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Abstract: Breast cancer is the most clinically relevant pathology of the mammary gland and
is currently the most diagnosed malignant disease among women worldwide. In breast
cancer prevention, it is important to consider that the risk of developing the disease is
not the same for the entire population. This pathology presents heterogeneous clinical
manifestations and the most common classification is related to the following hormonal
receptors: estrogen receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2), and triple-negative (TNBC). Currently, a new class of therapy is
being used for cancer treatment: anti-body-drug conjugates. A bibliographic search was
performed by establishing keywords and then combining them using Boolean operators OR
and AND. Thus, the search equation was formulated according to the PICO search question
to be used in the PubMed database. Results: Fifteen studies that met the established
inclusion criteria were analyzed, and their methodological quality was assessed using the
Joanna Briggs Institute approach, demonstrating high reliability in the results obtained,
the analyzed studies focus on the combination of adjuvant Pertuzumab + Trastuzumab
with chemotherapy for the treatment of HER2-positive breast cancer. Scientific evidence
suggests that the combination of pertuzumab and trastuzumab not only improves the
survival of patients with HER2-positive breast cancer but also provides a safe and flexible
treatment option.

Keywords: breast cancer; human epidermal growth factor receptor 2 (HER?2); trastuzumab;
pertuzumab

1. Introduction

Breast cancer (BC) is the most clinically relevant pathology of the mammary gland.
It has become the most commonly diagnosed malignancy in women worldwide and is
the leading cause of cancer death in women aged 20-59 years according to the latest
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GLOBOCAN data. However, it is rare in men, accounting for 1% of cancer diagnoses. BC
(Breast Cancer) is a disease with heterogeneous clinical manifestations and is classified
into numerous subtypes that have evolved over the years [1,2]. The most common and
widely accepted classification is based on an immunohistochemical perspective related to
the following hormone receptors: estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor (HER2). It is also considered an important marker in the
presence and recurrence of tumors and triple-negative (TNBC) [3]. The following subtypes
of breast cancer are identified: Luminal A, Luminal B, HER?2 positive, and triple negative.

Breast cancer staging is used to classify patients into risk categories that determine
prognosis and treatment recommendations. It is based on physical examination and
imaging studies, as well as pathological examination of the primary tumor and lymph
nodes. The most commonly used TNM staging system is that of the American Joint
Committee on Cancer, which divides patients into four groups according to the size of the
primary tumor (T), regional lymph node status (N), and the presence of distant metastases
(M) [4]. Stage 0 includes non-invasive BC and ductal carcinoma in situ. Stages I, Ila, and IIb
represent early invasive BC. Stages Illa, IIIb, and Illc include locally advanced BC, while
stage IV includes all metastatic BC. Stage II breast cancer is divided into stages Ila and
IIb based on the size of the tumor and the involvement of lymph nodes. Stage Ila refers
to tumors that are either smaller than 2 cm but have spread to 1-3 axillary lymph nodes
or are 2-5 cm in size without lymph node involvement. In contrast, stage IIb describes
tumors that are 2-5 cm in size with 1-3 lymph nodes affected or larger than 5 cm without
nodal involvement. Stage III breast cancer, categorized into Illa, IIIb, and IIlc, reflects more
advanced disease. Stage Illa involves extensive lymph node involvement (4-9 axillary
nodes or internal mammary nodes) regardless of tumor size, while stage IIIb includes
tumors of any size that have invaded the chest wall or skin. Stage Illc is defined by the
involvement of 10 or more axillary lymph nodes, infraclavicular or supraclavicular nodes,
or both, regardless of tumor size or invasion of nearby structures [4,5].

Breast cancer has become the most commonly diagnosed cancer worldwide, surpass-
ing lung and prostate cancers. Developed countries have the highest incidence of breast
cancer, although this may be due to better detection of this pathology. The mortality
rate varies widely among regions, being higher in low socioeconomic areas due to fewer
resources to detect the disease and difficulty in accessing adequate treatment [6].

In women’s health screening, it is important to identify risk factors associated with
a higher incidence of breast cancer. There are non-modifiable risk factors and modifiable
risk factors. Non-modifiable risk factors are age, gender, histologic risk factors, genetic
risk factors and family history, exogenous hormones, and reproductive risk factors. The
modifiable risk factors are physical activity and diet, obesity, alcohol consumption, and
smoking [4,7,8].

Treatments for BC have been extensively developed over the past few decades, and
thanks to improved therapeutic approaches, most patients with early-stage breast cancer
are curable. Although survival has improved for patients with advanced BC, it is still
incurable. A new class of targeted cancer therapy is currently being used: antibody—-drug
conjugates (ADCs), which consist of a monoclonal antibody conjugated to a cytotoxic agent
via a chemical linker. This unique structure develops specific cytotoxicity against tumor
cells [2].

The standard first-line treatment for HER2-positive breast cancer has historically
been trastuzumab in combination with chemotherapy. However, recent research suggests
that the combination of pertuzumab and trastuzumab in the adjuvant setting may offer
significant benefits in terms of survival and response to treatment. This study is justified by
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the need to determine the feasibility and efficacy of combination therapy with pertuzumab
and trastuzmab in critically ill patients.

It is critical to evaluate the advisability and safety of this therapeutic combination in
the ICU setting, where patients may have increased frailty and associated complications.
In addition, it is important to analyze the potential side effects and their management in
the ICU setting to ensure that the implementation of this combination therapy does not
compromise patient stability. Improving disease-free survival with combination therapy
in HER2+ breast cancer: This illustrative schematic shows the difference between a breast
cancer cell in the healthy state and one in the diseased (HER2+) state. In the healthy state,
HER?2 receptors on the cell surface send signals that regulate cell growth and division. In
the diseased state, an excess of HER2 receptors sends more signals than normal, leading
to uncontrolled cell growth. Combination therapy with trastuzumab, docetaxel, and per-
tuzumab targets these HER2 receptors and improves disease-free survival in patients with
HER2+ breast cancer. Trastuzumab and pertuzumab are monoclonal antibodies that target
the HER? receptor at different sites. Trastuzumab blocks cell proliferation by inhibiting re-
ceptor dimerization, while pertuzumab prevents growth signaling by binding to a different
HER? epitope. Docetaxel is an antimitotic agent that inhibits microtubule depolymerization
by specifically binding to tubulin subunits, thereby stabilizing microtubule assembly and
disrupting cell division (Figure 1). Given the diverse clinical scenarios in HER2-positive
breast cancer, including neoadjuvant, adjuvant, and metastatic settings, this review aims
to systematically evaluate the efficacy and safety of combining pertuzumab, trastuzumab,
and docetaxel. To address the heterogeneity of patient populations and study designs,
we categorized the evidence based on treatment intent, end points, and toxicity profiles.
This approach seeks to provide a comprehensive yet structured analysis, facilitating the
translation of findings into clinical practice.

Improved disease-free survival

Healthy condition with combination therapy in

Normal Breast cancer cell

HER2+ breast cancer

Her2 receptors send signals and Telling
cells to grow and divide

Diseased condition

Abnormal HER2+ Breast cancer cell

Too many HER2 receptors send signals,
causing cells to grow too quickly

Trastuzumab

+
Docetaxel

b4

o
0 NH O Z

OH

+
Pertuzumab

o™

HO

Figure 1. Improved disease-free survival with combination therapy in HER2+ breast cancer: This
illustrative schematic shows the difference between a healthy and a diseased (HER2+) breast cancer
cell. In the healthy state, HER2 receptors on the cell surface send signals that regulate cell growth and



Int. J. Mol. Sci. 2025, 26, 1908

40f13

division. In the diseased state, an excess of HER2 receptors sends more signals than normal, leading
to uncontrolled cell growth. Combination therapy with trastuzumab, docetaxel, and pertuzumab
targets these HER2 receptors and improves disease-free survival in patients with HER2+ breast
cancer. Trastuzumab and pertuzumab are monoclonal antibodies that target the HER2 receptor
at different sites. Trastuzumab blocks cell proliferation by inhibiting receptor dimerization, while
pertuzumab prevents growth signals by binding to a different HER2 epitope. Docetaxel prevents the
polymerization of microtubules necessary for tumor cell mitosis, thereby interrupting cell division
and promoting cell death.

2. Methods

This work is a systematic review conducted in accordance with the criteria set out in
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [9]
guidelines which was registered in the records of the Open Science Framework (https:
/ /osf.io/ gsyme; accessed 23 December 2024). The PRISMA 2020 checklist (Supplementary
Data S1) was also applied. The main idea is to know the use of the biopharmaceutical
trastuzumab in combination with pertuzumab in the treatment of breast cancer, as well as
its adverse effects. The search was conducted in the Cochrane and PubMed databases to
ensure a broad and rigorous coverage of the available scientific literature. The equation was
formed by combining the previously established descriptors using the Boolean operators
“AND” and “OR” and is as follows (HUMAN EPIDERMAL GROWTH FACTOR) OR
(HER2)) AND (BREAST CANCER OR BREAST CARCINOMA OR BREAST NEOPLASIA)
AND PERTUZUMAB AND TRASTUZUMAB AND CHEMOTHERAPY.

To conduct this literature search, it is necessary to formulate the research question fol-
lowing the steps of the PICO format (Table 1). The question is as follows: “In patients with
HER2-positive breast cancer, is the combined treatment of pertuzumab and trastuzumab
more effective than trastuzumab and conventional chemotherapy in improving progression-
free survival and pathologic complete response in controlled clinical trials?

Table 1. PICOS research question.

Patient (P) HER2-positive breast cancer patients.

Comparison of the binding of two drugs to HER2+ breast

Intervention (I .
(D cancer progression.

Pertuzumab combined with trastuzumab versus trastuzumab

Comparison (C) with conventional chemotherapy.

Efficacy of combination therapy and improvement in
Outcome (O) progression-free survival and pathologic complete
response rate.

2.1. Inclusion and Exclusion Criteria
2.1.1. Inclusion Criteria

- Published studies with full text: only studies that are available in their entirety will be
considered to ensure a comprehensive and accurate analysis.

- Human studies: the search will focus exclusively on studies with human patients to
ensure the clinical relevance of the results.

- Published within the last 10 years: to ensure that the data are current and reflect the
most recent advances in the treatment of HER2-positive breast cancer.

- Published in English: English language studies will be selected to ensure accessibility
and consistency in the literature review.


https://osf.io/gsyme
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2.1.2. Exclusion Criteria

- Animal studies: studies using animal models will be excluded as the results may not
be directly applicable to humans.

- Studies without scientific evidence: studies that do not present data based on sound
scientific evidence or that do not meet adequate methodological standards will be
discarded.

The initial search yielded a total of 1236 articles. The flowchart in Figure 2 describes
the screening and selection process.

Identification of studies via databases and registers

~
_5 Records identified from:
o Registers in Medline (n=1236) o| Records removed before screening:
£ Registers in Cochrane Duplicate records removed (n=1236)
£ (n=1255) Reports excluded due to being out of
° Total registers (n=2461) date (2017-2024) (n=11)
—/
A4
-
Records excluded based on title
Records screened (n=1173) and/or abstract (n=294)
B
=
g y
8 Full-text articles assessed for
eligibility (n=126) Reports excluded:
e Trialsnotcompleted (n=111).
e/
{ ™ A
® . o
S Studies included in review
g (n=15)
\ J

Figure 2. PRISMA flowchart of the study selection process.

3. Results and Discussion

After a first reading of the title and results, the selection was reduced to 1173 articles, of
which 40 were excluded after a complete reading of each and after verifying that they were
not the objective of this work. Applying the inclusion and exclusion criteria, 126 articles
were selected, and after the number of records excluded due to incompatibility with the
purpose of the study, 15 articles were included. These studies were graded according to the
corresponding checklist of the Joanna Briggs Institute (JBI) [10] and all of them were scored
as 100%. Table 2 shows the main characteristics of each study.
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Table 2. The main characteristics of each study were analyzed.
Ref.  Year n Objective Intervention Main Outcomes Most Common AE
Compare the efficacy and ~ Pertuzumab + )
safety of Pertuzumab +  Trastuzumab + Improved median Neutropenia
[11] 2020 808  Trastuzumab + Docetaxel Docetaxel vs. overall survival (57.1 C9ngestlve heart
vs. Placebo + Placebo + Trastuzumab  months vs. 40.8 months) failure
Trastuzumab + Docetaxel + Docetaxel
e  Fatigue
Evaluate treatment Trastuzumab + Median progression-free *  Diarrhea
[12] 2017 266 patterns and outcomes in Pertuzumab + Taxane survival’p16g9 months . Nagsea
real-world settings T e Peripheral
neuropathy
Assess the benefits of e  Varied across
[13] 2023 2836  dual HER? therapy over gﬁﬂiﬁgﬁﬁﬁgﬁy vS: Ir;ctfgzeo};f;‘péitsee studies
single HER2 therapy & Py P & P
Trastuzumab
;r;ttir;irrlneag s Higher complete )
[14] 2018 444 Compare neoadjuvant Docetaxel + ) pathologic response with ~ ® Ngutropema
regimens for HER2+ BC . chemotherapy e  Diarrhea
Carboplatin + o
combination
Trastuzumab +
Pertuzumab
Eggﬁat; t?te 1Zmr};a(§ ?f Efrtrz;nrfbbi Median progression-free Diarrhga
[15] 2018 258 ~ Adcms eruzumablo astuzuman survival: 18.89 vs. 15.80 Alopecia
Trastuzumab + Aromatase Inhibitor vs. months Nausea
Aromatase Inhibitor Trastuzumab alone
Compare Trastuzumab  Trastuzumab PFS: 29.1 months vs. 7.2 Pneumonitis,
[le] 2023 524 deruxtecan vs. deruxtecan vs. Pneumonia
months
Trastuzumab emtasine Trastuzumab emtasine
Evaluate Pertuzumab in L c tu7umab + Median PFS: 16.5 vs. 12.5 ouopenia
[17] 2023 243 ‘clinli;ifla’:i}orl:1 t}llleraa Trastuzumab + mgnt;s s Apemla
Py Docetaxel vs. Placebo Diarrhea
Compare Trastuzumab  Trastuzumab ° LO(‘;VSF al(;lpec'ia
emtansine & emtansine =+ S and diarrhea in
[18] 2017 1095 Pertuzumab vs. Pertuzumab vs. No superiority in PFS the emtansine
Trastuzumab + Taxane  Trastuzumab + Taxane arm
EV?}l\Lel?;e acxliililt‘;lant Pertuzumab + Improved adjuvant Diathea
(1] 2021 558 Pertufli]mab + Trastuzumab + tregtment ou]ccomes Febrile i
Chemotherapy neutropenia
Trastuzumab
Atezolizumab + e  TFebrile
Assess neoadjuvant Docetaxel + Pathologic complete neutropenia
[20] 2022 67 . o p
therapy efficacy Trastuzumab + response: 61% e Encephalitis
Pertuzumab
Compare Pertuzumab vs Pertuzumab + Higher pathologic ]
[21] 2020 329 lgcebo in early BC " Trastuzumab + response in the e  Neutropenia
P y Docetaxel vs. Placebo Pertuzumab group
Assess the safety and e Neutropenia
[22] 2021 1436 tolerability of Pertuzumab + Median PFS: 20.7 months ¢  Diarrhea

combination therapy

Trastuzumab + Taxane
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Table 2. Cont.
Ref.  Year n Objective Intervention Main Outcomes Most Common AE
. Pertuzumab +
Evaluate disease-free Trastuzumab + Improved 3-year ;
[23] 2017 4085  survivalin an adjuvant np year e  Diarrhea
. Chemotherapy vs. disease-free survival
setting
Placebo
Assess the safety of ;:;;iﬁgﬁzzgi e Neutropenia
[24] 2021 276 subcutaneous Pertuzumab + Median PFS: 18.7 months 4 Hypertension
Trastuzumab
Docetaxel
Analyze the real-world Various combinations * Varia.ble, ;
[25] 2022 268 efficacy of Pertuzumab . . Median OS: 19.1 months consistent with
combinations including Pertuzumab CLEOPATRA

In the treatment of HER2-positive breast cancer, recent research has demonstrated the
efficacy of therapeutic combinations including pertuzumab and trastuzumab in various
clinical settings, as well as a favorable safety profile in various populations. The phase
III KRISTINE trial compared neoadjuvant treatment with trastuzumab emtasine and per-
tuzumab with a combination of docetaxel, carboplatin, trastuzumab, and pertuzumab. The
results showed a complete pathologic response rate of 44.4% in the first group and 55.7%
in the second, with adverse events including plateletopenia and fatigue in the em-tasine
group and neutropenia and diarrhea in the trastuzumab and pertuzumab chemo-therapy
group, with these effects being more frequent in the latter group [14].

In the PERTAIN trial, patients with HER2-positive, hormone-receptor-positive
metastatic breast cancer treated with pertuzumab, trastuzumab, and an aromatase inhibitor
showed a median progression-free survival of 18.89 months compared to 15.80 months
with trastuzumab alone. The combination therapy demonstrated a safety profile consistent
with previous studies, with the most common adverse events being diarrhea, alopecia, and
nausea, while left ventricular ejection fraction remained stable in most patients [15].

The DESTINY-Breast03 trial demonstrated that trastuzumab deruxtecan achieved a
median progression-free survival of 29.1 months, outperforming trastuzumab emtasine at
7.2 months. In addition, trastuzumab deruxtecan showed a significant benefit in overall
survival, although adverse events such as pneumonitis and pneumonia necessitated the
discontinuation of treatment in some cases [16].

The PUFFIN study, conducted in Chinese patients with HER2-positive breast cancer,
reported a median progression-free survival of 16.5 months with Pertuzumab compared
to 12.5 months in the placebo group. Safety and efficacy results were consistent with the
CLEOPATRA study, with leukopenia being the most common adverse event [17]. On the
other hand, the MARIANNE trial evaluated trastuzumab emtasine, both as monotherapy
and in combination with pertuzumab, versus trastuzumab plus taxane in patients with
HER2-positive advanced breast cancer. The results showed that trastuzumab emtasine and
its combination with pertuzumab were not superior to trastuzumab and taxane in terms of
progression-free survival, although they had a lower incidence of serious adverse events
such as alopecia and diarrhea compared to the control treatment [18].

The Chinese subgroup of the APHINITY trial evaluated the adjuvant use of per-
tuzumab in combination with trastuzumab and standard chemotherapy and demonstrated
greater efficacy and a safety profile consistent with the overall population. The most
common adverse events were diarrhea and febrile neutropenia, and no serious cardiac
events were observed in this group [19]. In the Neo-PATH trial, which evaluated the
combination of atezolizumab, docetaxel, trastuzumab, and pertuzumab in patients with
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stage II or IIl HER2-positive breast cancer, a pathologic complete response rate of 61% was
achieved, with a higher response rate in hormone receptor-negative (77%) compared to
hormone receptor-positive (44%) patients. The most common adverse events were febrile
neutropenia and encephalitis [20].

The PEONY study reported a pathologic complete response rate of 39.3% in the per-
tuzumab group versus 21.8% in the placebo group, showing a significant improvement
with treatment. Adverse events such as neutropenia were more common in the pertuzumab
group [21]. In addition, the PERUSE trial, which included patients with HER2-positive,
hormone-receptor-positive breast cancer, showed a median progression-free survival of
20.7 months and overall survival of more than five years in this group, supporting the safety
and efficacy of the combination of pertuzumab, trastuzumab, and a tax-ane, consistent with
the results of the CLEOPATRA trial [22].

In a prospective multinational trial evaluating the combination of pertuzumab and
trastuzumab with adjuvant chemotherapy, an improvement in 3-year disease-free survival
was observed in patients with HER2-positive breast cancer, especially in those with positive
nodes, although no significant differences were found in node-negative patients. Diarrhea
was the most common adverse event in the pertuzumab group [23]. Finally, the MetaPHER
trial confirmed the efficacy of subcutaneous trastuzumab in combination with pertuzumab
and docetaxel in patients with HER2-positive breast cancer, with a progres-sion-free sur-
vival of 18.7 months and adverse events such as neutropenia and hypertension, suggesting
greater flexibility in patient management [24].

Taken together, these studies support the use of pertuzumab and trastuzumab in
combination to improve progression-free survival and overall survival in patients with
HER2-positive breast cancer, while maintaining a favorable safety profile compared to
standard of care. The following is a summary of the major clinical trials that evaluated com-
bination therapies in patients with HER2-positive breast cancer, highlighting the efficacy
and most common adverse events associated with the therapies. The table summarizes key
data from each trial, including progression-free survival, pathologic complete response,
overall survival, and the most common adverse events observed in the different treatment
groups. These studies provide evidence on the efficacy of various therapeutic combinations,
such as trastuzumab, pertuzumab, and trastuzumab deruxtecan, compared to standard
of care and placebo, and help guide clinical decisions in the treatment of HER2-positive
breast cancer. The results are presented in separate sections for neoadjuvant, adjuvant, and
metastatic settings to ensure a clear understanding of the efficacy and safety of pertuzumab-
based regimens within each clinical context (Table 3).

The heterogeneity in study populations and endpoints posed challenges for direct com-
parisons. However, by stratifying the evidence and focusing on consistent measures such as
progression-free survival and toxicity profiles, we provide a comprehensive synthesis that
informs clinical decision-making. HER2-positive breast cancer (HER2+ BC) has become
one of the leading causes of morbidity and mortality in women worldwide, particularly
those between the ages of 20 and 59. This form of cancer represents a clinically relevant
subtype of breast pathology characterized by overexpression of the HER2 receptor and its
involvement in tumor aggressiveness. Historically, the first-line treatment for HER2+ BC
has been chemotherapy; however, the development of targeted therapies has significantly
changed the treatment approach in recent years, allowing the integration of drugs such
as trastuzumab and pertuzumab with chemotherapeutic agents such as docetaxel. This
systematic review is based on a comprehensive analysis of recent studies and examines
the benefits and potential adverse effects of this therapeutic combination compared with
conventional options.
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Table 3. Summary of clinical trials evaluating the combination of pertuzumab, trastuzumab, and

other therapies in HER2-positive breast cancer.

Study Clinical Context Treatment PFS (Months) PCR (%) OS (Months) Common AE
Trastuzumab
HER2-positive emtasina + 44..4 %o Th.rombocytopejma,.
breast cancer Pertuzumab vs. (emtasine) vs. fatigue (emtansine);
KRISTINE . ! Docetaxel + - 55.7% - neutropenia,
neoadjuvant . .
. carboplatin + (chemother- diarrhea
setting
Trastuzumab + apy) (chemotherapy
Pertuzumab
Pertuzumab +
HER2-positive trastuzumab + 18.89 (com- . .
. N Diarrhea, alopecia,
metastatic breast aromatase bination) vs.
PERTAIN C s - - nausea; stable
cancer, hormone inhibitor vs. 15.80 .. .
. ejection fraction
receptor-positive. trastuzumab (Trastuzumab)
alone
Pneumonitis,
Trastuzumab 29.1 - .
Advanced Significant neu-monia
DESTINY- oy deruxtecan vs.  (derux-tecan) .
HER2-positive - improvement (treatment
Breast03 Trastuzumab vs. 7.2 . . .
breast cancer . . in deruxtecan  interrupted in some
emtasine (emtasine)
cases)
HER2-positive Pertuzumab vs. ( ertiiimab)
PUFFIN breast cancer, : p - - Leukopenia
. ) placebo vs. 12.5
Chinese patients
(placebo)
Trastuzumab .
emtasine (alone  Not superior Less alopecia and
HER2-positive or with t(f) diarrhea in emtasin
MARIANNE advanced breast - - than in
Pertuzumab) vs.  Trastuzumab
cancer Trastuzumab +
Trastuzumab + + taxane
taxane.
taxane
HER2-positive Pertuzumab + Diarrhea, febrile
APHINITY p Trastuzumab + neutropenia; no
. breast cancer, - - - . .
(China) . standard serious cardiac
adjuvant use
chemotherapy events
HER2-positive Atezolizumab + 61% (overa.ll); ‘ .
Docetaxel + 77% (negative Febrile neutropenia,
Neo-PATH breast cancer - - o
stages TI-TIT Trastuzumab + HR) vs. 44% encephalitis
& Pertuzumab (positive HR)
39.3% Neutropenia
PEONY HER2-positive Pertuzumab vs. ) (Per-tuzuronab) ) (frequent in the
breast cancer placebo vs. 21.8% Pertuzumab group)
(placebo) sroup
HEREPOOe Bt Conitn iy
PERUSE receptor-positive Trastuzumab + 20.7 - >60 months CLEOPATRA-
taxane .
breast cancer aligned results
Adiuvant HER2-positive Pertuzumab + Diarrhea (frequent
) breast cancer, Trastuzumab + - - - in the Pertuzumab
assay .
adjuvant use chemotherapy group)
Subcutaneous
MetaPHER HER2-positive Trastuzumab + 18.7 ) ) Neutroper.ua,
breast cancer Pertuzumab + hypertension

Docetaxel

PES: progression-free survival; PCR: pathologic complete response; OS: overall survival.
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In the 2020 CLEOPATRA study, a randomized phase III trial, Swain et al. investigated
the combination of pertuzumab, Trastuzumab, and Docetaxel compared to a treatment
without pertuzumab. The findings showed a significant improvement in progression-free
survival and overall survival in the group treated with the triple combination [11].

These results are consistent with those reported by Nicholas J. Rober et al. [12], who ap-
proved the use of pertuzumab in combination with Trastuzumab and Docetaxel in patients
without prior chemotherapy, observing a median progression-free survival of 16.9 months.
In addition, the study by Vazquez et al. [13] compared Paclitaxel dual therapy with dual
therapy versus Paclitaxel plus Trastuzumab, again finding a significant improvement in
survival and clinical tumor response.

The KRISTINE trial by Hurvitz et al. [14], which included pertuzumab, trastuzumab,
and docetaxel along with carboplatin, also demonstrated an increase in pathologic response.
In a more recent study, DESTINY-Breast03, the same author demonstrated that trastuzumab
deruxtecan showed a progression-free survival of 29.1 months compared to 7.2 months
achieved with trastuzumab emtasine [16]. For its part, the PERTAIN study by Mothaffar
Rimawi et al. [16] reaffirmed the safety of the dual therapy and reported a median survival
of 18.89 months in the pertuzumab group versus 15.80 months in the group treated with
trastuzumab alone. The PUFFIN trial conducted in China by Binghe Xu et al. [17] showed
results consistent with the CLEOPATRA trial in terms of the efficacy of triple therapy,
consolidating the benefit of pertuzumab in combination with trastuzumab and docetaxel in
terms of risk-benefit.

Additional studies, such as MARIANNE [18] by Edith Perez et al. which included
a taxane, and PEONY by Zhimin Shao et al. [21] support these findings, highlighting
an improvement in complete pathologic response in the group treated with pertuzumab,
trastuzumab, and docetaxel. Similarly, the subset of the APHINITY trial conducted by
Zhimin Shao et al. [19,20] highlighted the efficacy of adding pertuzumab as adjuvant
therapy after surgery in patients with HER2+ early CM [19]. In smaller studies, such as the
phase Il study by Ahn et al. [20], the combination of pertuzumab, trastuzumab, docetaxel,
and atezolizumab reported a pathologic complete response rate of 61%.

At the safety level, adverse effects (AEs) associated with pertuzumab in combination
with trastuzumab and chemotherapy include symptoms such as diarrhea, fatigue, nausea,
and peripheral neutropenia, as observed in the study by Nicholas J. Rober et al. [12]. Recent
studies such as PUFFIN (2022) and PERTAIN (2018) also identified diarrhea, alopecia, and
leukopenia as the most common adverse events [15,17]. Regarding cardiac function, several
studies, including MetaPHER by Kuemmel et al. [23] and the study by Minckwitz et al. [24],
reported a stable left ventricular ejection fraction (LVEF), albeit with a higher incidence of
diarrhea and other AEs in the pertuzumab group.

Other studies include the PERUSE trial by Millas et al. [22], which confirmed the
safety and tolerability of combination therapy, and the retrospective study by Young Pio
Lee et al. [25], which reported an overall response rate of 86.8% in patients with previously
un-treated metastatic disease. Subcutaneous administration of trastuzumab, as evaluated
by Kuemmel et al. in MetaPHER, was found to be an effective and safe option, providing
additional flexibility for patients [24]. In conclusion, current evidence suggests that the
combination of pertuzumab, trastuzumab, and chemotherapy in the treatment of HER2+
CM offers clear benefits in terms of survival and clinical response. However, the adverse
event profile, particularly neutropenia and diarrhea, requires appropriate monitoring to
optimize patient safety and treatment efficacy. These findings re-emphasize the potential of
combination regimens as a first-line option in HER2+ CM and suggest their inclusion in
clinical guidelines, particularly for patients at high risk of relapse.
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This review makes a unique contribution by systematically evaluating the efficacy and
safety of the combination of pertuzumab, trastuzumab, and docetaxel in different clinical
settings. In contrast to previous reviews, this study integrates results from recent clinical
trials and highlights the differences in treatment response in different patient populations.
By providing a structured comparison of key studies, this review advances the current
understanding of dual HER2 blockade and its role in optimizing treatment strategies for
HER2-positive breast cancer.

This review highlights the potential impact of combining pertuzumab and trastuzumab
with chemotherapy on future breast cancer research. By synthesizing data from multiple
clinical trials, this analysis identifies gaps in current knowledge and underscores the need
for further investigation to optimize treatment regimens, understand long-term safety pro-
files, and explore novel therapeutic combinations. Future studies should focus on refining
patient selection criteria and evaluating real-world outcomes to ensure that this therapeutic
approach benefits a broader range of patients with HER2-positive breast cancer.

4. Conclusions

This systematic review highlights the clinical efficacy and safety of combining per-
tuzumab, trastuzumab, and docetaxel across different treatment settings for HER2-positive
breast cancer, including neoadjuvant, adjuvant, and metastatic contexts. While the hetero-
geneity of patient populations, endpoints, and study designs poses challenges for direct
comparisons, this diversity also reflects the versatility of this combination therapy in ad-
dressing various clinical needs. To provide clearer insights, we categorized the included
studies based on treatment intent (neoadjuvant, adjuvant, or metastatic), outcome mea-
sures (progression-free survival, overall survival, or pathologic complete response), and
toxicity profiles. This structured approach allows for a more nuanced understanding of the
therapeutic potential and limitations of pertuzumab-based regimens, emphasizing their
role as a cornerstone in the treatment of HER2-positive breast cancer. Advances in the
treatment of HER2-positive breast cancer underscore the efficacy of the combination of
pertuzumab, trastuzumab, and docetaxel, which has demonstrated a significant improve-
ment in disease-free survival over conventional treatment. However, this combination
therapy is not without side effects, with neutropenia and diarrhea being the most common
adverse events. Careful consideration of these risks by healthcare professionals is essential
to optimize treatment planning and follow-up. In addition, adjuvant dual therapy with
pertuzumab and trastuzumab appears to be a promising first-line option, especially for
patients at high risk of recurrence, suggesting an important step towards more effective
and personalized treatments in oncology. Future studies should focus on standardizing
endpoints and treatment protocols across settings to further refine the role of pertuzumab
in HER2-positive breast cancer management.
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ADC  Antibody-Drug Conjugate

BC Breast Cancer

ER Estrogen Receptor

HER2 Human Epidermal Growth Factor Receptor 2
(O] Overall Survival

PCR Pathologic Complete Response

PFS Progression-Free Survival

PR Progesterone Receptor

TNBC Triple Negative Breast Cancer
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