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Abstract
BACKGROUND
Human epidermal growth factor receptor 2 (HER2) amplification is a molecular driver for a subset of colorectal cancers (CRCs) and one of the major causes of anti-epidermal growth factor receptor (EGFR) treatment failure. Compared to dual anti-HER2 treatments, which have been shown to be effective in HER2-positive metastatic CRC patients, single-agent anti-HER2 therapy is rarely used to treat CRC.

CASE SUMMARY
Herein, we report a case of RAS/BRAF-wild-type metastatic CRC that was identified as HER2-positive through circulating tumor DNA (ctDNA) testing by next-generation sequencing following the failure of two lines of therapy. Subsequently, the patient was given lapatinib monotherapy that led to a partial response with a progression-free survival of 7.9 mo. Moreover, serial ctDNA detection was used to monitor the efficacy of lapatinib. The aberration of HER2 copy number disappeared when radiographic assessment revealed a partial response. However, a high level of HER2 amplification was detected again at the time of disease progression. Finally, a phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha mutation was identified at the time of tumor progression, which may explain the acquired resistance to lapatinib. 

CONCLUSION
This is the first case report of HER2-positive RAS/BRAF wild-type metastatic CRC patient responding to lapatinib monotherapy. It highlights that ctDNA testing is an effective and feasible approach to evaluate the efficacy of anti-HER2 therapy.
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Core Tip: While dual anti-human epidermal growth factor receptor 2 (HER2) therapies are recommend as standard treatment for HER2-positive advanced colorectal cancer, anti-HER2 monotherapy is rarely used to treat this population. This case is the first report of a HER2-positive RAS/BRAF-wild-type metastatic colorectal cancer patient achieving a partial response following lapatinib monotherapy without serious adverse events. Next generation sequencing based circulating tumor DNA testing played an essential role in both treatment decision and efficacy/resistance monitoring. 

INTRODUCTION
Human epidermal growth factor receptor 2 (HER2) amplification or overexpression, which has been observed in 5% of colorectal cancer (CRC) patients[1,2], is considered a molecular driver in the development and progression of the disease[3]. It is also considered as the leading cause of anti-EGFR therapy failure[4-7]. 
Both HER2 Amplification for Colo-rectaL cancer Enhanced Stratification (HERACLES) and My Pathway trial have suggested that dual anti-HER2 treatments are effective in HER2-positive metastatic CRC (mCRC)[2,8]. In the HERACLES trial, 30% (8/27) of the HER2-positive mCRC patients treated with trastuzumab plus lapatinib presented an objective response; the median progression-free survival (PFS) was 21 wk[2]. My Pathway trial indicated an ORR of 38%, and the median time to progression of 5.6 mo in 13 HER2 amplified mCRC patients who received a combination of trastuzumab and petuzumab[8]. 
At present, single-agent anti-HER2 treatment is rarely used to treat HER2-positive mCRC; even though, a few studies (mainly preclinical studies) have suggested that patients with HER2 amplifications might benefit from anti-HER2 monotherapy[7,9,10]. Herein, we report the case of an HER2-positive and RAS/BRAF wild-type mCRC patient who responded to lapatinib monotherapy as the third-line therapy.

CASE PRESENTATION
Chief complaints
A 55-year-old man who suffered from hematochezia for 3 mo consulted our hospital in July 2016 (Figure 1).

History of present illness
The pathological diagnosis following biopsy showed “moderately differentiated adenocarcinoma of the sigmoid colon” (Figure 2A). Abdominal enhanced computed tomography (CT) showed mesenteric lymph node metastasis and multiple low-density lesions in the liver. The capecitabine plus oxaliplatin (XELOX) scheme was recommended for the neoadjuvant therapy regimen for three cycles. However, even with therapy, the evaluation was progressive disease (PD) given that lymph node and liver lesions continued to grow; thus, surgery was excluded. 
From February 2 to October 14, 2017, folinic acid, fluorouracil, and irinotecan (FOLFIRI) plus bevacizumab was implemented for 12 cycles, and the classification was stable disease (SD); bevacizumab plus S-1 was offered as the maintenance treatment. On March 30, 2018, CT indicted disease progression. Due to intestinal obstruction, the patient underwent laparoscopic intestinal adhesion lysis and transverse colostomy on May 30, 2018.
From February 2 to October 14, 2017, folinic acid, fluorouracil, and irinotecan (FOLFIRI) plus bevacizumab was implemented for 12 cycles, and the classification was stable disease (SD); bevacizumab plus S-1 was offered as the maintenance treatment. On March 30, 2018, CT indicted a disease progression. Due to intestinal obstruction, the patient underwent laparoscopic intestinal adhesion lysis and transverse colostomy on May 30, 2018.

History of past illness
The patient had no medical history of past illness. 

Personal and family history
The patient neither smoke tobacco nor consume alcohol. There was no notable family medical history, such as cancer.

Physical examination
The height and weight of the patient were 160 cm and 56.8 kg, respectively. On July 15, 2018, the performance status (PS) was 1 for this patient, with a body temperature of 36.3 ℃, pulse rate of 86 beats/min, and blood pressure of 152/96 mmHg. 

Laboratory examinations
In July 2016, immunohistochemistry (IHC) and polymerase chain reaction (PCR) were performed to guide therapy at diagnosis. Kirsten rat sarcoma 2 viral oncogene homolog (KRAS), neuroblastoma RAS Viral Oncogene Homolog (NRAS), and v-raf murine sarcoma viral oncogene homolog B1 (BRAF) were wild-type, and mismatch repair proteins were proficient. On May 29, 2018, a peripheral blood sample was assessed for circulating tumor DNA (ctDNA) using next-generation sequencing (NGS) with an array of 189 genes to determine whether ras-rat sarcoma viral oncogene homolog/v-raf-murine sarcoma viral oncogene homolog (RAS/RAF) status changed during the past 2 years and EGFR monoclonal antibody could be used as the third-line therapy. The test results showed that KRAS, NRAS, and BRAF were still wild-type. Interestingly, high-level amplification of HER2 (absolute copy number: 63.67) (Figure 4A) was identified at the same time, which was reported as the resistance mechanism of anti-EGFR therapy previously[4-7]. Also, adenomatous polyposis coli (APC) and tumor protein 53 (TP53) alterations were detected, with a mutant allele frequency (MAF) of 7.3% and 9.3%, respectively. IHC for HER2 showed a score of 3+ based on the tumor tissue biopsy obtained on July 22, 2016 (Figure 2B), while fluorescence in situ hybridization (FISH) showed high-level amplification of HER2 (Figure 2C); thus, the two tests confirmed the results of ctDNA. 

Imaging examinations
On March 30, 2018, CT showed that most of the liver lesions were increased compared to January 17, 2018, while new, multiple lesions were detected in the lung. Thus, the classification was PD, and the patient failed to respond to two lines of therapy.

FINAL DIAGNOSIS
The patient was diagnosed with CRC.

TREATMENT
After consulting the patient, trastuzumab plus lapatinib was recommended as the third line therapy; nonetheless, due to financial reasons, the patient decided to go with lapatinib monotherapy (administered orally at a dose of 1250 mg per d for 21 d and stopped for 7 d , a 28-d treatment cycles), which was started on July 15, 2018.

OUTCOME AND FOLLOW-UP
On September 20, 2018, enhanced CT showed reduced sigmoid colon wall thickening. Besides, most lesions of the liver, retroperitoneal lymph nodes, and multiple metastases in the lung were reduced (Figure 3). The comprehensive curative effect evaluation was PR. On September 13, 2018, ctDNA showed that the HER2 amplification and the APC mutation disappeared (Figure 4B), while the MAF of TP53 was reduced to 0.27% (Figure 4D). Moreover, the level of CEA changed from 59.29 to 7.93 ng/mL as a response to lapatinib treatment. In December 2018, no disease progression was observed (Figure S1).
Based on the enhanced CT on March 11, 2019, the multiple metastases in the liver and lung increased (Figure 2), while HER2 amplification reappeared (Figure 4C). The MAF of APC and TP53 was 14.8% and 19.8%, respectively. In addition, a new PIK3CA alteration with an MAF of 0.3% was detected (Figure 4D), which was demonstrated to be the resistant mechanism of anti-HER2 therapy in breast cancer[11-14]. The subsequent evaluation was PD, and the PFS of lapatinib was 7.9 mo. Strikingly, no adverse events occurred during lapatinib therapy.

DISCUSSION
HER2 amplification is the molecular driver for a small part of CRCs[1,2], which has been implicated in resistance to anti-EGFR treatment[4-7]. Bertotti et al found that HER2 amplification was a potential primary resistant mechanism to EGFR monoclonal antibody in a patient-derived tumor xenograft model[7]. Subsequently, in a clinical cohort of 97 RAS/BRAF wild-type metastasis CRC, the patients with HER2 amplification had significantly shorter PFS as compared to HER2 wild-type patients in second-line anti-EGFR therapy (2.9 mo vs 8.1 mo; hazard ratio (HR): 5.0; P < 0.0001)[4]. Moreover, results from two recent clinical trials suggested that HER2-positive advanced CRC might benefit from dual anti-HER2 treatments[2,8].
Herein, we report on a single case of HER2-positive mCRC treated with lapatinib monotherapy. An objective response was achieved, and the PFS was 7.9 mo. According to our knowledge, only one case of HER2-positive mCRC treated with single-agent trastuzumab-DM1 has been reported so far. In that patient, the disease was under control for 7 mo[9]. According to the HERACLES trial, the primary reason for selecting dual HER2-targeting therapy was based on the preclinical results of patient-derived xenografts (PDX)[7,10], which proved that pertuzumab or trastuzumab combined with lapatinib was more effective when treating HER2-positive mCRC PDX. Interestingly, lapatinib monotherapy led to tumor regression in both two PDX studies; still, its effect was weaker than that of the dual HER2-targeting, while tumors treated with pertuzumab or trastuzumab monotherapy showed a sustained increase[7,10]. Further investigation revealed that lapatinib could reduce the phosphorylation of extracellular-signal-regulated kinase (ERK) and S6 in cancer cells, which was only mildly impaired by pertuzumab or trastuzumab monotherapy[7]. These studies indicated that lapatinib monotherapy might be effective for HER2-positive mCRC, which is consistent with our observations. Yet, further investigation is needed to confirm these findings. 
The potential underlying mechanism might be that lapatinib acts as a dual EGFR and HER2 inhibitor. Kimio et al demonstrated that inhibiting HER2 signaling in HER2-amplified colon cancer models could restore their sensitivity to EGFR monoclonal antibody in vitro and in vivo[5]. Moreover, an HER2-positive mCRC patient who underwent anti-EGFR therapy responded well to lapatinib plus cetuximab[15]. Therefore, the inhibition of both HER2 and EGFR is another potential strategy to treat HER2-positive and RAS/BRAF wild-type mCRC. Dual anti-HER2 therapy is an expensive treatment that may cause serious adverse events; 22% of mCRC cases have been shown to have grade 3 adverse events in HERACLES trial[2]. Intriguingly, no adverse events occurred during lapatinib monotherapy. It is still unclear whether adverse events of lapatinib monotherapy would be less than those of dual therapy, indeed, we need more clinical trials to further answer this question, and lapatinib monotherapy is not recommended except clinical trials.
Because ctDNA could overcome the tumor tissue related limitations, such as heterogeneity and tissue that is hard to obtain, it is widely used in metastatic tumors, especially in patients who failed to respond to first-line standard therapy. Serial ctDNA detection had a major role in this case, mainly from three following aspects: (1) Genotyping: HER2 status of this patient was unclear at the time of diagnosis. High-level HER2 amplification was identified after two-line therapy based on ctDNA with broad molecular profiling, followed by IHC and FISH analyses. Because anti-HER2 treatment is not a standard therapy for mCRC, and HER2 overexpression might change after systemic therapy[9], ctDNA could be a suitable approach to detect HER2 status in such patients; (2) monitoring: The MAF change due to genetic alterations between the serial ctDNA test was correlated to tumor burden, which was demonstrated using ctDNA to monitor chemotherapy or chemotherapy plus bevacizumab in mCRC[16,17]. In this case, serial ctDNA detection during treatment was used to assess the efficacy of lapatinib, which was consistent with the results of the radiographic assessment; and (3) identifying acquired resistance mechanism: PIK3CA is the downstream pathway of HER2, which was reported as the acquired resistant mechanism to anti-HER2 treatment in metastatic breast cancer[11-14] and was first identified in CRC by Siravegna et al[18] through ctDNA monitoring. Serial ctDNA is helpful for the diagnosis and monitoring of the treatment of HER2-positive mCRC when standard therapies fail.

CONCLUSION
This is the first case report of HER2-positive RAS/BRAF wild-type metastatic CRC patient responding to lapatinib monotherapy. It highlights that ctDNA testing is an effective and feasible approach to evaluate the efficacy of anti-HER2 therapy.
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Figure Legends
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Figure 1 Treatment course. mCRC: Metastasis colorectal cancer; ctDNA: Circulating tumor DNA; HER2: Human epidermal growth factor receptor 2; APC: Adenomatous polyposis coli; TP53: Tumor protein 53; Amp: Amplification; Mut: mutation; XELOX: Capecitabine and oxaliplatin; Bev: Bevacizumab; FOLFIRI: 5-fluorouracil, leucovorin, and irinotecan; PD: Progressive disease; SD: Stable disease; PR: Partial response; PIK3CA: Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.
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Figure 2 Examination of the tumor tissue. A: Hematoxylin-eosin staining; B: Immunohistochemical staining for human epidermal growth factor receptor 2 (HER2); C: Fluorescence in situ hybridization for detection of HER2. 
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Figure 3 Abdominal enhanced computed tomography images showing that liver lesions changed during lapatinib therapy. A: Jun 29, 2018: Before lapatinib therapy; B: Sep 20, 2018: 2 mo of lapatinib therapy; C: Mar 11, 2019: Disease progression after lapatinib treatment for 7.9 mo.
[image: ]
Figure 4 Serial circulating tumor DNA testing for monitoring lapatinib treatment. A: Human epidermal growth factor receptor 2 (HER2) amplification on May 29, 2018; B: HER2 copy number alterations disappeared after lapatinib treatment on Sep 13, 2018; C: HER2 amplification was detected during disease progression on Mar 12, 2019; D: Mutant allele frequency of APC, TP53, and PIK3CA during lapatinib treatment. HER2: Human epidermal growth factor receptor 2; APC: Adenomatous polyposis coli; TP53: tumor protein 53; PIK3CA: Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.
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