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Lenvatinib for effectively treating antiangiogenic drug-resistant
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Nasopharyngeal carcinoma (NPC) clinical trials show that antiangiogenic drugs (AADs) fail to achieve the expected efficacy, and
combining AAD with chemoradiotherapy does not show superiority over chemoradiotherapy alone. Accumulating evidence
suggests the intrinsic AAD resistance in NPC patients with poorly understood molecular mechanisms. Here, we describe NPC-
specific FGF-2 expression-triggered, VEGF-independent angiogenesis as a mechanism of AAD resistance. Angiogenic factors
screening between AAD-sensitive cancer type and AAD-resistant NPC showed high FGF-2 expression in NPC in both xenograft
models and clinical samples. Mechanistically, the FGF-2-FGFR1-MYC axis drove endothelial cell survival and proliferation as an
alternative to VEGF-VEGFR2-MYC signaling. Genetic knockdown of FGF-2 in NPC tumor cells reduced tumor angiogenesis, enhanced
AAD sensitivity, and reduced pulmonary metastasis. Moreover, lenvatinib, an FDA recently approved multi-kinase inhibitor
targeting both VEGFR2 and FGFR1, effectively inhibits the tumor vasculature, and exhibited robust anti-tumor effects in NPC-
bearing nude mice and humanized mice compared with an agent equivalent to bevacizumab. These findings provide mechanistic
insights on FGF-2 signaling in the modulation of VEGF pathway activation in the NPC microenvironment and propose an effective
NPC-targeted therapy by using a clinically available drug.
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INTRODUCTION
Antiangiogenic drugs (AADs) are routinely used in patients with
various types of solid cancer and effectively prolong patient
survival. However, the responsiveness to AADs differs among
tumor types. Clinically, bevacizumab, a recombinant humanized
monoclonal antibody that neutralizes vascular endothelial growth
factor-A (VEGF-A, or VEGF), is used in the first-line treatment of
metastatic colorectal cancer (CRC) and produced significant
survival improvement [1]. However, in certain types of tumors,
AADs only produce limited therapeutic benefits or fail to provide
any benefits. In 2011, FDA withdrew metastatic breast cancer from
the bevacizumab indication list. Furthermore, most patients with
pancreatic ductal adenocarcinoma show intrinsic resistance to
bevacizumab [2]. Similar to patients with breast cancer or
pancreatic cancer, adding bevacizumab to standard chemora-
diotherapy did not show obvious superiority in patients with
nasopharyngeal carcinoma (NPC) [3]. These clinical results
demonstrate the AAD resistance in certain types of cancer, which
is one of the major obstacles to current antiangiogenic therapy. In

addition, a current impediment to the clinical use of AAD is the
lack of reliable biomarkers to predict AAD therapeutic efficacy [4].
Although under intensive study [5], such biomarkers are still not
clinically available.
Accounting for 73,000 deaths in 2018, NPC is an epithelial

carcinoma with a specific geographical global distribution, with a
high prevalence mainly in Southeast Asia [6, 7]. For early-stage
NPC and non-metastatic NPC patients, chemoradiotherapy has
shown satisfactory efficacy [8]. However, therapeutic options are
still limited for metastatic NPC. Although AAD was recognized as
an attractive approach to treating patients with NPC, the clinical
results with bevacizumab resistance do not support this view [3].
To solve the bevacizumab resistance issue in NPC patients, in-
depth mechanistic studies are urgently warranted. Commonly
recognized mechanisms of AAD resistance include: (1) angiogen-
esis triggered by non-targeted growth factors [9]; (2) recruitment
or activation of pro-angiogenic host cells [10, 11]; (3) vessel co-
option or vessel remodeling [12, 13]; (4) endothelial cell (EC)
transition [14]; and (5) metabolic shifts of tumor cells [15]. Of note,
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