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Background: Dual human epidermal growth factor receptor 2 (HER2) blockade demonstrates promising yet limited clinical activity
in HER2-positive metastatic colorectal cancer (mCRC). This study was initiated to evaluate the novel combination of trastuzumab
(anti-HER2 monoclonal antibody) and pyrotinib (a pan-HER tyrosine kinase inhibitor) in this molecularly defined population.
Methods: This exploratory single-arm phase II trial enrolled HER2-positive mCRC patients refractory to standard first- and second-
line therapies. Participants received intravenous trastuzumab (8 mg/kg loading dose on cycle 1 day 1, then 6 mg/kg every 3 weeks)
plus oral pyrotinib 400 mg once daily in 21-day cycles. The primary endpoint was objective response rate (ORR).

Results: Between December 1, 2019, and March 31, 2025, 20 patients were enrolled, with 17 evaluable for efficacy. The objective
response rate (ORR) was 23.5% (4 partial responses), and the disease control rate (DCR) reached 88.2%. Median progression-free
survival (PFS) was 6.2 months (95% CI, 0.42—11.98), and median overall survival (OS) was 21.1 months (95% CI, 15.84-26.36).
Responses occurred exclusively in RAS/BRAF wild-type patients (ORR 28.6%; DCR 92.9%), who showed significantly longer
median PFS (8.5 vs 2.6 months; HR 0.32; P=0.008) and OS (22.6 vs 4.9 months; P=0.022) versus KRAS-mutant counterparts.
Treatment-related adverse events (TRAESs) included diarrhea (75%), fatigue (40%), and nausea (35%). Diarrhea accounted for all
grade 3 TRAEs (30%). No grade >4 TRAEs were observed.

Conclusion: Pyrotinib plus trastuzumab demonstrates clinically meaningful efficacy and a manageable safety profile in heavily
pretreated HER2-positive metastatic colorectal cancer. These findings support advancing this regimen as a potential alternative in
refractory HER2-positive mCRC, particularly in the RAS/BRAF wild-type subgroup.

Plain Language Summary: This phase II trial explored the novel dual HER2 blockade of oral pyrotinib plus trastuzumab in heavily
pretreated HER2-positive metastatic colorectal cancer (mCRC). The regimen demonstrated clinically meaningful efficacy (ORR
23.5%, DCR 88.2%, median PFS 6.2 mo, OS 21.1 mo) with a manageable safety profile dominated by low-grade diarrhea.
Crucially, all responses occurred in RAS/BRAF wild-type tumors, where outcomes were significantly superior (ORR 28.6%, PFS
8.5 mo, OS 22.6 mo) versus KRAS-mutant patients. These findings support advancing this regimen as a potential alternative in
refractory HER2-positive mCRC, particularly in the RAS/BRAF wild-type subgroup.
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Introduction

Colorectal cancer (CRC) ranks as the third most common malignant tumor and the second leading cause of cancer-
related deaths worldwide.' In China, the incidence and mortality of CRC have been increasing steadily, ranking second
in incidence and fourth in mortality.” Despite numerous advances in therapy, the prognosis for metastatic colorectal
cancer (mCRC) patients remains poor, with a five-year survival rate of about 12%.>* In recent years, the molecular
heterogeneity of CRC has been well recognized. A growing number of biomarker-driven treatments for mCRC have
emerged, including those targeting deficient mismatch repair/microsatellite instability-high (IMMR/MSI-H), BRAF,
neurotrophic tyrosine receptor kinase (NTRK), KRAS GI12C, and human epidermal growth factor receptor 2
(HER2).>®

HER?2 is a transmembrane receptor tyrosine kinase encoded by the ERBB2 gene and activated by homodimerization or
heterodimerization with other ERBB family members.” HER2 protein overexpression is primarily caused by the ERBB2 gene
amplification. In rare instances, HER2 point mutations may affect genomic regulatory regions, such as promoters or enhancers,
indirectly modulating HER2 gene transcription and resulting in HER2 protein overexpression. HER2 overexpression or gene
amplification is observed in 15-20% of breast cancer cases and about 20% of gastric cancer patients.” ' In CRC cases, the
frequency of HER2 overexpression or amplification is approximately 2-6.3%."""'* The incidence of HER2 overexpression or
amplification in CRC is associated with several factors. Firstly, HER2 overexpression/amplification is most commonly found in
RAS/BRAF wild-type CRC, with an incidence of 5-14%."* Secondly, the frequency of HER2 overexpression/amplification is
influenced by the primary tumor location, with an increased incidence in left-sided CRC compared to right-sided CRC.'> HER2
overexpression also serves as a predictive marker. Several studies indicate that it confers increased risk of central nervous
system (CNS) and ovarian metastases in CRC.'¢18 Additionally, studies demonstrate that HER2 overexpression is associated
with resistance to anti-EGFR (epidermal growth factor receptor) antibody therapy in RAS wild-type metastatic colorectal
cancer.'*?° This association is currently under further evaluation in ongoing prospective studies. Regarding survival outcomes,
HER?2 overexpression is an established independent prognostic factor associated with poor survival in several cancers (eg,
breast and gastric cancer).”! However, the prognostic value of HER2 overexpression in CRC continues to be debated.

HER?2 is a promising therapeutic target in colorectal cancer. Current HER2-targeted therapies include monoclonal
antibodies, tyrosine kinase inhibitors (TKIs), antibody drug conjugates (ADCs), and bispecific antibodies. Pivotal phase II
trials, including HERACLES A study,”? MyPathway study,> and MOUNTAINEER study,”* demonstrated the efficacy and
safety of dual anti-HER2 blockade in HER2-positive mCRC. Recently, the DESTINY-CRCO1 trial reported that anti-HER2
ADC trastuzumab deruxtecan (T-DXd) exhibits promising antitumor activity in refractory HER2-positive mCRC.? These
collective findings have led to the inclusion of four HER2-targeted regimens in the National Comprehensive Cancer Network
(NCCN) guidelines: trastuzumab plus lapatinib, trastuzumab plus pertuzumab, trastuzumab plus tucatinib, and T-DXd. This
integration marks a significant advancement in precision medicine for CRC treatment.

Pyrotinib is an oral, irreversible tyrosine kinase inhibitor (TKI) that potently targets EGFR, HER2, and HERA4.

26,27

Pyrotinib has been approved in China for the treatment of breast cancer patients, and has demonstrated superior

efficacy to lapatinib in breast cancer patients with brain metastases.”® Furthermore, the antitumor effect of pyrotinib has
been validated in additional solid tumors, including lung and gastric cancer.?*

Due to the frequent development of trastuzumab resistance, combining it with other anti-HER2 agents possessing
complementary mechanisms has emerged as a promising approach. Lapatinib, a reversible EGFR/HER2 TKI, blocks
downstream signaling and results in cell-surface accumulation of inactive HER2, which is then targeted for down-
regulation and degradation by trastuzumab. Consequently, this combination yields synergistic efficacy.®’ Given this
mechanistic basis, the novel regimen of trastuzumab plus pyrotinib represents a potential alternative with anticipated
clinical benefit for mCRC.

This phase II study aimed to evaluate the efficacy and safety of pyrotinib plus trastuzumab in patients with HER2-
positive mCRC refractory to standard treatment.
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Patients and Methods

Study Design

This investigator-initiated single-arm phase II study was conducted at Cancer Hospital Chinese Academy of
Medical Sciences. This study aims to investigate the efficacy and safety of combining pyrotinib with trastuzumab
in third-line or later treatment for patients with HER2-positive mCRC. Patients with HER2-positive metastatic
colorectal cancer who are refractory to first-line and second-line treatment and have not received any anti-HER2
treatment are eligible. All enrolled patients received an intravenous infusion of trastuzumab at an 8 mg/kg loading
dose on day 1, followed by 6 mg/kg, and an oral administration of pyrotinib at 400 mg per day in a 21-day
treatment cycle. Dose reductions or delays were allowed for severe adverse events (> grade 3 nonhematological or
grade 4 hematological toxicity). Treatment was continued until RECIST-defined or clinical disease progression,
unacceptable toxicity, patient withdrawal, or investigator decision to terminate treatment.

The study adhered to the Declaration of Helsinki and Good Clinical Practice guidelines. Written informed consent
was obtained from all participants. The Ethics Committee of Cancer Hospital Chinese Academy of Medical Sciences
approved this study. This study was registered on the Chinese Clinical Trial Registry website (registration number
ChiCTR2000028711).

Patient Eligibility

Key inclusion criteria comprised: (1) histologically confirmed metastatic colorectal cancer with HER2 positivity,
defined as: immunohistochemistry (IHC) 3+ according to HERACLES diagnostic criteria,”> or ERBB2 gene
amplification by fluorescence in situ hybridization (FISH) (ERBB2/CEP17 ratio > 2.0),*> or next-generation
sequencing (NGS). (2) metastatic CRC diagnosed by computed tomography (CT) and/or magnetic resonance
imaging (MRI) (AJCC 8th edition); (3) at least one measurable lesion per Response Criteria Evaluation in Solid
Tumors (RECIST) version 1.1; (4) Eastern Cooperative Oncology Group Performance Status (ECOG PS) of 0 to 2;
(5) age > 18 years; (6) disease progression or intolerance to standard first-line and second-line systemic treatment;
(7) adequate organ function; (8) estimated life expectancy > 3 months.

The main exclusion criteria: (1) Known hypersensitivity to pyrotinib, trastuzumab, or any of its excipients; (2)
prior treatment with pyrotinib, trastuzumab, or any other HER2-targeted agent; (3) symptomatic central nervous
system metastases; (4) Inability to swallow oral medications or presence of clinically significant gastrointestinal
disorders affecting drug absorption; (5) active gastrointestinal bleeding within 4 weeks before enrollment; (6) major
surgery or significant anti-tumor therapy within 4 weeks before enrollment (excluding diagnostic biopsy); (7)
history of another primary malignancy within the past 5 years (except adequately treated non-melanoma skin
cancer, carcinoma in situ, or other malignancies treated with curative intent without recurrence); (8) severe
concurrent diseases or medical conditions; (9) pregnancy, lactation, or refusal to use effective contraception in
patients of childbearing potential; (10) any other conditions unsuitable for participation in the trial by the
investigator.

Study Endpoints

The primary endpoint was the investigator-assessed objective response rate (ORR) per RECIST version 1.1, defined as the
proportion of patients achieving a best overall response of a complete response (CR) or partial response (PR). Secondary
endpoints were disease control rate (DCR), progression-free survival (PFS), overall survival (OS), and safety. DCR is defined
as the proportion of patients achieving CR, PR, or stable disease (SD). PFS was defined as the time from the first study
treatment dose to the earliest occurrence of disease progression per RECIST vl1.1 or death from any cause, and OS was defined
as the time from first study treatment dose to death from any cause. Safety was assessed through the incidence and severity of

adverse events (AEs), graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.
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Efficacy and Safety Assessment
Tumor assessment was evaluated at baseline (within 28 days before treatment initiation) and every two cycles
(approximately every 6 weeks) or as clinically necessary, using CT, MRI, and/or positron-emission tomography (PET-
CT). The response was assessed by the investigator per RECIST version 1.1. The efficacy analysis population consisted
of patients who received at least one treatment cycle and underwent at least one post-baseline tumor assessment.
Safety assessments were conducted in all patients who received at least one dose of the study medication from the
first dose through 30 days after the last dose. The left ventricular ejection fraction was measured at baseline, every
6 weeks during treatment, and at the end of treatment. AEs were graded per CTCAE version 5.0.

Statistical Analyses

This was a single-arm, exploratory phase II trial. The sample size was determined based on practical and statistical
considerations for signal detection. Given the exploratory nature of this study and the limited historical controls for
HER2-positive mCRC, we aimed to enroll 20-30 evaluable patients. This sample size provides a 95% confidence interval
of approximately +20% around the observed ORR, which was deemed sufficient for an initial assessment of the
treatment’s activity.

Baseline characteristics, efficacy, and safety data were summarized using descriptive statistics. Continuous variables
are reported as medians with ranges, while categorical variables are expressed as frequencies and percentages. The
confidence interval (CI) for the proportion was calculated using the normal approximation method. The Kaplan-Meier
method was used to analyze the median follow-up duration and survival endpoints, reported as medians with 95% CI.
Survival curves were generated accordingly. The confidence intervals were calculated using the Clopper-Pearson exact
method. Subgroup analyses for ORR were performed using logistic regression models, while PFS and OS subgroup
analyses were analyzed using the Log rank test. All statistical analyses were conducted using SPSS 29.0 (IBM Corp.,
Armonk, NY, United States) and GraphPad Prism 10 (GraphPad Software, Inc). Statistical significance was defined as
two-sided p < 0.05.

Results

Patient Characteristics

Between December 1, 2019, and March 31, 2025, a total of 20 patients were enrolled. Baseline demographic and clinical
characteristics of all patients are summarized in Table 1. The cohort had a median age of 56.5 years (range, 43—70), with
7 females (35%) and 13 males (65%). Primary tumors were predominantly left-sided (90%), comprising 7 sigmoid colon

Table | Baseline Characteristics

Characteristic No. of patients (n =20) | %
Median (range) age, years 56.5 (43-70)
Sex
Male 13 65.0
Female 7 35.0
ECOG Performance Status
0 4 20.0
| 16 80.0
Degree of differentiation
Low | 5.0
Medium-low 4 20.0
Medium 14 70.0
High 0 0
NA | 5.0
(Continued)
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Table | (Continued).

Characteristic No. of patients (n = 20) | %
Primary tumor site

Cecum 0 0

Ascending colon | 5.0

Transverse colon | 5.0

Descending colon 0 0

Sigmoid colon 7 35.0

Rectum I 55.0
Number of metastatic sites

| 5 25.0

2 10 50.0

>3 5 25
HER2 expression by immunohistochemistry score

IHC 3+ 16 80.0

IHC 2+, FISH+ 4 20.0
Mutations

RAS 2 10.0

BRAF 0 0

RAS/BRAF wild type 17 85.0

NA | 5.0
Microsatellite status

pMMR/MSS 17 85.0

dMMR/MSI-H 0 0

NA 3 15.0
Number of previous lines of therapy

2 13 65.0

>3 7 35.0
Prior resection of primary tumor

Yes 12 60.0

No 8 40.0
Previous anti-EGFR treatment

Yes 7 35.0

No 13 65.0
Previous anti-angiogenesis treatment

Yes 17 85.0

No 3 15.0
Previous immunotherapy

Yes 3 15.0

No 17 85.0

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NA, not available; pMMR, proficient mismatch
repair; MSS, microsatellite stable; dMMR, deficient mismatch repair; MSI-H, microsatellite instability-high.

and 11 rectal cancers. The two right-sided tumors included one ascending colon and one transverse colon cancer. Fifteen
patients (75%) presented with metastases in two or more organs. HER2 expression status, as determined by IHC,
revealed HER2 3+ tumors in 16 patients and HER2 2+/FISH+ tumors in 4 patients. Among 16 patients assessed by FISH
or NGS, HER2 amplification was confirmed in all cases; one patient concurrently exhibited HER2 amplification and
mutation. Baseline RAS/BRAF gene status testing was conducted in 19 patients, identifying 17 patients with RAS/BRAF
wild-type status and two with KRAS mutations. All 17 patients assessed for microsatellite status exhibited proficient
mismatch repair/microsatellite stability (pMMR/MSS).
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Regarding prior therapies, the cohort was heavily pretreated, with 7 patients (35%) receiving >3 prior systemic
regimens. Primary tumor resection (radical or palliative) was performed in 12 patients (60%). Previous anti-EGFR
monoclonal antibody therapy (cetuximab) was administered to 7 patients (35%), while bevacizumab exposure occurred
in 17 patients (85%). Notably, 3 patients (15%) had received prior immune checkpoint inhibitors (ICIs).

Efficacy

As of March 31, 2025, 20 patients had been enrolled, with 17 being evaluable for efficacy. One patient withdrew
informed consent within 6 weeks; two discontinued trastuzumab therapy from cycle 2 due to myocardial infarction and
allergy in cycle 1, respectively. The median number of cycles administered was 7 (range, 1-17). Four patients (23.5%)
achieved a partial response (PR), and 11 patients (64.7%) had stable disease (SD). The ORR and DCR were 23.5% (95%
CI, 0.010-0.460) and 88.2% (95% CI, 0.712—-1.053), respectively (Table 2). Two (11.8%) patients developed clinically
detected tumor progression at the first radiological assessment.

As of the cutoff date, the median follow-up was 21.5 months (95% CI, 14.12-28.88). The median PFS was 6.2
months (95% CI, 0.42—11.98) (Table 2 and Figure 1A). As of the data cutoff date, 9 patients (52.9%) had died, the 1-year
overall survival (OS) rate was 82.4% (95% CI, 0.62-1.03), and the median OS reached 21.1 months (95% CI,
15.84-26.36) (Table 2 and Figure 1B).

Safety

All patients were evaluable for safety assessment. Overall, 18 patients (90%) experienced TRAEs of any grade, with
grade 3/4 TRAEs reported in 6 patients (30%). The most common TRAEs were diarrhea (75%), fatigue (40%), and
nausea (35%). All six grade 3 events consisted of diarrhea. One patient with a history of coronary artery disease
experienced a grade 2 myocardial infarction after cycle 1 treatment (asymptomatic and cardiac enzymes are minimally
abnormal, and no evidence of ischemic ECG changes). Treatment interruption or pyrotinib dose reduction was required
in 8 patients (40%), attributed to diarrhea (n=7) and fatigue (n=1). Treatment suspension or dose reduction of pyrotinib
occurred in 8 (40%) patients, resulting from diarrhea in seven patients and fatigue in one patient. No grade 4/5 TRAEs
occurred. Table 3 shows the most common TRAE:s.

Table 2 Summary of Efficacy Outcomes

Variable Results (n = 17)

Best overall response

CR 0

PR 4 (23.5%)

SD 11 (64.7%)

PD 2 (11.8%)
ORR, n (%) 4 (23.5%)
DCR, n (%) 15 (88.2%)
PFS

Events 15 (88.2%)

Median (95% Cl), months | 6.2 (0.42—-11.98)
I-year OS rate (95% CI) | 82.40% (0.62—1.03)
oS

Events 9 (52.9%)

Median (95% Cl), months | 21.1(15.84-26.36)

Abbreviations: CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; ORR,
objective response rate; DCR, disease control rate; PFS,
progression-free survival; Cl, confidence interval; OS, overall
survival.
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Figure | Analysis of Survival Outcomes. The figure presents Kaplan-Meier curves for (A) progression-free survival and (B) overall survival.
Abbreviations: mPFS, median progression-free survival; mOS, median overall survival; Cl, confidence interval.

Exploratory Analyses

Among the 17 patients evaluable for efficacy, 2 harbored KRAS mutations, 14 were RAS/BRAF wild-type, and the gene
status of 1 patient was unknown. Objective responses were exclusively observed in RAS/BRAF wild-type patients,
whereas the two KRAS-mutant patients achieved SD as their best response. In the RAS/BRAF wild-type subgroup, the
ORR was 28.6% and the DCR was 92.9%. As shown in Figure 2, compared to KRAS-mutant CRC patients, those with
RAS/BRAF wild-type CRC exhibited significantly longer median PFS (8.5 vs 2.6 months; P = 0.0081) and median OS
(22.6 vs 4.9 months; P = 0.022). Univariate logistic analysis revealed no significant associations between clinical
variables and ORR in HER2-positive RAS/BRAF wild-type CRC patients (all P > 0.05) (Supplementary Table S1).

Table 3 Most Common Treatment-Related Adverse Events (Maximum Grade per Patient per Event)

Adverse Event Grade | Grade 2 Grade 3 Grade 4 Any grade Grades 3-4
n (%) n (%) n (%) n (%) n (%) n (%)
Haematologic toxicity
Anemia 2 (10.0) 1 (5.0) 0 0 3 (15.0) 0
Thrombocytopenia 0 0 0 0 0 0
Neutropenia 0 1 (5.0) 0 0 I (5.0) 0
Leukopenia 0 1 (5.0 0 0 I (5.0) 0
Non-hematologic toxicity
Nausea 7 (35.0) 0 0 0 7 (35.0)
Vomiting 3 (15.0) 0 0 0 3 (15.0)
Diarrhea 6 (30.0) 5 (25.0) 6 (30.0) 0 15 (75.0) 6 (30.0)
Fatigue 6 (30.0) 2 (10.0) 0 0 8 (40.0) 0
Hand-foot syndrome 2 (10.0) 0 0 0 2 (10.0) 0
Rash 0 I (5.0 0 0 1 (5.0) 0
Myocardial infarction 0 I (5.0 0 0 1 (5.0) 0
Left ventricular dysfunction | 0 0 0 0 0 0
Hypoalbuminemia 0 0 0 0 0 0
ALT/AST increased 2 (10.0) 0 0 0 2 (10.0) 0
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase.
Drug Design, Development and Therapy 2025:19 htps: 10275
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Figure 2 Subgroup analysis based on RAS/BRAF mutation status. (A) Kaplan-Meier curves of PFS for patients of different RAS/BRAF mutation status. (B) Kaplan-Meier
curves of OS for patients of different RAS/BRAF mutation status.

Discussion

Colorectal cancer ranks among the most prevalent gastrointestinal malignancies. Recent advances in precision medicine
concepts and diagnostic techniques have progressively heightened clinical interest in HER2-positive CRC. Developing
a unified diagnostic criterion for HER2 positivity in CRC has been challenging due to the low prevalence of HER2-
positive cases. While tumor cell staining is objectively observable, the positivity threshold (cut-off value) is a clinically
defined parameter, the selection of which is directly influenced by the intended therapeutic approach. Valtorta et al
identified highly homogeneous HER2 expression patterns in CRC (distinct from gastric cancer) through IHC/FISH
analysis of 1000 specimens, with >50% tumor cell overexpression in most positive cases.*> Consequently, the study
defined HER?2 positivity in CRC as either: (1) HER2 ITHC 3+ in >50% of tumor cells, or (2) HER2 IHC 2+ with HER2/
CEP17 ratio >2 in >50% of tumor cells—establishing the HERACLES criteria. In 2020, a study comparing ToGA gastric
criteria with HERACLES in CRC showed almost identical positivity rates (2.9% vs 2.6%), confirming HER2 expression
homogeneity.”® These data suggest the gastric cancer threshold (>10% IHC 3+ cells) may be clinically applicable for
CRC HER?2 testing.

Although HER?2 alterations occur in only 5-10% of CRC cases, the large absolute number of CRC patients renders
precision therapeutic strategies for this subgroup critically significant for improving clinical outcomes. Preclinical and
early clinical data suggest dual HER2 blockade may confer clinical benefit in HER2-positive colorectal cancer. In the
present study, we investigated the antitumor activity of trastuzumab plus pyrotinib in patients with HER2-positive mCRC
who progressed on second-line standard therapy.

In recent years, HER2-overexpressed/amplified mCRC has emerged as a key focus in clinical research. Multiple
therapeutic strategies have been evaluated in patients who failed standard therapy, including: Trastuzumab plus lapatinib
(HERACLES-A),** Trastuzumab plus pertuzumab (MyPathway),23 Trastuzumab plus tucatinib (MOUNTAINEER),**
Trastuzumab deruxtecan (DESTINY-CRCO1),* Pertuzumab plus T-DM1 (HERACLES-B),*® etc. In the HERACLES-A
trial, trastuzumab plus lapatinib achieved a 28% ORR, median PFS of 4.7 months, and median OS of 10.0 months in
chemotherapy-refractory, HER2-positive/KRAS wild-type mCRC patients.** The MyPathway trial evaluated trastuzu-
mab plus pertuzumab in HER2-positive mCRC, demonstrating a 32% ORR. Subgroup analysis revealed significantly
inferior outcomes in KRAS-mutant versus wild-type patients: median PFS (1.4 vs 5.3 months) and median OS (8.5 vs
14.0 months).?® These findings support prioritizing dual anti-HER?2 therapy for HER2-amplified mCRC with RAS/BRAF
wild-type status. Similarly, our study demonstrated significantly superior efficacy and survival outcomes in RAS/BRAF
wild-type versus KRAS-mutant mCRC patients: ORR 28.6% vs 0, median PFS 8.5 vs 2.6 months, and median OS 22.6
vs 4.9 months. Notably, both KRAS-mutated mCRC patients failed to respond to trastuzumab plus pyrotinib therapy,
achieving only stable disease.

Recent phase II trials—MOUNTAINEER** and DESTINY-CRC01**—demonstrated significant anti-tumor activity in
pretreated HER2-positive RAS/BRAF wild-type mCRC. These findings supported the inclusion of two novel regimens in
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NCCN guidelines: trastuzumab plus tucatinib (a highly selective HER2 TKI) and T-DXd (an ADC linking trastuzumab to
a topoisomerase I inhibitor payload). These small-sample phase II studies were all explorative and reported hetero-
geneous efficacy outcomes. Among HER2-positive RAS/BRAF wild-type patients, ORR ranges from 10% to 45%,
mPFS ranges from 3.1 to 8.2 months, and mOS from 11 to 24.1 months.

In China, efficacy data on anti-HER2 therapy for HER2-positive colorectal cancer remain limited. According to the
NCCN guidelines, the 2020 Chinese Society of Clinical Oncology (CSCO) Guidelines for Diagnosis and Treatment of
Colorectal Cancer incorporated recommendations for anti-HER2 therapy in the third-line or later treatment of CRC.
Pyrotinib, a China-developed pan-HER TKI, selectively inhibits HER1, HER2, and HER4 tyrosine kinases. PHOEBE
trial results confirmed pyrotinib’s advantage over lapatinib when combined with capecitabine for HER2-positive
metastatic breast cancer improved ORR (79% vs 57%), nearly tripled median PFS (18.1 vs 7.0 months), and significantly
reduced risk of death (HR 0.36)—these outcomes position pyrotinib as a more potent anti-HER2 TKI.?” A case report
documented prolonged PFS with pyrotinib monotherapy in a heavily pretreated HER2-positive mCRC patient.”’
Collectively, these findings position trastuzumab plus pyrotinib as a promising therapeutic strategy for heavily pretreated
HER2-positive mCRC, potentially addressing the unmet need in third-line and beyond settings.

In recent years, two phase Il trials preliminarily verified pyrotinib-trastuzumab efficacy in HER2-positive mCRC.
A multicenter study”® demonstrated an ORR of 22.2% with acceptable safety, while the HER2-FUSCC-G trial*’ reported
higher antitumor activity (ORR 50.0%; median PFS 7.53 months; OS 16.8 months), collectively confirming the
regimen’s therapeutic potential. The results of the present study demonstrated an ORR of 23.5% in the overall cohort
and 28.6% in the RAS wild-type subgroup, aligning with previously reported efficacy of dual anti-HER2 therapies. These
results further support the clinical application of trastuzumab plus pyrotinib in later-line treatment for HER2-positive
mCRC patients.

The safety profile in our cohort aligned with established pyrotinib toxicity data. Diarrhea was the most frequent grade
3 TRAE (30%), effectively managed through dose reduction. One patient with pre-existing coronary artery disease
experienced a grade 2 myocardial infarction following the first dose. Given the patient’s cardiovascular history, a definite
link between the study drug and myocardial infarction could not be established. Two previous similar studies investigat-
ing trastuzumab plus pyrotinib reported grade 3—4 diarrhea incidences of 65% and 25%, respectively.’*>° Broader
experience from pyrotinib-based trials across solid tumors shows this toxicity occurring in 16.7-45% of patients.?”*%4!
In the future, prophylactic loperamide administration is recommended during pyrotinib-containing regimens to mitigate
the incidence and severity of treatment-related diarrhea in clinical practice.

The clinical utility of anti-HER2 therapy in later-line treatment for HER2-positive mCRC has been established. In the
future, anti-HER2 therapy may extend to neoadjuvant, adjuvant, and first-line settings for colorectal cancer patients with
HER2 amplification or overexpression. This strategic shift is being evaluated in the MOUNTAINEER-3 study—a
randomized Phase III trial comparing first-line trastuzumab + tucatinib + mFOLFOX6 versus standard of care
(mFOLFOX6 plus cetuximab or bevacizumab) in RAS wild-type, HER2-positive mCRC.** Positive outcomes may
establish HER2-targeted regimens as frontline therapy, embodying precision oncology principles throughout the cancer
care continuum. Furthermore, the combined assessment of HER2 amplification with other biomarkers may significantly
improve therapeutic outcomes in CRC. Previous studies indicated that HER2 positivity correlates with limited efficacy of
anti-EGFR therapies. Therefore, integrating HER2 and RAS/BRAF mutation testing can identify patients likely resistant
to anti-EGFR agents and guide personalized treatment strategies. Furthermore, HER2 crosstalk with other signaling
pathways warrants further investigation to elucidate potential synergistic therapeutic effects.

Deeper mechanistic insights into HER2 signaling in CRC drive the development of novel targeted agents as a priority
research trajectory. Zanidatamab (ZW25), a bispecific anti-HER2 antibody engaging both trastuzumab and pertuzumab
binding epitopes, has demonstrated clinical activity in a Phase I study®’ and is under evaluation in phase II trials
(NCT02892123; NCT03929666). ZW49, an ADC linking zanidatamab to an auristatin payload, shows potent preclinical
efficacy and is being assessed in an ongoing phase I trial (NCT03821233). HER2-targeted immunotherapeutic strategies
are under investigation. These include combination regimens with anti-HER2 therapies and immune checkpoint inhibi-
tors (NCT05493683, NCT05333809, NCT05193292), as well as cellular therapy (eg, chimeric antigen receptor (CAR)
T cells,** CAR macrophages,*® and natural killer (NK) cells).*
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In terms of limitations, first, the absence of a control arm and limited sample size restrict subgroup comparisons
across HER2 profiles or other oncogenes. Validation of pyrotinib-trastuzumab efficacy in HER2-positive mCRC and
population selection requires larger controlled studies. Second, clinical data for HER2-mutated (non-amplified) mCRC
are absent—only one case with dual HER2 mutation/amplification was observed. Despite preclinical sensitivity in PDX
models,*” anti-HER?2 efficacy in pure HER2-mutated disease remains unverified clinically. Third, during the COVID-19
pandemic, patient enrollment was slow, prolonging the study timeline (December 2019 to March 2025) and causing
significant patient follow-up challenges. Furthermore, post-hoc subgroup analyses (unplanned per protocol) yield
exploratory insights needing prospective confirmation.

In conclusion, the trastuzumab and pyrotinib regimen was well-tolerated and demonstrated promising antitumor
activity in HER2-positive mCRC, particularly in RAS/BRAF wild-type patients. This dual anti-HER2 therapy may offer
an alternative option and warrants further investigation.
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