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Approximately 20% of breast cancers overexpress or 
amplify the expression of human epidermal growth factor 
receptor 2 (HER2), resulting in an aggressive tumor (1,2). 
Cancers that overexpress HER2 result in an abnormally 
high level of malignant cells and women diagnosed with 
this form of breast cancer experience significantly shortened 
survival (3). Previous studies have provided laboratory 
evidence that HER2 amplification and overexpression serve 
a direct role in the tumorigenesis and pathogenesis of these 
breast cancers (4). This presents an opportunity for the use 
of targeted therapeutics to be applied in the treatment of 
HER2-positive metastatic breast cancers (2). 

Approximately 50% of patients with HER2-positive 
metastatic breast cancer also exhibit brain metastases, 
with the incidence increasing over the years (5). However, 
despite treatment advances, brain metastases still correlate 
to a poor prognosis, with a median overall survival of about 
24 months in patients with HER2-positive metastatic 
breast cancers (6). Due to the tight junctions of the 
blood-brain barrier limiting the ability of effective drugs 
to diffuse through, targeting the central nervous system 
poses a challenge (7). This especially poses a challenge for 
monoclonal antibodies, like trastuzumab and pertuzumab (5). 
Due to this reason, small molecules which target HER2 are 
currently being investigated for the treatment of patients 
with brain metastases and HER2-positive metastatic breast 
cancer (5). Tyrosine kinase inhibitors that target HER2 are 
currently a drug class being investigated (8). 

Currently, the first-line therapy includes a combination 
of trastuzumab, pertuzumab, and taxane, which specifically 
target HER2 (9). However, resistance can be developed 

to these agents and Hu et al. argue that the development 
of new anti-HER2 therapeutics is crucial (10). In 
their systematic review and meta-analysis, the authors 
investigated the efficacy of pyrotinib, an irreversible ErbB 
receptor tyrosine kinase inhibitor, for the treatment of 
HER2-positive metastatic breast cancers (10). 

pyrotinib received approval to be used in China in 2018 
as a second-line therapy in combination with capecitabine 
for the treatment of HER2-positive metastatic breast 
cancers (10). Hu et al. also state that the use of pyrotinib 
is critical in countries that lack access to antibody-drug 
conjugates (ADCs) (10). Their study focuses on evaluating 
the efficacy of pyrotinib in treating HER2-positive 
metastatic breast cancers through a meta-analysis and 
systematic review (10).

Hu et al. develop a strong argument for the use of 
pyrotinib as a second-line therapy in the treatment of 
HER2-positive metastatic breast cancers (10). ADCs 
are inaccessible in developing countries as a second-line 
therapy and presenting another option, such as pyrotinib, 
offers patients an opportunity to receive treatment for 
their cancers (10). Pyrotinib is an inexpensive option, while 
also being safe and effective (10). Pyrotinib also presents 
an option to patients with brain metastases due to HER2-
positive metastatic breast cancers, with an overall response 
rate (ORR) of 0.52 (10). This presents a favorable treatment 
option for brain metastases in HER2-positive breast cancers 
as the current treatment options include surgery, radiation 
therapy, and systemic therapy (11). Continuous use of anti-
HER2 therapies, such as pyrotinib, has been shown to 
significantly decrease mortality (12). 
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Monoclonal antibodies like trastuzumab, have a limited 
effect in treating brain metastases due to the permeability 
of the blood-brain barrier (13). Additionally, cancers in a 
significant number of patients can develop resistance against 
trastuzumab, requiring additional therapies (14). Hu et al. 
argue that the incidence of resistance against trastuzumab is 
rising, warranting a need for additional therapeutic agents 
against brain metastases in HER2-positive metastatic brain 
cancer patients. Exploration of other chemotherapies for 
patients with brain metastases is crucial in managing their 
care and within their study, Hu et al. explore the efficacy of 
pyrotinib as a possible solution (10). This study performed 
a systematic review and meta-analysis of pyrotinib’s efficacy 
in treating HER2-positive metastatic breast cancers (10). 
Furthermore, the authors compared the use of pyrotinib to 
standard therapies in treating HER2-positive breast cancers, 
such as trastuzumab (10). The authors also addressed any 
adverse effects of the drug while reporting the progression-
survival rates of patients treated with different therapies (10). 

Hu et al.’s study analyzes the data from other studies 
to offer support for the use of pyrotinib as a therapeutic 
agent in the treatment of HER2-positive metastatic breast  
cancers (10). The authors establish the efficacy of pyrotinib 
and advocate for its use in developing nations without 
access to ADCs (10). Additionally, the authors also address 
the difficulties in the treatment of brain metastases due to 
the permeability of the blood-brain barrier and the limited 
agents that can diffuse through (10,13). This highlights 
the importance of pyrotinib being an effective agent in the 
treatment of brain metastases, as there are a limited number 
of drugs able to act on this site of the body. Additionally, 
Hu et al. address how there is improved efficacy of the 
drug when whole-brain radiotherapy or local radiotherapy 
is conducted alongside, allowing for the disruption of the 
blood-brain barrier and improving the diffusion of pyrotinib 
to reach the brain metastases (10). 

This study undoubtedly organizes and presents the 
argument for the use of pyrotinib in the treatment of 
HER2-positive metastatic breast cancers (10). However, 
some other important points can be addressed in the paper. 
Surgical interventions, whole-brain radiotherapy, and 
stereotactic radiotherapy are the traditional approaches to 
treating brain metastases, however, recurrences typically 
occur within 6 to 12 months of intervention, and it poses 
a risk for neurocognitive impairments (15,16). However, 
systemic therapy provides an advantage in that it accounts 
for both intracranial and extracranial lesions through the 
use of effective drugs (15). Results from a previous study 

demonstrated that the addition of small-molecule tyrosine 
kinase inhibitors along with trastuzumab and capecitabine 
improved survival by 5–7 months in comparison to the 
other agents without the addition of a small-molecule 
tyrosine kinase inhibitor (17).

Hu et al. briefly mentioned the common adverse effects 
of pyrotinib in their study, but further discussion on the 
management of these effects is needed (10). For instance, 
diarrhea was the most common adverse reaction reported 
by Hu et al. (10). This adverse event is reversible by 
adjusting dosage and directly treating diarrhea through 
montmorillonite powder or loperamide (15). It’s also 
important to note that this grade 3 adverse event did not 
result in discontinuation of the treatment in previous studies 
investigating the efficacy of pyrotinib (15). Additionally, 
diarrhea primarily occurred in the 400 mg dose group 
of another study (18). Another common adverse effect of 
pyrotinib reported by Hu et al. was palmoplantar erythema (10)  
which can be addressed by being aware of the possibility and 
addressing it early to ensure timely treatment (19). Being 
aware of this adverse event helps reduce the risk of reducing 
the dose or discontinuing treatment overall (19). Neutropenia 
was another adverse effect reported by Hu et al. (10). One 
study addressed this event by prophylactically prescribing  
6 mg of mecapegfilgrastim or using other granulocyte-
colony stimulating factors (20). The same study also found 
no significant difference between neutropenia in the 
pyrotinib group versus the placebo group (20). 

One recently published article explores another potential 
adverse effect of pyrotinib in patients, cardiotoxicity (21). 
Despite advances in treatments for breast cancers, adverse 
drug reactions, such as cardiotoxicity, can offset the survival 
outcomes of patients (21). Cancer therapy-related cardiac 
dysfunction, arrhythmias, and myocarditis are possible 
adverse outcomes of cardiotoxicity (22). Additionally, there 
is a high need for cancer therapeutics with less cardiotoxicity 
as cardiotoxicity can occur at any stage of cancer, in patients 
of different ages, and even low-risk individuals (23). This 
study found that pyrotinib used with trastuzumab was non-
inferior with regards to cardiac safety in comparison to 
trastuzumab and pertuzumab (21). 

Although Hu et al. address the efficacy of pyrotinib in 
patients and acknowledge that pyrotinib was developed in 
China, the study didn’t expand upon what type of patients 
were included in the studies investigating the efficacy 
of pyrotinib (10). It’s important to note that out of the  
23 studies included in Hu et al.’s study, 21 studies specifically 
conducted their studies on Chinese patients (10). Pyrotinib 
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has not yet been approved for marketing in the European 
Union or the United States, but additional studies which 
evaluate its efficacy in a more diverse patient set are needed 
to confer therapeutic benefits applied to all HER2-positive 
metastatic breast cancer patients (24). 

One study conducted a cost-effectiveness analysis of 
pyrotinib in combination with capecitabine in the treatment 
of HER2-positive metastatic breast cancers after previous 
treatment with trastuzumab (24). Pyrotinib in combination 
with capecitabine is a more cost-effective second-line therapy 
than lapatinib and capecitabine (24). However, because data 
is lacking on pyrotinib use in other countries, economic 
benefits require further verification and analysis (24). 

Overall, Hu et al.’s study demonstrates the efficacy of 
pyrotinib for the treatment of HER2-positive metastatic 
breast cancers (10). With increasing resistance to the 
current standard therapy, more chemotherapeutic agents 
are needed to improve patient survival. Pyrotinib has 
proven to be an effective and safe agent for treating tumors, 
controlling disease, and has manageable adverse reactions. 
Hu et al.’s study confirms its efficacy for use, offering 
patients a new therapy for treatment (10).
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