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ABSTRACT

Background: Recent advances in cancer genome analysis and the practice of precision medicine have made it possible to iden-
tify fractions with rare genetic alterations. Among biliary tract cancers, EGFR-amplified cancers are known to be rare fractions
across organs and have a poor prognosis. The use of anti-EGFR antibody for EGFR-amplified cancers has been promising; how-
ever, the evidence is not yet clear.

Case: In this report, we describe the case of a 48-year-old man diagnosed with advanced gallbladder cancer. The patient was
administered gemcitabine plus cisplatin, followed by S-1 monotherapy; however, disease progression was observed after two cy-
cles of each regimen. Comprehensive genomic profiling test revealed EGFR-amplification, and the patient was treated with com-
bination therapy with the anti-EGFR antibody necitumumab, gemcitabine, and cisplatin. After two cycles of treatment, tumor
size reduced, and the treatment response was evaluated as partial response. On Day 90, after five cycles of treatment, tumor
progression was confirmed. In addition, after disease progression, liquid biopsy revealed acquired pathogenic gene alterations
suggesting anti-EGFR antibody resistance.

Conclusion: This report supports the clinical benefit of anti-EGFR antibodies for EGFR-amplified biliary tract cancers and the
importance of genomic analysis in personalized therapy and drug resistance research.

1 | Introduction isahighly refractory cancer with one of the worst prognoses. Due

in part to its anatomic complexity, early diagnosis is difficult;
Biliary tract cancer (BTC) is a relatively rare cancer, with an esti- most patients present with locally advanced or metastatic dis-
mated incidence of fewer than six cases per 100000 population; ease at the time of diagnosis [1, 2]. Genomic profiling of BTC has

however, its incidence is increasing worldwide. In addition, BTC revealed a variety of driver genes, and the practice of precision
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medicine is required [3]. Although effective molecular-targeted
drugs available for human use remain limited, anti-EGFR an-
tibodies have been clinically applied to cancer types that orig-
inally express high levels of EGFR. Theoretically, anti-EGFR
antibodies are expected to be effective against EGFR-amplified
cancer, and there are basic and clinical studies suggesting the
utility [4, 5].

Biliary tissue is reported to express relatively high levels of
EGFR, and the efficacy of anti-EGFR antibodies against BTC has
been evaluated [6]. However, all clinical trials failed to demon-
strate the benefit of adding anti-EGFR antibodies to gemcitabine
(GEM)-based regimens for advanced BTC without enrichment
due to EGFR amplification [7].

Here, we describe a case of advanced EGFR-amplified BTC that
responded to combination therapy with anti-EGFR antibody
necitumumab, GEM, and cisplatin (CDDP). After treatment,
acquired pathogenic gene alterations in EGFR, KRAS, RET,
CTNNBI, and FH were detected by liquid biopsy.
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2 | Case Presentation

A 48-year-old man presenting with a chief complaint of epigas-
tric pain was referred to Yokohama City University Medical
Center in March of 2022. After imaging tests and tumor bi-
opsy, the patient was diagnosed with gallbladder cancer with
multiple liver and lymph node metastases (Figure 1A,B). He
was administered GEM (1000 mg/m?) plus CDDP (25 mg/m?),
followed by S-1 (120 mg/body) monotherapy; however, disease
progression was observed after two cycles of each regimen. A
comprehensive genomic profiling test (CGP) was performed on
an archival biopsy sample using the NCC Oncopanel (Sysmex
Corporation, Hyogo, Japan) [8]. CGP revealed the amplifica-
tion of EGFR and mutation of TP53 C135fs*35 and CDKN2A
R80* (Table 1, panel A). Immunohistochemical analysis
showed strong staining for EGFR and phosphorylated EGFR
(Figure 1C,D, Data S1). Based on CGP, the patient was treated
with necitumumab, GEM, and CDDP (necitumumab + GC) as
an off-label therapy (3-week cycle, Dayl and 8; necitumumab
[800mg] and GEM [1000 mg/m?], Dayl; CDDP [25mg/m?]).
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Clinical presentation. Representative pathology slides for liver biopsy specimen (A-D; scale bars represent 50 um, 400-fold

magnification). (A) Hematoxylin and eosin, (B) pan-cytokeratin, (C) EGFR, (D) phospho-EGFR Tyr1068. Course of informative markers (E-H).
(E) Aspartate transaminase (AST), alanine transaminase (ALT), and lactate dehydrogenase (LDH), (F) carcinoembryonic antigen (CEA), (G)
carbohydrate antigen 19-9 (CA19-9), (H) TP53 C135fs*35 MAF in cell-free DNA. Contrast-enhanced CT image of the abdomen (I, J). (I) Before
(baseline); (J) after 2 cycles of necitumumab + GC treatment. Arrowheads indicate the margin of the tumor. MAF, mutation allele frequency; N-mab,

necitumumab; GC, gemcitabine + cisplatin.
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TABLE1 | Summary of the detected pathogenic gene alterations.

(A) NCC Oncopanel

Gene
EGFR
PRKCI

Gene
TP53
CDKN2A

Amplification, copy number
42.60
12.14

Mutation, amino acid replacement (mutation allele frequency [%])

C135fs*35 (68.50)
R80* (63.30)

(B) FoundationOne Liquid CDx

Gene
EGFR
PRKCI
TERC
FGFI0

Gene
TP53
CDKN2A
CTNNBI

Amplification, copy number
6.96
5.03
4.63
2.48

Mutation, amino acid replacement (mutation allele frequency [%])

C135fs*35 (48.23)
R80* (28.37)

G34R (0.32), T411 (0.13), S33C (0.21), S33A (0.5), S33F (0.43), D32V

(0.33), S33P (0.61), S29F (0.13), S37F (0.28), D32G (1.08), D32H (0.52)

EGFR
KRAS
Gene
ASXLI
RET
EGFR

$229C (0.07), G719A (0.07)
Q61H (6.62, 0.37)*

Rearrangement, description (mutation allele frequency [%], read count)
ASXL1 (NM_015338) inversion intron 6-intron 11 (4.01, 52)
CCDC6 (NM_005436)-RET(NM_020630) fusion (C1; R12) (1.88, 91)
EGFR (NM_005228) deletion intron 1-intron 7 (EGFR vIII) (0.66, 136)

EGFR (NM_005228) inversion intron 1-intron 7 (0.33, 104)
EGFR (NM_005228) duplication intron 1-intron 7 (0.23, 49)

EGFR (NM_005228) rearrangement intron 26 (0.23, 20)

EGFR (NM_005228) deletion intron 13-intron 15 (0.14, 53)

EGFR (NM_005228) rearrangement intron 25 (0.04, 12)

EGFR (NM_005228) duplication intron 17-exon 27 (0.03, 61)

EGFR (NM_005228) rearrangement exon 27 (0.03, 13)

SEC61G (NM_014302)-EGFR(NM_005228) fusion (S2; E13) (0.46, 206)

FH

FH (NM_000143) rearrangement exon 5 (5.88, 84)

Abbreviation: EGFR vIII, EGFR variant III.
2Different nucleotide variants with the same amino acid.

After the initiation of the treatment, liver enzyme, lactate de-
hydrogenase, and tumor marker levels decreased significantly
(Figure 1E-G). The value of the TP53 C135fs*35 mutation al-
lele frequency (MAF) in cell-free DNA (cf-DNA) was quan-
tified by droplet digital PCR (Bio-Rad, CA, USA), showing
a marked decrease (Figure 1H, Data S1). Contrast-enhanced
CT after two cycles of necitumumab + GC treatment showed
a reduction in tumor size, and the treatment response was
evaluated as partial response (Figure 11,J). During treatment,
grade 1 skin rash appeared after the first course, which could
be controlled with topical steroid. Grade 3 neutropenia oc-
curred during the third cycle, and the GEM dose was reduced

(800mg/m?). On Day 90, after five cycles of necitumumab +
GC treatment, tumor progression was confirmed. After ne-
citumumab + GC treatment, FoundationOne Liquid CDx
(F1LCDx; Foundation Medicine, Boston, MA, USA) [8] re-
vealed the emergence of pathogenic gene alterations in EGFR,
KRAS, RET, CTNNBI, and FH (Table 1, panel B).

3 | Published Data Review

Toevaluate the prevalence and genomic profile of EGFR-amplified
BTC, we reviewed the previously reported tissue-genome
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M : EGFR-amplified cases

15/707 cases (2.12%)

I Amplification
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Genomic features of EGFR-amplified biliary tract cancer in the dataset of 707 previously reported cancers, available at c-BioPortal

(https://www.cbioportal.org/) [9-12]. (A) Proportion of EGFR-amplified cases. (B) Oncoprot of 15 EGFR-amplified cases. Gene alterations were

annotated using OncoKB (https://www.oncokb.org).

sequence datasets of 707 BTC samples (51 samples of cholangio-
carcinoma [Firehose Legacy, TCGA], 412 samples of intrahepatic
cholangiocarcinoma, and 244 samples of gallbladder cancer),
available at c-BioPortal (https://www.cbioportal.org/) [9-12].
EGFR amplification was identified in 15/707 samples (2.12%),
and the most common co-existing pathogenic gene alterations
included TP53 (47%) and CDKN2A (33%) (Figure 2A,B).

4 | Discussion

The recent practice of precision medicine has made it possi-
ble to identify rare fractions. We encountered a case of EGFR-
amplified BTC and reviewed 707 publicly available BTC
datasets. We found that [1] EGFR-amplified cases are extremely
rare (2.12%), and [2] the coexistence of pathogenic mutations in

TP53 and CDKNZ2A observed in the present case is a typical pat-
tern (Table 1, Figure 2).

Of the anti-EGFR antibodies in clinical use, necitumumab is the
only IgG1 human monoclonal antibody, and it has advantages of
safety and therapeutic benefits such as low risk of infusion reac-
tions and long half-life [13]. Further, IgG1 antibodies have high
antibody-dependent and complement-dependent cytotoxicity,
and are expected to have antitumor effects [13]. Necitumumab
+ GC therapy is already being clinically applied to lung cancer,
[14] and we used this therapy in the present case. Tumor size
reduction was observed after twocycles of necitumumab + GC
treatment; hence, the effect of add-on necitumumab to GC is
evident, compared with the clinical course of the first-line GC
treatment. During the treatment, tumor markers, as well as
TP53 C135fs*35 MAF values in cf-DNA, showed a correlation
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with disease status. Quantitative monitoring of cf-DNA was re-
ported to be useful for assessing disease status, and its utility
was also demonstrated [15, 16].

The timing of chemotherapy resistance is dramatic, and elu-
cidating the mechanisms is critical. FILCDx performed after
tumor progression detected various pathogenic gene alter-
ations (Table 1, panel B). Interestingly, numerous variants
were detected in EGFR, especially in the extracellular domain
(ECD), such as EGFR variant III (Table 1, panel B, Figure S1).
Alterations in the ECD of EGFR are known to prevent the bind-
ing of anti-EGFR antibodies [17-19]. Additional gene alterations
detected were KRAS mutation and RET fusion, which activate
RTK pathways downstream of EGFR; CTNNBI mutation, which
activates the Wnt pathway; and loss of FH, which causes onco-
genic metabolic change. These findings suggest the underlying
basis of anti-EGFR antibody resistance and tumor progression.
However, the limitation of this report is that CGP performed be-
fore and after treatment were not identical. Therefore, the pres-
ence of these pathogenic variants prior to treatment cannot be
completely ruled out.

Anti-EGFR antibodies have been clinically applied to colorectal
cancer. Although EGFR-amplified colorectal cancer is also rare
(1%), it has been reported to be associated with a good prognosis
because of the benefits of anti-EGFR antibodies [20]. Treatment
of EGFR-amplified solid tumors remains an unmet medical
need, and therapeutic strategies urgently need to be developed.
To the best of our knowledge, this is the first report suggesting
the therapeutic efficacy of necitumumab + GC therapy in EGFR-
amplified BTC. Based on this report, we have initiated a phase II
study to investigate the efficacy of necitumumab and GEM com-
bination therapy for EGFR-amplified BTC (jRCTs031230259).

5 | Conclusions

In this report, we describe a case of advanced EGFR-amplified
gallbladder cancer that responded to combination therapy with
the anti-EGFR antibody necitumumab, GEM, and CDDP. In
addition, we used liquid biopsy to monitor the development of
resistance and elucidate the molecular mechanism of resistance.
A review of the published data indicates that BTCs with EGFR-
amplification are a rare fraction (accounting for about 2.1%);
however, effective utilization of existing drugs is a pressing
issue. Hence, treatment with anti-EGFR antibodies for EGFR-
amplified BTCs should be validated by further studies.
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