postmenopausal women with hormone receptor-positive
metastatic breast cancer.® As these agents may play an important role in
neoadjuvant therapy setting, their effectiveness and economic implications
need to be assessed. This HTA was requested by a Clinical Oncologist from
Hospital Kuala Lumpur (HKL).
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2.0 TECHNICAL FEATURES

21 TARGETED THERAPIES

Targeted drugs are designed to precisely identify and block the growth and
spread of specific cancer cells which are different from chemotherapy drugs that
attack all growing cells including cancer cells.'® Four types of targeted therapies
used for treatment of HER2-positive breast cancer are monoclonal antibodies,
small molecule tyrosine kinase inhibitors, antibody-drugs conjugates and other
emerging anti-HER2."°

Monoclonal antibodies
Trastuzumab
Pertuzumab

HER2 receptor Receptor of
' EGFR family

Antibody-drug conjugate
5L

Small molecular tyrosine
kinase inmhibitor
Lapatinib
Afatinib
Neratinib

\ @ /@_/_/J_,a

{

“Downstream sugnalmg
L transductlon pa’chwa\pr

Inhibitor of
- downstream signal
molecules
[ 2 Targeting mTOR
Proliferation Targeting PI3K/Akt
Heat shock protein 90 Targeting PI3K/Akt/mTOR
(hsp90) inhibitor

Figure 1. Mechanism of Action for Targeted Therapies on breast cancer cells (Source from:
International Molecular Sciences. 2016; 17(12):2095)

a) Monoclonal antibodies

Monoclonal antibodies are immune system proteins (antibodies) that are
designed to attach to the HER2 protein on cancer cells, which can help stop
the cells from growing.” Monoclonal antibodies approved by FDA for breast
cancer include trastuzumab, pertuzumab and bevacizumab." Trastuzumab
(Herceptin®) was the first monoclonal antibody drugs against the extracellular
domain of HER2 approved by United States Food and Drug Administration (US
FDA) which is well-tolerated in patients with little toxicity followed by pertuzumab
(Perjeta®)." Trastuzumab biosimilars that have been approved by FDA were
Hertraz, Zuhera, Herzuma, Kanijinti, Ogivri, Ontruzant and Trazimera.'? Even
though previous studies have proved the tolerable therapeutic efficacy of
trastuzumab, some HER2-positive breast cancer patients showed intrinsic or



acquired resistance to it." Hence, research on developing anti-HER2 agents
is still on-going.” Later, the combination of pertuzumab with trastuzumab
and docetaxel was approved by US FDA on September 2013 as neoadjuvant
treatment of patients with HER2-positive for early-stage breast cancer, locally
advanced or inflammatory. "

b) Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitor (TKI) is a group of drugs which interrupts the HER2
and epidermal growth factor receptor (EGFR) pathways by disrupting the signal
transduction pathways of protein kinases through several modes of inhibition.™
Kinase inhibitors are either irreversible or reversible. The irreversible kinase
inhibitors tend to covalently bind and block the ATP site resulting in irreversible
inhibition. The reversible kinase inhibitors can further subdivide into four major
subtypes based on the confirmation of the binding pocket. Tyrosine kinase
enzymes (TKs) can be categorised into receptor tyrosine kinases (RTKSs),
non-receptor tyrosine kinases (NRTKs), and a small group of dual-specificity
kinases (DSK) which are phosphorylate serine, threonine, and tyrosine
residues. Lapatinib (Tykerb®) is the second US FDA approved HER2 targeted
drug after trastuzumab.” In addition, FDA approved TKiIs for breast cancer also
include afatinib, neratinib and tucatinib (which targets HER1 and HER2), have
substantial efficacy in the treatment of HER2-positive breast cancer.’>4

a) Antibody drugs conjugates (ADCs)

Trastuzumab—emtansine (T-DM1) is a HER2-targeted antibody-drug conjugate
(ADC) which contains the humanised anti-HER2 IgG1, trastuzumab, covalently
linked to the microtubule inhibitory drug DM1 (a maytansine derivative) via
the stable thioether linker 4-[N-maleimidomethyl] cyclohexane-1-carboxylate
(MCC). Emtansine refers to the MCC-DM1 complex. An average of 3.5 DM1
molecules is conjugated to each molecule of trastuzumab. Conjugation of DM1 to
trastuzumab confers selectivity of the cytotoxic agent for HER2-overexpressing
tumour cells, thereby increasing intracellular delivery of DM1 directly to malignant
cells. Upon binding to HER2, trastuzumab-emtansine undergoes receptor-
mediated internalisation and subsequent lysosomal degradation, resulting in
release of DM1-containing cytotoxic catabolites (primarily lysine-MCC-DM1).”

3.0 POLICY QUESTION

Should targeted therapies i.e. trastuzumab (tzmb), pertuzumab (pzmb) and
lapatinib (Ipnb) in combination with chemotherapy be used as a neoadjuvant
treatment for HER2-positive early and locally advanced breast cancer in Ministry
of Health facilities?
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4.0 OBJECTIVE

41 To conduct a systematic review:

I.  To assess the effectiveness and safety of trastuzumab, pertuzumab,
lapatinib in
combination with chemotherapy in neoadjuvant setting for patient
with HER2-positive breast cancer.

II. To determine whether to use one or dual targeted therapies in
combination with chemotherapy in neoadjuvant setting for HER2-
positive breast cancer.

lll. To evaluate the cost-effectiveness of trastuzumab, pertuzumab,
lapatinib in
combination with chemotherapy for HER2-positive breast cancer in
neoadjuvant setting.

IV. To assess the organisational or societal implication related to the
use of trastuzumab, pertuzumab, lapatinib in neoadjuvant setting
for HER2-positive breast cancer.

PART A- SYSTEMATIC REVIEW OF LITERATURE

1.1  METHODS
5.1.1 SEARCHING

Search Strategy
Electronic databases were searched through the Ovid interface:

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review &
Other Non-Indexed Citations, Daily and Versions(R)-1946 to March 26, 2021.
Google Scholar was used to search for additional web-based materials and
information. Additional articles were identified from reviewing the references
of retrieved articles. Last search was conducted on 5" of August 2021. Search
was limited to articles in English and in human. Several search terms were
used such as; breast neoplasms, mammary cancer, neoadjuvant therapy,
trastuzumab, pertuzumab, lapatinib, targeted therapy. Appendix 3 shows the
detailed search strategies.

5.1.2 STUDY SELECTION

Three reviewers (AS, MAR and AA) independently screened the titles and
abstracts against the inclusion and exclusion criteria as shown below and
evaluated the selected full-text articles for final article selection.



Inclusion criteria

Population

Intervention

Comparator

Outcomes

Study design

o Adult patients with HER2-positive breast cancer, early breast cancer
and locally advanced breast cancer

Targeted therapies:

-Monoclonal antibodies such as trastuzumab, trastuzumab biosimilar and
pertuzumab

-Kinase inhibitors: lapatinib

(monotherapy or combination with chemotherapy: taxane-based,
anthracyclines, cyclosphosphamide, carboplatin)

o chemotherapy + dual targeted therapy

o chemotherapy + single targeted therapy

o chemotherapy + single targeted therapy
o chemotherapy only

Primary Outcomes:

o Pathological complete response (defined as no residual invasive
tumour in both the breast and the axilla: i.e. ypT0O/is pNO).
Progression-free survival
Number of patients had progressed
Disease-free survival/Relapse-free survival
Event-free survival
Overall survival

O O O O O

Secondary outcomes:
o Conserving surgery rates/Conservative breast surgery (for early
breast cancer)

Safety
o Adverse events (any grade 3-4 adverse event)

Economic impacts
o Cost effectiveness analysis
Cost utility analysis
Cost benefit analysis
Cost analysis
Any other measure of economic outcomes

O O O O

Organisational issues
o  Length of hospital stay (LOS)
o Hospital Admission
o Day care

Social implication
o Preferences
o  Tolerability
o Satisfaction

HTA reports, systematic review with network meta-analysis, systematic
review with meta-analysis, randomised controlled trial (RCT),
observational study and economic evaluation studies.

English full text articles
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Exclusion criteria

a. Study design: animal study, laboratory study, narrative review, editorials,
and letter to the editors.

b. Non English full text article.

Based on the above inclusion and exclusion criteria, study selection will
be carried out independently by three reviewers. Disagreement will be
resolved by discussion.

5.1.3 CRITICAL APPRAISAL OF LITERATURE/ ASSESSMENT OF RISK
OF BIAS

The risk of bias or quality assessment (methodology quality) of all retrieved
literatures will be assessed by three reviewers depending on the type of the
study design; using the relevant checklist of National Collaborating Centre for
Methods and Tools (ROBIS) for Systematic Review, revised Cochrane assessing
risk-of-bias tool (RoB 2) for Randomised Controlled Trials and Critical Appraisal
Skill Programme (CASP) checklist for cohort and economic studies.

5.1.4 ANALYSIS AND SYNTHESIS OF EVIDENCE

Methods of analysis/synthesis

Data on the effectiveness, safety and outcomes of using targeted therapies
were presented in tabulated format with narrative summaries. Meta-analysis
using RevMan 5.0 was conducted for this Health Technology Assessment for
selected outcomes namely pathological complete response (pCR) rate and
safety data. The data was pooled when heterogeneity, 1> was less than 75%
(heterogeneity more than 75% is considerable heterogeneity).'® Risk ratio (RR),
Odds ratio (OR) were calculated using fixed-effect model with 95% Confidence
Interval (Cl). Statistical significance was set at p< 0.05 for all outcomes.

6.0 RESULTS

6.1 SELECTION OF INCLUDED ARTICLES

A total of 1019 records were identified through Ovid interface and 12 records
were identified from other sources (references of retrieved articles). All the
records were screened and 915 records were excluded. Of these, 85 relevant
abstracts were retrieved in full text. After applying inclusion and exclusion
criteria, 66 articles were excluded with reasons (Figure 2).

There were 19 studies included in this review: two systematic review (SR)
and network meta-analysis (NMA), nine randomised controlled trials (RCTs),
three cohort studies, one cross-sectional study and four economic analyses.



All studies included were published in English language between 2012 and
2021 and were mostly conducted in Japan, China, Italy, Poland, South Korea,
Russia, Taipei, Taiwan, Spain, Pakistan, United States (US), United Kingdom
(UK), Belgium, Germany, Switzerland, France, Spain, Ukraine and India. The
selection of the studies was shown on Figure 2. The studies were excluded
due to irrelevant study design (n=10), irrelevant population (n=8), irrelevant
intervention (n=9), irrelevant outcome (n=8) as well as those already included
in the systematic reviews (n=32). The excluded studies are listed in Appendix 5.

Descriptions of 19 full-text articles included in qualitative synthesis are
presented in Table 1, Table 2 and Table 3. Table 2 represents articles included
in quantitative analysis (meta-analysis) which involved trials using Pertuzumab
plus Trastuzumab. The selection of the studies was shown on Figure 2. The SR
was reported following PRISMA checklist.

Number of records identified Mumber of additional records
through electronic databases identified from other sources (n=12)
searching (n=1019)

, l

MNumber of records after duplicates removed (n=1000)

¥ Number of
Number of records | records excluded
screened (n=1000) (n=915)

Number of full-text

Number of full-text artldes_exc!uded
articles assessed for * (n=66):
eligibility (n=85) - Irelevant study design
(n=10)
= lrelevant population
{n=T7)
- Irelevant  intervention
(n=9)

- Irelevant outcome (n=8)

- Already  included in

Number of full-text articles systematic review (n=32)

included in qualitative synthesis
(n=19)

Mumber of full-text articles
included in quantitative synthesis
(n=5)

Figure 2: Flow chart of study selection
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Table 1. Description of the included studies: types of breast cancer, number of patients, intervention and comparison and outcome measures.

Studies included/ Number of

tud
Study Types of breast cancer patients (n)

Intervention & Comparison Outcome measures

Systematic Review (SR) with Network Meta-Analysis (NMA)

Stebbing, 2017 (NCT02161) n=549 o Pathological complete response rate
Zhang et al. (2021) e Adverse events: neutropaenia, diarrhoea, febrile
Baselga, 2012 (NeoALTTO) n=455 CT-P6 (Biosimilar) vs Trstuzumab . WM%%MMMH_N mhﬂﬂﬂ“ﬂvmmww:mm rate
Carey, m.o:w (CALGB 40601) n=305 " e Adverse events: neutropaenia, diarrhoea, febrile
Bonnefoi, 2015 (EORTC) n=128 Trastuzumab + Lapatinib + Chemotherapy vs neutropaenia. hepatotoxicit
Guarneri, 2012 (CHER-LOB) n=121 Lapatinib + Chemotherapy vs Trstuzumab + P G y
Holmes, 2013 (LPT 109096) n=100 Chemotherapy
Robidoux, 2013 (NSABP B-41) n=529
Hurvitz, 2020 (TRIO-USBO07) n=128
Untch, 2012 (GeparQuinto) n=615 Lapatinib + Chemotherapy vs Trstuzumab + o Pl semHED FEaEEs He
Alba, 2014 (GEICAM) n=102 Chemotherapy o Adverse events: neutropaenia, diarrhoea, febrile
neutropaenia, hepatotoxicity
Trastuzumab Chemotherapy vs
Buzdar, 2013 (ACOSOG Z1041) n=282 Chemotherapy (FEC+ Pacli+cyclo+doce) .
Nakashoji et al Gianni, 2010 (NOAH) n=235 * Pathological complete response rate
! ’ ) ’ _ ¢ Adverse events: neutropaenia, diarrhoea, febrile
(2018) Pierga, 2010 (REMAGUS) n=120 P R
Steger, 2013 (ABCSG-24) n=93 ’

Randomised Controlled Trials (RCTs)

Gianni et al. (2012) Locally advanced breast cancer n=417 Pertuzumab+Trastuzumab +Docetaxel vs o Pathological complete response rate
Trastuzumab + Docetaxel o Safety
e Progression-free survival
Gianni et al. (2016) Locally advanced breast cancer n=417 Pertuzumab+Trastuzumab +Docetaxel vs o Disease-free survival
Trastuzumab + Docetaxel o Tolerability
e Adverse events

TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION




NOILYNTVAT DINONODT ANV 43ONVO LSY3Hg JAILISOd-¢d3H 40 ININLVIHL
JHL H04 dVHIHLONWIHO INJANrAVOAN HLIM NOILYNIGIWOD NI S3IdVHIHL d31399VL

seoualsyald

(s)1uana asianpy

[BAIAINS [|BIBAQ

|[BAIAINS 991)-}UBAT

(s)1uana asianpy

[BAIAINS [|BIBAQ

[BAIAINS 991)-9SBaSIq

a)el asuodsal a)9|dwoo [esibojoyied

(s)1uana asianpy
|BAIAINS 981)-)JUBAT/[BAIAINS 931j-9SE8SIq

(s)1uana asianpy
|BAIAINS 981)-)JUBAT/[BAIAINS 931j-9SE8SIq
a)el asuodsal a1a|dwod |eaibojoyied

[BAIAINS [[BIBAQ
[EAIAINS 881j-}UBAT

[BAIAINS [[BJOAQ/UIEST
[eAIAINS 88.j-asdeloy

(s)iuane asianpy
a)el asuodsal a19|dwod |eaibojoyied

gewnznjsel] Al
(@Is) @2o1nep uonosful asn-ajbuls
gewnznjsel| DS

gewnznjses] Al
SA qewnznjsel] DS

qewnznjsel] SA Jejiwisolg 9d4-190
gqewnznjsel] + O3

SA quuiede +03

[oxenoe|d + O34 SA

[oxeyjoed + D34 + gewnznjsed]

|oxe}ioed ‘qewnznjsel|
qiupeden]

[exeljoed ‘qewnznisel |
quuneden

[exe}e00(Q + qewnznisel|
SA |9Xe}2000+
gewnznjsel] +qewnznyad

88y=u

96G=U

67G=u

0co=u

(yuaunouoo
SA |ejjuanbas)
Zgc=u

GGp=u

Gog=u

6ce=u

Apnys JaH}a1d LOY09-0M) ‘paziwopuey

J99ued Jsealq Aues ‘Apnis HeuueH

Jsoueo jsealq aAlsod-zyJH ajqesado e|||—| ebels
/99¢91¢0 LON

wiogZ < JO 9ZIS SUOISa|
Jnowiny (0 Z ones) uonezipugAy nyis Ul ‘+¢ OH|
Apnis (o) ouinpledes

OHI +€ Yim
180UBD JSealq 8AISBAUl J90UeD Jsealq a|qesado

(sdUENY) LY0LZ DOSOJY

Alojewweul
-uou ‘[esaje|iun ‘e|gelado yum sjuaied ‘Jeoued
yseauq Aues (90-| 919) Apnis OL11V0eN

J22Ued
1sealq aAnisod-zy3H || pue || abels Jeoued
jseauq paoueApe A||edo| ‘eduel|ly L 090y 991VO

Jaoued
1sealiq paoueApe Ajjeoo| pue Ales ‘ANO3d

‘e 19 J0AId

‘e 18 yosiyoer

(1z02)
‘le 1o Buiqqels

(8102) "le 3@ yon

(6102) "[e ¥o 1epzng

(6102) "le 18 1aqonH

(0zoz) '3

Zaulle|\-Zapueua

(0z02) '|e1e oeys

(SLO¥) s[euL pajjonu0) pesiwopuey

salnseaw awodiInQ

uosiiedwo? @ uouaAIaU|

sjuaned jo JaquinN

199Ued Jseauq Jo sadA)
[papnjoul saipnys

Apmg

"Sa/nseswl awoo)No pue uosLedwo pue uonuareiul ‘susied jo jequinu Ynown) Alewlid jo sadA} :saipnjs pepnjoul ayj Jo uonduossed g ajqel



Table 3. Description of the included studies: types of primary tumour, number of patients, intervention and comparison and outcome measures.

udy . ntervention omparison utcome measures
Stud Studies included/ Number of Int tion & C . out
Types of breast cancer patients
Observational study
Sheikh et al. (2019) Locally advanced breast cancer Trastuzumab +Taxane vs Taxane o Pathological complete response rate
' Immunohistochemical (IHC) stain of 3+ or n=131 e Breast conservation
FISH positive o Toxicity
ocally advanced breast cancer ertuzumab + Trastuzumab +Paclitaxel/Docetaxel+ e Pathological complete response rate
Murthy etal. (2018) | ally agvanced breast Pert b + Trast b +Paclitaxel/Docetaxel Pathological complet t
n=977 FEC/ (Doxorobucin+ Carboplatin e Breast conservation
Hussain et al 2 WeRdEly
(2018) ’ n=45 Pertuzumab+ Trastuzumab + Docetaxel + Carboplatin
Locally advanced breast cancer vs Trastuzumab + Docetaxel + Carboplatin o Safety
Economic and Social studies
NA . .
stage II-lll HER2-positive cancer 1)Tzmb+Taxol 2)TDM-1+Pzmb * Cost-effectiveness analysis (CEA)
Hassett et al. (2020) 9 P 3)Pzmb+tzmb+docetaxel+carboplatin 4 )taxol+ tzmb+
pzmb then doxorubicin+ cyclophosphamide
5)taxol + tzmb + pzmb
NA S1 & S2: DDAC-THP, S3: THP, S4: HP, S5: TCHP o Costeffectiveness analysis (CEA)
MULECIEE () Locally advanced breast cancer
y 1) Pzmb + tzmb + docetaxel
Squires et al. (2018) n=214 2) Trastuzumab + docetaxel » Single Technology Appralsal by NICE
Locally advanced (including inflammatory)
breast cancer and women with high-risk early-
stage breast cancer (classified as T2/3 or N1)
ke cial ) HER2+ Early Breast Cancer 1) SO EElAED o Cost-minimisation analysis
NA 2) IV trastuzumab
Cross-sectional study
" SC Trastuzumab via single-used injection device VS IV e patients’ preferences
Pivot et al. (2014) HER?2-positive early breast n=245 Trastuzumab

Cancer

Notes: DDAC: dose-dense anthracycline/cyclophosphamide plus, THP: paclitaxel (T), trastuzumab (H) pertuzumab (P), TCHP: docetaxel (T) carboplatin (C)

plus HP

TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION



6.2 QUALITY ASSESSMENT/ RISK OF BIAS

Three reviewers (AS, MAR and AAAR) independently appraised and assessed
risk of bias of relevant articles using Risk of Bias in Systematic reviews (ROBIS)
for Systematic Review, Risk of Bias (RoB) 2 for Randomised Controlled
Trials and Critical Appraisal Skill Programme (CASP) checklist for cohort and
economic studies.’™'” Review authors’ judgements involved answering pre-
specified questions and discrepancies were resolved by consensus.

Assessment for Systematic Review (SR) using ROBIS"®

Two SR were included in this assessment and the risk of bias was shown in
Table 3. All studies were judged to have overall low risk of bias.

. DATA
Review ELISGTI";?JTY L%EDN;EEQTF'BT‘ COLLECTION  SYNTHESISAND  RISK OF BIAS IN
AND STUDY FINDINGS THE REVIEW

CRITERIA OF STUDIES APPRAISAL

Zha;é};t al. . . . . .

Nakashoji

ctal. 2018 @ ® ® © ®
@ High risk
(=) Unclear
& Low risk bias

Table 3: Summary of risk of bias assessment for systematic review using ROBIS
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Assessment for Randomised Control Trial (RCT) using Revised
Cochrane Risk of Bias Tool (RoB 2)'®

Nine RCTs were included in this assessment and the risk of bias assessment
was as shown in figure 4. All studies were judged to have overall low risk of
bias.

Risk of bias domains

Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. . Low

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Table 4: Summary of risk of bias assessment for randomised controlled trials using
risk of bias 2 (ROB 2)

Assessment for Cohort Study Using Critical Appraisal Skills Programme
(CASP) Checklist'”

The cohort studies were assessed using the CASP checklist. Three articles
were included in this appraisal (Table 5). Hussain et al. was judged as ‘can’t tell’
for criteria ‘outcome accurately measured’ because common side effect such
as neutropaenia were not reported in the paper.

Criteria assessed

Study SELECTION A%’é%%SA%EY Aggagﬂfz'f_\( CONFOUNDING FOLLOW-UP OF
OF COHORT o ACORED o ASORED FACTORS SUBJECTS

Murthy et al.,

2018 yes yes yes yes yes
Al TS yes yes can't tell yes yes

2018
Sheikh et al.

2019 yes yes yes yes yes

Table 5: Summary of risk of bias assessment for cohort study using CASP Checklist



Assessment for Economic Evaluation Studies using Critical Appraisal
Skills Programme (CASP) Checklist"”

Three cost-effectiveness analyses were included in this assessment and were
summarised in Table 6. Only one study (Lee et al.) was assessed as ‘can’t tell’
for two domains. Two studies (Kunst et al. and Lee et al.) were assessed as ‘no’
for one domain because the discounting rate was not mentioned in the articles.

Hassett et Kunst et al. Lee et al.
al. 2020 2020 2016

A well-define question posed? yes yes yes
Comprehensive description of competing s es es
alternative given? y y y
Effectiveness established? yes yes yes
Effects of intervention identified, measured and s s s
valued appropriately? y y y
All important and relevant resources required
and health outcome costs for each alternative es es can't tell
identified, measured in appropriate units and y y
valued credibly?
Costs and consequences adjusted for different no os o
times at which they occurred (discounting)? y
Results of the evaluation? yes yes yes
Incremental analysis of the consequences and :
costs of alternatives performed? yes yes EEppe
Sensitivity analysis performed? yes yes yes

Table 6: Summary of quality assessment for economic studies using CASP checklist

6.3 EFFICACY/ EFFECTIVENESS

This review included 14 studies on the effectiveness of targeted therapies in
combination with neoadjuvant chemotherapy for HER2-positive breast cancer.
These studies comprised of two SR with NMA, nine RCTs and three cohort
studies. The results were reported based on outcomes as follow; pathologic
complete response (pCR), progression free survival (PFS), number of patients
who had progressed or died, disease-free survival (DFS)/relapse-free survival
(RFS), event-free survival (EFS), adverse events and overall survival (OS). For
each outcome, results were presented based on five strategies; combination
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of Pertuzumab with Trastuzumab, combination of Lapatinib with Trastuzumab,
comparison between Trastuzumab and chemotherapy alone, comparison
) between Trastuzumab and Lapatinib and comparison between Trastuzumab
biosimilar and Trastuzumab only.

- CT (combo A) + Lpnb
CT (combo without A) | =~ - 7'y v
Pzmb + Tzmb |
Untch 2012 ". Bonnefoi 2015 CT (comba A) +
van Ramshorst 2018 Alba 2014 v Guarneri 2012
\  Holmes 2013 Lpnb + Tzmb
| Robidoux 2013 *
CT (combo A) + . A 4 i
Pzmb +Temb |  T7°- -p{ CT(combo A) + Tzmb H
r
\ CT (combo without A) +
v Lpnb + Tzmb
Buzdar 2007 '
CT (taxane) + Hurvitz 2020 )
Pzmb + Tzmb riElyd £uiu ‘I‘

Stebbing 2017

1
CT (combo withouf R) |
+ Tzmb

NOILYNTVAT DINONODT ANV 43ONVO LSVIHE JAILISOd-2d3H 40 INJNLVYIHL

JHL H04 dVH3IHLOW3HO LNIANFAVOAN HLIM NOILVYNIGNOD NI S3IdVH3IHL d313949VL

s =

CT (combo A) + Tzmb CT (taxane) +Lpnb + Tzmb ‘

Biosimilar i ?
r
’ 1
¥ ¥ ) v
I:l CT (combo without A) .‘, ‘ CT (Taxane) +Tzmb ‘
H + Lpnb \
' 4
' i Tt | CT (combo A) alone ‘
v ¥

CT (taxane) + Tzmb

vh"“‘--.', CT (taxane) + Lpnb e

4— direct meta-analysis

% --P indirect meta-analysis

Figure 3. Network Meta-analysis for outcome pCR studies in Zhang et al. 2021 that
will be used in the extraction data (list of articles)



6.3.1 Pathological Complete Response (pCR) rate

Two SR with NMA, three RCTs and one observational study reported on this
outcome thatincluded all five comparisons of intervention. In general, the results
from Zhang et al (2021) who did a network meta-analysis of all interventions
demonstrated the percentage of best treatment used for HER2-positive breast
cancer.'® "¢l The ranking of all regimes from their outcomes was based on the
surface under the cumulative ranking curve (SUCRA), which value from 0%
to 100%. A higher SUCRA value was associated with a higher pCR rate and a
lower dropout rate or less toxicity (Table 7).

Zhang et al. Nakashoji et al.
Percentage (%) Percentage (%)

Interventions/experimental arms

Chemotherapy (without A)+trastuzumab

+pertuzumab o A
Chemotherapy (A) + trastuzumab+ pertuzumab 84.9 NA
Chemotherapy (without A)+ traztuzumab +lapatinib 72.8 79
Chemotherapy (without A)+ trastuzumab biosimilar 71.7 NA
Chemotherapy (A) + trastuzumab + lapatinib 68.6 79
Chemotherapy (A) + trastuzumab biosimilar 62.1 NA
Mono chemotherapy+ trastuzumab +pertuzumab 47.7 85
Mono chemotherapy+ trastuzumab +lapatinib 37 79
Trastuzumab + pertuzumab ?,;2 NA
Trastuzumab + Lapatinib 67.7 (1 arm) 32
Chemotherapy (with or without A) + Trastuzumab ' 70
13.5 (1 arm)
Chemotherapy + Pertuzumab 41
L 35.1(comb) & 6.1
Chemotherapy + Lapatinib 49
(mono)

Notes: A= anthracyclines

Table 7. Ranking for the pathological complete response for experimental arms (Zhang
et al 2021 and Nakashoji et al 2018)

Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Trastuzumab and Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

A systematic review with network meta-analysis by Zhang et al (2021) includes
39 articles from 36 trials that involved 10379 patients. '8 'eve!! Databases were
searched up to November 2020 focusing on pathologic complete response in
patients with HER2-positive early breast cancer. They did an indirect meta-
analysis that compared the combination of pertuzumab, trastuzumab and
chemotherapy versus combination of trastuzumab and chemotherapy showed
a significant increase in complete response rate for group with anthracyclines
[Odds ratio (OR) 24.71 (95% confidence interval (Cl) 1.57 to 118.8)] and non-
significant increase without anthracyclines [OR 7.74 (95% CI 0.32 to 40.88)]
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favouring combination dual-targeted therapy. A NMA ranked was performed
based on the surface under the cumulative ranking curve (SUCRA), the results
revealed that dual-targeted therapy was significantly better than single-targeted
therapy and combination chemotherapy was significantly better than mono
chemotherapy, p<0.05 (Table 7).

b) Mono chemotherapy

Three out of five studies reported on the outcome of mono chemotherapy
either using docetaxel or paclitaxel.’®2?" Gianni et al.’ e " Shao et al.?® '
1 and Murthy et al.?" el M conducted studies to compare the combination
of pertuzumab, trastuzumab and docetaxel/paclitaxel with combination of
trastuzumab and docetaxel/paclitaxel in early and locally advanced HER2
positive breast cancer patients. We pooled the data from RCTs on this outcome
and the result showed that combination of pertuzumab, trastuzumab and
docetaxel/paclitaxel significantly increased pathological complete response
(pCR) rate with OR 2.33 (95% CI 1.57 to 3.47) compared with trastuzumab
and docetaxel. When we included observational study, the rate was better in
combination of pertuzumab, trastuzumab and docetaxel with OR 2.99 (95% CI
2.17 to 4.13) compared with combination of trastuzumab and docetaxel only
(Figure 4).

Pertuzumab + Trastuzumab  Trastuzumab (dds Ratio (Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed,35%Cl M-H, Fixed, 95% CI
111 RCTs study
Giannietal 2012 42 07 23 07 128% 236[1.26, 4.3 ——
Shao etal 2019 il A9 M 10 HBT% 232(1.37,383) —i—
Subtotal {95% Cl) 326 A7 TB6%  233[1.57,347] Ea
Total events 128 47

Heterogeneity: Chi*=0.00,df= 1 (P =0.96); F= 1%
Tastfor overall effect 2= 418 (F < 0.0001)

1.1.2 Observational study

Mutthy et al. 2018 K 170 37 B07T 4% 5400319914 —
Subtotal (95% CI) 170 807 2114% 540[3.19,9.14] -'-
Total events kil k7

Heterogeneity: Notapplicahle
Tastfor overall effect 2= 628 (F < 0.00001)

Total {95% Cl) 496 1024 100.0%  299[2147,413] B
Tatal avents 164 74
Heterogeneity. Chi :.5'34' df=2(P=0.04) F=68% D'.1 0!2 0!5 ﬁ é 1'0
Test for overall effect 7= 664 (F < 0.00001) Trastuzumab Pertuzumab + Trastuzumab
Testfor suboroup differences: ChiF=6.22, df=1 (P = 0.01), F=53.9%

Figure 4. Pertuzumab, Trastuzumab and Docetaxel versus Trastuzumab and
Docetaxel; Outcome: Total pathological complete response rate



We did a subgroup meta-analysis according to early breast cancer and locally
advanced breast cancer, the pooled data showed significant increase in pCR for
both subgroups with the treatment of pertuzumab, trastuzumab and docetaxel

Pertuzumab + Trastuzumab  Trastuzumab Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Fixed, 95% CI M-H, Fixed, 95% Cl
1.2.1 pCR rates for Locally Advanced Breast Cancer
GGianni etal. 2012 44 107 a0 107 3% 207[118, 364 ——
Murthy etal. 2018 k| 170 20 807 202% 9400318914 —
Shao etal 2019 23 i 4 3TT% AR 1239 -
Subtotal (95% CI) 43 047 65.2%  332[2.29,4.81] <P
Total events 103 b7

Heterogeneity Chi*=6.04, df=2 (P =0.08); F= 7%
Testfor overall effiect Z=6.32 (F = 0.00001)

1.2.2 pCR rates for Early Breast Cancer

Shaoetal 2014 ] 183 20 77 348%  20001.09 354) —i—
Subtotal (95% CI) 153 77 34.8%  2.00[1.09, 3.64] -‘-
Total events 63 a0

Heterogeneity, Mot applicable
Testfor overall effiect 7= 2.25(F =0.02)

Total {95% CI) 496 1024 100.0%  2.86[2.08,3.92] o)
Total events 166 a7

Heterogeneity Chi =.B.51,df=3(P=D.D4);I = (5% Uf1 052 055 ! L
Testfor averall effect 2= 6.48 (P = 0.00001) Tamb Pzmb + Tzmb
Testfor subaroun differences: Chi*=1.98, df=1 (P =0.16), F= 49.5%

than the treatment of trastuzumab and docetaxel (Figure 5).

Figure 5. Pertuzumab, Trastuzumab and Docetaxel versus Trastuzumab and
Docetaxel; Outcome: Total pathological complete response rate; Subgroup: Locally
advanced and early BC

Combination of Lapatinib, Trastuzumab and Chemotherapy versus
Lapatinib and Chemotherapy or Trastuzumab and Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

Zhang et al (2021) in their SR with NMA did a direct meta-analysis that
compared the combination of lapatinib, trastuzumab and chemotherapy versus
combination of lapatinib and chemotherapy.'® 'ev¢' ! Dual-targeted therapy
significantly increased the pCR rate with anthracyclines (OR 2.15 95% CIl 1.42
to 3.13) and without anthracyclines (docetaxel plus carboplatin: OR 3.88 95%
Cl 1.22 to 9.63) compared with combination of lapatinib and chemotherapy.
The network meta-analysis ranked of pCR rate also showed that combination
without anthracycline was higher which is 72.8% (combination chemotherapy),
followed by combination with anthracyclines (68.6%) and mono chemotherapy
(37%) (Table 7).18 tevel
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However, the combination of chemotherapy with or without anthracyclines,
lapatinib and trastuzumab resulted in not statistically significant difference in
pCR rate when compared with combination of chemotherapy and trastuzumab
only, OR 1.37 (95% CI 0.47 to 3.21) without anthracyclines: docetaxel plus
carboplatin; OR 1.39 (95% CI 0.93 to 2.02) with anthracyclines.8 leve

b) Mono chemotherapy

Result from pooled meta-analysis in Zhang et al. showed that combination
of mono chemotherapy (paclitaxel), lapatinib and trastuzumab significantly
increased the pCR rate, OR 3.33 (95% CI 1.94 to 5.37)] compared with mono
chemotherapy and lapatinib only.' el Combination of mono chemotherapy,
lapatinib and trastuzumab significantly increased pCR rate when compared with
mono chemotherapy and trastuzumab only [OR 1.83 (95% CI 1.12 to 2.82)].

Combination of Trastuzumab and Chemotherapy versus Chemotherapy
only

a) Combination chemotherapy (with or without anthracyclines)

Nakashoji et al (2018) conducted a SR with direct MA and NMA to evaluate the
effectiveness of addition of trastuzumab to chemotherapy.??'¢*®!! Overall; thirteen
studies that enrolled 3184 patients were included. Five studies with a total of
537 patients were reported on combination trastuzumab and chemotherapy
(with or without anthracyclines) resulted in significant increase in pCR [OR 2.32
(95% CI 1.49 to 3.62)] than chemotherapy alone.

In the meta-analysis by Zhang et al, a pooled results showed a significant
increase in pCR rate for groups with anthracyclines, OR 2.28 (95% CI 1.5 to
3.39) and without anthracyclines, OR 3.12 (95% CI 1.9 to 4.8) indirect meta-
analysis, compared with chemotherapy alone groups.'® 'eve!!

Sheikh et al. conducted a cohort study in 2019 to compare the pCR in 131
patients with locally advanced breast cancer receiving trastuzumab plus
taxane-based chemotherapy with those receiving chemotherapy alone.?3 feve!l2
The pCR of the patients who received trastuzumab in the neoadjuvant setting
was significantly higher (n=32) 50% than the reference group (n=16) 23.9%.
This difference was statistically significant with a p-value of 0.002 (<0.05).22 evel!

Combination Trastuzumab and Chemotherapy versus Lapatinib and
Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

In a SR and NMA conducted by Zhang et al, the pooled results of direct
meta-analysis comparing combination of trastuzumab and chemotherapy
with combination of lapatinib and chemotherapy, showed that combination of
trastuzumab and chemotherapy (with anthracyclines) significantly increase pCR
compared to combination of lapatinib and chemotherapy (with anthracyclines)



with OR 1.56 (95% CI 1.13 to 2.11).18 'evell While in their indirect comparison,
there was no significant difference in the pCR rate between combination of
lapatinib and chemotherapy (without anthracyclines) and trastuzumab and
chemotherapy (without anthracyclines) OR 0.43 (95% CI1 0.12 to 1.12).18 level

Trastuzumab Biosimilar and Chemotherapy versus Trastuzumab and
Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

Zhang et al in their SR and NMA did a direct meta-analysis that compared the
combination of trastuzumab biosimilar and chemotherapy (with anthracyclines)
versus combination of trastuzumab and chemotherapy (with anthracyclines).™
levell The analysis showed there was no significant difference between these
two groups OR 1.21 (95% CI 0.91 to 1.56). The network meta-analysis ranked
of pCR rate also showed that combination without anthracycline was higher
(71.7%) than the combination with anthracyclines (62.1%) (Table 7).18 teve!l

6.3.2 Progression-Free Survival (PFS)

Two RCTs reported on this outcome that included two comparisons of
intervention that involved pertuzumab and trastuzumab biosimilar.

Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Trastuzumab and Docetaxel/ Pertuzumab and Trastuzumab/ Pertuzumab
and Chemotherapy

a)Combination chemotherapy (with or without anthracyclines)

Gianni et al (2016) conducted a secondary/post-hoc analysis of randomised
open label of NeoSphere trial to evaluate the five-year progression-free survival,
disease-free survivaland safety.?*'ev¢!!-1 About 417 locally advanced breast cancer
patients from 59 centers in 16 countries from December 2007 to December 2009
were randomised to receive either combination of pertuzumab, trastuzumab
and chemotherapy (docetaxel) (n=107) or combination of trastuzumab and
docetaxel (n=107) or combination of pertuzumab and trastuzumab (n=107)
or pertuzumab and docetaxel (n=96). The five-year progression-free survival
rates in combination of pertuzumab, trastuzumab and docetaxel group was not
statistically significant difference [86% (95% CI 77 to 91)] than in trastuzumab
and docetaxel group [81% (95% CI 71 to 87)] with hazard ratio (HR) of 0.69
(95% CI 0.34 to 1.40). There was no significant difference for PFS rate in
pertuzumab and trastuzumab group when compared with combination of
pertuzumab, trastuzumab and docetaxel group which was 73% (95% CI 64 to
81) with HR of 1.25 (95% CI 0.68 to 2.30). There is a significant difference with
the combination of pertuzumab and docetaxel [73% (95% CI 63 to 81)] when
compared with pertuzumab, trastuzumab and docetaxel group with HR of 2.05
(95% CI 1.07 to 3.93). 24 level ll-1
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Combination of Trastuzumab Biosimilar and Chemotherapy versus
Combination of Trastuzumab and Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

Stebbing et al. (2021) conducted a phase Il trial to evaluate the efficacy and
safety data following neoadjuvant therapy for patients with HER2-positive early
breast cancer after up to three years’ follow-up.?>'ee' The estimated hazard
ratio (HR) were not statistically significantly different between combination
of CT-P6 (trastuzumab biosimilar) and chemotherapy (with anthracyclines)
group and combination of trastuzumab reference and chemotherapy (with
anthracyclines) group which was 1.31 (95% CI 0.86 to 2.01) for progression-
free survival. They also found that patients who achieved total pathological
complete response (for all groups) had longer progression-free survival [85%
(95% CI 76 to 91)] compared with patients who did not [76% (95% CI 71 to 81)].
However, the difference was not statistically significant with HR of 0-54 (95% CI
029 tO 1 00)25 level 11-1

6.3.3 Disease-Free Survival (DFS)/ Relapse-Free Survival (RFS)

Five RCTs reported on this outcome that included all five comparisons of
interventions.

Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Combination of Trastuzumab and Chemotherapy

a) Mono chemotherapy

In 2016, NeoSphere RCT conducted by Gianni et al. analysed disease-free
survival in patients who had surgery and the treatment given was divided into
four groups. 24" They found that disease-free survival results were consistent
with progression-free survival that was highest in the group that received
combination of pertuzumab, trastuzumab and chemotherapy (docetaxel) [84%
(95% CI1 72 to 91)], followed by combination of trastuzumab and docetaxel [81%
(95% CI: 72 to 88)], combination pertuzumab and trastuzumab [80% (95% CI
70 to 86)] and combination of pertuzumab and docetaxel [75% (95% CI 64 to
83)]_24, level I1-1

Combination of Lapatinib, Trastuzumab and Chemotherapy versus
Lapatinib and Chemotherapy / Trastuzumab and Chemotherapy

a) Mono chemotherapy

Fernandez-Martinez et al. 2020 conducted a secondary or post-hoc analysis
of RCTs (CALGB 40601 Alliance trial) from December 2008 to February 2015
for locally advanced breast cancer.? ¢ " Three hundred five patients were
randomly allocated to groups: combination of lapatinib, trastuzumab and



chemotherapy (paclitaxel) (n=118), combination of trastuzumab and paclitaxel
(n=120) and combination of lapatinib and paclitaxel (n=67). They found at more
than seven years of follow-up, relapse-free survival events were highest in dual-
targeted group which was 93% (95% CI 88 to 98) for combination of lapatinib,
trastuzumab and paclitaxel, followed by 79% (95% CI 71 to 87) for combination
of trastuzumab and paclitaxel and 69% (95% CI 58 to 82) for combination of
lapatinib and paclitaxel.?6 tevel -1

Combination of Trastuzumab and Chemotherapy versus Chemotherapy
only

a) Combination chemotherapy (with or without anthracyclines)

Buzdar et al. (2019) in their ACOSOG trial compared the combination of
trastuzumab and chemotherapy (with anthracyclines) through sequential arm
and concurrent arm for treatment of operable HER2-positive breast cancer
patients.?” el 1 They were enrolled from September 2007 to December 2011
from 36 centers in the continental United States and Puerto Rico. Hundred thirty-
eight patients were randomised to receive anthracycline (fluorouracil, epirubicin
and cyclophosphamide (FEC)) every three weeks for 12 weeks followed by
combination of paclitaxel and trastuzumab (sequential arm), while another 142
patients received paclitaxel with trastuzumab weekly for 12 weeks followed
by FEC every three weeks with weekly trastuzumab for 12 weeks (concurrent
arm). The treatment between the two groups did not differ significantly in DFS
with HR 1.02 (95% CI 0.56 to 1.83).27: level ll-1

Trastuzumab and Chemotherapy versus Lapatinib and Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)
GeparQuinto trial was conducted in 2018 reported disease-free survival rates
did not differ significantly between patients treated with trastuzumab and
chemotherapy (with anthracyclines) and lapatinib and chemotherapy (with
anthracyclines) with HR 1.04 (95% CI1 0.73 to 1.49).28 level il

Trastuzumab Biosimilar and Chemotherapy versus Trastuzumab and
Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

In the RCT conducted by Stebbing et al. in 2021, they reported disease-free
survival in their secondary analysis of NCT 02162667 trial and found it was
similar between trastuzumab biosimilar (CT-P6: 0.83, 95% CI 0.77-0.87) and
trastuzumab (0.83, 95% CI 0.76—0.88) in terms of the three-year rate.? 'evel -1
The estimated hazard ratio was 1.23 (95% CI 0.78 to 1.93) for trastuzumab
biosimilar (CT-P6) and chemotherapy (docetaxel with anthracyclines) versus

trastuzumab reference and chemotherapy (docetaxel with anthracyclines).?> el
1I-1
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6.3.4 Number of Patients Had Progressed/Died
One RCT reported on this outcome that involved pertuzumab and trastuzumab.

Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Trastuzumab and Chemotherapy

a) Mono chemotherapy

Gianni et al in their NeoSphere trial, found at clinical cut off five-year analysis,
the number of patients who had progressed or died were 16% in patients who
received combination of pertuzumab, trastuzumab and docetaxel (n=17), 18%
in the group receiving of trastuzumab and docetaxel (n=19), 25% in the group
on pertuzumab and trastuzumab (n=24) and 25% in the group on pertuzumab
plus docetaxel (n=27). 24 level I-1,

6.3.5 Event-free survival (EFS)
Two RCTs reported on this outcome that involved lapatinib and trastuzumab

Combination of Lapatinib, Trastuzumab and Chemotherapy versus
Lapatinib and Chemotherapy / Trastuzumab and Chemotherapy

a) Mono chemotherapy

Huober et al (2019) reported the updated results of the 455 patients enrolled
in the NeoALTTO trial from 2008 to 2010.2% level 1 The six-year EFS rates were
highest in dual-targeted group, lapatinib, trastuzumab and chemotherapy
(paclitaxel) (74%) followed by lapatinib and paclitaxel (67%) and trastuzumab
and paclitaxel (67%). The estimated hazard ratio for group who received
combination of lapatinib, paclitaxel versus trastuzumab, paclitaxel was not
statistically significant [0.98% (95% CI 0.64 to 1.51, p=0.56)] than the group
who received combination of lapatinib, trastuzumab and paclitaxel versus
trastuzumab and paclitaxel [0.81% (95% CI 0.52 to 1.26, p=0.35)].2 level ll-1

Combination of Trastuzumab and Chemotherapy (comparison between
intravenous or subcutaneous trastuzumab)

a) Combination chemotherapy (with or without anthracyclines)

In the open label RCT (HannaH trial) conducted by Jackish et al., they reported
associations between pCR and event-free survival involving 596 HERZ2-
positive early breast cancer patients.® '*ve "' Patients were randomised to
receive intravenous (IV) or subcutaneous (SC) trastuzumab and combination
of chemotherapy (docetaxel with anthracyclines). They used Cox regression
to assess associations between pCR and EFS while EFS rates per subgroup
were estimated using the Kaplan Meier method. They found that there was



no significant difference in the 3-year event-free survival between IV and SC
groups (73% versus 76%) with HR 0.95 (95% CI 0.69 to 1.3). In their exploratory
analyses, they found that patients who achieved total pCR had more than 60%
reduction in the risk of an EFS event compared with those who did not with HR
0.38 (95% CI 0.22 to 0.65) in the SC arm and HR 0.32 (95% CI1 0.18 to 0.60) in
the |V arm_SO, level 1I-1

6.3.6 Overall survival/death

Four RCTs reported on this outcome that involved lapatinib, trastuzumab and
trastuzumab biosimilar

Combination of Lapatinib, Trastuzumab and Chemotherapy versus
Combination of Lapatinib and Chemotherapy / Trastuzumab and
Chemotherapy

a) Mono chemotherapy

In RCT conducted by Fernandez-Martinez et al. (CALGB 40601 Alliance), a
median follow-up of seven years and a comprehensive exploratory analysis
testing on overall survival found patients treated with combination of lapatinib,
trastuzumab and chemotherapy (paclitaxel) group had a significantimprovement
in overall survival compared with trastuzumab and chemotherapy (paclitaxel)
[HR 0.34 (95% C10.12 to 0.94) p=0.037].26'ev!!- The seven years OS rates was
higherin lapatinib and trastuzumab and paclitaxel (96%) followed by combination
of trastuzumab and paclitaxel (88%) and combination of lapatinib and paclitaxel
(84%) with corresponding four death (3.4%) occured in combination of lapatinib,
trastuzumab and paclitaxel, nine death (13.4%) occured in combination of
lapatinib and paclitaxel and 14 deaths (11.7%) occured in trastuzumab plus
paC|itaxe|.26’ level II-1

Another RCT conducted by Huober et al in 2019, where they did the secondary
analysis in the updated NeoALTTO trial found the six-year overall survival
rates were highest (85%) in patients treated with combination of lapatinib,
trastuzumab and chemotherapy (paclitaxel) followed by combination of lapatinib
and paclitaxel (82%) group and combination of trastuzumab and paclitaxel
(79%) group.2® 'evel - However the differences were not statistically significant
in combination of lapatinib, trastuzumab and paclitaxel group as compared with
combination of trastuzumab and paclitaxel group [HR 0.72% (95% CI 0.41 to
1.27), p=0.26] and when combination of lapatinib and paclitaxel compared with
combination of trastuzumab and paclitaxel group [HR 0.85% (95% CI 0.49 to
1 46) p=056]29 level II-1
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Combination of Trastuzumab and Chemotherapy versus Chemotherapy
only

a) Combination chemotherapy (with or without anthracyclines)

Buzdar et al. (2019), in their RCT analysed the six-year overall survival between
sequential arm and concurrent arm of trastuzumab and chemotherapy group
(with anthracyclines) in patients with operable HER2-positive breast cancer.?”:
level -1 They found that overall survival did not differ significantly between the two
treatment arms [HR 1.17 (95% CI 0.48 to 2.88)].27 level I

Combination of Trastuzumab Biosimilar and Chemotherapy versus
Combination of Trastuzumab and Chemotherapy

a) Combination chemotherapy (with or without anthracyclines)

Stebbing et al. (2021) in an RCT found the estimated three-year overall
survival rate was not statistically significant difference between combination
of trastuzumab biosimilar (CT-P6) and chemotherapy and chemotherapy only
with HR of 1.10 (95% CI 0.57 to 2.13).%5 level Il

6.3.7 Breast Conservation

Sheikh et al. in their analysis, found that breast conservation was possible in 57
(43.51%) patients in total and 51.56% (n=33) in patients getting combination of
trastuzumab and chemotherapy preoperatively as compared to 35.82% (n=24)
in patients who received chemotherapy alone (p-value= 0.69, not statistically
significant, but still a considerable number of patients had a less extensive
Surgery)_23, level 1I-2

6.3.8 Subtype analysis: Hormone receptor-positive and hormone
receptor-negative

Gianni et al. (2012) did an advance analysis comparing hormone receptor-
positive and hormone receptor-negative in their NeoSphere trial.'® 'eve! I
Pathological complete response (pCR) were noted higher in patients with
hormone receptor-negative tumours [36 of 57 (63:2%)] than in patients
with hormone receptor-positive who received combination of pertuzumab,
trastuzumab and chemotherapy [13/50 (26%)]. In the group who received
pertuzumab and trastuzumab only, 15 of 55 (27-:3%) patients with hormone
receptor-negative tumours had complete eradication of the tumour in the breast,
compared to 3 of 51 (5.9%) patients in patients with hormone receptor-positive
tumours (Table 8).19 tevell-



Intervention

Pertuzumab + trastuzumab +
docetaxel

Trastuzumab + docetaxel

Pertuzumab + trastuzumab

Pertuzumab + docetaxel

Hormone receptor-
positive
13/50 (26.0%)
(95% CI 14.6-40.3)
10/50 (20.0%)
(95% CI1 10.0-33.7)
3/51 (5.9%)
(95% CI1 1.2-16.2)

8/46 (17.4%)
(95% Cl 7.8-31.4)

Hormone receptor-
negative
36/57 (63.2%)
(95% CI 49.3-75.6)
21/57 (36.8%)
(95% CI 24.4-50.7)
15/55 (27.3%)
(95% CI 16.1-41.0)

15/50 (30%)
(95% CI 17.9-44.6)

Table 8. Pathological complete responses according to subtype hormone analysis’™

Murthy et al. (2018) in their observational study, when they did a univariate
analysis within the pertuzumab and trastuzumab group, they found the pCR
rates were lower for hormone receptor-positive compared to hormone receptor-
negative (51% versus 71%) (OR 0.42; 95% CI 0.22 to 0.81; p=0.0082).2" level Il-2

Huober et al. (2019) did a further analysis and found that the pCR rates were
higher in all three arms of the NeoALTTO trial for the hormone receptor-
negative compared to those in the hormone receptor-positive cohort.?® 'evel
" The survival advantage of achieving a pCR was limited to the hormone
receptor-negative cohort (HR 0.35, 95% CI 0.16 to 0.70; p=0.005). In the
hormone receptor-negative cohort, the six-year EFS rate was higher in the
combination of lapatinib, trastuzumab and paclitaxel group (74%) than in the
combination of lapatinib and paclitaxel group (61%) and the combination of
trastuzumab and paclitaxel (63%). However the differences between the groups
was not statistically significant (Lapatinib, trastuzumab and paclitaxel versus
trastuzumab and paclitaxel: HR 0.81 95% CI 0.44 to 1.51; p=0 .52); lapatinib
and paclitaxel versus trastuzumab and paclitaxel: HR 1.09 95% CI 0.61 to 1.95;
p= 0.76). There were also no significant differences across the three treatment
groups when OS was analysed by the hormone receptor status (Lapatinib and
trastuzumab versus trastuzumab and paclitaxel: HR 0.72 95% CI 0.41 to 1.27;
p=0.26); lapatinib and paclitaxel versus trastuzumab and paclitaxel: HR 0.85
95% CI 0.49 to 1.46; p=0.56).29 tevel I

In an analysis by Untch et al. (2018), patients who achieved pCR had statistically
significantly better DFS and OS (p= 0.002 and 0.002, respectively) compared
with those without pCR in patient with hormone receptor-negative.?: fevel ii-1
No statistically significant difference in all treatment arms were observed in
patients with hormone receptor—positive tumours who achieved pCR compared
with those without pCR. No difference was observed in all treatment arms for
outcome DFS and DDFS with hormone receptor—positive patents. However,
OS in patients treated with combination of lapatinib and trastuzumab was
significantly better when compared with those treated with trastuzumab alone
(HR 0.32, 95% CI 0.12 to 0.87; test for interaction, p= 0.033).28 level I

Jackish et al. (2016) in HannaH trial, did an exploratory analysis and found there
was no significant difference in EFS among both hormone receptor-positive
(HR 0.86, 95% CI 0.54 to 1.38) and hormone receptor-negative (HR 1.04, 95%

TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION

TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
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Cl 0.68 to 1.59). In addition, three-year EFS rates were higher in hormone
receptor-positive disease compared to hormone receptor-negative disease/
unknown oestrogen receptor status for both subcutaneous and intravenous
trastuzumab: 79% and 73% in the subcutaneous arm and 76% and 71% in the
intravenous arm. 30 level I-1

6.4 SAFETY

The use of targeted therapies has been approved by U.S. Food and Drug
Administration (FDA) for the following indications:?"

o Herceptin (chemical name: trastuzumab) was approved by US
FDA to treat HER2-positive breast cancer that is either early-
stage or advanced-stage/metastatic:

- to treat metastatic HER2-positive breast cancer to stop the
cancer from growing

- to treat earlier stages of HER2-positive breast cancer, either as
part of a regimen with chemotherapy or alone aftera chemotherapy
regimen that includes an anthracycline, to reduce the risk of the
breast cancer coming back (recurrence)

- in combination with pertuzumab and docetaxel before surgery to
treat HER2-positive, early-stage (the cancer must be larger than 2
cm or cancer must be in the lymph nodes), inflammatory, or locally
advanced-stage breast cancer with a high risk of metastasizing or
becoming fatal

- in combination with Perjeta and chemotherapy after surgery to
treat HER2-positive, early-stage breast cancer with a high risk of
recurrence

o Perjeta (chemical name: pertuzumab) has been approved by FDA
on September 2013 for use in combination with trastuzumab and
docetaxel (Taxotere) as neoadjuvant treatment of HER2-positive,
locally advanced, inflammatory, or early-stage breast cancer
patients.

o Seven biosimilars of trastuzumab (Herzuma, Hertraz, Zuhera,
Ogivri, Ontruzant, Trazimera, Kanjinti) have been approved
since December 2017 to treat HER2-overexpressed breast cancer.
Allbiosimilarsoftrastuzumabhavedemonstratedefficacyandsafety
outcomes bioequivalenec to those of the standard trastuzumab

Adverse events

The adverse events of HER2 targeted drugs are often mild, but some can
be serious. The monoclonal antibodies can sometimes cause heart damage
during or after treatment. This can lead to congestive heart failure. For most



(but not all) women, this effect lasts a short time and gets better when the drug
is stopped. The risk of heart problems is higher when these drugs are given with
certain chemo drugs that also can cause heart damage, such as doxorubicin
(Adriamycin) and epirubicin (Ellence).®”

A SR and NMA conducted by Zhang et al. (2021) found that pertuzumab
is associated with high incidence of neutropaenia either with or without
anthracycline. In addition, lapatinib lead to a high incidence of diarrhoea in
nearly 30% of patients (Table 8).18 level!

. . : . febrile
Interventions neutropaenia diarrhoea hepatotoxicity neutropaenia

Pzmb + tzmb( ;)Comb chemo 53 ggo, 8.99% 3.81% 11.72%
D Ay oM 44.10%  15.28% 3.29% 9.48%
Pzmb + tzmb + mono 40.49% 5.61% NA 8.41%
Lpnb + tzmb(;)comb chemo 23.01% 26.1% 4.41% 6.19%

Lpnb+ tz(wi?;ﬁ%’ el 13.79% 27.59% NA NA

Lpnb + tzmb + mono chemo 8.55% 21.05% 10.53% NA

NA
Cardiac
Pzmb + tzmb 0.93% NA disorder, LEVF NA
decreased
210% : 0.93%
Biosimilar Jr(:)omb chemo 4.40% NA NA NA

Notes: A= anthracyclines, Lpnb= lapatinib, Tzmb=trastuzumab, I5zmb=pertuzumab,
comb=combination

Table 9. Most frequent WHO grade 3-5 adverse events in each experimental
arm in SR with NMA by Zhang et al.’®

Another SR with NMA conducted by Nakashoji et al. (2018) evaluated the
number of patients who had grade 3 or 4 adverse events.?>'®¢'! The adverse
events were graded according to the National Cancer Institute Common
Terminology Criteria (NCI-CTC) version 4.0. Diarrhoea was reported in 10
studies, neutropaenia was reported in 11 studies of which 10 reported as grade
3 and 4 events, cardiac events were reported in 12 studies, skin disorder was
reported in 10 studies and all of them reported as grade 3 and 4 events. They
found that most adverse events occurred with chemotherapy and lapatinib.
Lapatinib-containing treatment arms showed significantly less treatment
completion with more incidents of diarrhoea and skin disorders compared with
trastuzumab plus chemotherapy. However, combination of trastuzumab plus
pertuzumab had significantly lower incidents of neutropaenia compared with
the chemotherapy-containing arms. The incidence of cardiac events did not
show any statistically significant differences between all treatment arms.22 'evel!
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They estimated the value of surface under the cumulative ranking (SUCRA) line
for each treatment arm (which was a simple numerical summary to supplement
the graphical display of cumulative ranking) (Table 9).22 tevel!

Lapatinib + Lapatinib + Pertuzumab + Lapatinib +
trastuzumab + chemotrﬁlera =085 trastuzumab + chemotherapy
chemotherapy =0.93 Py=9- chemotherapy = 0.84 =0.96
. Lapatinib +
Lapatinib + tr[a_:tﬂiﬂrr]rl\k;; + Trastuzumab + trastuzumab +
chemotherapy= 0.8 chemotherapy= 0.73 chemotherapy = 0.66 Cher:C())tgeirapy

_ Pertuzumab +
Chemotherapy =0.71 chemotherapy= 0.58 i i

Table 10. Rank according to the types of adverse events for all interventions??

Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Trastuzumab and Chemotherapy

a) Mono chemotherapy

Two RCTs (Gianni, 2016; Shao, 2020) and one cohort study (Hussain, 2018)
reported the data.?®24%2 However not all adverse events data were provided
from these three studies. Pooled results from our meta-analysis for combination
of pertuzumab, trastuzumab and chemotherapy (docetaxel) showed a
significantly higher incidence of diarrhoea in patients treated with combination
of pertuzumab, trastuzumab and docetaxel compared to patients treated with
combination of trastuzumab and docetaxel with OR 2.90 (95% CI 1.73 to 4.88).
There were no significant difference in total number of serious adverse events
with OR 1.31 (95% CI 0.80 to 2.13), neutropaenia OR 0.93 (0.65, 1.33), febrile
neutropaenia OR 1.23 (95% CI 0.51 to 2.97), and leucopaenia OR 0.43 (0.16,
1.18) (Figure 6).2°2432 There was no significant difference in the adverse events
when compared to combination of trastuzumab and chemotherapy except
incidence of diarrhoea.

Combination of Lapatinib, Trastuzumab and Chemotherapy versus
Combination of Lapatinib and Chemotherapy or Trastuzumab and
Chemotherapy

In a review by Nakashoji et al., they found that combination of lapatinib,
trastuzumab and chemotherapy had significantly higher incidents of diarrhoea
[OR 14.36 (95% CI 7.84 to 26.32)] and skin disorders [OR 4.11 (95% CI 1.78 to
9.51)] when compared with combination of trastuzumab and chemotherapy.?2 eve!
'There was no statistically significant difference in incidence of neutropaenia and
cardiac events between the two groups: combination of lapatinib, trastuzumab



and chemotherapy versus combination of trastuzumab and chemotherapy
[neutropaenia; OR 1.37 (95% CI 0.89 to 2.10), cardiac events; OR 1.31 (95%
Cl1 0.33 to 5.26)].22 levell

Comparing combination of lapatinib and chemotherapy versus combination of
lapatinib, trastuzumab and chemotherapy, they found no significant difference
between these two groups in the occurrence of diarrhoea OR 1.23 (95% CI
0.85to 1.78), neutropaenia: OR 0.80 (95% CI 0.54 to 1.21), cardiac events: OR
0.94 (95% CI 0.22 to 3.99) and skin disorder: OR 0.76 (95% CI 0.44 to 1.30).

Pzmb + Tzmb Tzmb (Odds Ratio (Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
3.1.1 Total number of serious adverse events
Gianni etal. 2016 kil 107 25 107 B22% 134073, 2.47] ——
Shaoetal. 2020 22 214 9 10 3IF8%  1.25[0.46 282 —
Subtotal (95% Cl) 326 217 100.0%  1.31[0.80,2.13] e
Total events a3 34

Heterogeneity: Chi®=0.02, df=1 (P =090); F= 0%
Testfor averall effect Z=1.07 (P=0.289)

3.1.2 Neutropenia

Gianni etal. 2016 a4 107 107 81.7%  0.62[0.36,1.08] —i—
Shao etal. 2020 83 214 36 M0 483%  1.25[0.77,2.07] —i—
Subtotal (95% CI) 326 217 100.0%  0.93[0.65, 1.33] <=
Total events 142 107

Heterogeneity: Chi®=3.49 df=1 (P = 0.06); F=71%
Testfor averall effect 7= 0.41 (P = 0.68)
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3.1.3 Febrile neutropenia

Gianni etal. 2016 12 107 10 107 1000%  1.23[0.51, 2.97]
Huss=ain etal. 2018 1 22 3 0 Mot estimahle
Subtotal (95% CI) 129 107 100.0%  1.23[0.51, 2.97]

Total events 13 13
Heterogeneity, Mot applicable
Testfor overall effect: 7= 0.44 (F = 0.65)
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3.1.4 Diarrhea

Gianni etal. 2016 7 107 4 107 187% 180051, 6.35) e I
Huszzain etal. 2018 12 22 12 23 224% 1100034, 3.59] L —
Shaoetal. 2020 g4 ) 18 10 B20%  318[1.79,5.69] —i—
Subtotal (95% CI) 348 240 100.0%  2.50[1.56, 3.99] D
Total events 103 34

Heterogeneity, Chi®=2.82, df= 2 (P = 0.24); F= 29%
Testfor overall effect £= 3.83 (F=0.0001)

3.1.5 Leucopenia

Gianni et al. 2016 B 107 13 107 1000%  0.43[0.16,1.18] i—
Subtotal (95% CI) 107 107 100.0%  0.43[0.16,1.18] L
Total events G 13

Heterogeneity, Mot applicable
Testfor averall effect. Z=1.64 (F=0.10)

01 02 05 7 5 10
Tzmb Pzmb +Tzmb

Testfor subdroup differences: Chi®= 1536, df= 4 (P = 0.004), F=74.0%

Figure 6. Combination of Pertuzumab, Trastuzumab and Chemotherapy versus
Trastuzumab and Chemotherapy; Outcome: Adverse events
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Combination of Trastuzumab and Chemotherapy versus Chemotherapy
only

SR with NMA conducted by Nakashoji et al. published in 2018 included five
studies comparing combination of trastuzumab and chemotherapy group
with chemotherapy alone found that there were no significant difference in all
main adverse events that include diarrhoea (OR 0.24 95% CI 0.03 to 2.17),
neutropaenia (OR 1.28 95% CI 0.33 to 4.29), cardiac events (OR 1.33 95% ClI
0.70 to 2.53) and skin disorder (OR 0.55 95% CI 0.18 to 1.72).22 levell

In a cohort study conducted by Sheikh et al., they found that by adding
trastuzumab, there were no major differences in the toxicity profiles of both
groups. Amajor concern with the addition of trastuzumab was the drop in ejection
fraction. However, they found that the incident was almost equal in both groups
with no major differences. No patient developed symptomatic heart failure and
none had to stop trastuzumab before completing the planned therapy.23 level -2

Combination of Trastuzumab and Chemotherapy versus Combination of
Lapatinib and Chemotherapy

Nakashoji et al. in their meta-analysis comparing combination of lapatinib and
chemotherapy with combination of trastuzumab and chemotherapy found there
was a significant increase in the occurrence of diarrhoea (OR 8.56 95% ClI
5.33 to 13.75) and skin disorder, OR 7.04 (95% CI 3.35 to 14.80) in lapatinib
containing arm. However, there was no significant difference in terms of
neutropaenia (OR1.59 95% CI 0.87 to 2.91) and cardiac events, OR 0.78 (95%
Cl 0.52 to 1.15). 22 levell

Combination of Trastuzumab Biosimilar and Chemotherapy versus
Trastuzumab and Chemotherapy

In SR with NMA conducted by Zhang et al., they included one biosimilar study that
compared combination of trastuzumab biosimilar (CT-P6) and chemotherapy
(with anthracyclines) with combination of trastuzumab and chemotherapy (with
anthracyclines) (Stebbing et al).’® vl According to the WHO grade 3-5 side
effects, the occurrence of neutropaenia in biosimilar group was 4.4% (Table
9). In detail analysis by Stebbing et al., they found that adverse events were
comparable between groups for cardiac disorders [CT-P6: 22 (8.1%) patients;
trastuzumab: 24 (8.6%) patients), febrile neutropaenia [four (1%) versus one
(<1%)] and neutropaenia [one (<1%) versuss two (1%)]. Grade 3 or worse
treatment-related adverse events occurred in 17 of 271 patients (6%) in the CT-
P6 group versus 23 of 278 patients (8%) in the reference trastuzumab group;
the most frequently reported adverse event was neutropaenia; ten (4%) versus
14 (5%), respectively. In general, they found that CT-P6 was well tolerated, with
comparable safety and immunogenicity to trastuzumab. 24 teve!!



6.5 ECONOMIC IMPLICATION/COST-EFFECTIVENESS

Four articles related to the cost implication of targeted therapies in combination
with neoadjuvant chemotherapy for the treatments of HER2-positive breast
cancer were included in this review; two cost-effectiveness analysis (Hassett et
al. and Kunst et al.), one single technology appraisal by NICE (Squires et al.)
and one cost-minimisation analysis (Lee et al.).

Hassett et al. (2020) in a cost-effectiveness analysis conducted in United State
of America (USA) from a payer’s perspective, developed a decision-analytic
model for patients with stage II-Ill HER2-positive cancer that incorporated
utilities based on toxicity and recurrence.®? They separately modelled hormone
receptor-negative (HR-) and positive (HR+) disease and calculated quality-
adjusted life years (QALYs) and costs through five years. Simulated patients
received one of the following neoadjuvant treatments: three regimens (TCHP:
docetaxel, carboplatin, trastuzumab, pertuzumab; THP + AC: taxol, trastuzumab,
pertuzumab then doxorubicin and cyclophosphamide; THP: taxol, trastuzumab,
pertuzumab) and two de-escalated regimens (TH: taxol plus trastuzumab;
TDM-1 plus pertuzumab) followed by adjuvant treatment based on pathologic
response.*? Among the treatment strategies, mono chemotherapy (THP) was
more effective and less costly compared with combination chemotherapy (TCHP
or THP +AC) for both hormone receptor-positive and hormone receptor-negative.
For each treatment strategy, HR- cancers had slightly higher QALY's relative to
their HR+ because of the greater likelihood of pCR with neoadjuvant therapy.
When de-escalated strategies were included, combination of TH became the
most cost-effective option. For HR-negative cancer, combination of TH had
0.003 fewer QALYs than combination of THP but was less costly by $55,831,
resulting in an incremental cost-effectiveness ratio of over US $18million/
QALY for THP, above any threshold. For HR-positive cancer, treatment with TH
dominated the THP strategy. Sensitivity analysis demonstrated that adding of
adjuvant TCHP in patients who received neoadjuvant TH but did not achieve
pCR has increased the costs and decreased the QALY's of the neoadjuvant TH
strategy with US $198 688 and 4.66 QALYs for HR-negative cancers and US
$234 203 and 4.58 QALYs for HR-positive cancers.%?

Kunst et al. (2020) performed a cost-effectiveness analysis with selection of
various neoadjuvant followed by adjuvant treatment strategies for patients with
HER2-positive breast cancer from a health care payer perspective in the USA.33
They developed a decision-analytic model and simulated patients receiving five
different neoadjuvant followed by adjuvant treatment strategies (Table 11). The
decision tree included five different treatment strategies and distributed patients
into one of the Markov model with four main health states that include recurrence
free, local recurrence, distant recurrence, and death which simulated lifetime
costs and quality-adjusted life-years (QALYs) associated with neoadjuvant-
adjuvant regimen combinations by applying 3% discounting rate.?*
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Strategy Neoadjuvant treatment Stage Adjuvant treatment

residual Trastuzumab
1 DRAC/THE pCR Trastuzumab
residual TDM1
2 SR pCR Trastuzumab
residual DDAC/TDM1
3 THP pCR Trastuzumab
4 HP residual DDAC/THP + TDM1
pCR Trastuzumab
residual TDM1
2 [Chls pCR Trastuzumab

Notes: DDAC; dose-dense anthracycline/cyclophosphamide, T: paclitaxel, H: trastuzumab, P:
pertuzumab

They found that strategy 3 was associated with the highest health benefits (10.73
QALYs) and lowest costs (US $415 833) and dominated all other strategies.
Strategy 5 was the next highest health benefits of 10.66 QALYs and strategy 4
was associated with the third highest health benefits of 10.31 QALYs. However,
strategy 5 (US $489 449) and strategy 4 (US $518 859) were associated with
increased costs compared with strategy 3. Strategy 1 was associated with
the least health benefits (9.67 QALYs) and the third lowest costs (US $479
226). Strategy 2 was associated with the second lowest health benefits (10.22
QALYs) and the second lowest costs (US $452 034).%

Squires et al. conducted a review on clinical and cost-effectiveness data
submitted by manufacturer as part of NICE Single Technology Appraisal
Perspective in 2018. The clinical data submitted by company that were based
on a phase Il, randomised, open-label, active controlled study (NeoSphere
trial).* They also did a cohort-level state transition approach based on six
health states which include event free, locoregional recurrence, remission,
metastatic not progressed, metastatic progressed and death. The assessment
was from NHS and Personal Social Services perspectives with costs and health
outcomes were discounted at 3.5% per year. The probabilistic incremental cost-
effectiveness ratio was estimated to be £20,104 per quality-adjusted life-year
gained for pertuzumab alongside trastuzumab and docetaxel compared with
trastuzumab and docetaxel, which was revised to £21,869 per quality-adjusted
life-year gained following the clarification process. The Evidence Review Group
corrected an error in the digitisation of the survivor functions and modified the
clinically inappropriate assumption that recurrence is zero after seven years.
The Evidence Review Group’s (ERG) probabilistic base case was £23,962 per
quality-adjusted life-year gained. Similarly, the ERG’s deterministic base-case
ICER is estimated to be £23,467 per QALY gained.*

Lee et al. (2016) conducted a cost-minimisation analysis to investigate cost-
savings of subcutaneous (SC) compared to intravenous (IV) trastuzumab
in a middle-income Asian country.>® They performed a local adaptation of a
mathematical model developed by Roche, Switzerland, the Herceptin cost-



minimisation model (version 1.2). The model was adapted with adjustments for
differences in practices and costs in the Ministry of Health. The costs incurred
per patient for the full one-year course of treatment with IV and SC trastuzumab
were taken into consideration. This model was previously utilised in two other
cost-minimisation analysis of SC trastuzumab in England and Scotland. They
obtained the data used to populate the CMA model from various sources
including official statistics, price lists and estimates from 22 healthcare personnel
at four MOH hospitals. Additionally, information on treatment practices, drugs
and consumables were obtained from four participating MOH hospitals,
namely: Penang General Hospital, Sarawak General Hospital, Likas Hospital
and Sultan Ismail Hospital. All four hospitals were the main public sector cancer
treatment centres in their respective states with oncology departments and in-
house pharmacy units for cytotoxic drug reconstitution (CDR).3¢

The analysis was performed from two perspectives (MOH and societal). Analysis
for MOH which include these cost categories: healthcare professional time’s
cost, drug cost and consumables cost, while analysis from societal perspectives
included the same costs identified in the MOH perspective with addition of
patient time costs which were measured by the human capital approach. The
SC trastuzumab treatment resulted in cost savings to the MOH of MYR 7561 per
patient compared to IV trastuzumab treatment. From the societal perspective,
the cost of IV and SC trastuzumab was MYR 87627 and MYR 79806 per patient
respectively, with patient time costs making up 0.5% of IV cost and 0.3% of SC
cost. The used of SC trastuzumab generated a cost savings to society of MYR
7820 per patient.3®

6.6 ORGANISATIONAL
Guidelines / Recommendations

Neoadjuvant therapy is the treatment of choice for patients with inflammatory
breast cancer or those with unresectable or locally advanced disease at
presentation whose disease may be rendered resectable with neoadjuvant
treatment. Nevertheless, guidelines and recommendation by several
organisations have suggested the option of targeted therapies in combination
with chemotherapy in this population.

The American Society of Clinical Oncology Guideline (ASCO) in 2021 developed
recommendations concerning optimal neoadjuvant therapy for invasive breast
cancer including chemotherapy and targeted therapies as below: *

“‘Neoadjuvant systemic therapy may be offered to reduce the extent of surgery
(BCS and axillary lymph node dissection). Chemotherapy in combination with
targeted therapy as a neoadjuvant therapy may be offered for HR-positive
disease. The choice of therapy with the use of anthracycline and taxane or
non—anthracycline-based regimen with trastuzumab was recommended to
patients with node-positive or high-risk node-negative, HER2-positive disease.
Pertuzumab may also be used with trastuzumab in the neoadjuvant setting.” 3’

National Comprehensive Cancer Network (NCCN) in their clinical guideline
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published in 2020 recommended the choices of HER2-targeted therapy
that treats HERZ2-positive breast cancer include HERZ2 antibodies such
as trastuzumab and pertuzumab, HERZ2 inhibitors such as lapatinib and
neratinib and HER2 conjugates such as ado-trastuzumab emtansine and fam-
trastuzumab deruxtecan-nxki.® The preferred option for this population were
doxorubicin and cyclophosphamide followed by paclitaxel with trastuzumab,
doxorubicin and cyclophosphamide followed by paclitaxel with trastuzumab and
pertuzumab, paclitaxel with trastuzumab, combination of docetaxel, carboplatin
and trastuzumab, combination of docetaxel, carboplatin, trastuzumab and
pertuzumab. However, if there is no residual disease after preoperative therapy,
it is preferable to complete HER-2 targeted therapy with trastuzumab alone
or with pertuzumab up to one year. For patients with residual disease after
preoperative therapy, ado-trastuzumab emtansine alone is recommended, but
if it is discontinued due to toxicity, trastuzumab alone or with pertuzumab is
recommended to complete the treatment up to one year.*®

European Society for Medical Oncology (ESMO) guideline on metastatic
breast cancer in 2020 stated that anti-HER2 therapy should be offered early
as first line therapy to all patients with HER2-positive advanced breast cancer,
except in the presence of contraindications to the use of such therapy.*® The
choice of the anti-HER2 agent will depends on country-specific availability,
the specific anti-HER2 therapy previously administered and the relapse-free
interval. The optimal sequence of all available anti-HER2 therapies is currently
unknown. Combination of chemotherapy plus trastuzumab is superior to
combination of chemotherapy and lapatinib in terms of PFS and OS in the
first line setting for HER2-positive advanced breast cancer previously treated
or untreated with trastuzumab. However, for the standard first line therapy for
patients previously untreated with anti-HER2 therapy was the combination of
chemotherapy plus trastuzumab plus pertuzumab because it has proven to be
superior to combination of chemotherapy and trastuzumab in terms of OS for
this population.®®

Malaysian Clinical Practice Guidelines (CPG) on Management of Breast Cancer
(third edition) published in 2019 recommended combination of chemotherapy
and trastuzumab-based therapy to patients with HER2-positive breast cancer
who require neoadjuvant therapy.® However, addition of pertuzumab as dual
HERZ2 blockade may be considered in high risk patients.®

6.7 SOCIAL/ ETHICAL / LEGAL

A cross-sectional study by Pivot et al. conducted in France (PrefHer) to assess
patient preference, healthcare professional satisfaction and safety data pooled
from cohort 1 and also cohort 2, towards intravenous (IV) trastuzumab and
subcutaneous (SC) trastuzumab where SC trastuzumab was delivered via
hand-held syringe. Four hundred eighty eight patients were randomised to
receive four adjuvant cycles of 600 mg fixed-dose SC trastuzumab (n=245)
followed by four cycles of standard IV trastuzumab (n=243) or vice versa. The



primary endpoint was overall preference proportions for SC. or IV assessed by
patient interviews in the evaluable intention to treat population.40-tevel -3

The analysis was done using two-sided test showed that SC trastuzumab
was preferred by 415/467 patients 98.9%; 95% CI 85.7 to 91.6; p< 0.0001)
compared to IV trastuzumab that was preferred by 45/467 patients (9.6%; 95%
Cl1 7 to 13), while 7/467 indicated no preference (1.5%; 95% CI 1 to 3). 40 level I3

The results were consistent in both study arms when SC changed to IV arm,
89.8% of patients (211/235, 95% CIl 85.2-93.3) preferred SC, 8.9% (21/235,
95% CI 5.6-13.3) preferred IV, and 1.3% (3/235, 95% CI 0.3-3.7) had no
preference; IV changed to SC arm, 87.9% of patients (204/232, 95% CI 83.0—
91.8) preferred SC, 10.3% (24/232, 95% CI 6.7-15.0) preferred 1V, and 1.7%
(4/232, 95% CI 0.5-4.4) had no preference. 40-evel I3

The two main reasons that patients gave for preferring SC when asked in an
open-ended question were that it saved time and that it resulted in less pain or
discomfort or side effects. 60.6% of patient (283/467 patients) reported that SC
was the least painful, where as 17.3% (81/467) preferred 1V, 22.1% (103/467)
reported no preference. They also reported that SC caused less bother from
bruising [41.1% (192/467) versus 16.1% (75/467); 42.8% (200/467) reported
no difference] and SC also cause less irritation to the injection site [33.0%
(154/467) versus 14.6% (68/467); 52.5% (245/467) reported no difference]. 4

level 1I-3

No evidence retrieved on ethical and legal issues.
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7.0 ECONOMIC EVALUATION

71 OBJECTIVE

The general objective of this economic evaluation was to assess the cost-
effectiveness of additional targeted therapy in the neoadjuvant treatment of
high risk early HER2-positive breast cancer patients.

The specific objective was to calculate the incremental cost-effectiveness ratio
(ICER)betweensingle and dual targeted therapy (Trastuzumab and Pertuzumab/
Trastuzumab respectively) with standard neoadjuvant chemotherapy for early
HERZ2-positive breast cancer patients with high risk of recurrence.

7.2 METHODS

A hybrid model (Decision tree and Markov cohort simulation) was developed
using Microsoft 365 Excel Workbook® to estimate the lifetime costs and quality
adjusted life years (QALYs) of using targeted agents in combination with
neoadjuvant chemotherapy in early HER2+ breast cancer. This type of model
was chosen for its ability to extrapolate efficacy data from short-term clinical
trials in early HER2+ breast cancer to longer term cost-effectiveness results.

Based on the systematic review and meta-analysis conducted in this HTA report
earlier, the most efficacious with no substantial differences in tolerability was
the trastuzumab (biosimilar) plus pertuzumab based dual targeted therapy with
combination chemotherapy.'®202241 Taking the current practice and availability
of drugs available in MOHMF, the single targeted therapy assessed was the
trastuzumab biosimilar and chemotherapy; whereas the dual targeted therapy
assessed was the pertuzumab-trastuzumab combination. A hypothetical cohort
of high-risk stage I/ lll HER2-positive breast cancer patients were simulated in
three strategies: -
i) Standard six cycles of neoadjuvant chemotherapy
i)  Addition of single targeted therapy with chemotherapy given
concurrently 3-weekly intravenously - Trastuzumab biosimilar
i) Addition of dual targeted therapy with chemotherapy given
concurrently 3-weekly intravenously- Pertuzumab/ Trastuzumab

Model Structure

The model structure was constructed with reference to other published
studies®3*4 and in consultation with an expert committee consisting of
multidisciplinary experts namely clinical oncologists, breast and endocrine
surgeons, pathologist, radiologist, health economists, public health physicians
and pharmacists. This economic evaluation was designed from the Ministry of
Health (MOH) perspective.

The simulated model clinical pathway is as follow:

i. Patient cohort that enters the model are diagnosed with stage Il
node positive, stage Ill node negative HER2 positive breast
cancer.

il The patients receive six cycles of 3-weekly neoadjuvant therapy,

i. Chemotherapy only,
ii. Single targeted therapy [(IV Trastuzumab 8mg/kg loading



dose (LD) then 6mg/kg maintenance dose (MD)) + (3 EC,
3 Doxetaxel)], or
iii. Dual targeted therapy [(IV Trastuzumab 8mg/kg LD then
6mg/kg MD + IV Pertuzumab 840mg LD then 420mg MD)
+ (3 EC, 3 Doxetaxel)] before surgery.
iii. After surgery, all patients (regardless of those who achieve pathological
complete response or had residual disease, all receive 9 cycles of
3-weekly IV Trastuzumab biosimilar 6mg/kg for 6 months.

iv. Patients are in the treated and disease-free state until they experience
recurrence, metastasis, or death.
V. The health outcome and economic impact related to drug-induced

complications were not included as the addition of targeted therapy to
neoadjuvant chemotherapy did not increase the toxicities. 202

Vi. Patients who had recurrence state can move to metastasis state or die.

Vil. All patients undertook surveillance follow-up in surgical and oncology
specialists clinic which was 3-monthly in the first 2 years, 6-monthly in
year 3-5, and then annually thereafter.

viii.  Long term effectiveness was measured by the Event free survival
(EFS), Disease free survival (DFS) and Progression free survival
(PFS).

The model decision analyses were projected to lifetime horizon (20 years)
and the transition cycle was one year. Half cycle correction was performed to
increase the applicability.

Model Estimation

The epidemiological and disease-related data were obtained from local
sources of data whenever available, or literature review when local data was
not available.

a. Effectiveness Data

The effectiveness parameters in this study were obtained from published clinical
trials as shown in Table 12. The main outcomes from these clinical trials were
the proportion of population who achieved pathological complete response.
And later outcomes were the disease-free survival, event free survival, and
progression free survival.

=
9
<
=)
<
=
L
Q
=
o
=
o
O
i)
o
=,
<
o
Ll
O
=
<
O
[
(2]
<<
Ll
o
o
Ll
=
=
[%2]
o
&
N
o
L
ac
L
(e}
=
=
L
=
<
L
o
=

w
T
[=
14
(@]
LIS
o
<
02
w
T
=
o
=
w
T
O
=
z
w
>
=)
2
[a)
<
o
|
z
T
=
=
z
o
E
z
om
=
o
()
z
(%)
w
o
<
04
w
T
[=
[a)
|
[=
Ll
(O]
g
'_



) @Qse free \

recurrence

Figure 7. Decision Tree of three strategy arms of neoadjuvant therapy in high risk
early HER?2 breast cancer patients.

STRUCTURE OF DECISION TREE
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NEOADJUVANT THERAPY ADJUVANT THERAPY
a Markov
o/ BR
Strotegy 1 N a Markov
Chemaotherapy Residual
o - — — ——  Markov
o < RCR
Strategy 2 N - - Markoy
Chematherapy/ Residual
Trastuzumab
/ = Markov
¢ PR
Strategy 3 - Markov
Chemotherapy/ Residual
Trastuzumab:
Pertuzumah

Figure 8. Markov Model of high risk early HERZ2 breast cancer patients after
undergoing initial neoadjuvant systemic therapy, definitive surgery and adjuvant
therapy.

Transitional probabilities among different states were derived primarily from the
efficacy results of the phase 3 clinical trial comparing neoadjuvant chemotherapy
and Neoadjuvant trastuzumab-chemotherapy and comparing Neoadjuvant
pertuzumab-trastuzumab-chemotherapy and Neoadjuvant trastuzumab-
chemotherapy.



Table 12. Effectiveness data

Probability of death due to
breast cancer 0.143 45,46

Annual rate of all-cause

mortality for Malaysian Age specific 47

pCR rate (%) 19% 48
5 year EFS (pCR) 54.8% 49
5 year EFS (No pCR) 43.3% 49
pCR rate (%) 29% 19
5 year DFS (pCR) 81% (95% CI: 72-88) 24
5 year PFS 81% (95% ClI: 71-87) 35
5 Year EFS ( No PCR) 57.5% 49
pCR rate (%) 45.8% 19
5 year DFS (pCR) 84% (95% CI: 72-91) 24
5 year PFS 86% (95% CI: 77-91) 55
5 year EFS ( No PCR) 63% (95% CI 43-78) 50
épelllurag_rga)te of recurrence 0.049 52

Annual rate of recurrence
(Year 10-14)

Annual rate of recurrence
(Year = 15)

0.035 52

0.027 52

Notes: pCR: Pathological complete response; EFS: Event free survival; DFS: Disease free
survival; PFS: Progression free survival

b. Utility Data

Health-related quality of life was incorporated into the economic evaluation
using estimated utility values from the published economic evaluation and health
related quality of life studies. The utility values from Buendia et al. were derived
from published literature. Utilities for the recurrence health state represented in
the model were obtained from a EQ-5D self classifier and direct time trade-off
(TTO) exercise by Lidgren et al. All the utility values incorporated in the model
were as shown in Table 13.

c?

TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION

TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
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Base-case

Health states value 95%ClI Reference
Disease free 0.847 0.807 — 0.886 51
Recurrence 0.779 0.745 — 0.811 53
Metastasis 0.484 0.426 — 0.542 51

Table 13. Utility inputs

c. Resources and Cost Data

The costs used in this analysis were based on MOH Consumer Price Guide
from Pharmaceutical Services Program, published literature using local data
and personal communication with oncology pharmacists from MOH Hospitals.
Direct medical costs included were cost of drugs, cost of procedures such
as IV administration of drugs, cost of recurrence related management, cost
of specialist clinic follow-ups and cost of metastasis related management. All
costs are expressed in Malaysian Ringgit (MYR) for year 2020. All results were
presented as incremental cost-effectiveness ratio (ICER).

Sensitivity Analysis

Deterministic sensitivity analysis was performed as one-way sensitivity analysis
to determine which variables, when changed, in key model inputs would have
a substantial impact on the model results. Input parameters were varied over
a specified range or using values of reported upper and lower limit of 95%
confidence or probability interval. Input parameters tested in sensitivity analyses
were:

e Annual discounting rate (0-5%)

e Transition probability of recurrence among patients with dual targeted
therapy (per cycle)

e Utility values for recurrence state

e Cost reduction of dual targeted therapy (range: 25% to 75%)

e Reduction of neoadjuvant therapy cycles (range: 4-5 cycles)

Assumptions

The following key assumptions were used in this model:

i.  All health states are mutually exclusive, the patient will not be
other health states while in one health states.

i. Patients entered the model at average age of 50 years old.
All patients in all arms underwent cardiac assessments before
treatment. All patients underwent definitive surgery.

iii. Patients could suffer only one recurrence; any subsequent
recurrence were distant.



iv.  Alldeaths by breastcanceroccurin women with distantrecurrence.

v.  The additional targeted therapies did not incur additional toxicities
which were significantly more than chemotherapy.2®?? All adverse
events were fully reversible.

vi.  Chemotherapy, radiotherapy, endocrine therapy, and post-
treatment follow-up protocol are assumed to be identical in all

groups.

vii.  The cost and effectiveness of chemotherapy is assumed to be the
same regardless of regime.

viii.  The probabilities of recurrence from year 5 onwards is attributed

to the response to adjuvant trastuzumab.

7.3 RESULTS

Base-Case Analysis

The main outcome of the decision-analytic model were discounted costs and
QALY associated with the two intervention strategies, estimated incremental
costs and incremental QALYs, and then the calculated incremental cost-
effectiveness ratios (ICERS).

Theresults of this hybrid model reflected the incremental cost-effectiveness ratios
if HER2 targeted therapy (3-weekly trastuzumab and 3-weekly pertuzumab/
trastuzumab) were used in addition of neoadjuvant chemotherapy in treatment
of high risk early HER2 positive breast cancer patients. The base case results of
the evaluated strategies were presented in Table 14. The mean total discounted
cost and QALY per patient receiving 3-weekly trastuzumab biosimilar with
neoadjuvant chemotherapy was MYR 36,006.33 and 6.43 respectively, while
for 3-weekly Pertuzumab/Trastuzumab added to neoadjuvant chemotherapy
was MYR 100,114.38 and 6.66. For standard neoadjuvant chemotherapy group
in which no targeted therapy was given, the mean discounted cost and QALY
was MYR 27,298.41 and 5.90 respectively.

The base case analysis indicated that the deterministic ICER for addition of
3-weekly trastuzumab to neoadjuvant chemotherapy was MYR 16,471.59 per
QALY gained. Over the lifetime of the patient cohort (20 years), there was a
cost increase of MYR 8,707.92 and a benefit of 0.53 QALYs per patient when
3-weekly trastuzumab biosimilar in addition to chemotherapy was given as
neoadjuvant therapy in high risk early HER2 positive breast cancer patients
compared with neoadjuvant chemotherapy alone. The ICER for addition of
3-weekly dual targeted agent (Pertuzumab/Trastuzumab) to neoadjuvant
chemotherapy was MYR 72,815.97 with slightly higher incremental QALY
gained of 0.76 compared with neoadjuvant chemotherapy alone.
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Strategies

Total
Total cost QALY Increment.
per patient per Cost
patient

Increment.

QALY

ICER
(compared
to standard

care)

MYR

Chemotherapy 27 208 41 5.90 Standard care
Addition of
i MYR MYR MYR
Single Targeted 36,006.33 6.43 8,707.92 0.53 16.471.59
therapy
Addition of
MYR MYR MYR
Dual Targeted 100,114.38 6.66 72.815.97 0.76 96,013.20
Therapy

Table 14. Incremental cost-effectiveness ratios (ICERs) for base-case

Among the two intervention options, addition of single targeted therapy was
the most cost-effective option with a much lower ICER compared to addition of
dual targeted therapy. This estimate considers that the biosimilar drug and the
originator drug is of the same effectiveness, and the current available option in
Malaysian public hospitals.

Sensitivity Analysis

One-way sensitivity analysis was performed around key model parameters
including discounting rate, clinical parameters, and utility parameters. Different
feasible scenarios of neoadjuvant therapy where cost parameters for addition
of dual targeted therapy may differ were also explored. The findings from the
different scenario analyses were presented in Table 15. Results of the sensitivity
analysis was plotted as tornado diagram (Figure 9 and Figure 10) to illustrate
the differences in ICERs obtained given the range of parameter estimates were
tested.

Table 15. Scenario analysis of key model parameters
a) Addition of Single targeted therapy

ICER of single targeted

Parameters Range therapy
BASE CASE ICER MYR 16,471.00
Number of neoadjuvant therapy 4 MYR 10.796.90

cycles

5 MYR 13,634.24




b) Addition of Dual targeted therapy

ICER of dual targeted

Parameters Range therapy
BASE CASE ICER MYR 96,013.20
Number of neoadjuvant therapy 4 MYR 76,893.89
cycles
5 MYR 82,168.18
Cost reduction of Pertgzumab- 259% MYR 60,302.38
Trastuzumab (Herceptin) combo
50% MYR 47,555.63
75% MYR 23,326.84

Addition of neoadjuvant single targeted therapy

u Higher input

Dc rate
B Lowerinput

SA Parameters

Healthl rec II

0.00 5,000.00 10,000.00 15,000.00 20,000.00 25,000.00
ICER (RM per QALY gained)

Notes: Dc rate: Discount rate; HealthU rec: Health Ultility value of recurrence state

Figure 9. Tornado diagram of addition of neoadjuvant trastuzumab biosimilar to
chemotherapy (one-way sensitivity analysis)

c?
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Addition of neoadjuvant dual targeted therapy

m Higher input

M Lower input

SA parameters

HealthU rec II

0.00 20,000.00 40,000.00 60,000.00 80,000.00 100,000.00 120,000.00 140,000.00 160,000.00 180,000.00
ICER (RM per QALY gained)

Notes: TP rec: fransition probability of recurrence in dual targeted therapy arm; Dc rate:
Discount rate; HealthU rec: Health Utility value of recurrence state

Figure 10. Tornado diagram of addition of neoadjuvant Pertuzumab/Trastuzumab to
chemotherapy (one-way sensitivity analysis)

By varying the input parameters, the estimated ICERs ranged from a lower
bound of MYR 10,796.90 per QALY gained to an upper bound of MYR 20,144.54
when comparing addition of single targeted therapy to standard neoadjuvant
therapy; and a lower bound of MYR 23,326.84 per QALY gained to an upper
bound of MYR 165,173.36 when comparing addition of dual targeted therapy to
standard neoadjuvant therapy.

From the sensitivity analysis, the most sensitive input parameter in this model
was the total cost of drugs. Transition probability of recurrence in dual targeted
therapy and discounting rate had moderate impact on the ICER as shown in
the tornado diagram.



8.0 DISCUSSION

Findings
This review included two SR with NMA, nine RCTs and three cohort studies

to assess effectiveness and safety of trastuzumab, pertuzumab, lapatinib with
chemotherapy that was grouped into five group of interventions either:

-single-targeted therapy

-dual-targeted therapy

-combination of chemotherapy with anthracyclines group
-combination of chemotherapy without anthracyclines group

We evaluated nine outcomes measure that included: pathological complete
response (pCR), progression free survival (PFS), disease-free survival (DFS)/
relapse free survival (RFS), number of patients had progressed, event-free
survival (EFS), overall survival (OS), breast conservation, subgroup analysis of
hormone receptor-positive and hormone receptor-negative and adverse events.

In general, we found that targeted therapies whether as dual-targeted or
single-targeted therapy produced favourable and improved outcomes in HER2-
positive early and locally advanced breast cancer patients. This finding is in
agreement with three SR with MA (Chen et al. 2019, Clavarezza et al. 2016 and
Hicks et al. 2015).5¢%¢ From 19 studies included to assess the effectiveness,
safety, organisational, societal and cost-effectiveness in our review, the dual
targeted therapy which is the combination of pertuzumab and trastuzumab with
combination of chemotherapy (with or without anthracyclines) was the most
effective treatment in terms of pCR rate, PFS, DFS and OS as compared to
single-targeted therapy or mono chemotherapy. However, based on the cost
effectiveness analysis, the ICER for dual targeted therapy was beyond the
threshold. Sensitivity analysis showed that the drug price as the most sensitive
determinant and reduction of the drug price up to 50% could be cost-effective.

Several international guidelines such as the ASCO, NCCN and ESMO also
recommend the used of combination of trastuzumab with chemotherapy
in neoadjuvant setting and should be offered early as first line therapy for
HERZ2-positive breast cancer population. Pertuzumab and lapatinib were also
incuded in the list. While for societal issues, patients were preferred the used
of subcutaneous trastuzumab than intravenous trastuzumab because it saved
time and they experienced less pain and less discomfort experienced.

Dual-targeted therapy versus Single-targeted therapy

In terms of effectiveness, evidence showed that the dual-targeted therapy
(pertuzumab and trastuzumab followed by lapatinib and trastuzumab) resulted
among the highest pCR either with or without anthracyclines compared to single-
targeted therapy. The result also indicated that combination chemotherapy
was significantly better than mono chemotherapy. Interestingly, combination
of trastuzumab biosimilar plus chemotherapy (with or without anthracyclines)
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resulted in higher pCR rates than combination of pertuzumab plus trastuzumab
plus mono chemotherapy. The results of this review was consistent with two
SR with NMA where they found that by adding anthracycline to chemotherapy
might not improve the pCR outcome, while dual-targeted therapy without
chemotherapy and chemotherapy alone were both associated with the worst
pCR percentages.'® °

The five-year and seven-year PFS rate was higher in dual-targeted therapy,
combination of pertuzumab plus trastuzumab and lapatinib plus trastuzumab
than single-targeted therapy, pertuzumab or lapatinib or trastuzumab (plus
mono chemotherapy) and was lowest in intervention without chemotherapy
(pertuzumab plus trastuzumab plus docetaxel versus pertuzumab plus
trastuzumab).?* The results were similar between trastuzumab biosimilar and
trastuzumab (plus anthracyclines).?®> These results were consistent with DFS
where dual-targeted therapy (pertuzumab plus trastuzumab plus docetaxel
and lapatinib plus trastuzumab plus paclitaxel) were the highest events among
the others.?* However, DFS rates were not significant different between single-
targeted therapy using either with trastuzumab, lapatinib or trastuzumab
biosimilar in combination with chemotherapy.?2® The six-year EFS rates were
highest in dual-targeted therapy (lapatinib plus trastuzumab plus paclitaxel)
than single-targeted therapy (lapatinib or trastuzumab) and no different
in EFS between SC trastuzumab and IV trastuzumab.?®* The seven-year
analysis on OS showed better result with dual-targeted therapy (trastuzumab
plus lapatinib) when compared with single-targeted therapy (trastuzumab,
lapatinib).?62° However the result of OS did not differ between trastuzumab
versus chemotherapy alone and trastuzumab biosimilar.252

The evidence showed that addition of pertuzumab was associated with high
incidence of neutropaenia and occurrence of diarrhoea was high with lapatinib
treatment.’®?? These results were consistent in all studies. Our pooled meta-
analysis showed the higher incidence of diarrhoea with combination of
pertuzumab and trastuzumab than trastuzumab alone. However there were
no differences in number of serious adverse events, neutropaenia, febrile
neutropaenia and leucopaenia between these two groups.?2432 This was in line
with the PEONY ftrial findings in 2020.2° In addition, one SR with NMA found that
lapatinib-chemotherapy arms significantly cause diarrhoea and skin disorders
among all treatments while no difference in the incidence of cardiac events.??
While biosimilar trastuzumab was comparable to trastuzumab in safety profile.'
The other study in 2018 that assessed the potential of trastuzumab biosimilar
also reported that incidence of all-causality, grade 3 to 4 treatment-emergent
adverse events was comparable between PF-05280014 (potential trastuzumab
biosimilar) plus docetaxel and carboplatin versus trastuzumab reference product
(Herceptin) plus docetaxel and carboplatin (38.1% vs 45.5%).%



Subtype analysis: hormone receptor-positive and hormone receptor-
negative

Several studies did a further subtype-analysis to compare the effectiveness
between hormone receptor-positive and hormone receptor-negative.®?'282° Two
RCTs and one cohort study found that pCR were higher in patients with hormone
receptor-negative than patients with hormone receptor-positive for treatment
of pertuzumab plus trastuzumab plus docetaxel, lapatinib plus trastuzumab
plus paclitaxel. However, the EFS, OS results were not significantly different
between these two subtype groups.'®?'2%30 These results were in agreement
with another trial in 2018 that evaluated the impact of hormone receptor status
on the efficacy of HER2-targeted treatment. They found that hormone receptor-
negative had greater benefit of pCR than hormone receptor-positive patients.*?

In terms of treatment sequence, our current practice in MOH facilities followed
the sequential types of treatment where anthracyclines were given first followed
by trastuzumab. This is to reduce the toxicity events among patients if the
treatment was given concurrently.

Economic evaluation

Based on cost-effectiveness analyses reviewed, mono chemotherapy
(pertuzumab plus trastuzumab plus taxol) showed the highest health benefits
(10.73 QALYs) and lowest cost (US $ 415 833) compared to other strategies;
combination chemotherapy (taxol plus carboplatin plus pertuzumab plus
trastuzumab or taxol plus pertuzumab plus trastuzumab plus anthracyclines).
However, de-escalated strategies found that combination of trastuzumab plus
taxol became the most cost-effective option in both HR-positive and HR-negative
patients. One cost-minimisation analysis found that SC trastuzumab treatment
resulted in cost savings to the MOH of MYR7561 per patient compared to
IV trastuzumab treatment while it generated a cost savings of MYR7820 per
patient to the society.

Strengths and Limitation

The main strength of this review is the degree of rigourin the conduct of the review.
The searching methods and screening of the articles were comprehensive. The
quality of the 14 studies and meta-analyses included in this review were of high
quality and judged as low risk of bias.

This systematic review has several limitations. This review has been prioritized
to include selected targeted therapy of different types which were trastuzumab,
pertuzumab, lapatinib and trastuzumab biosimilar despite other drugs used
in this population because these are the available drugs in Ministry of Health
Medicines Formulary (MOHMF), Malaysia.

A few outcomes in the SR with NMA whereby there were no control group
to the combination treatment were not included. Ongoing trials including nine
registered in PROSPERO, an international prospective register of systematic
reviews that related to this topic were not included in this review. Attempts have
been made to contact the authors, however, the studies were still ongoing and
have not been published yet.
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One of the main limitations of this economic evaluation was the use of trial-
based clinical parameters (pCR rates, transition probability, long term survival,
utility values) from other countries due to lack of local data. The ICER could be
under- or overestimated. It was also difficult to obtain head-to-head trials with the
exact protocol. Therefore, the ICER should be interpreted cautiously. However,
the most suitable parameters were carefully selected based on the similarity of
clinical pathways and practices, representativeness of population and the best
availability of data. Several assumptions have been used in accordance with
other published literatures and expert consultations.

Among the different strategies studied, Hassett et al had similar finding. The
addition of single targeted therapy (trastuzumab) to neoadjuvant chemotherapy
(taxol) was the most cost-effective strategy especially when de-escalation
strategy was included.?® This is consistent with the economic evaluation results
in our selected population.

Although there are many targeted therapies and chemotherapy regimens for the
treatment of early HER2-positive breast cancer, Pertuzumab and Trastuzumab
are the currently available targeted therapies for use for selected patients in
MOH hospitals. Therefore, the evaluation of the other targeted therapies such
as lapatinib, neratinib and trastuzumab emtansine was not included in the
objective of this economic evaluation. Definition of one Malaysian GDP per
capita per QALY gained is MYR 43,475. Based on one-way sensitivity analysis
performed, these components have shown to be sensitive parameters for ICER
estimation: discount rate, recurrence state transition probability values, and
cost of targeted therapies.



9.0 CONCLUSIONS

Based on the above review, there was sufficient fair to good level of evidence
retrieved on targeted therapies in combination with neoadjuvant chemotherapy
for HER2-positive breast cancer. Evidence demonstrated targeted therapy
improved the pathologic complete response rates in HER2-positive early and
locally advanced breast cancer population particularly with the treatment of
dual-targeted therapy. Dual targeted therapy with pertuzumab and trastuzumab
in combination with chemotherapy (with or without anthracyclines) was the
most effective treatment in terms of pCR rate, PFS, DFS and OS as compared
to single-targeted therapy or mono chemotherapy.

In terms of safety, grade 3 to 5 treatment-related side effects were significantly
higher in patients who received pertuzumab (neutropaenia), lapatinib (diarrhoea
and skin disorders) and chemotherapy with commonly reported side effects of
diarrhoea and skin disorders. For incidence of cardiac events, there was no
significant difference observed in all treatment arms. Trastuzumab biosimilar
had comparable side-effects to trastuzumab.

From the decision analytic modelling that has been conducted, addition of
six cycles of neoadjuvant trastuzumab biosimilar was the most cost-effective
strategy for high-risk early breast cancer with HER2 positive, yielding an ICER
of MYR 16,471.59 per QALY gained. Addition of neoadjuvant Pertuzumab/
Trastuzumab on top of standard neoadjuvant chemotherapy yielded an ICER of
MYR 96,013.20 per QALY gained. If the suggested cost-effectiveness threshold
of <1 GDP per capita per QALY gained for Malaysia is taken into consideration,
addition of single targeted therapy may be the most cost-effective strategy.

10.0 RECOMMENDATION

Targeted therapy in combination with chemotherapy is recommended to be
used in early and locally advanced breast cancer. Combination of chemotherapy
plus trastuzumab biosimilar is the most cost-effective option for Malaysian
population.

However, dual-targeted therapy may be used to achieve the highest effectiveness
treatment, if cost reduction of the dual targeted therapy of at least 50% could
be negotiated.
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APPENDIX 1: HHERARCHY OF EVIDENCE FOR
EFFECTIVENESS STUDIES/ DIAGNOSTIC STUDIES

DESIGNATION OF LEVELS OF EVIDENCE

| Evidence obtained from at least one properly designed randomised controlled
trial.

-1 Evidence obtained from well-designed controlled trials without
randomisation.

1l-2 Evidence obtained from well-designed cohort or case-control analytic studies,
preferably from more than one centre or research group.

-3 Evidence obtained from multiple time series with or without the intervention.
Dramatic results in uncontrolled experiments (such as the results of the
introduction of penicillin treatment in the 1940s) could also be regarded as
this type of evidence.

1] Opinions or respected authorities, based on clinical experience; descriptive
studies and case reports; or reports of expert committees.

SOURCE: US/CANADIAN PREVENTIVE SERVICES TASK FORCE (Harris 2001)



APPENDIX 2: HEALTH TECHNOLOGY ASSESSMENT
PROTOCOL

HEALTH TECHNOLOGY ASSESSMENT (HTA) PROTOCOL.:
TARGETED THERAPIES IN COMBINATION WITH NEOADJUVANT
CHEMOTHERAPY FOR THE TREATMENT OF HER2-POSITIVE
BREAST CANCER AND ECONOMIC EVALUATION

1. BACKGROUND INFORMATION

Breast cancer is the most prevalent type of malignancy in females, a
heterogeneous disease which can be divided into several subtypes.’ Based on
the severity of breast cancer disease, it is broadly categorised into three groups
which are early breast cancer (EBC), locally advanced breast cancer (LABC)
and metastatic breast cancer (MBC)." Human epidermal growth factor receptor
2 (HER2) is a growth-promoting protein on the outside of all breast cells. About
15-20% women with breast cancer have overexpression of HER2 and called as
HER2-positive."? HER2-positive is an aggressive subtype that exhibits unique
epidemiological, clinical and prognostic differences with poor response to
standard chemotherapy regimens compared with HER2-negative.?* In addition,
HER2 may become positive from initially negative tumours over time especially
after treatment of endocrine targeting therapy oestrogen receptor (ER)."

Breast cancer is the commonest cancer in Malaysia with the prevalence of 19%
among Malaysian as revealed in the Malaysian National Cancer Registry Report
(2012-2016). The new cases of breast cancer had increased from 32.1% (2007-
2011) to 34.1% (2012-2016) of overall cancer among women.* The incidence
started to increase at the age of 25 and peak at the age of 60 to 64 years. The
incidence was highest among Chinese (40.7 per 100,000) followed by Indian
(38.1 per 100,000) and Malay (31.5 per 100.000).*

In general, the overall survival rates of breast cancer have improved even
though it varies worldwide due to improvement in medical care and availability
of more effective treatment. Majority of them are diagnosed at an earlier and
localised stage.® In many countries, the five-year survival rate for women
diagnosed with stage one or two breast cancer is 80 to 90%.° According to
Malaysian Clinical Practice Guideline (CPG), early breast cancer include stage
I, stage IIA and stage |IB while locally advanced breast cancer includes stage
[11.5 In 2012-2016, the percentage of women in Malaysia diagnosed with breast
cancer at stage one was 17.5%, stage two was 34.5% and stage three was
25.2%. Hence, approximately more than third-quarter of breast cancer patients
was likely included in the early and locally advanced breast cancer population
(77.2%).4

The treatment of breast cancer generally depends on the stage of disease
and characteristics of the tumour which involves surgery, chemotherapy,
radiotherapy and hormonal therapy.?2 Neoadjuvant therapy in breast cancer
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refers to the administration of treatment with the intent of down staging the
tumour and improve operability and surgical outcomes.® Half of HER2-positive
breast cancers are ER-positive but they generally have lower ER levels and
many have p53 alterations.” Current Malaysian practice for management of EBC
include neoadjuvant chemotherapy only while management of LABC include
neoadjuvant chemotherapy and anti-HERZ2 therapy for operable and inoperable
conditions. These tumours have higher proliferation rates, extra aneuploidy and
are associated with poorer patient prognosis. The poor outcome is improved
with appropriate chemotherapy combined with the HER2-targeting drug.’
Pathological complete response (pCR) have been achieved in 75% patients
with metastatic HER2-positive breast cancer, hence improved their prognosis.?
Despite the achievements, however, the persisting high toll of deaths resulting
from HER2-positive breast cancer calls for continued intensive clinical research
of newer therapies and combinations.’

Targeted Therapies

Targeted drugs are designed to precisely identify and block the growth and
spread of specific cancer cells which are different from chemotherapy drugs that
attack all growing cells including cancer cells.® Four types of targeted therapies
used for treatment of HER2-positive breast cancer are monoclonal antibodies,
small molecule tyrosine kinase inhibitors, antibody-drugs conjugates and other
emerging anti-HER2.3

a) Monoclonal antibodies

Monoclonal antibodies are immune system proteins (antibodies) that are
designed to attach to the HER2 protein on cancer cells, which can help stop
the cells from growing.” Monoclonal antibody approved by FDA for breast
cancer include trastuzumab, pertuzumab and bevacizumab.® Trastuzumab
(Herceptin®) was the first monoclonal antibody drugs against the extracellular
domain of HER2 approved by United States Food and drug Administration (US
FDA) which is well-tolerated in patients with little toxicity followed by pertuzumab
(Perjeta®).® Trastuzumab biosimilars that have been approved by FDA were
Hertraz, Zuhera, Herzuma, Kanjinti, Ogivri, Ontruzant and Trazimera.”® Even
though previous studies have proved the tolerable therapeutic efficacy of
trastuzumab, some HER2-positive breast cancer patients showed intrinsic or
acquired resistance to it.® Hence, research on developing anti-HER2 agents
are still on-going.® Later, the combination of pertuzumab with trastuzumab
and docetaxel was approved by US FDA on September 2013 as neoadjuvant
treatment of patients with HER2-positive for early-stage breast cancer, locally
advanced or inflammatory. °

b) Tyrosine Kinase Inhibitors

Tyrosine kinase inhibitor (TKI) is a group of drugs which interrupts the HER2
and epidermal growth factor receptor (EGFR) pathways by disrupting the signal
transduction pathways of protein kinases through several modes of inhibition."
Kinase inhibitors are either irreversible or reversible. The irreversible kinase
inhibitors tend to covalently bind and block the ATP site resulting in irreversible
inhibition. The reversible kinase inhibitors can further subdivide into four major



subtypes based on the confirmation of the binding pocket as well as the DFG
motif. Tyrosine kinase enzymes (TKs) can be categorized into receptor tyrosine
kinases (RTKs), non-receptor tyrosine kinases (NRTKs), and a small group
of dual-specificity kinases (DSK) which can phosphorylate serine, threonine,
and tyrosine residues. Lapatinib (Tykerb®) is the second US FDA approved
HER2 targeted drug after trastuzumab.” In addition, FDA approved TKis for
breast cancer also include afatinib, neratinib and tucatinib (which targets HER1
and HER2), have substantial efficacy in the treatment of HER2-positive breast
cancer.'12

a) Antibody drugs conjugates (ADCs)

Antibody drug conjugates (ADCs) are highly targeted biopharmaceuticals
drugs which a potent small molecule is linked to an antibody. Trastuzumab-—
emtansine (T-DM1) is an antibody drug conjugate of trastuzumab combined
with an anti-microtubule cytotoxic chemical agent, emtansine.” In advanced-
stage disease, randomized trials suggest that the antibody drug conjugate,
trastuzumab-DM1 and pertuzumab, may have superior efficacy or add to the
efficacy of trastuzumab-based therapy.’

In Ministry of Health Drug Formulary, Malaysia (FUKKM), trastuzumab injection
was approved in adjuvant setting only for patients with HER2-positive, over-
expressed by FISH (Fluorescence in situ hybridization) and high risk group
(>30% lifetime risk but no known genetic variant).'® Both drugs (pertuzumab and
lapatinib) were registered under National Pharmaceutical Regulatory Agency
(NPRA) but not included in the FUKKM."*'* Pertuzumab injection was indicated
for neoadjuvant treatment of patients with HER2-positive, locally advanced,
inflammatory, or early stage breast cancer (either >2 cm in diameter or
node positive) as part of a complete treatment regimen for early breast cancer
and indicated in combination with trastuzumab and docetaxel for patients with
HERZ2-positive metastatic or locally recurrent unresectable breast cancer, who
have not received previous anti-HERZ2 therapy or chemotherapy for metastatic
breast cancer.’ While, lapatinib was indicated in combination with capecitabine
for the treatment of patients with advanced or metastatic breast cancer whose
tumors overexpress HER2 and who have received prior therapy including an
anthracycline, a taxane, and trastuzumab or in combination with letrozole for
the treatment of postmenopausal women with hormone receptor-positive
metastatic breast cancer.”* As these agents may play an important role in
neoadjuvant therapy setting, their effectiveness and economic implications
need to be assessed. This HTA was requested by Clinical Oncologist, Hospital
Kuala Lumpur (HKL).
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2, POLICY QUESTION

Should targeted therapies i.e. trastuzumab (T), pertuzumab (P) and lapatinib
) (L) in combination with chemotherapy be used as a neoadjuvant treatment for
HERZ2-positive early and locally breast cancer in Ministry of Health facilities?

3. OBJECTIVES
3.1. To conduct a systematic review:

i. To assess the effectiveness and safety of T, P, L in combination
with chemotherapy in neoadjuvant setting for patient with HER2-
positive breast cancer.

To determine whether to use one or dual targeted therapies
in combination with chemotherapy in neoadjuvant setting for
HERZ2-positive breast cancer.

iii. To evaluate the cost-effectiveness of T, P, L in combination with
chemotherapy for HER2-positive breast cancer in neoadjuvant
setting.

NOILYNTVAT DINONODT ANV 43ONVO LSVIHE JAILISOd-2d3H 40 INJNLVYIHL

JHL H04 dVH3IHLOW3HO LNIANFAVOAN HLIM NOILVYNIGNOD NI S3IdVH3IHL d313949VL

iv. To assess the organisational or societal implication related to
the use of T, P, L in neoadjuvant setting for HER2-positive breast
cancer.

4. METHODS
4.1. Search Strategy

Electronic database will be searched for published literatures pertaining to the
use of targeted therapies in neoadjuvant setting

411 Databases as follows: MEDLINE, EBM Reviews-Cochrane
Database of Systematic Review, EBM-Reviews-Cochrane Central
Register of Controlled Trials, EBM Reviews-Health Technology
Assessment, EBM Reviews-DARE, EBM Reviews-NHS Economic
Evaluation Database and Embase through the Ovid interface will
be searched. Searches will also be conducted in PubMed, Horizon
Scanning database, INAHTA database, and FDA database.

41.2 Additional literatures will be identified from the references
of the retrieved articles.



41.3

General search engine will also be used to get additional

web-based materials and information.

41.5

The search strategy will be included in the appendix.

4.2 Inclusion and exclusion criteria

4.2.1. Inclusion criteria

a. Population:

b. Intervention:

c. Comparators:

d. Outcome:

e. Study design:

Adult patients with HER2-positive breast cancer, early
breast cancer and locally advanced breast cancer

Targeted therapies: Monoclonal antibodies such as
trastuzumab, trastuzumab biosimilar and pertuzumab
Kinase inhibitors: lapatinib (Combination with
chemotherapy: docetaxel, doxorobucin, paclitaxel)

chemotherapy only and single therapy + chemotherapy

Effectiveness:

Primary Outcomes:

i. Pathological complete response (defined as no
residual invasive tumour in both the breast and the
axilla: i.e. ypTO/is pNO).

il Progression free survival/ Overall survival

Secondary outcomes:

I. Conserving surgery rates/Conservative breast
surgery (for early breast cancer)

ii. Quality of life

Safety:

Adverse events (any grade 3-4 adverse event)
Organisational: (e.g. hospital admission, length of stay,
day care)

Social: (e.g. patient satisfaction, compliance)
Cost-effectiveness, cost-benefit, cost-utility

HTA reports, Systematic Review, Randomised Controlled
Trials (RCT) and economic evaluation studies.

f. English full text articles
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4.2.2. Exclusion criteria

a. Study design: Non-randomised controlled trials, animal study,
laboratory study, narrative review, editorials, and letter to the
editors.

b. Non English full text article.

Based onthe above inclusion and exclusion criteria, study selection will be carried
outindependently by two reviewers. Disagreement will be resolved by discussion.

4.2 Critical Appraisal of Literature

The risk of bias (methodology quality) of all retrieved literatures will be assessed
by three reviewers using the relevant checklist of National Collaborating Centre
for Methods and Tools (ROBIS for Systematic Review), Cochrane assessing
of bias tools by two reviewers depending on the type of the study design (RoB
2 for Randomised Controlled Trials) and Critical Appraisal Skill Programme
(CASP) checklist for economic studies.

4.4 Analysis and Synthesis of Evidence
4.4.1 Data extraction strategy

The following data will be extracted:
i. Details of methods and study population characteristics.

il Details of intervention and comparators.
iii. Details of individual outcomes for safety, effectiveness, cost implication,

organisational and societal issues associated with the use of targeted
therapies

Data will be extracted from selected studies by two reviewers using a pre-
designed data extraction form and checked by another reviewer. Disagreements
will be resolved by discussion.

4.4.2 Methods of analysis/synthesis

Data on the effectiveness, safety and costimplication of using targeted therapies
will be presented in tabulated format with narrative summaries. Meta-analysis
using RevMan 5.0 may be conducted for this Health Technology Assessment
if possible.

5. REPORT WRITING
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Appendix 1
Early breast cancer definition (Huober et al., 2019)
o tumours of > 2cm by palpation or size of = 1cm by ultrasound
o histologically confirmed defined as IHC 3 +
o a FISH ratio of > 2.2

o in situ hybridization (ratio = 2.0)

Locally advanced breast cancer definition (Untch et al., 2018)
o stage cT4 or cT3

o clinically positive axillary nodes (cN+ for cT2 or pN,, ., for cT1)

SLN+

Types of chemotherapy registered in Malaysia used for treatment of
breast cancer

Taxane-based Doce_taxel
Paclitaxel
. Doxorubicin
Anthracyclines Epirubicin
Alkylating Agents Cyclophosphamide
Capecitabine
. . Gemcitabine
Anti-metabolites Flurouracil (5-FU)
Methotrexate
Microtubule Vinorelbine
inhibitors Eribulin
Carboplatin

Platinum agents Cisplatin
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Dictionary

NIH, National Cancer Institute

Relapse-free survival (RFS)

In cancer, the length of time after primary treatment for a cancer ends that the
patient survives without any signs or symptoms of that cancer. In a clinical
trial, measuring the relapse-free survival is one way to see how well a new
treatment works. It also called DFS which is disease-free survival.

Disease-free survival (DFS)
The time from the first date of no disease which was date of surgery to the first
documentation of progressive disease or death.

Progression-free survival (PFS)

The length of time during and after the treatment of a disease, such as cancer,
that a patient lives with the disease but it does not get worse. In a clinical trial,
measuring the progression-free survival is one way to see how well a new
treatment works.

Event-free survival (EFS)

In cancer, the length of time after primary treatment for a cancer ends that
the patient remains free of certain complications or events that the treatment
was intended to prevent or delay. These events may include the return of the
cancer or the onset of certain symptoms, such as bone pain from cancer that
has spread to the bone. In a clinical trial, measuring the event-free survival is
one way to see how well a new treatment works.
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Appendix 3: Search Strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other
Non-Indexed Citations, Daily and Versions(R) <1946 to March 26, 2021>
Search Strategy:

O NO O WN -

W WWWWDNDNDNDNDNDNDNNNDN-_22 =222 A a1
AP ON -~ OCOO~NOOOPPWN ~OCCOOO~NOOOPDWOWN—O

BREAST NEOPLASMS/ (293769)
breast cancer.tw. (282603)
breast carcinoma*.tw. (30570)
breast malignant neoplasm®.tw. (5)
breast malignant tumor*.tw. (34)
breast neoplasm*.tw. (1205)
breast tumor*.tw. (20561)
(cancer adj3 breast).tw. (294321)
cancer”, mammary.tw. (135)
carcinoma*, breast.tw. (724)
(human mammary adj2 (carcinoma* or neoplasm®)).tw. (849)
((malignant neoplasm or malignant tumor) adj3 breast).tw. (118)
mammary cancer*.tw. (3473)
(human mammary adj2 (carcinoma* or neoplasm®)).tw. (849)
(breast adj2 (neoplasm® or tumor®)).tw. (26579)
NEOADJUVANT THERAPY/ (21974)
(neoadjuvant adj2 (therapy* or treatment®)).tw. (11903)
TRASTUZUMAB/ (7226)
Herceptin.tw. (1903)
Zuhera.tw. (0)
trazimera.tw. (3)
trastuzumab.tw. (10188)
PERTUZUMAB/ (0)
pertuzumab.tw. (1022)
Perjeta.tw. (27)
LAPATINIB/ (1608)
lapatinib.tw. (2516)
Tykerb.tw. (60)
TARGETED THERAPY/ (30364)
targeted therapy.tw. (23778)
tageted therap*.tw. (1)
1or2or3ord4or5or6or7or8or9or10or11or12or13 or 14 or 15 (398293)
16 or 17 (28430)
18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 (63343)
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35 32and 33 and 34 (1019)

36 limit 35 to (english language and humans and yr="2015 -Current” and (meta analysis or
randomized controlled trial or “systematic review”)) (85)

) 37  from 36 keep 1-85 (85)

38 COST-BENEFIT ANALYSIS/ (83817)

39 marginal analys*.tw. (252)

40 (cost* adj3 benefit*).tw. (25251)

41  cost benefit.tw. (10438)

42  cost benefit data.tw. (17)

43  cost benefit analys*.tw. (4516)

44  cost effective*.tw. (143060)

45  cost effectiveness analys*.tw. (12301)

46  cost utility analysis.tw. (2555)

47  economic evaluation*.tw. (12432)

48 HEALTH CARE COSTS/ (40955)

49 healthcare cost*.tw. (12323)

50 health cost*.tw. (2793)

51 medical care cost*.tw. (931)

52 treatment cost*.tw. (8282)

53 Cost effective.tw. (99413)

54  “Costs and Cost Analysis”/ (49385)

55 affordability*.tw. (5158)

56  cost*.tw. (644691)

57 (cost adj1 (analy* or comparison* or measure*)).tw. (10426)
58 cost* adj3 cost analys*.tw. (7582)

59 pricing.tw. (5658)

60 cost minimization analysis.tw. (573)

61 ECONOMICS, HOSPITAL/ (11225)

62 hospital economic*.tw. (104)

63 ECONOMICS, MEDICAL/ (9126)

64 medical economic*.tw. (828)

65 economic.tw. (227501)

66 38 0r39or40 or41 or42or43 ord4 or45or46 or47 or48 or 49 or 50 or 51 or 52 or
53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 (882176)
67 35and 66 (21)

NOILYNTVAT DINONODT ANV 43ONVO LSVIHE JAILISOd-2d3H 40 INJNLVYIHL
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TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION
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TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION
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TARGETED THERAPIES IN COMBINATION WITH NEOADJUVENT CHEMOTHERAP FOR THE
TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION
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TREATMENT OF HER2-POSITIVE BREAST CANCER AND ECONOMIC EVALUATION

2601182
‘alNd "1-9550-L10
-€120%S/L00L°0L  :lop
'ge-62:(1)9g'uer  8L0z
‘SO|Wou09802BWIBYd
‘lesiesddy  ABojouyos]
olbus  3IOIN B o
aAnoadsiad dnoi
MBIADY 9OUSPIAT Uy
1190UB) Jsealg dAISOd
-zy3H ebejs-Aues jo
juswieal] juean(peosan
ay) Joj qewnznued
PIAM ‘Y uews|0D ‘W
SaMo|D ‘T Jojeyjusyey
‘M SusA8]S d eexoyL
‘Y Jopued ‘H salinbg ‘¢

uoneyd
aydeiboliqig

uonsanp
8|gel 9oUspIAg



sjuswwo)

|e1auan)

NOILYNTVAT DINONODT ANV 43ONVO LSY3Hg JAILISOd-¢d3H 40 ININLVIHL
JHL 404 dVH43IHLOW3HO LNJANrAVYOIN HLIM NOILVYNIGWOD NI S3IdVH3IHL d31394VL

syoadse

a|qelnoAe) Auew sey uoie|nwlioy OS ayy ‘sanuond Bunadwoo Jayjo Buowe uoneu ayy Aq
paoe) 9IED JSOUED PUNOIE SANSS! JUBDYIUBIS BU} UBAIS "8SN Ul S| UOIEINWLO) DS 8Y} 80U0
Apnjs ainyny e Jo sIseq sy} g PINOJ SIY| JusWieal) dA190a4 0} sjualed alow d|qeus pue
sjun ABojoouo jo Aousiolyae |jesono anoldwi o) [enuajod sy} SEY UOHENWIO) DS JO asn 8y |
uoisnjauo)

uaned Jad 0zgZINY Jo A18100s 0}

sBuines }s00 ajesausb pinom gqewnznisel} OS JO 8sM IS0 OS JO %E°0 PUB JSOD Al JO %G'0
dn Buiyew sysoo awiy Juaied yum ‘Ajpaioadsal Juaned sad 9086 LINY PUe LZ9/8INY Sem
qewnznjses} 9§ pue A| Jo }s09 a3y} ‘aAjoadsiad |e}a100s e wol4 ‘Al 0} patedwod jusiyed
1ad L9GZINY JO HOW 3Y3 03 sBuiAes 309 Ul }nsal pjnom qewnznisel) OS Buisn juswieal )
sBuipuly Lay

183k |, pa9IXa Jou pIp uoneINp Juswieal) 8y} se paljdde sem s)s00 81NNy Jo BuUNoOSIP ON
Bununoasiqg

(L8€€2-0LYL-7L HHNN) Je)sibay yoieasay [EOIpaIN [euoleN
ueisAeje|\ ay) yum palaysibals sem Apnis ay| “UOIO3||0 BJEP JO BWl} 8y} 0} Buipuodsaliod
‘v1L0Z Se Jos Jeak aoualayel Apnjs 8y} yym Jeak auo sem uozuoy awi sisAjeue ayjl

UOZIIOH awil]

‘yoseoudde |ejides uewny ayj Aq painseaw aiam yorym
s)s09 awiy Juaned papnjoul os|e Ing ‘@Aoadsiad HOW 8y} Ul Pauapl S}So0 SWEeS ay}
papnjoul aAoadsiad [E}8100S U} WOl SisAleuy JSO0 S8|qEWNSU0d pue }sod Bnip }s0o
awiy |euoissajoid aleoyyeay Jo salobsjed 100 ayy papnjoul aAoadsiad HOW 8y} wold

sisAjeuy ‘saAjoadsiad
|e}o100s pue HOW 8y} Ajpweu ‘saaijoadsiad omy wouy pawlopad sem sishleue ay)
sasfjeue ay) Jo aAndadsiad

102 Joquiaoa pUE JAGUSAON Ul PaJONPUOD SI9M SHSIA 8IS pue SMaIAIBMU|
'sasinu pue sjsewseyd ‘siaoyo [eolpawl ‘s)siBOjoOUO papN[oul 9S8y | "UOHESI|N Wi}
pue 90IN0Sal JO SOJeWNSd d)IS J09||00 0} Pue a)s yoes je juswabeuew juaned pue
uonesedaid Bnip jo sassecoid By} puejsIopuUN O} 18I0 Ul qewnznjses) JO UolessIulWpe
pue sjuaijed Jo juswebeuew ay} Ul PAAJOAUI [dUUOSIad BIEOy)[eay UM Pajonpuod alem
SUOISSNOSIP 90B}-0}-808 (YD) uonn}isuodal Bnip 91x030340 Joy syun Aoew.teyd asnoy-ui
pue sjuswpedap ABOj0OUO Ypm SBJe)S BAIDadSal JIBY) Ul SBIJUSD JUSWIEaI) J8OUED 10}08S
ol|gnd utew ayj a1om sjeydsoy Jnoy ||y ‘|eydsoH |lews| ueyng pue |eydsoH seyi ‘(eydsoH
|esauas) yemeles ‘|ejdsoH [elauas) Bueuad :Ajpweu ‘sjepdsoy HOW bBune
WoJj PauUIB)qo S1oM SB|qewnsuod pue sbnip ‘seonoeld Juawyes} uo uolewlolu| ‘sjepdsoy
HOW 1noj je |auuosiad aledyjeay gz Woly Sejewnsa pue sisi| aoud ‘sonsiels [ellyo
Buipnjoul $80IN0S SNOLIEA WO PauIe}qo sem [apow YIND ayy ayendod o) pasn eyeq

uoljewoyul Jo Sa2IN0g

921G }99)§3/SaINSEI|\ dWOIINO

Jeak |

(a1qeonddy
1) dn mojjo4
30 ybua]

S9[0A0 /|

(B
/Bw 9) sasop
juanbasgns 9|
pue (66w g)
asop  Buipeo)

qewnznjses Al

uospuedwo)

S9[0A0 /|
Bwoo9

qewnznjsel)
os

uonuaAIdju|

onsuajoRIEYD)
jusned
sjuaned
30 JaquinN

a

‘A||lenpIAIpuUl S8|qeLeA
Aoy jo sjuiod ejep Bulkien Aq
pawiopad aiem sashjeue AjAlsuss
Rem-auQ ‘sisAjeue ased-aseq a8y}
JO ssauisngol 8y} Bulwlislep 0}
pawiopad a1om sashjeue AjAlisuag

“(¥102/2)/LE uo Bjel
abueyoxe oy} Uo peseq Gey CINY
= 1asn) senea (AY) wuBBury

ueishejely ul papodas asem s}s09
‘7102 ©}€| Ul paulejqo aiem Apnjs sy}
ul pasn saoud se {10z Jeak Je paxi)
sem Jeak aoualsyal Apnis ay) “(Jeak
| Jan0 SBJ0AD /|) JuBw)eal) JO 8SIN0d
I} e jo 3s00 a8y} Bunenojes Aq
pawiopad sem sisAleue oseo-aseg

sisAjeuy

‘puejoog pue puejbug
ul gewnznjses} OS JO saIpnis YIND
Jayjo om} ul pasiiyn Ajsnoinaid sem
|opouw Sy "UONEIapISUOD OJUI UdYE)}
QJoM gewnznises) QS Pue Al Yum
juswieal) Jo asinod Jeak | |Inj ay)
10} Juaned Jad paunoul s)s0) ‘HOW
ueisAee|\ 8y} Ul s}s0o pue saoioeld
ul  soouaseylp o}  sjuswisnipe
uim pejdepe sem [apow ayL ('L
UOISIOA)  [9pOW  UONESIWIUIWL-}SOD
updeoleH 8y} ‘puelezZIIMS ‘Bydooy
Aq padojenap [apow [edneWaYeW B
Jo uoneydepe |eo0o| e pawiopad Aay |

SpPoyaN

*A1Junod UeISY BWODUI-3|ppIW

e Ul gewnznjses SnosueNINS
woly sbuines-}sod  ajebisanul 0]
wiy

sisAjeue uonjesiwiuiw-}s0)

spoyjan/adAL
Apmg

¢1aoued 1sealq aAnisod-zyJH Jo) aA108Y8-1s09 sI Adelayjowayod juean(peoau yym uoneuiquod ul saidelay) pajablies s|

uoljen|eAs dlLouU0d]

el
-1'G0'9L0Z  "Youeasay
Jeouey  jseelg ul

saoueApy "eisAelepy Ul
J20ue) Jsearg  Apeg
+243H Jo  juswieal|
oy} 1o} qewnznjsel]
paJtalsiulwpy
Alsnoauejnogng ‘SA
snouaAenu| Jo sishleuy
olwouooy 'S lwzy ‘Y
Yoo ‘4 Buoyd ‘M nA
‘N uoleH ‘M @97 B

uoneNo
aydesboliqig

uonsanp
8|gel 9oUspIAg



_'
X
s
=}
=
m
=z
_'
o
m
ac
m
X
2
0
o]
(2]
o
=
m
©
Py
m
>
(%2}
_'
(@)
>
zZ
(@)
m
P
>
=z
O
m
Q
o
=z
o
=
O
2
>
—
S
=
o
=z

_'
>
Py
@
m
_'
m
@)
_'
T
m
)
>
i)
m
»
z
(@]
o
=
o
5
4
o
z
=
_'
T
z
m
o
>
o
[
c
<
m
z
5
(@]
I
m
<
O
3
I
m
X
>
o
m
o
Py
=
I
m

APPENDIX 5: LIST OF EXCLUDED STUDIES

1.

10.

1.

12.

13.

Alba E, Albanell J, de la Haba J et al. Trastuzumab or lapatinib with standard chemotherapy
for HER2-positive breast cancer: results from the GEICAM/2006-14 trial. Br J Cancer.
2014;110(5):1139-1147.

Azim HA Jr, Agbor-Tarh D, Bradbury | et al. Pattern of rash, diarrhoea, and hepatic toxicities
secondary to lapatinib and their association with age and response to neoadjuvant
therapy: analysis from the NeoALTTO ftrial. J Clin Oncol. 2013;31(36):4504-4511.

Bear HD, Tang G, Rastogi P et al. Neoadjuvant plus adjuvant bevacizumab in early breast
cancer (NSABP B-40 [NRG Oncology]): secondary outcomes of a phase 3, randomised
controlled trial. Lancet Oncol. 2015;16(9):1037-1048.

Bear HD, Tang G, Rastogi P et al. Bevacizumab added to neoadjuvant chemotherapy for
breast cancer. N Engl J Med. 2012;366(4):310-20.

Beitsch P, Whitworth P, Baron P et al. Pertuzumab/Trastuzumab/CT Versus Trastuzumab/
CT Therapy for HER2+ Breast Cancer: Results from the Prospective Neoadjuvant Breast
Registry Symphony Trial (NBRST). Ann Surg Oncol. 2017;24(9):2539-2546.

Bernsdorf M, Balslev E, Lykkesfeldt AE et al. Value of post-operative reassessment of
estrogen receptor a expression following neoadjuvant chemotherapy with or without
gefitinib for estrogen receptor negative breast cancer. Breast Cancer Res Treat.
2011;128(1):165-70.

Bernsdorf M, Ingvar C, Jorgensen L et al. Effect of adding gefitinib to neoadjuvant
chemotherapy in estrogen receptor negative early breast cancer in a randomized phase
Il trial. Breast Cancer Res Treat. 2011;126(2):463-70.

Bianchini G, Pusztai L, Pienkowski T et al. Immune modulation of pathologic complete
response after neoadjuvant HER2-directed therapies in the NeoSphere trial. Ann Oncol.
2015;26(12):2429-36

Chang HR, Glaspy J, Allison MA et al. Differential response of triple-negative breast
cancer to a docetaxel and carboplatin-based neoadjuvant treatment. Cancer.
2010;116(18):4227-37.

Chen S, Liang Y, Feng Z et al. Efficacy and safety of HERZ2 inhibitors in combination with
or without pertuzumab for HER2-positive breast cancer: a systematic review and meta-
analysis. BMC Cancer. 2019;19(1):973.

Cheng H, Bai Y, Sikov W, Sinclair N et al. Quantitative measurements of HER2 and
phospho-HER2 expression: correlation with pathologic response to neoadjuvant
chemotherapy and trastuzumab. BMC Cancer. 2014;14(1):326.

Clavarezza M, Puntoni M, Gennari A et al. Dual Block with Lapatinib and Trastuzumab
Versus Single-Agent Trastuzumab Combined with Chemotherapy as Neoadjuvant
Treatment of HER2-Positive Breast Cancer: A Meta-analysis of Randomized Trials. Clin
Cancer Res. 2016;22(18):4594-603.

Clemons M, Stober C, Kehoe A et al. A randomized trial comparing vascular access
strategies for patients receiving chemotherapy with trastuzumab for early-stage breast
cancer. Support Care Cancer. 2020;28(10):4891-4899.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Coudert B, Pierga JY, Mouret-Reynier MA et al. Use of [(18)F]-FDG PET to predict
response to neoadjuvant trastuzumab and docetaxel in patients with HER2-positive
breast cancer, and addition of bevacizumab to neoadjuvant trastuzumab and docetaxel in
[(18)F]-FDG PET-predicted non-responders (AVATAXHER): an open-label, randomised
phase 2 trial. Lancet Oncol. 2014;15(13):1493-1502.

Criscitiello C, Azim HA Jr, Agbor-tarh D et al. Factors associated with surgical management
following neoadjuvant therapy in patients with primary HER2-positive breast cancer:
results from the NeoALTTO phase Il trial. Ann Oncol. 2013;24(8):1980-1985.

de Azambuja E, Holmes AP, Piccart-Gebhart M et al. Lapatinib with trastuzumab for
HER2-positive early breast cancer (NeoALTTO): survival outcomes of a randomised,
open-label, multicentre, phase 3 trial and their association with pathological complete
response. Lancet Oncol. 2014;15(10):1137-46.

Debik J, Euceda LR, Lundgren S et al. Assessing Treatment Response and Prognosis
by Serum and Tissue Metabolomics in Breast Cancer Patients. J Proteome Res.
2019;18(10):3649-3660.

Di Cosimo S, Porcu L, Agbor-Tarh D et al. Effect of body mass index on response to
neo-adjuvant therapy in HER2-positive breast cancer: an exploratory analysis of the
NeoALTTO trial. Breast Cancer Res. 2020;22(1):115.

Di Cosimo S, Appierto V, Pizzamiglio S et al. Early Modulation of Circulating MicroRNAs
Levels in HER2-Positive Breast Cancer Patients Treated with Trastuzumab-Based
Neoadjuvant Therapy. Int J Mol Sci. 2020;21(4):1386.

Dieci MV, Prat A, Tagliafico E et al. Integrated evaluation of PAM50 subtypes and immune
modulation of pCR in HER2-positive breast cancer patients treated with chemotherapy
and HER2-targeted agents in the CherLOB trial. Ann Oncol. 2016;27(10):1867-1873

Earl HM, Hiller L, Dunn JA et al. Efficacy of neoadjuvant bevacizumab added to
docetaxel followed by fluorouracil, epirubicin and cyclophosphamide, for women with
HER2-negative early breast cancer (ARTemis): an open-label, randomised, phase 3 trial.
Lancet Oncol. 2015;16(6):656-66.

Earl HM, Hiller L, Dunn JA et al. Disease-free and overall survival at 3.5 years for
neoadjuvant bevacizumab added to docetaxel followed by fluorouracil, epirubicin and
cyclophosphamide, for women with HER2 negative early breast cancer: ARTemis Trial.
Ann Oncol. 2017;28(8):1817-1824

Esteva FJ, Baranau YV, Baryash V et al. Efficacy and safety of CT-P6 versus reference
trastuzumab in HER2-positive early breast cancer: updated results of a randomised
phase 3 trial. Cancer Chemother Pharmacol. 2019;84(4):839-847.

Gebhart G, Gamez C, Holmes E et al. 18F-FDG PET/CT for early prediction of response
to neoadjuvant lapatinib, trastuzumab, and their combination in HER2-positive breast
cancer: results from Neo-ALTTO. J Nucl Med. 2013;54(11):1862-1868.

=
9
<
=)
<
>
L
9
=
o
P4
Q
[}
i)
o
=,
<
o
Ll
[$)
=
<
O
[
(2]
<
Ll
o
o
Ll
=
=
[%2]
)
o
N
o
L
ac
L
[®)
=
Z
L
=
<
L
o
=

w
T
'_
14
(@]
s
o
<
04
w
T
=
o
=
w
T
O
'_
z
w
>
)
2
a
<
o
w
z
T
':
=
z
o
i
Z
@
=
o
(&}
Z
[}
w
o
<
04
w
T
’_
[a)
w
=
w
(O]
g
'_



_'
X
s
=}
=
m
=z
_'
o
3
ac
m
X
2
0
o]
(2]
o
=
m
©
Py
m
>
(%2}
_'
(@)
>
zZ
(@)
m
P
>
=z
O
m
Q
o
=z
o
=
O
2
>
=
s
=
o
=z

_'
>
b3
@
m
_'
m
o
_'
T
m
)
>
L)
m
»
z
(@]
o
=
o
5
4
o
z
=
_'
T
z
m
o
>
o
[
c
<
m
z
5
(@]
I
m
<
O
3
T
m
X
>
o
m
o
Py
=
T
m

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

Gerber B, Loibl S, Eidtmann H et al. Neoadjuvant bevacizumab and anthracycline-
taxane-based chemotherapy in 678 triple-negative primary breast cancers; results from
the geparquinto study (GBG 44). Ann Oncol. 2013;24(12):2978-84.

Gianni L, Eiermann W, Semiglazov V et al. Neoadjuvant and adjuvant trastuzumab
in patients with HER2-positive locally advanced breast cancer (NOAH): follow-up of
a randomised controlled superiority trial with a parallel HER2-negative cohort. Lancet
Oncol. 2014;15(6):640-647.

Gianni L, Eiermann W, Semiglazov V et al. Neoadjuvant chemotherapy with trastuzumab
followed by adjuvanttrastuzumab versus neoadjuvantchemotherapy alone, in patients with
HER2-positive locally advanced breast cancer (the NOAH trial): a randomised controlled
superiority trial with a parallel HER2-negative cohort. Lancet. 2010;375(9712):377-84.

Guarneri V, Frassoldati A, Bottini A et al. Preoperative Chemotherapy Plus Trastuzumab,
Lapatinib, or Both in Human Epidermal Growth Factor Receptor 2—Positive Operable
Breast Cancer: Results of the Randomized Phase Il CHER-LOB Study. Journal of Clinical
Oncology. 2012;30(16):1989-1995.

Hein A, Lambrechts D, von Minckwitz G et al. Genetic variants in VEGF pathway genes in
neoadjuvant breast cancer patients receiving bevacizumab: Results from the randomized
phase Il GeparQuinto study. Int J Cancer. 2015;137(12):2981-2988.

Hicks M, Macrae ER, Abdel-Rasoul M et al. Neoadjuvant dual HER2-targeted therapy
with lapatinib and trastuzumab improves pathologic complete response in patients with
early stage HER2-positive breast cancer: a meta-analysis of randomized prospective
clinical trials. Oncologist. 2015;20(4):337-43.

Hoglander EK, Nord S, Wedge DC et al. Time series analysis of neoadjuvant
chemotherapy and bevacizumab-treated breast carcinomas reveals a systemic shift in
genomic aberrations. Genome Medicine. 2018;10(1):92.

Huober J, Fasching PA, Hanusch C et al. Neoadjuvant chemotherapy with paclitaxel
and everolimus in breast cancer patients with non-responsive tumours to epirubicin/
cyclophosphamide (EC) £ bevacizumab - results of the randomised GeparQuinto study
(GBG 44). Eur J Cancer. 2013;49(10):2284-2293.

Hurvitz SA, Caswell-Jin JL, McNamara KL et al. Pathologic and molecular responses
to neoadjuvant trastuzumab and/or lapatinib from a phase |l randomized trial in HER2-
positive breast cancer (TRIO-US B07). Nature Communications. 2020;11(1):5824.

Hurvitz SA, Martin M, Press MF et al. Potent Cell-Cycle Inhibition and Upregulation
of Immune Response with Abemaciclib and Anastrozole in neoMONARCH, Phase |l
Neoadjuvant Study in HR*/HER2 Breast Cancer. Clin Cancer Res. 2020;26(3):566-580.

Ignatiadis M, Van den Eynden G, Roberto S et al. Tumor-Infiltrating Lymphocytes in
Patients Receiving Trastuzumab/Pertuzumab-Based Chemotherapy: A TRYPHAENA
Substudy. J Natl Cancer Inst. 2019;111(1):69-77.

Kdmler I, Tuxen MK and Nielsen DL. A systematic review of dual targeting in HER2-
positive breast cancer. Cancer Treat Rev. 2014;40(2):259-70.



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Lammers PE, Dank M, Masetti R et al. Neoadjuvant PF-05280014 (a potential
trastuzumab biosimilar) versus trastuzumab for operable HER2+ breast cancer. Br J
Cancer. 2018;119(3):266-273.

LeVasseur N, Willemsma KA, Li H et al. Efficacy of Neoadjuvant Endocrine Therapy
Versus Neoadjuvant Chemotherapy in ER-positive Breast Cancer: Results From a
Prospective Institutional Database. Clin Breast Cancer. 2019;19(6):e683-e689.

Lindholm EM, Ragle Aure M, Haugen MH et al. miRNA expression changes during the
course of neoadjuvant bevacizumab and chemotherapy treatment in breast cancer. Mol
Oncol. 2019;13(10):2278-2296.

Loibl S, Jackisch C, Schneeweiss A et al. Dual HER2-blockade with pertuzumab and
trastuzumab in HER2-positive early breast cancer: a subanalysis of data from the
randomized phase Il GeparSepto trial. Ann Oncol. 2017;28(3):497-504.

Masuda N, Toi M, Yamamoto N et al. Efficacy and safety of trastuzumab, lapatinib,
and paclitaxel neoadjuvant treatment with or without prolonged exposure to anti-
HER2 therapy, and with or without hormone therapy for HER2-positive primary breast
cancer: a randomised, five-arm, multicentre, open-label phase |l trial. Breast Cancer.
2018;25(4):407-415.

Mortimer J, Jung J, Yuan Y et al. Skin/nail infections with the addition of pertuzumab to
trastuzumab-based chemotherapy. Breast Cancer Res Treat. 2014;148(3):563-70.

Nahleh ZA, Barlow WE, Hayes DF et al. SWOG S0800 (NCI CDRO0000636131):
addition of bevacizumab to neoadjuvant nab-paclitaxel with dose-dense doxorubicin and
cyclophosphamide improves pathologic complete response (pCR) rates in inflammatory
or locally advanced breast cancer. Breast Cancer Res Treat. 2016;158(3):485-495.

Nitz UA, Gluz O, Christgen M et al. De-escalation strategies in HER2-positive early
breast cancer (EBC):final analysis of the WSG-ADAPT HER2+/HR- phase |l trial:
efficacy, safety, and predictive markers for 12weeks of neoadjuvant dual blockade with
trastuzumab and pertuzumab + weekly paclitaxel. Ann Oncol. 2017;28(11):2768-2772.

Nome ME, Euceda LR, Jabeen S et al. Serum levels of inflammation-related markers
and metabolites predict response to neoadjuvant chemotherapy with and without
bevacizumab in breast cancers. Int J Cancer. 2020;146(1):223-235.

Patel TA, Ensor JE, Creamer SL et al. A randomized, controlled phase |l trial of
neoadjuvant ado-trastuzumab emtansine, lapatinib, and nab-paclitaxel versus
trastuzumab, pertuzumab, and paclitaxel in HER2-positive breast cancer (TEAL study).
Breast Cancer Res. 2019;21(1):100.

Pathak M, Dwivedi SN, Deo SS et al. Neoadjuvant chemotherapy regimens in treatment
of breast cancer: a systematic review and network meta-analysis protocol. Syst Rev 7.
2018;89. Available at: https://doi.org/10.1186/s13643-018-0754-1.

Pathak M, Dwivedi SN, Deo SVS et al. Effectiveness of Added Targeted Therapies to
Neoadjuvant Chemotherapy for Breast Cancer: A Systematic Review and Meta-analysis.
Clin Breast Cancer. 2019;19(6):e690-e700.

=
9
<
=)
<
=
L
Q
=
o
=
o
O
i)
o
=,
<
o
Ll
O
=
<
O
[
(2]
<
Ll
o
o
Ll
=
=
[%2]
o
&
N
o
L
ac
L
(e}
=
=
L
=
<
L
o
=

w
T
[=
14
(@]
LIS
o
<
02
w
T
=
o
=
w
T
O
=
z
w
>
=)
2
[a)
<
o
|
z
T
=
=
z
o
E
z
om
=
o
()
z
(%)
w
o
<
04
w
T
[=
[a)
|
[=
Ll
(O]
g
'_



_'
X
s
=}
=
m
=z
_'
o
3
ac
m
X
2
0
o]
(2]
o
=
m
©
Py
m
>
(%2}
_'
(@)
>
zZ
(@)
m
P
>
=z
O
m
Q
o
=z
o
=
O
2
>
=
s
=
o
=z

_'
>
b3
@
m
_'
m
o
_'
T
m
)
>
L)
m
»
z
(@]
o
=
o
5
4
o
z
=
_'
T
z
m
o
>
o
[
c
<
m
z
5
(@]
I
m
<
O
3
T
m
X
>
o
m
o
Py
=
T
m

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Pivot X, Bondarenko I, Nowecki Z et al. Phase lll, Randomized, Double-Blind Study
Comparing the Efficacy, Safety, and Immunogenicity of SB3 (Trastuzumab Biosimilar)
and Reference Trastuzumab in Patients Treated With Neoadjuvant Therapy for Human
Epidermal Growth Factor Receptor 2-Positive Early Breast Cancer. J Clin Oncol.
2018;36(10):968-974.

Riethdorf S, Mdller V, Zhang L et al. Detection and HER2 expression of circulating
tumor cells: prospective monitoring in breast cancer patients treated in the neoadjuvant
GeparQuattro trial. Clin Cancer Res. 2010;16(9):2634-2645.

Rimawi MF, Aleixo SB, Rozas AA et al. A neoadjuvant, randomized, open-label phase
I trial of afatinib versus trastuzumab versus lapatinib in patients with locally advanced
HER2-positive breast cancer. Clin Breast Cancer. 2015;15(2):101-109.

Salgado R, Denkert C, Campbell C et al. Tumor-Infiltrating Lymphocytes and Associations
With Pathological Complete Response and Event-Free Survival in HER2-Positive Early-
Stage Breast Cancer Treated With Lapatinib and Trastuzumab: A Secondary Analysis of
the NeoALTTO Trial. JAMA Oncol. 2015;1(4):448-54.

Saracchini S, Foltran L, Tuccia F et al. Phase Il study of liposome-encapsulated
doxorubicin plus cyclophosphamide, followed by sequential trastuzumab plus docetaxel
as primary systemic therapy for breast cancer patients with HER2 overexpression or
amplification. Breast. 2013;22(6):1101-1107.

Schneeweiss A, Chia S, Hickish T et al. Pertuzumab plus trastuzumab in combination with
standard neoadjuvant anthracycline-containing and anthracycline-free chemotherapy
regimens in patients with HER2-positive early breast cancer: a randomized phase I
cardiac safety study (TRYPHAENA). Ann Oncol. 2013;24(9):2278-8224.

Schneeweiss A, Chia S, Hickish T et al. Pertuzumab plus trastuzumab in combination with
standard neoadjuvant anthracycline-containing and anthracycline-free chemotherapy
regimens in patients with HER2-positive early breast cancer: a randomized phase Il
cardiac safety study (TRYPHAENA). Ann Oncol. 2013;24(9):2278-2284.

Semiglazov V, Eiermann W, Zambetti M et al. Surgery following neoadjuvant therapy in
patients with HER2-positive locally advanced or inflammatory breast cancer participating
in the NeOAdjuvant Herceptin (NOAH) study. Eur J Surg Oncol. 2011;37(10):856-63.

Silwal-Pandit L, Nord S, von der Lippe Gythfeldt H et al. The Longitudinal Transcriptional
Response to Neoadjuvant Chemotherapy with and without Bevacizumab in Breast
Cancer. Clin Cancer Res. 2017;23(16):4662-4670.

Steger GG, Greil R, Lang A et al. Epirubicin and docetaxel with or without capecitabine
as neoadjuvant treatment for early breast cancer: final results of a randomized phase Il
study (ABCSG-24). Ann Oncol. 2014;25(2):366-371.



59.

60.

61.

62.

63.

64.

65.

66.

67.

Swain SM, Tang G, Lucas PC et al. Pathologic complete response and outcomes by
intrinsic subtypes in NSABP B-41, a randomized neoadjuvant trial of chemotherapy with
trastuzumab, lapatinib, or the combination. Breast Cancer Res Treat. 2019;178(2):389-
399.

Untch M, Jackisch C, Schneeweiss A et al. Nab-paclitaxel versus solvent-based
paclitaxel in neoadjuvant chemotherapy for early breast cancer (GeparSepto-GBG 69):
a randomised, phase 3 trial. Lancet Oncol. 2016;17(3):345-356.

Untch M, Rezai M, Loibl S, Fasching PA et al. Neoadjuvant treatment with trastuzumab
in HER2-positive breast cancer: results from the GeparQuattro study. J Clin Oncol.
2010;28(12):2024-2031.

Valachis A, Mauri D, Polyzos NP et al. Trastuzumab combined to neoadjuvant
chemotherapy in patients with HER2-positive breast cancer: a systematic review and
meta-analysis. Breast. 2011;20(6):485-490.

von Minckwitz G, Loibl S, Untch M, et al. Survival after neoadjuvant chemotherapy with
or without bevacizumab or everolimus for HER2-negative primary breast cancer (GBG
44-GeparQuinto)t. Ann Oncol. 2014;25(12):2363-2372.

von Minckwitz G, Huang CS, Mano MS et al. Trastuzumab Emtansine for Residual
Invasive HER2-Positive Breast Cancer. N Engl J Med. 2019;380(7):617-628

von Minckwitz G, Eidtmann H, Rezai M et al. Neoadjuvant chemotherapy and bevacizumab
for HER2-negative breast cancer. N Engl J Med. 2012 Jan;366(4):299-309.

von Minckwitz G, Rezai M, Fasching PA et al. Survival after adding capecitabine and
trastuzumab to neoadjuvant anthracycline-taxane-based chemotherapy for primary
breast cancer (GBG 40--GeparQuattro). Ann Oncol. 2014;25(1):81-89.

van Ramshorst MS, van der VoortA, van Werkhoven ED et al. Neoadjuvant chemotherapy
with or without anthracyclines in the presence of dual HER2 blockade for HER2-positive
breast cancer (TRAIN-2): a multicentre, open-label, randomised, phase 3 trial. Lancet
Oncol. 2018;19(12):1630-1640.

=
9
<
=)
<
>
L
9
=
o
P4
Q
[}
i)
o
=,
<
o
Ll
[$)
=
<
O
[
(2]
<
Ll
o
o
Ll
=
=
[%2]
)
o
N
o
L
ac
L
[®)
=
Z
L
=
<
L
o
=

w
T
'_
14
(@]
s
o
<
04
w
T
=
o
=
w
T
O
'_
z
w
>
)
2
a
<
o
w
z
T
':
=
z
o
i
Z
@
=
o
(&}
Z
[}
w
o
<
04
w
T
’_
[a)
w
=
w
(O]
g
'_



ST

K

RE )

BER g Ty 59~

KEMENTERIAN KESIHATAN MALAYSIA

Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division
Ministry of Health Malaysia

Level 4, Block E1, Complex E, Precint 1,
Federal Government Administrative Centre
62590, Putrajaya, Malaysia

Tel: 03-88831229

e ISBN 978-967-2887-42-3

9789672887423




