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Patient-derived xenografts: a promising resource for preclinical cancer research
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ABSTRACT
Patient-derived xenograft tumors retain molecular and histopathological features of the originating
tumor and are useful preclinical tools for drug discovery and assessment. We recently reported that
‘rapid’ engraftment of head and neck squamous cell carcinoma samples is highly prognostic and
correlates with deregulation of the G1/S checkpoint. Tumors with genetic alterations in cyclinD1
(CCND1) and/or cyclin-dependent kinase inhibitor 2A (CDKN2A) are more likely to respond to
abemaciclib.
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Head and neck squamous cell carcinomas (HNSCCs) arise in
the mucosal lining of the upper aerodigestive tract. Classical
risk factors for HNSCC are smoking, excessive alcohol con-
sumption and infection with human papillomavirus (HPV).
HPV(+) HNSCC is primarily localized to the oropharynx and
exhibits distinct clinical responses; thus, our work focuses on
HPV(-) HNSCC. Surgery is the first line of treatment and
patients with more advanced disease also receive radiotherapy
and/or chemotherapy. While current clinicopathological fea-
tures are useful to identify patients that require more aggres-
sive therapy, patient outcome remains poor with locoregional
and distant failure. There is thus a need to develop more
accurate methods for patient risk stratification and to enhance
treatment options.

Next-generation sequencing technologies have revealed
molecular heterogeneity within and across several cancer
types, including HNSCC. Preclinical models with high trans-
latability are essential to explore and dissect this heterogene-
ity. Patient-derived xenograft (PDX) models are well suited
for such studies as they have been shown to recapitulate the
molecular and histopathological features of the originating
tumor and are able to predict drug responses.1–4 PDXs are
the only model system that can incorporate the vast inter-
patient and intra-tumor heterogeneity that is inherent to
human cancers, making them a relevant preclinical tool for
drug discovery.

From 2008 to 2015 we subcutaneously implanted frag-
ments of surgically resected HNSCC tumor tissue into
immune-compromised mice, establishing an extensive num-
ber of HNSCC-PDX models.5 Our xenografts consistently
recapitulate histological and molecular features of the original
human tumor and PDX tissues are viably banked for ongoing
and future studies. In our recent study, the engraftment effi-
ciency for 243 HNSCC implanted samples was ~60% and we
found that engraftment associated significantly to poor
patient overall survival, disease-free survival and distant

metastasis. Poor patient outcome associated with engraftment
has also been observed in other cancers.6,7

PDX growth rates were highly variable between patients.
We, therefore, assessed outcomes of patients whose xenografts
were palpable within 8 weeks of implantation and found that
such “rapid engraftment” was associated more strongly to
poor overall survival, disease-free survival and locoregional
control. Currently, the only reliable predictor for patient out-
come is nodal status. However, our findings show that
engraftment ability, regardless of nodal status, is a strong
predictor for patient outcome. The ability to acquire this
result within 8 weeks fits well within the current HNSCC
treatment timeline and could provide additional information
to help devise or modify a patient’s treatment plan. For
example, a patient presenting with clinical features that
would not qualify for radiation therapy but does show rapid
engraftment may be escalated to a more aggressive treatment
plan to decrease the risk of locoregional failure. One patient in
our study whose tumor demonstrated rapid engraftment was
low risk according to clinical indications and was treated with
surgery alone. The patient rapidly relapsed and died a few
months later. With the knowledge that this tumor sample
engrafted rapidly, additional treatment for this patient may
have prevented recurrence. The clinical application of rapid
engraftment as a biomarker for risk stratification could there-
fore potentially improve the outcome for HNSCC patients. In
our opinion, a prospective study is clearly warranted.

While determining engraftment ability within an 8-week
timeline is relatively inexpensive, it may prove challenging
due to lack of expertise and facilities across hospitals. To
identify underlying genetic alterations that could potentially
serve as surrogate clinical biomarkers, we carried out next-
generation sequencing and copy number analysis on a cohort
of engrafting and non-engrafting patient samples. No single
gene mutation was significantly associated with engraftment,
but we found that loss of chromosome 3p and copy number
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gains at the 11q locus containing the cyclinD1 (CCND1) gene
were significantly associated with engraftment. Amplification
of this region of 11q has been previously reported in HNSCC
patients and shown to be correlated with worse outcomes.8,9

Furthermore, alterations of CCND1 and/or cyclin-dependent
kinase inhibitor 2A (CDKN2A) (both leading to deregulation
of the G1/S cell cycle checkpoint pathway), were strongly
associated with rapid engraftment.

PDXs have been shown tomimic human clinical trials and can
be used to characterize drug efficacy, improve preclinical evalua-
tion of treatment modalities and enhance the ability to predict
clinical trial responses.3,4 CCND1 amplification and/or CDKN2A
mutations are common inHNSCC (25% and 53%, respectively, in
the Cancer Genome Atlas; and 27% and 44% in our study).
Alterations in these genes enhance the activity of cyclin-
dependent kinase-4 or −6 (CDK4/6), accelerating cancer cell pro-
gression through the G1/S cell cycle checkpoint. Thus, inhibition
of CDK4/6 in these particular tumors may repress tumor growth.
We used our HNSCC-PDX models to ascertain whether tumors
containing CCND1 and/or CDKN2A alterations demonstrated
selective sensitivity to the CDK4/6 inhibitor, abemaciclib. Ten
HPV(-) HNSCC-PDX models were treated with abemaciclib:
five of six CCND1 and/or CDKN2A mutated tumors and one of
four of ‘wild type’ tumors showed a significant delay in tumor
growth. Our results suggest that abemaciclib has anti-tumor activ-
ity in HNSCC, and CCND1 and/or CDKN2A alterations may be
predictive of such a response.

CDK4/6 inhibitors are presently used for advanced estro-
gen receptor positive/human epidermal growth factor nega-
tive (ER+/HER2−) breast cancers, showing improved
progression-free survival.10 Several clinical trials are in pro-
gress to evaluate CDK4/6 inhibitors in HNSCC, but only one
is specifically taking into account CCND1 status. Since rapid
engrafters are enriched for alterations in CCND1 and/or
CDKN2A, these high-risk patients may benefit the most
from the addition of abemaciclib to their treatment plan.

Our results support the assessment of abemaciclib in clinical
trials and provide proof of principle for the use of PDXs for
preclinical drug evaluation and predictive biomarker identifica-
tion. The PDX model represents a patient ‘‘avatar’’ in which drug
responses could be assessed within a relatively short time frame
(Figure 1). Given that surgery and post-operative therapy can last
several months, interrogations of candidate targeted treatments
and predictive biomarkers could feasibly be determined before
relapse. Over time, insight will be gained into the heterogeneous
molecular landscape of HNSCCs and their specific responses to
various drugs. With the help of PDXs the goal is to identify
predictive biomarkers to be used directly and appropriately in
the clinical setting.
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Figure 1. Patient-derived xenografts in personalized risk stratification and drug sensitivity screening. Head and neck squamous cell carcinoma (HNSCC) patient
tumors that engraft into immuno-compromised mice by 8 weeks (rapid engrafters) have poor clinical outcome. Rapid engraftment can serve as a predictive
biomarker to indicate the strong need for a patient to receive aggressive therapy (radiation and/or chemotherapy). Thus, engraftment status can be added to the
existing pathological and clinical features used to decide the course of treatment. Given the rapid growth of these patient-derived xenografts (PDXs), they can be
treated and tested quickly with approved drugs (X, Y, Z) to determine which one provides the highest tumor response and then applied to the patient. As extensive
numbers of PDXs are tested, the heterogeneous landscape of mutations and their responses to various drugs will be captured with the goal that these molecular
profiles can be used in the future, directly on patient tumors, to determine prognosis and predictive therapies (gray dashed arrows). Abbreviations: PDX = patient-
derived xenograft.
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