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ABSTRACT
Background: Substantial progress has been made in metastatic colorectal cancer (mCRC) treatment, but
there is still a fraction of patients cannot find any effective therapeutic strategy after guideline-
recommended standard chemotherapy and molecular targeted therapy.

Case presentation: Here we present a KRAS/NRAS/BRAF wild-type mCRC patient who has been
previously treated with FOLFIRI (fluorouracil, leucovorin, and irinotecan), XELOX (capecitabine and
oxaliplatin), cetuximab and bevacizumab, and then received the next generation sequencing (NGS)
and whose metastatic subcutaneous nodule was resected to generate patient-derived xenograft
(PDX) models. The NGS revealed HER-2 amplification as well as an activating mutation S310F and
PDX models tested several drugs finding that afatinib was the optimal agent with notable efficacy
and well tolerance among 6 regimens. Therefore, this patient started to take afatinib orally and
achieved 3 months progression-free survival (PFS) and relief of clinical symptoms without severe
adverse effects.
Conclusions: NGS and PDX models have great significance for precision and individualized medicine in
the mCRC treatment, especially for patients whose diseases have been progressed after multiline
standard therapies.
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Introduction

Colorectal cancer (CRC) is the third most frequent malig-
nancy in both sexes, and in the United States, there are
estimated to be 135,430 individuals newly diagnosed with
CRC and 50,260 deaths from this disease in 2017. Metastatic
colorectal cancer (mCRC) is diagnosed in 21% of patients, the
5-year cancer-specific survival rate of whom is only 14%.1 The
conventional approaches to treat mCRC include doublet or
triplet cytotoxic drug combinations, such as oxaliplatin-based
regimen XELOX and FOLFOX, irinotecan-based regimen
FOLFIRI or FOLFOXLIRI.2 Anti-epidermal growth factor
receptor (EGFR) and anti-vascular endothelial growth factor
(VEGF) drugs, such as cetuximab, panitumumab, bevacizu-
mab and regorafenib, respectively, have markedly prolonged
survival for mCRC patients.3,4 However, due to the nature of
this disease, many patients would develop drug resistance to
the guideline-recommended regimens and suffer from pro-
gressive diseases even with a good performance status. For
these patients with strong treating willingness, what can help
the clinicians to make the treatment decisions? Thanks to the
remarkable advances in next generation sequencing (NGS),
precision medicine is no longer a faraway dream.

The NGS technology enables to identify gene mutations in
patient tumor tissues thoroughly and gives assistance to the

scientists for understanding the origin of the disease.5,6 Most
importantly, the patients with some given mutations may
respond to the corresponding therapies, for example chronic
myeloid leukemia (CML) patients with BCR-ABL fusion gene
almost all can benefit from imatinib. Unfortunately, this kind
of luck only happens to a minority of people, as merely a
small fraction of gene variants is considered as functional in
the meantime, with food and drug administration (FDA)-
approved regimens matched.7 Thus, it is necessary to perform
additional functional tests to complement NGS and help
oncologists to make the right choice for a greater proportion
of patients. The patient-derived xenograft (PDX) mouse
model is a novel and reliable approach to test drug sensitivity
through implanting the neoplasm from the patient to mice,
and imitate the tumor microenvironment in vivo.8 Here we
presented a case with HER-2 amplified, RAS-BRAF-wild type
mCRC, whose disease progressed on several standard lines of
systemic treatment and responded to afatinib as an off-label
use according to the results from the NGS and PDX mouse
models.

Case presentation

A 64-year-old man was admitted to our hospital in October
2015 due to difficult defecation. Enhanced abdominal CT

CONTACT Ying Yuan yuanying1999@zju.edu.cn Department of Medical Oncology, the Second Affiliated Hospital, Zhejiang University School of Medicine,
88 Jiefang Road, Hangzhou, Zhejiang, China

†These authors have contributed equally to this work.

CANCER BIOLOGY & THERAPY
2019, VOL. 20, NO. 4, 391–396
https://doi.org/10.1080/15384047.2018.1529120

© 2018 Taylor & Francis Group, LLC

https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2018.1529120&domain=pdf&date_stamp=2019-03-06


revealed thickening in the sigmoid colon along with multiple
liver metastases. Colonoscope found a mass and pathology
showed moderately differentiated adenocarcinoma. In the
November, the colon mass was completely removed with
lymph node dissection. Postoperative pathological findings: a
stage IV (pT3N1M1) moderately-poorly differentiated adeno-
carcinoma with RAS and BRAF wild-type and then the sys-
temic therapy of FOLFIRI-cetuximab was performed from
Dec 2015 to Feb 2016. However, the disease progressed with
a subcutaneous nodule in the abdominal wall, which was
considered as metastasis. Consequently, the patient converted
to administer XELOX plus bevacizumab for 8 cycles, and
xeloda plus bevacizumab as maintenance treatment from
Oct 2016, with a mix response that stable hepatic foci but
progressive disease of the subcutaneous nodule.

In Feb 2017, the NGS covering 45 genes showed HER2 ampli-
fication and an activating mutation S310F in the patient tumor
tissue inferring that several HER2-targeted agents aiming at it may
have certain effects on the disease control, including trastuzumab
and T-DM1. To choose the most appropriate therapy, the sub-
cutaneous nodule in the abdominal wall was resected for the
generation of PDXmouse models to test the following 6 regimens
in vivo, including apatinib, pemetrexed, regorafenib, afatinib, ola-
parib and trastuzumab plus lapatinib. And as xeloda – bevacizu-
mab failed, the patient began receiving the triplet drug
combination (oxaliplatin, raltitrexed plus bevacizumab), however,
the disease was still not controlled effectively with multiple lung
metastases occurring. Then according to the NGS and literature

about the relativity between HER2-amplification and the activat-
ing mutation S310F,9 we had intended to recommend him to
receive trastuzumab plus lapatinib. Yet in July 2017, the PDX
models indicated that in the drug sensitivity test, apatinib, trastu-
zumab-lapatinib and afatinib could inhibit tumor growth, and
unexpectedly, afatinib had the more significant effect than trastu-
zumab-lapatinib “30 days after modeling, the tumors removed
from each group are seen in Figure 1 and the change of tumor
volume during the medication can be seen in Figure 2A” in terms
of adverse events, which was evaluated via weight changes of
tumor-bearing mice, a visible loss of weight was seen in the mice
from the afatinib and trastuzumab-lapatinib group (Figure 2B). So,
from August 2017, after failure of multiline therapies, the patient
ultimately orally took afatinibwith a reduced dose of 30mgper day
due to limited fitness and maintained stable disease for 3 months
with well tolerance (Figure 3). During the medication, hepatalgia
andpelvic painwas obviously relieved. In January 2018, the patient
died of severe lung infection and kidney failure.

Discussion

In recent years, standard lines of systemic therapy, including
chemotherapy, targeted therapy and immunotherapy, have
potently improved survival for mCRC patients, but a high
proportion of them are incapable of benefitting in the long
term. The key lies in the incompleteness of precision medi-
cine. Combination NGS with PDX models provides an oppor-
tunity for the selection of rational and individualized agents

Figure 1. The PDXmodels from top to bottom are tumors of the control group and 6 drug sensitivity test groups (n = 5 per group), whichwere removed 30 days aftermodeling.
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Figure 2. The tumor volume (A) and body weight (B) of the mice in each group were measured twice per week.

Figure 3. Chest and abdominal computed tomography (CT) scans prior to (A-C) and during (D-F) afatinib treatment.
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based on the tumor molecular features. With increased effi-
ciency and decreased expenses, the NGS has been a wide-
spread approach to evaluate the patient genomes in clinical
settings. Besides the innovation in understanding tumorigen-
esis, NGS also plays an important role in cancer prevention,
screening, diagnosis, and management.10 Whole genome
sequencing is able to reveal 3 to 4 million variants for a typical
person,11 but because of insufficient knowledge of genetics
and the enormous imbalance between substantial mutations
and limited available antitumor agents, NGS only succeeded
to guide clinical decisions in some cases and small studies to
date.12

It is thought that performing additional functional tests,
like the PDX models can help clinicians to better interpret
and utilize the genetic information of patients. According to
the research gains from case reports and pilot clinical studies,
the prospects of PDX mouse models are very cheerful: a.
Hidalgo et al generated models for 14 patients with advanced
cancer and tested 63 drugs in 232 therapeutic regimens, then
11 (79%) patients achieved durable partial remissions with the
treatments deemed effective in mouse models;13 b. in the
PDX-directed sarcoma treatment, clinical outcome was
observed in 13 of 16 (81%) patients.14 However, there exist
some limitations in the clinical application of this technology.
First of all, the whole process of building PDX models
requires 6 to 8 months,13 so some patients have died before
receiving the experimental results, and this situation has been
seen in both above two clinical researches. What’s more, the
number of regimens tested in the PDX models is quite lim-
ited, as in this case, it took over 5 months to complete the
whole experiment and only 6 regimens were tested. Thus,
there is a high probability that the patient expends a great
deal of time and money but fails to find the optimal thera-
peutic regimen. As for this, the clinicians may consider
recommending the sufferers to receive the drug susceptibility
study in vitro, that use cancer cell line from the tumor tissue
instead of the mouse model as “avatar” of the patient tumor.
The patient in this case also tried this method in December
2017 as the disease progressed again, and 11 drug options
were tested in less than a month with a higher efficiency than
PDX models, but he died before taking the prescription (osi-
mertinib, cobimetinib plus palbociclib). Secondly, tumor
material needs to be fresh, adequate and sterile as possible
which is difficult to reach, especially for CRC patients with
primary lesion resected.15 Finally, the results of the drug
sensitive test would become unreliable due to the heterogeni-
city between the patient tumor tissue and the third-generation
PDX models.16 Even so, the promising data gained from some
PDX platforms encourages researchers to conduct large-scale
prospective randomized clinical trials for this fresh therapeu-
tic selection strategy.

Previous researches reveal that HER2 amplification is
implicated in resistance to anti-EGFR therapy, which
explains the reason why the PFS of this patient was only
3 months. In breast cancer and gastric cancer treatment,
HER2-targeted therapy has been the standard treatment for
the patients with HER2 amplification,17,18 which are also
found in 4.9% mCRC patients.19 As for this CRC sub-
group, preclinical studies have suggested that dual blockade

of HER2 and EGFR with trastuzumab, a HER2 human
monoclonal antibody and lapatinib, a tyrosine kinase inhi-
bitor (TKI) targeting HER2 and EGFR, enables remarkably
inhibit colorectal cancer growth in vivo and in vitro, but
either drug alone is of no effect.20 The phase II clinical
trial HERACLES (HER2 Amplification for Colon-Rectal
Cancer Enhanced Stratification) evaluates the efficacy of
combination trastuzumab with lapatinib in treating
HER2-amplified CRC determined by immunohistochemis-
try (IHC) and fluorescence in situ hybridization (FISH). In
the HERACLES, a total of 24 cetuximab-pretreated mCRC
patients enrolled. 34.7% patients responded to this therapy
(complete and partial response), with an 8.5-month median
duration of response and 5.5-month median progression-
free survival (PFS).21 Therefore, trastuzumab plus lapatinib
is generally recommended in HER2-positive mCRC treat-
ment. In the drug sensitive test of PDX models, afatinib,
the irreversible HER2-EGFR-directed TKI, is significantly
better than trastuzumab plus lapatinib, so a reduced dose
of afatinib was used in the third-line treatment of this
patient, considering his limited physical score. Afatinib
has been shown to lead an inhibitory effect on CRC cell
lines with HER2 activating mutations.9 In this case, the
patient experienced disease progression during the first-line
FOLFIRI plus cetuximab treatment, and after taking afati-
nib, achieved 3-month progression free. Compared with
the median PFS of other molecule-targeting drugs for
mCRC third-line treatment, like regorafenib (1.9months)22,
trifluridine-tipiracil (TAS-102, 2.0months)23 and fruquinti-
nib (3.7months)24, afatinib brought more impressive bene-
fit for this HER2-amplified mCRC patient.

To explore the molecular mechanism underlying the
different effects between afatinib and trastuzumab-lapati-
nib on PDX models, we performed IHC staining on the
tumors from each group of PDX models to determine the
expression of HER2. It is shown that all tumors strongly
express HER2, which infers that in the process of PDX-
model generation, the heterogeneity between the primary
lesion and tumors in each group is quite small and the
predictive value of this drug-sensitive test is correspond-
ingly high (Figure 4). Since homo- or heterodimerization
of the HER receptors modifies tumor cell proliferation,
survival and migration through Ras/MAPK and PI3K/
AKT pathways,25 we also used IHC staining to confirm
the phosphorylation of HER2, ERK1/2 and AKT T308
(Figure 5). We found that both afatinib and trastuzu-
mab-lapatinib inhibit the phosphorylation of HER2, and
the former has a stronger inhibitory effect. As for the
Ras/MAPK pathway, there is no positive signal detected
in tumors of the control and afatinib group, but we found
this pathway is unusually activated in the tumor exposed
to trastuzumab-lapatinib. We suppose that there exists a
bypass activating ERK1/2 with HER2 inhibited. In addi-
tion, PI3K/AKT pathway is not activated in any group as
we haven’t seen any tumor expressing phosphorylated
AKT T308. In short, in this case, afatinib could effectively
interrupt HER2 activating as well as its downstream
oncogenic pathways to promote tumor development, but
due to some unknown cause, Ras/MAPK pathway in the
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tumor of trastuzumab-lapatinib group is abnormally acti-
vated. That is the reason why afatinib can produce much
more significant effects than conventional trastuzumab-
lapatinib.

Conclusions

In summary, it is the first clinical evidence of a mCRC
patient on afatinib who achieved 3-month PFS, based on
the results from NGS and PDX models. It highlighted the
practicability of combination these two technologies in
precision medicine for advanced colorectal cancer patients
to select individualized regimens who were extensively
pretreated with several standard treatments. In addition,
this case provided clinical evidence supporting the relativ-
ity between the resistance to cetuximab and HER2 ampli-
fication. For these special mCRC patients, we propose that
besides the guideline-recommended regimen, NGS

technology and PDX models could assist clinicians to
choose optimal agents for the patients with good physical
fitness. Finally, this case reminds us that afatinib which is
usually used for the treatment of advanced non-small cell
lung cancer (NSCLC) with EGFR sensitive mutations,
could be an option for these RAS-BRAF-wild type,
HER2-positive mCRC patients as an off-label use.
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Figure 4. Representative images of immunohistochemistry (IHC) staining of HER2 expression in tumor tissues of PDX models from each group.

Figure 5. Representative images of IHC staining of P-HER2, P-ERK and P-AKT T308 in tumor tissues of PDX models from the control, Trastuzumab-Lapatinib and
Afatinib groups, respectively.
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