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Abstract: This structured review presents a classification framework for pyrotinib-containing neoadjuvant regimens in HER2-positive
breast cancer. Studies were identified through a comprehensive literature search and categorized into four strategies: pyrotinib plus
chemotherapy, pyrotinib plus trastuzumab with chemotherapy, pyrotinib combined with cell-cycle inhibitors, and pyrotinib combined
with antibody-drug conjugates (ADCs). We summarized the pathological complete response(pCR) rates and adverse event profiles of these
approaches for neoadjuvant treatment of HER2-positive breast cancer. The pCR rates vary substantially across categories, ranging from
approximately 28% to 74%, as do the grade >3 toxicity patterns. Therefore, the key to selecting an optimal pyrotinib-based neoadjuvant
regimen is to match the regimen choice with tumor characteristics such as hormone receptor status, HER2 immunohistochemical level,
intrinsic molecular subtype, and early response to initial therapy, while balancing efficacy and safety and considering patient-specific factors
like age and cardiac risk. Existing studies are generally limited by small sample sizes and a lack of long-term survival data, and high-level
evidence directly comparing pyrotinib-based strategies with trastuzumab plus pertuzumab is scarce. Future research should prioritize
biomarker-driven patient selection, response-adaptive trial designs, and standardized toxicity management to optimize clinical decision-
making.
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Introduction
The systemic treatment of cancer has undergone a profound evolution over the past century, progressing from non-specific
cytotoxic agents to molecularly targeted therapies and, more recently, to combination strategies that aim to overcome adaptive
resistance. As outlined in the comprehensive historical review by Sonkin et al, the introduction of trastuzumab (a monoclonal
antibody against HER2) in 1998 marked the beginning of the era of molecularly targeted cancer therapy Since then, targeted
therapies have significantly improved outcomes for several malignancies, yet resistance—both primary and acquired—
remains a major challenge. In the context of HER2-positive breast cancer, the clinical trajectory has moved from single-agent
trastuzumab to dual blockade (trastuzumab plus pertuzumab) and, more recently, to tyrosine kinase inhibitors (TKIs) and
antibody—drug conjugates (ADCs), reflecting a continuous effort to optimize efficacy while managing toxicity and over-
coming resistance. In this broader therapeutic context, the value of comparing pyrotinib-containing regimens lies not in simply
ranking pCR rates, but in understanding which patient subgroups benefit most from which incremental treatment intensifica-
tion or de-escalation.

HER2-positive breast cancer accounts for approximately 15%—-20% of all breast cancers globally, and a Chinese report
suggested an incidence of 22.5%.>° Neoadjuvant therapy (NAT) has been widely implemented in the comprehensive
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management of HER2-positive breast cancer. Evidence indicates that achieving total pathological complete response (tpCR)
after NAT in early-stage or locally advanced disease is a strong predictor of long-term survival. The NeoSphere trial* and the
PEONY trial’ established trastuzumab plus pertuzumab (HP) as the cornerstone of neoadjuvant anti-HER2 therapy. Studies
including TRAIN-2 and others®® demonstrated that HP combined with chemotherapy can increase tpCR rates to approxi-
mately 60%. Nevertheless, about 40% of patients do not achieve tpCR after these regimens and have relatively poorer
prognoses. How can the efficacy of neoadjuvant therapy for HER2-positive breast cancer be further improved?

Pyrotinib (Py) is an irreversible pan-ErbB tyrosine kinase inhibitor originally developed in China. As an alternative
HER2 blockade strategy, pyrotinib offers multi-target inhibition, oral administration, and potentially lower cardiotoxicity.
Pyrotinib acts intracellularly by covalently binding to the ATP-binding pocket of HER1, HER2, and HER4, thereby
blocking downstream PI3K/AKT and MAPK signaling. In contrast, trastuzumab is a monoclonal antibody that binds to
the extracellular domain of HER2, inhibiting receptor dimerization and recruiting antibody-dependent cellular cytotoxi-
city (ADCC). When combined, pyrotinib (intracellular) and trastuzumab (extracellular) provide dual-compartment HER2
blockade, which can overcome adaptive resistance and enhance antitumor efficacy. Similarly, antibody—drug conjugates
(ADCs) use HER2-directed antibodies to deliver cytotoxic payloads specifically into tumor cells via receptor-mediated
internalization; the released payload induces DNA damage or mitotic arrest. Adding pyrotinib to an ADC may
concurrently suppress residual HER2 signaling through intracellular TKI activity while the ADC provides targeted
chemotherapy, offering a complementary mechanism. A downstream node critical for cell cycle progression is the cyclin
D-CDK4/6-Rb axis; preclinical evidence shows that CDK4/6 inhibition synergizes with HER2 blockade, supporting the
combination of pyrotinib with CDK4/6 inhibitors.

To date, evidence for pyrotinib in the neoadjuvant setting remains limited, and combination regimens with chemotherapy
or other targeted agents are heterogeneous. How to optimize regimens and balance efficacy and toxicity is a key unresolved
issue. In parallel, given the notable activity of cyclin-dependent kinase inhibitors (CDKis) and ADCs in advanced breast
cancer, investigators have begun exploring these agents in neoadjuvant strategies. Here, we classify and summarize pyrotinib-
containing neoadjuvant regimens to provide a reference for rational clinical practice. Notably, HER2-positive breast cancer is
a highly heterogeneous disease. At present, however, anti-HER?2 treatment decisions in the neoadjuvant setting are not yet well
guided by biomarkers; clinical stratification remains largely empirical, with limited integration of molecular features into
routine practice. Looking forward, as multi-omics biomarkers, intrinsic molecular subtyping, and treatment-response
dynamics become increasingly incorporated into clinical reasoning within a precision oncology framework, treatment
selection may progress toward more individualized and response-adaptive strategies.

For this review, we searched PubMed, Embase, and Cochrane Library databases up to December 2025 using keywords
including “pyrotinib,” “HER2-positive breast cancer,” and “neoadjuvant,” and all eligible studies were categorized into
four regimen types for descriptive synthesis.

Pyrotinib as Single Anti-HER2 Targeting Combined with Chemotherapy
Small retrospective studies by Yao'® and Tian'' evaluated pyrotinib combined with TAC as neoadjuvant therapy and
reported objective response rates (ORR) of 100%, with tpCR rates of 45.5% (10/22) and 37.0% (10/37), respectively. In
small prospective studies, Xiang'?* (ChiCTR1900028212) and Ye'? (ChiCTR2100050870) investigated pyrotinib com-
bined with T, reporting tpCR rates of 54.5% (12/22) and 48.4% (15/31), which were higher than the tpCR rates observed
with TH in NeoSphere* (NCT00545688) and PEONY> (NCT02586025) (29.0% and 21.8%, respectively). However,
head-to-head comparisons between pyrotinib and trastuzumab in the neoadjuvant setting remain unavailable, and whether
pyrotinib monotherapy-based neoadjuvant therapy is superior to trastuzumab requires further investigation.

Li'* (ChiCTR1900026061) evaluated pyrotinib plus EC, reporting an ORR of 97.3% and a tpCR rate of 28.6% (10/35).
This design was partly motivated by concerns that concurrent anthracyclines and trastuzumab may increase cardiotoxicity;
however, the regimen did not yield a notably higher tpCR rate. Wang'® investigated pyrotinib plus capecitabine as
neoadjuvant therapy in elderly patients, reporting an ORR of 100% and a tpCR rate of 43.5% (10/23). Although an all-
oral regimen may facilitate home-based treatment in frail elderly patients, the high incidence of diarrhea (82.6%) warrants
careful attention.
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Overall, studies of pyrotinib as single anti-HER2 targeting combined with chemotherapy are limited by small sample
sizes and heterogeneity in enrolled populations. Whether these regimens outperform trastuzumab-based approaches, and
whether pyrotinib offers specific advantages in subgroups such as patients with cardiac comorbidities or older adults,

remains to be determined.

HPy Combined with Different Chemotherapy Regimens

TCb/P-HPy
The Panphila study (NCT03735966) was a prospective, multicenter, single-arm Phase II trial of TCbHPy as neoadjuvant

therapy. Among 75 patients with stage 1I-11I disease, 61 completed six planned 3-week cycles, achieving a tpCR rate of
57.4% (35/61).'® In another study by Liu et al (ChiCTR2100043523), 34 patients completed six planned 3-week cycles
of TCbHPy, with a tpCR rate of 55.9% (19/34)."” In NeoATP study (NCT04126525), patients received pyrotinib plus
trastuzumab combined with weekly paclitaxel plus cisplatin(P) for four cycles, achieving a tpCR rate of 69.81% (37/
52)."® Notably, NeoATP had the shortest treatment duration and the highest proportion of stage III patients (73.58%), yet
reported the highest tpCR rate, potentially reflecting the intensive paclitaxel—cisplatin schedule. However, grade >3
neutropenia occurred in 49%, substantially higher than in other studies.

In comparative studies, Zheng et al enrolled 32 young patients with locally advanced breast cancer and found that
TCbHPy achieved a significantly higher tpCR rate than TCbH (43.8% vs 25.0%, P=0.0287)."° Ding et al
(NCTO03756064) conducted a multicenter, randomized, double-blind, placebo-controlled phase II trial comparing
TCbHPy with TCbH in Chinese patients with early-stage or locally advanced HER2-positive breast cancer. In the
intention-to-treat population, the overall pCR rate was 65.5% (19/29) in the TCbHPy group versus 33.3% (10/30) in the
placebo group (p=0.013).%°

The NeoPaTHer study (NCT03847818) enrolled 129 patients and used magnetic resonance imaging (MRI) after two
cycles of TCbH to assess early response. Responders (group A, 62/129; 48.1%) continued therapy and achieved a tpCR rate
of 30.6%. Among non-responders, 26 continued TCbH (group B; tpCR 15.4%), whereas 41 received additional pyrotinib
(group C; tpCR 29.3%). Multivariable logistic regression suggested comparable odds of tpCR in groups A and C,!
implying that pyrotinib nearly doubled tpCR among non-responders. However, as this study lacked a pertuzumab-
containing comparator, it cannot establish whether adding pyrotinib is superior to adding pertuzumab for TCbH non-
responders.

In a retrospective analysis by Zhu et al (NCT03735966), 545 patients received TCb chemotherapy with different
targeted regimens: HPy (n=63), HP (n=198), or H alone (n=284). The pCR rate was similar between TCbHPy and
TCbHP (55.6% vs 56.6%, P=0.896) and higher than TCbH (55.6% vs 32.7%, P<0.001).** These results expand
neoadjuvant options for HER2-positive breast cancer.

ECPy—-THPy

In a phase II study by Xuhong et al (ChiCTR1900022293), 20 patients were enrolled and 19 completed neoadjuvant
therapy followed by surgery. The ECPy—THPy regimen achieved an ORR of 100% and a tpCR rate of 73.7%, including
tpCR in both stage ITIC patients with supraclavicular lymph node metastasis.”* The investigators subsequently conducted
a Phase III study enrolling 175 patients, with 156 undergoing surgery; the ORR was 89.1% and the tpCR rate was
68.6%.>* In another study by Liu et al, 138 patients were included (ECPy—THPy, n=55; EC-TH, n=83), and the pCR rate
was higher in the ECPy-THPy group than in the EC-TH group (63.64% vs 39.76%, P<0.05).%

Collectively, ECPy-THPy appears to be a promising neoadjuvant regimen for stage II-III HER2-positive breast
cancer. Early incorporation of pyrotinib may address a limitation of conventional EC-THP-like approaches, in which
anti-HER2 therapy is absent during the initial anthracycline cycles, and may contribute to higher tpCR rates. Notably, Liu
et al observed an increasing number of patients achieving clinical complete response (cCR) with additional cycles,
suggesting that shortening the overall duration may risk insufficient response. However, eight cycles of preoperative

treatment is a relatively long course, which may reduce patient compliance.
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When compared with the TCbHPy regimen discussed above, ECPy—-THPy generally yields numerically higher tpCR
rates (63%—74% vs 55%—66%). However, it should be noted that the platinum-containing TCbHPy regimen is associated
with substantial hematologic toxicity—particularly thrombocytopenia—which can be especially pronounced in Chinese
patients. Moreover, the platinum doses used in clinical trials conducted in Chinese populations may be difficult to fully
replicate in routine clinical practice due to tolerability concerns, potentially leading to a reduction in pCR rates in real-
world settings. Direct head-to-head comparisons between ECPy-THPy and TCbHPy are lacking, so no definitive
conclusion about superiority can be drawn. At present, the choice between these two strategies involves a clinical trade-
off: ECPy—-THPy offers an anthracycline-containing approach with early TKI integration that may achieve higher tpCR
rates but requires a longer treatment course (eight cycles vs six cycles), whereas TCbHPy provides a shorter, platinum-
based option whose real-world efficacy may be somewhat attenuated by dose modifications necessitated by hematologic
toxicity.

THPy
Zhong et al (NCT04152057) conducted a single-arm phase II study enrolling 21 patients and reported an overall pCR rate
of 57.1% with THPy, with an ORR of 100%.%° In a study by Wang et al (n=72; THPy, n=34; TH, n=38), the tpCR rate
was higher in the TH+Py group than in the TH+placebo group (47.06% vs 23.68%, P=0.049).>” The PHEDRA trial
(NCT03588091), a multicenter, double-blind, randomized phase III study enrolling 335 patients, showed a higher tpCR
rate with TH+Py versus TH+placebo (41.0% vs 22.0%, P<0.0001).>® Based on these data, pyrotinib was approved in
China for the neoadjuvant indication in HER2-positive breast cancer, and THPy is recommended in Chinese guidelines.?

Although THPy generally yields lower tpCR rates than TCb/P-HPy or ECPy—THPy, it is associated with fewer
adverse events and may offer a favorable safety profile. Therefore, identifying patients who can achieve high tpCR rates
with reduced chemotherapy intensity is of considerable clinical interest. In NJMU-BCO01 (NCT05659056), patients were
stratified by BluePrint and MammaPrint. After six cycles of THPy, tpCR reached 53% (23/43) in the BluePrint HER2-
enriched subtype versus 30% (7/23) in non—HER2-enriched subtypes; tpCR was 61% (24/39) in the MammaPrint ultra-
high-risk group versus 22% (6/27) in the high-risk group (P=0.0024).*° These findings suggest that de-escalation
strategies may be particularly promising for HER2-enriched disease, emphasizing the importance of reliable predictive
factors for precise patient selection.

Pyrotinib Combined With Cell Cycle Inhibitors

Multiple studies indicate that standard anti-HER?2 strategies may be less effective in triple-positive breast cancer (TPBC).
For example, in Panphila, tpCR was higher in HR-negative than HR-positive patients (86.4% vs 40.4%, P<0.001).'®
Accordingly, chemotherapy-free oral neoadjuvant regimens combining pyrotinib and the CDK4/6 inhibitor dalpiciclib
have been explored. In a multicenter, single-arm phase II study by Niu et al (NCT04486911), five cycles of oral
pyrotinib, dalpiciclib, and letrozole achieved a tpCR rate of 30.4% (24/79; 95% CI, 21.3-41.3), which was suboptimal.®'
Subsequently, Huo et al (NCT05228951) added trastuzumab to this backbone and reported a tpCR rate of 58% (7/12).%2
Although evidence remains limited, these results suggest that chemotherapy-free combination strategies may represent an
alternative neoadjuvant option in selected patients.

Preclinical evidence indicates that the cyclin D-CDK4/6 complex is a direct downstream effector of HER2 signaling,
and CDK4/6 inhibition can synergize with anti-HER2 therapy to suppress proliferation and invasion of HER2-positive
breast cancer cells. This rationale applies not only to HR-positive/HER2-positive models but also across HR statuses,
supporting the biological plausibility of CDK4/6 inhibition in HER2-positive disease.>**® In XYBCOI
(ChiCTR2200060748), trastuzumab plus pyrotinib plus dalpiciclib plus letrozole was evaluated in HR-negative/HER2-
positive patients, achieving a tpCR rate of 63.3% (19/30; 95% CI, 45.5-78.1%) with acceptable toxicity.’” NeoPICD
(NCT06234137) further suggested that non-responders exhibited enrichment of genes related to cytoplasmic translation,
mRNA metabolism, RNA splicing, telomerase activity, intermediate filament organization, and protein folding, indicat-
ing high cell-cycle activity after two treatment cycles and implying that CDK inhibition may reverse resistance.®
Overall, the chemotherapy-free combination of trastuzumab, pyrotinib, letrozole, and dalpiciclib may be a viable
preoperative strategy for early-stage or locally advanced HER2-positive breast cancer.
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Pyrotinib Combined With ADCs

The MUKDEN 06 trial (NCT05426486) is a multicenter, randomized Phase 2b study comparing ARX788 (an anti-HER2
ADC) plus pyrotinib with a standard neoadjuvant regimen TCbHPy (docetaxel, carboplatin, trastuzumab, and pyrotinib)
in HER2-positive breast cancer. The tpCR rate was 70.6% (48/68) in the ARX788-plus-pyrotinib group versus 51.5%
(35/68) in the standard group, yielding an absolute difference of 19.1% (95% CI, 2.7-34.6; p=0.023). Patients with node-
positive disease (77.1% vs 48.9%) and stage IIIA-IIIC disease (74.2% vs 46.7%) appeared to derive greater benefit from
ARX788 plus pyrotinib.>® These findings suggest that ADC-TKI combinations may be particularly advantageous for
more advanced disease, although larger studies and additional safety data are needed.

FASCINATE-N (NCT05582499) is a randomized, open-label, single-center phase II study. The pCR rate was 63.2%
(55/87) with SHR-A1811 alone, 62.5% (55/88) with SHR-A 1811 plus pyrotinib, and 64.4% (58/90) with TCbHP, with no
significant differences among groups.*® Given that SHR-A1811 monotherapy required fewer dose modifications and
discontinuations due to adverse events compared with TCbHP, SHR-A1811 may represent a feasible neoadjuvant option.

Collectively, these data support the potential of combining anti-HER2 ADCs with TKIs as neoadjuvant strategies for
HER2-positive breast cancer. Distinct toxicity profiles across regimens suggest that different approaches may be better
suited to different patient populations, underscoring the need for individualized treatment. Although ADC-TKI combi-
nations show unique safety characteristics and require further optimization, they may provide new options for patients
with poor response to conventional neoadjuvant therapy or more advanced-stage disease.

Safety

Diarrhea is the most common adverse event (AE) in pyrotinib-containing regimens, with an incidence of approximately
88%—-98%, and is a major reason for dose reduction, treatment delay, or discontinuation. Loperamide administration for
primary prevention can make this side effect controllable.In TCbHPy regimens, grade >3 diarrhea occurs in roughly
40%—45%. Platinum-containing regimens also increase the risk of grade >3 thrombocytopenia (approximately 10%),
whereas non-platinum regimens report grade >3 thrombocytopenia rates of about 0%—1%. Across 3-week chemotherapy
schedules incorporating pyrotinib, grade >3 neutropenia occurs in approximately 4%-20%; in NeoATP, which used
weekly chemotherapy, grade >3 neutropenia reached 49%. Multiple studies suggest that pyrotinib itself does not increase
myelosuppression. Because pyrotinib plus dalpiciclib is an oral-oral regimen and may not routinely incorporate long-
acting granulocyte colony-stimulating factor, careful monitoring for grade >3 neutropenia is warranted. Compared with
chemotherapy-based combinations, pyrotinib plus ADC regimens may reduce hematologic toxicity; however, interstitial
lung disease has been reported at a rate up to 42%, including grade >3 events in 4%.

Toward Biomarker-Guided Treatment Selection

The marked intertumoral heterogeneity of HER2-positive breast cancer necessitates a shift from empirical regimen
selection toward biomarker-informed precision strategies. Recent multi-omics profiling efforts have begun to illuminate
this heterogeneity at the molecular level: transcriptomic analyses have identified four distinct subtypes of HER2-positive
breast cancer—ranging from classical HER2-addicted to basal/mesenchymal-like tumors—each harboring distinct
therapeutic vulnerabilities.*! Although these molecular taxonomies have not yet been translated into routine clinical
practice, they provide a compelling conceptual framework for rationalizing the differential efficacy of anti-HER2
therapies and point toward a future in which treatment selection may be progressively aligned with the molecular
features of individual tumors.

Intrinsic molecular subtyping represents one promising classifier. In the NJMU-BCOLI trial, patients with BluePrint-
defined HER2-enriched tumors achieved a tpCR rate of 53% with de-escalated THPy, compared with only 30% in non—
HER2-enriched subtypes, suggesting that transcriptomic profiling may identify tumors amenable to reduced chemother-
apy intensity.*°

Triple-positive breast cancer—characterized by bidirectional crosstalk between HER2 and estrogen receptor signaling
—often exhibits suboptimal response to standard dual blockade. In this subgroup, the cyclin D-CDK4/6 axis serves as
a convergent downstream node, providing mechanistic rationale for chemotherapy-free combinations of pyrotinib with
CDK4/6 inhibitors.***° Spatial multi-omics analysis from NeoPICD further refines this logic: non-responders after two

Breast Cancer: Targets and Therapy 2026:18 https: 5



Liu et al

cycles of anti-HER?2 therapy showed enrichment of genes related to cytoplasmic translation, mRNA metabolism, and
cell-cycle progression, indicating that persistent proliferative drive may be susceptible to CDK4/6 inhibition.*®

Specific genomic alterations also act as powerful determinants of drug response. Somatic PIK3CA mutations, which
constitutively activate the PI3K pathway, are a well-established resistance driver. In a phase III trial of ECPy—THPy,
tpCR was starkly lower in PIK3CA-mutant tumors (26.3%) than in wild-type tumors (80.8%), suggesting that this
aberration may limit the benefit of pyrotinib-based intensification.** Similarly, HER2 protein overexpression assessed by
immunohistochemistry (IHC) remains a practical and robust biomarker. In Panphila, tpCR was 60.7% in IHC 3+ tumors
versus 30.8% in THC 2+/FISH(+) tumors,'® a pattern recapitulated across other pyrotinib studies. This gradient of HER2
signaling dependency implies that IHC 2+/FISH(+) tumors—harboring lower HER2 addiction—may derive particular
benefit from more potent ADC—TKI combinations, as suggested by the markedly higher tpCR observed with ARX788
plus pyrotinib in node-positive and stage IIT disease.*”

Beyond genomic and transcriptomic features, the tumor—immune spatial architecture has emerged as a novel dimen-
sion of vulnerability. Yang et al demonstrated that favorable outcomes correlated with specific spatial interactions
between epithelial cells expressing high IDO and HLA-DR and surrounding Ki67+ M1 macrophages and CD163—
T cells; the absence of these immunostimulatory niches was associated with a fibroblast-induced immune barrier that
could be overcome by adding pyrotinib.*® Although these spatial signatures have not yet been validated in large
prospective cohorts, they illustrate the potential of integrating immune contexture into treatment algorithms. In clinical
practice, response-adapted strategies—as exemplified by the NeoPaTHer trial—provide a pragmatic and independently
valuable approach: among patients who failed to achieve early MRI response after two cycles of TCbH, the addition of
pyrotinib nearly doubled the tpCR rate (29.3% vs 15.4%), demonstrating that early pharmacodynamic assessment can
identify tumors resistant to conventional anti-HER2 therapy and that adding pyrotinib may partially reverse this
resistance.”! It should be noted, however, that the TCbH backbone used in NeoPaTHer does not reflect the current
standard of trastuzumab plus pertuzumab-based neoadjuvant regimens; whether pyrotinib can similarly salvage non-
responders to dual HER2 blockade with trastuzumab and pertuzumab warrants dedicated clinical investigation. Looking
forward, integrating upfront multi-omics classification (eg., intrinsic subtype, PIK3CA status, and HER2 IHC level) with
on-treatment response dynamics could construct a more comprehensive two-dimensional stratification algorithm—
directing patients toward de-escalated chemotherapy, intensified targeted combinations, or novel ADC-TKI strategies.
As multi-omics technologies mature and become more accessible, such an integrated framework may transform a diverse
menu of pyrotinib-containing regimens into a profile of precision-tailored therapeutic sequences.

Summary and Outlook

Compared with prior reviews, this article provides a more granular classification of pyrotinib-containing neoadjuvant
regimens, summarizes tpCR outcomes across strategies, and discusses potentially suitable populations, thereby support-
ing clinical decision-making (Table 1). A central premise underscored by the evidence reviewed herein is that HER2-
positive breast cancer is not a monolithic entity but a spectrum of molecularly distinct diseases with divergent therapeutic
vulnerabilities. Accordingly, future progress hinges on three interdependent priorities: identifying sensitive populations,
discovering robust predictive biomarkers, and balancing efficacy with safety.

Beyond the biological heterogeneity of the disease itself, diagnostic heterogeneity introduced by HER2 testing
methods adds another layer of complexity. The consistent tpCR gradient stratified by HER2 THC intensity—IHC 3+
tumors consistently outperforming IHC 2+/FISH(+) tumors across multiple pyrotinib studies—suggests that HER2
protein expression level, rather than gene amplification status alone, may better reflect the degree of HER2 signaling
addiction. However, discordant or borderline IHC/FISH results are not uncommon in clinical practice. For instance,
complete deletion of CEP17 can produce falsely elevated HER2/CEP17 ratios, potentially leading to erroneous HER2
classification and inappropriate treatment assignment.** Such diagnostic uncertainty may dilute treatment effects in
clinical trials and confound cross-study comparisons, underscoring the need for rigorous, standardized HER2 testing
protocols and transparent reporting of testing methodologies in future prospective studies.

The residual disease observed in 30%—60% of patients also reflects the interplay of primary and acquired resistance
mechanisms. Primary resistance may stem from incomplete oncogene addiction—as seen in tumors with low HER2
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Table 1 Summary of tpCR Rates for Pyrotinib-Containing Neoadjuvant Therapy Regimens in HER2-Positive Breast Cancer

Therapy Category | Specific Regimen Combination | Study Name/ID tpCR Rate Study Design
Py + Chemotherapy Py + TAC Yao'® 45.50% Single-center retrospective study
Tian'' 37.00% Prospective, single-arm, Phase |l-like
observational study
Py +T Xiang'? 54.50% Single-center prospective non-randomized
(ChiCTR1900028212) controlled
Ye'? (ChiCTR2100050870) 48.40% Single-arm phase Il study
Py + EC Li'* (ChiCTR1900026061) 28.60% Prospective, single-arm, phase Il-like
observational study
Py + Capecitabine Wang'? 43.50% Single-arm, open-label, single-center,
prospective study
HPy + TCbHPy Panphila'® (NCT03735966) 57.40% Multicentre phase Il trial
Chemotherapy
Liu'7 (ChiCTR2100043523) | 55.90% Single-arm phase Il study
Zheng'® 43.80% Prospective randomized controlled trial
Ding® (NCT03735966) 65.50% Prospective randomized controlled trial
(phasell).
Zhu?? (NCT03735966) 55.60% Retrospective analysis
TCbHPy (2 cycles TCbH non- NeoPaTHer?' 29.30% Prospective, multicentre, response-adapted
responder) (NCT03847818) study
T+ Cisplatin + HPy (Weekly) NeoATP'® (NCT04126525) | 69.81% Prospective single-arm phase Il trial.
ECPy-THPy Xuhong? 73.70% Phase Il trial
(ChiCTR1900022293)
Xuhong®* 68.60% Multicenter single-arm Phase Ill extension trial
Liu® 63.64% Prospective cohort study
THPy Zhong®® (NCT04152057) 57.10% Phase Il trial
Wang?’ 47.06% Prospective observational cohort study
PHEDRA?® 41.00% Randomized controlled trial
(NCT03588091)
Py + Cell Cycle Py + Letrozole + Dalpiciclib Niu®' (NCT04486911) 30.40% Multicentre single arm phase Il trial
Inhibitors
Py + H + Letrozole + Dalpiciclib Huo®? (NCT05228951) 58.00% A pilot trial
Py + H + Letrozole + Dalpiciclib XYBC 017 63.30% Exploratory, open-label phase Il study
(ChiCTR2200060748)
Py+ ADCs ARX788 + Py vs TCbHPy MUKDEN 06*° 70.6% vs 51.5% Randomized controlled trial
(NCT05426486)
SHR-AI811 + Py vs SHR-A1811 vs | FASCINATE-N* 62.5% vs 63.2% vs Randomized controlled trial
TCbHP (NCT05582499) 64.4%

expression or PIK3CA mutations that activate downstream signaling bypass.>* Acquired resistance, by contrast, often

involves adaptive cell-cycle reactivation under sustained HER2 blockade, a mechanism directly supported by the

NeoPICD trial and providing rationale for the addition of CDK4/6 inhibitors.>® More broadly, functional genomics

approaches such as genome-wide CRISPR screening have proven powerful in systematically identifying novel

resistance drivers and corresponding therapeutic vulnerabilities;*’ applied to HER2-positive breast cancer, such
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methodologies could inform the rational design of next-generation pyrotinib-containing combinations. Understanding
whether residual disease reflects target persistence, pathway reactivation, or microenvironment-mediated protection
will be critical for moving beyond empirical regimen selection toward mechanistically grounded treatment strategies.

Current studies remain predominantly limited by small sample sizes, single-arm designs, and the absence of long-term
survival endpoints. Whether pyrotinib-containing neoadjuvant regimens improve invasive disease-free survival (iDFS)
and overall survival (OS) beyond pCR remains unknown and represents the most critical evidence gap. The high
incidence of diarrhea—affecting 88%—98% of patients—necessitates standardized prophylactic and management proto-
cols to preserve dose intensity and quality of life. Given that pyrotinib can penetrate the blood—brain barrier, its potential
to reduce the long-term risk of brain metastasis merits dedicated investigation. Encouragingly, preliminary signals from
PILHLE-001 suggest antitumor activity of pyrotinib plus chemotherapy in HER2-low disease (IHC 2+/FISH-),** hinting
at a possible expansion of pyrotinib’s neoadjuvant role beyond classical HER2-positive tumors.

Given that current evidence for neoadjuvant pyrotinib is derived predominantly from Chinese populations and single-
country trials, international multicenter studies, particularly those directly comparing pyrotinib-based regimens with trastu-
zumab—pertuzumab, are urgently needed to validate these findings in broader populations and health systems.

Looking forward, the field must move toward biomarker-driven clinical trials with response-adaptive designs, coupled
with multi-omics correlative analyses and rigorous HER2 testing standardization, to translate the emerging molecular
taxonomy of HER2-positive breast cancer into individualized neoadjuvant strategies that maximize efficacy while
minimizing unnecessary toxicity. Only through such precision oncology reasoning can the full therapeutic potential of
pyrotinib-containing regimens be realized.
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