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Introduction 
Targeting the human epidermal growth factor receptor 2 (HER2) has emerged as a promising 
therapeutic strategy in advanced biliary cancers (BTC). Javle et al have recently reported a 
sub-analysis of the MyPathway trial on the efficacy of the dual HER2 inhibition with 
Pertuzumab plus Trastuzumab in advanced BTC with ERBB2 amplification. After a median 
follow up of 8.1 months, 23% of patients achieved partial response, with a median duration 
of response of 10.8 months, median progression-free survival (PFS) of 4.0 months, and 
median overall survival of 10.9 months1. Whilst promising, these results indicate that 
resistance to anti-HER2 agents is still a significant challenge to overcome.  
Several molecular mechanisms causing resistance to anti-HER2 blockade have been described 
in breast cancer 2 while in BTC they are still poorly understood as the investigation of this 
therapeutic strategy is still in its infancy 1, 3-6.  
Here, we report the clinical course and the integrated molecular analysis of tissue and 
longitudinal liquid biopsies in a patient with co-amplified ERBB2 and EGFR gallbladder cancer 
(GBC) treated with concurrent HER2 and EGFR inhibitors. Our data suggest that EGFR copy 
number gain might represent a mechanism of resistance to Trastuzumab in GBC and provide 
useful insights for the application of HER2 inhibitors in clinical practice. 
 
Results 
A 58-year-old female patient was diagnosed with a stage IV (CK7+, CK19+) GBC with multiple 
liver metastasis in February 2019 (Figure 1A). After progression to first line Cisplatin 
Gemcitabine (May 2019), she received a targeted inhibitor of thymidylate synthase within a 
phase I trial, which was withdrawn for hepatotoxicity. Third line Folfox chemotherapy was 
administered between September 2019 and March 2020, when due to stabilization of disease 
and onset of Covid19 pandemic she was switched to active surveillance. At progression 
(August 2020) the patient was re-challenged with Folfox, but treatment was halted two 
months later due to radiological progression. She was then considered for an off-licence 
targeted therapy based on the Next Generation Sequencing (NGS) results of her diagnostic 
liver biopsy [FoundationOne cDx 324 gene panel], which documented double amplification of 
ERBB2 and EGFR, along with SMAD and TP53 mutations.   
In view of the double ERBB2-EGFR amplification, dual blockade with Trastuzumab (HER2-
directed antibody; loading dose 8 mg/kg followed by 6mg/kg q21) and Lapatinib (reversible 
EGFR/HER2 kinase inhibitor; 1250 mg/day continuously) was initiated in November 2020. 
Monthly ctDNA and tumour markers were used to monitor response (Figure 1B&C). 
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Pre-treatment ctDNA analysis [Avenio ctDNA extended 77 gene assay] showed concordance 
with tissue data confirming the presence of EGFR and ERBB2 amplifications (CNV scores 26.4 
and 14.2 respectively) and p.Arg361His SMAD4 and p.Tyr220Cys TP53 mutations (VAF 48.12% 
and 53.46% respectively) (Figure 1D).   
Liquid biopsy analysis after a month of treatment documented significant reduction in tumour 
markers and ctDNA load with normalisation of SMAD4 and TP53 mutations (VAF 0.32% and 
0.36% respectively) and un-detectability of ERBB2 and EGFR CNV (Figure 1C&E). 
 
Lapatinib was discontinued 2.1 months later for G4 diarrhoea. As soon as EGFR inhibition was 
halted, tumour markers and ctDNA showed a steep increase. Trastuzumab was continued as 
single agent until March 2021, when was interrupted due to biochemical and radiological 
progression (PFS 4.1 months).  ctDNA at progression showed SMAD4 and TP53 mutations 
(VAF 54% and 63% respectively) along with ERBB2 and EGFR amplifications (CNV scores 26.62 
and 14.6 respectively).  Of note, de-novo mutations arose at 2.5 months (p.Glu545Lys PIK3CA) 
and 3.73 months (p.Val266Leu PDGFRA and p.Ile673Ile EGFR) (Figure 1E). The patient 
deceased in June 2021. 

Discussion 
We report the clinical and molecular evolution of a patient whose GBC harbored a co-
amplification of ERBB2 and EGFR: dual ERBB2 and EGFR inhibition was initially associated with 
clinical, biochemical and ctDNA signs of response.  As soon as EGFR inhibition was lifted due 
to ongoing toxicity from the tyrosine-kinase inhibitor, the patient showed disease 
progression.  These observations suggest two, non-mutually exclusive hypotheses. First, EGFR 
copy number gain might have been the driver event in this patient progression, an assumption 
supported by observation that EGFR-amplified cancers have a significantly poorer prognosis 
than ERBB2-amplified cancers in a pan-cancer analysis (Suppl Figure 1). Second, similarly to 
other gastrointestinal cancers treated with BRAF, KRAS G12C and multi-TK inhibitor 7-9, EGFR 
signaling, especially in the context of an EGFR-amplification, might have represented a 
mechanism of bypass or rebound upon HER2 inhibition. 
Although co-amplification of RTKs is relatively infrequent in BTC, our data suggest that testing 
for the presence of other RTK amplification might be a sound approach to identify 
mechanisms of resistance and optimize combinatorial therapeutic strategies such as the use 
of a pan-HER inhibitor like Afatinib in cases with EGFR and ERBB2 co-amplifications. Under 
these assumptions, as HER2 inhibition becomes a widely used therapeutic approach in BTC, 
single testing with HER2 FISH appear to fall short in providing a comprehensive assessment 
of BTC molecular architecture prompting to consider broader genomic analyses for a more 
robust patient screening and selection. Finally, in our patient we observed emergence of de 
novo mutations in PDGRA and PIK3CA upon progression, which have been previously 
associated to resistance to Lapatinib10 in colon cancer, underlining the paramount importance 
of ctDNA in identifying sequential adaptive therapies in this group of patients.   
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Figure legend. 
 
Figure1. A. Diagnostic abdomen US and CT scan images are shown, along with H&E and IHC 
(CK7) of the diagnostic liver biopsy. B. Schematic representation of the clinical course of 
patient RB001 enrolled within the translational study REG-Bil (ISRCTN15141439). C. 
Longitudinal assessment of tumour markers throughout the whole clinical course (left) and 
the treatment course with Trastuzumab and Lapatinib (right). On the bottom panel 
representative images of the radiological assessment performed before and after treatment 
with Trastuzumab. D. NGS profile in the diagnostic tissue (left) and the longitudinal blood 
samples taken throughout the targeted therapy (T1: Baseline C1; T2 1.3 month; T3 2.5 
months, T4 3.73 months). E. Longitudinal course of the mutations assessed by NGS (left) with 
a focus on de novo mutations only emerged after Lapatinib (right).    
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