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The Hippo pathway and its effector protein YAP (a transcriptional coactivator) have been identified as important 
in the biology of both hepatocellular carcinoma and cholangiocarcinoma. First identified as a tumor suppres-
sor pathway in Drosophila, the understanding of the mammalian YAP signaling and its regulation continues to 
expand. In its “on” function, the canonical regulatory Hippo pathway, a well-described serine/threonine kinase 
module, regulates YAP function by restricting its subcellular localization to the cytoplasm. In contrast, when 
the Hippo pathway is “off,” YAP translocates to the nucleus and drives cotranscriptional activity. Given the role 
of Hippo/YAP signaling in hepatic malignancies, investigators have sought to target these molecules; however, 
standard approaches have not been successful based on the pathways’ negative regulatory role. More recently, 
additional regulatory mechanisms, such as tyrosine phosphorylation, of YAP have been described. These repre-
sent positive regulatory events that may be targetable. Additionally, several groups have identified potentiating 
feed-forward signaling for YAP in multiple contexts, suggesting other experimental therapeutic approaches 
to interrupt these signaling loops. Herein we explore the current data supporting alternative YAP regulatory 
pathways, review the described feed-forward signaling cascades that are YAP dependent, and explore targeting 
strategies that have been employed in preclinical models of hepatic malignancies. 
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INTRODUCTION

Yes-associated protein (YAP) and its ortholog tran-
scriptional coactivator with a PDZ-binding domain 
(TAZ) function canonically as transcriptional coactiva-
tors and are the effector proteins of the Hippo pathway. 
The Hippo pathway is a serine/threonine kinase module 
that phosphorylates YAP on serine residues, especially 
serine 127, the consequence of which is sequestration of 
YAP in the cytoplasm, limiting its coactivating transcrip-
tional function. In this manner, the Hippo pathway acts 
as a regulator of YAP function, with the components and 
function of the pathway well described1–9 (Fig. 1). The 
recognition that the pathway acts as a tumor suppres-
sor, with mutations/deletions in the pathway associated 
with tissue overgrowth and oncogenesis [including well-

documented association with development of hepatocel-
lular carcinoma (HCC), cholangiocarcinoma (CCA), and 
mixed hepatocellular CCA tumors], has led many inves-
tigators to seek strategies to target the pathway therapeu-
tically. Given its negative regulatory function, this has 
proven difficult with standard approaches. More recently, 
novel, non-Hippo, regulation of YAP has been described. 
This regulation has focused on tyrosine phosphorylation 
of YAP, which activates YAP, independent of the Hippo 
pathway. This regulation has been described in both 
malignant and benign conditions. Moreover, additional 
evolving concepts in YAP signaling have recently been 
reported, namely, the concept of feed-forward oncogenic 
signaling pathways whereby YAP can drive the transcrip-
tion of target genes involved in “activating” YAP. Herein 
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we will review briefly the canonical regulatory pathway, 
focus on evolving concepts of YAP regulation, and review 
YAP in hepatic malignancies. We also discuss experimen-
tal approaches for targeting YAP in cancer.

HIPPO PATHWAY AND YAP/TAZ REGULATION 
BY SERINE PHOSPHORYLATION (FIG. 1)

Examination of YAP/TAZ regulation typically begins 
with the canonical regulatory entity the Hippo pathway 
and its core components, a series of serine/threonine 
kinases, and other associated proteins. The Hippo path-
way acts as a brake, restraining YAP activity, such that 
“activation” of the pathway culminates in serine phos-
phorylation of YAP and its cytoplasmic sequestration. 
This canonical regulatory pathway was first described in 
Drosophila. Mutagenesis screens, examining potential 
tumor suppressor genes in mosaic flies, led to recogni-
tion of a fly with overgrowth of the imaginal disc. Several 
components of the Hippo pathway were identified and 
cloned, including Wts (human ortholog large tumor sup-
pressor 1/2), Hpo (human ortholog mammalian sterile 
twenty-like 1/2), and Sav (human ortholog Salvador)2,3,8. 
The fly and human proteins share sufficient homology 
that expression of the human counterparts of the Hippo 

pathway compensates for their loss in Drosophila3,10. 
Since the discovery of the Hippo pathway, the under-
standing of its complexity and cross-talk with other 
pathways has advanced considerably. The Hippo path-
way does not have a dedicated cell surface receptor nor 
ligand; instead, a variety of signaling pathways can inter-
act with and regulate Hippo pathway activation. Hence, 
YAP integrates multiple signaling pathways. Several of 
these outside regulatory inputs have been investigated, 
but many have remained unstudied; however, irrespec-
tive of the signal engaging the Hippo pathway, frequently 
its initiation leads to activation of mammalian STe20-like 
kinase 1/2 (MST 1/2), which phosphorylates and subse-
quently activates large tumor suppressor 1/2 (LATS 1/2), 
followed by phosphorylation of YAP on serine residue 
127 by LATS1/211. Phosphorylation at Ser127 on YAP 
results in its cytosolic retention through recognition and 
binding by the acidic adapter protein 14-3-3, essentially 
restricting YAP from entering the nucleus and preventing 
its transcriptional activity12. Although serine 127 has been 
identified as the canonical “Hippo” phosphorylation site, 
additional work has demonstrated that mutant YAP with 
all five serine residues changed to alanine (5SA-YAP) 
enhances YAP activity in stimulating cell proliferation 

Figure 1. The canonical Hippo kinase module. The canonical Hippo pathway kinase module consists of mammalian Sterile 20-like 
kinase 1/2 (MST1/2), large tumor suppressor 1/2 (LATS1/2), the scaffolding protein Salvador 1 (SAV), and Mps One Binder (MOB), 
which phosphorylates YAP on serine 127 (S127), restricting YAP to the cytoplasm.
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and oncogenic transformation as compared to wild-type 
YAP13. Subsequent work has suggested that serine 127 
and 381 are the most important residues for oncogenic 
transformation13; however, taken together, these results 
suggest that additional serine residues other than S127 
may serve as unique regulatory sites in YAP. For exam-
ple, the other HXRXXS motif that has been shown to be 
phosphorylated in vivo by LATS is Ser381 (in isoform 2)/
Ser397 (in isoform 1). Phosphorylation of this motif leads 
to additional phosphorylation of YAP by casein kinase 1 
epsilon (CK1d/e) and subsequent ubiquitination and deg-
radation9. The specificity of LATS for an individual site, 
and/or the cellular context regulating this specificity, has 
yet to be defined. Further complicating the understanding 
of the regulatory mechanisms for YAP are the observa-
tions that other serine kinases such as Akt and Nemo-like 
kinase (NLK) can also engage these regulatory sites12,14. 
Since mutations in the Hippo pathway components are 
rare, much of the recent work performed to date on the 
Hippo pathway and YAP regulation examines the regula-
tion of Hippo component activity through outside factors 
influencing Hippo signaling, including YAP target genes.

FEED-FORWARD YAP SIGNALING (FIG. 2)

The model in which YAP transcriptional targets may 
regulate either the Hippo pathway directly, or YAP 
directly, has been proposed in several recent studies (Fig. 

2). Most recently, an small interfering RNA (siRNA)-
based automated kinome screen for targets that may 
regulate YAP localization was reported15. This work iden-
tified NUAK2, a member of the AMP kinase family, as a 
positive regulator of YAP activity. Further investigation 
noted that LATS was required for the activity, indicat-
ing that NUAK2 was acting on the Hippo pathway as a 
negative regulator. Interestingly, the investigators also 
noted that NUAK2 itself was a YAP target gene, as con-
firmed by chromatin immunoprecipitation assays iden-
tifying YAP/TAZ, TEAD, and JUN binding to a known 
NUAK2 enhancer. This finding was further supported by 
work, published simultaneously, that identified NUAK2 
as a conserved YAP transcriptional target comparing tran-
scriptomes from the human CCA cell line HUCCT-1 and 
a murine model in which S127A-YAP is overexpressed 
in the mouse liver16. Thus, NUAK2 was confirmed as a 
YAP target gene in several tumor cell lines/models and 
was also shown to negatively regulate the Hippo pathway 
(at LATS), leading to YAP activation. Additionally, onco-
genic cross-talk leading to feed-forward signal propaga-
tion has been observed in embryonal rhabdomyosarcoma 
models between the Notch pathway and YAP17. In these 
studies, Notch signaling was observed to upregulate YAP 
at a transcriptional level, with YAP then upregulating 
Notch ligands and the Notch transcription factor RBPJ. 
Another recent study demonstrated a novel mechanism of 

Figure 2. Feed-forward autocrine YAP activation. Multiple feed-forward autocrine loops leading to upregulation of YAP levels and/
or function are demonstrated.
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YAP activation in metastatic lymph nodes with an auto-
crine YAP signaling signature18. Upregulation of YAP via 
bile acid signaling in lymph nodes harboring metastatic 
melanoma was noted, in conjunction with upregulation 
of bile acid production in these nodes, supporting the 
concept of a potentiating feed-forward signal. These data 
strengthened this “feed-forward” concept of YAP signal-
ing that has also been previously demonstrated for both 
G-protein-linked receptors and receptor tyrosine kinases. 
The first demonstration of this phenomenon was in ovar-
ian cancer cell lines. These investigators demonstrated 
that the epidermal growth factor (EGF) receptors EGFR 
and ERBB3 as well as the agonists NRG1 and HBEGF 
were upregulated by YAP and subsequently demonstrated 
that the agonists could activate YAP in an autocrine feed-
forward loop, promoting oncogenesis19. Similarly, evalu-
ating the role of prostaglandin E2 (PGE2) signaling in 
colon cancer cell lines and a chemically induced murine 
colitis model, PGE2 upregulation of YAP mRNA levels 
and transcriptional activity was identified. Subsequently, 
these investigators demonstrated that increased YAP tran-
scriptional activity was associated with upregulation of the 
PGE2-producing enzyme, prostaglandin-endoperoxide 
synthase 2, and the PGE2 receptor, prostaglandin E recep-
tor 4, via a YAP–TEAD4 mechanism, the end result of 
which was a feed-forward PGE2 signaling loop mediated 

through YAP activity20. Additionally, gp130 was identi-
fied as a YAP–TEAD4 target gene in colorectal can-
cer cells. In this model, gp130 augmented activation of 
YAP via tyrosine phosphorylation by Src family kinases 
(SFK)21. This feed-forward loop was initiated by APC 
loss. Signaling through receptor tyrosine kinases leading 
to feed-forward YAP signaling has been demonstrated in 
CCA models22,23. Specifically, activation of the fibroblast 
growth factor (FGF) and platelet-derived growth factor 
(PDGF) pathways have been associated with YAP activa-
tion and subsequent ligand or receptor upregulation22,23. 
Furthermore, this line of investigation was notable for the 
observation that the regulation of YAP activity by PDGF 
signaling appeared to be regulated via SFKs, indepen-
dent of the Hippo pathway itself, unlike what was dem-
onstrated for the target NUAK216. Specifically, tyrosine 
phosphorylation of YAP on the tyrosine 357 residue 
appeared to be a nuclear retention signal in CCA.

TYROSINE PHOSPHORYLATION 
REGULATING YAP (FIG. 3)

While the canonical regulation of YAP activity is via the 
Hippo pathway, accumulating evidence suggests a central 
role for tyrosine phosphorylation in regulating YAP sub-
cellular localization, and cotranscriptional activity, at least 
in certain contexts (Fig. 3). The role of Src family kinases 

Figure 3. Tyrosine phosphorylation can regulate YAP localization/activity. Tyrosine phosphorylation of YAP via Src family kinases 
(SFK) is demonstrated, which inhibits binding to exportin-1 (XPO1). The role of phosphatases in regulating YAP activity/localization 
has yet to be determined.
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in facilitating YAP phosphorylation has been observed 
in several studies and is gaining increasing recognition 
within the field as an important regulator of YAP activity. 
For example, the Src family kinase YES regulates embry-
onic cell self-renewal programs via a YAP–TEAD2 path-
way24. In these studies, leukemia inhibitory factor (LIF), 
an interleukin-6 (IL-6) family cytokine, activated YES, 
which subsequently led to increased tyrosine phospho-
rylation of YAP. These investigators demonstrated both 
direct interaction of the SH2 domain of YES with the LIF 
receptor (gp130 subunit) and also demonstrated direct 
interaction of YES with YAP via coimmunoprecipitation. 
Subsequently, others evaluated b-catenin active colon 
cancer cell lines and suggested a YAP–TBX5 complex 
was required for proliferation25. Evaluation of YAP regu-
latory factors demonstrated that YAP and YES interacted 
in the b-catenin active colon cancer cell line SW480 and 
that both YES and SRC may phosphorylate YAP on the 
tyrosine 357 residue. Knockdown studies suggested that 
while SRC could phosphorylate YAP, only knockdown 
of YES was associated with inhibition of proliferation. 
Finally, these investigators rescued YAP knockdown with 
both wild-type and a tyrosine mutant (Y357F-YAP) and 
noted that phosphorylation of the Y357 residue was nec-
essary to rescue proliferation. A role for SFK-mediated 
YAP activation in epithelial regeneration in the setting of 
inflammation, utilizing multiple models of inflammation 
and proliferation, has also been reported26. In a transgenic 
model in which gp130 was activated, intestinal epithe-
lial cells (IECs) demonstrated an increase in serine phos-
phorylated YAP (Hippo-regulated YAP), even though the 
cells demonstrated increased YAP transcriptional activity. 
Further evaluation of alternative YAP regulatory mecha-
nisms suggested that IECs had increased levels of active 
SFK, and stimulation with IL-6 was associated with 
increased levels of Y357-YAP phosphorylation. This was 
also evident when evaluating the tyrosine phosphoryla-
tion status of YAP in mouse hepatocytes following par-
tial hepatectomy. These effects could be blocked utilizing 
a semiselective SFK inhibitor PP2. Similar to previous 
results, these investigators found that gp130 interacted 
directly with YES (based on coimmunoprecipitation) and 
also that SRC coimmunoprecipitated with gp130. Based 
on these previous observations, our group also explored 
the role of SFKs in regulating YAP subcellular localiza-
tion and transcriptional coactivity in several models of 
CCA23,27. In these models, inhibition of PDGF with a 
small molecule inhibitor was associated with relocation 
of YAP from the nucleus to the cytoplasm and a decrease 
in YAP target gene transcription; however, the levels of 
S127-YAP phosphorylation were static or even slightly 
decreased, suggesting the Hippo pathway was not central 
to the observed effects on YAP. Subsequently, we noted 
that Y357-YAP phosphorylation was markedly decreased 

following PDGF inhibition. Focusing on Y357-YAP 
phosphorylation, and the SFKs as the most likely media-
tor of YAP tyrosine phosphorylation, we performed 
siRNA- and CRISPR/Cas9-mediated downregulation of 
individual SFK and observed a central role for the SFK 
family member LCK in regulating YAP tyrosine phos-
phorylation and nuclear retention in CCA27. Evaluation 
of LATS activation in these models did not identify any 
change in activity following SFK inhibition, further sug-
gesting tyrosine phosphorylation represented a Hippo-
independent mechanism of YAP regulation. These data 
were supported by recent work utilizing photobleach-
ing combined with mathematical modeling to examine 
nuclear export rate for YAP; the export rate could be reg-
ulated specifically by tyrosine phosphorylation via Src 
family kinases and was noted to be the major determinant 
of YAP subcellular distribution28.

YAP IN HEPATIC MALIGNANCIES

Hepatocellular Carcinoma

The role of the Hippo pathway and YAP signaling 
in HCC is well documented. The seminal paper, clearly 
defining a kinase cascade in mammals controlling cellular 
proliferation and organ size, confirmed in vitro findings 
by overexpressing YAP in murine livers1. Overexpression 
of YAP in the short term leads to massive overgrowth of 
the liver, by hyperplasia, and longer-term overexpression 
of YAP leads to tumor formation consistent with HCC. 
Similarly MST1/2 and Sav1 conditional knockout mice 
as well as Mob1a/1b-deficient mice develop tumors, 
which have demonstrated either HCC, CCA, or mixed 
histology4,5,7,29. Demonstrating the importance of Hippo 
signaling to human HCC, evaluation of a gene signa-
ture associated with “silencing of the hippo pathway” 
was developed from MST1/2 and Sav1 mice, and when 
applied to human HCC patients was a significant negative 
prognosticator30. Importantly, this signature predicted out-
come in both Western and Eastern patient cohorts. Other 
novel YAP/TAZ-related regulatory mechanisms associ-
ated with HCC include noncoding RNAs. While YAP has 
previously been demonstrated to sequester and limit the 
activity of p72, a subunit of the microprocessing machin-
ery, there are also multiple specific miRNAs that have 
been described targeting either YAP/TAZ or components 
of the Hippo pathway, and associated with HCC31–33. 

Furthermore, Hippo pathway signaling (and the effec-
tors YAP/TAZ) has been associated with conditions pre-
disposing to HCC development, such as nonalcoholic 
steatohepatitis (NASH) and fibrosis. The role of Hippo 
signaling in the progression from steatosis to NASH 
and development of HCC was recently explored in the 
background of hyperactive AKT signaling, a known 
model of NASH and HCC development. Liver-specific 
phosphatase and tensin homolog (PTEN) knockout (the 
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negative regulator of AKT) was associated with high lev-
els of p-AKT, steatosis, progression to NASH, and, even-
tually, HCC (typically at 50 to 60 weeks of age). PTEN 
and Sav1 double knockout mice were observed to have 
a markedly accelerated progression of fatty liver disease 
and tumor formation (by 15 weeks of age). Mechanistic 
studies on these models suggested that YAP/TAZ activ-
ity leads to upregulation of the insulin receptor substrate 
IRS2, which subsequently further increased the activation 
of AKT. In these models, downregulation of this signal-
ing circuit via an AKT inhibitor was effective in reducing 
TAZ expression as well as overall liver size and the size 
of liver tumors34. TAZ has previously been associated 
with liver inflammation and progression to fibrosis, with 
silencing associated with decreases in inflammation and 
fibrosis, but without any difference in steatosis35. These 
data suggest a protective role of the Hippo pathway by 
restraining YAP/TAZ activity, and specific to AKT sig-
naling, this protection likely requires Skp2, suppressing 
cell ploidy36. The role of the Hippo pathway in limiting 
progression of NASH to HCC is further supported by the 
finding that the obesity-associated protein, JCAD, was 
able to inhibit LATS2 by directly binding the catalytic 
domain, inhibiting the Hippo kinase module, leading to 
YAP activation, and the progression of NASH to HCC37. 
Upregulation of JCAD was observed in the setting of 
high free fatty acids. The role of YAP/Hippo signaling 
in the regulation of liver fibrosis has been explored in 
the setting of hepatic stellate cell (HSC) activation. YAP 
signaling has been demonstrated to be integral to both 
HSC activation directly as well as the ability of HSCs to 
upregulate metabolic pathways necessary for survival and 
proliferation, specifically glutaminolysis38,39. Finally, the 
end result of steatohepatitis and liver fibrosis is increasing 
extracellular matrix (ECM) stiffness, which can lead to 
changes in YAP/Hippo regulation due to mechanotrans-
duction. The ability of mechanotransduction to regulate 
YAP has been well covered in previous reviews40–43; how-
ever, specific to hepatocarcinogenesis, recent work has 
linked the ECM proteoglycan Agrin to YAP activation 
and hepatocarcinogenesis44. Increasing ECM stiffness 
was associated with a dramatic increase in Agrin levels. 
Increased Agrin was associated with decreased activity of 
the Hippo kinase cascade and, subsequently, an increase 
YAP signaling activity.

Cholangiocarcinoma

The importance of YAP to CCA biology was first 
suggested in MST1/2 and Sav1 conditional knockout 
mice4,5,7. All mice in both models developed tumors with 
the MST1/2 demonstrating more HCC tumors, but intra-
hepatic CCA tumors were also noted, and the Sav1 knock-
out mice demonstrating mixed histology tumors. Other 
Hippo pathway knockout animals have also demonstrated 

either mixed histology or intrahepatic CCA tumors, 
while activated YAP models have been developed that 
also demonstrate either mixed histology or intrahepatic 
CCA29,45. For example, biliary instillation of a sleeping 
beauty-based set of transposons expressing myristolated 
AKT and S127A-YAP (YAP that cannot be negatively 
regulated by the Hippo pathway) leads to reproducible 
development of tumors that are histologically and immu-
nophenotypically consistent with intrahepatic CCA45. 
Development of these tumors is markedly more efficient 
when administering IL-33, a known biliary mitogen, to 
the animals, and interestingly, IL-6 can be substituted for 
IL-33. Multiple investigators have evaluated YAP stain-
ing in clinical specimens of human CCA46–50. In these 
series, the majority of specimens have nuclear localized 
YAP, a hallmark of YAP activity. Strikingly, although 
YAP appears to be “activated” in a majority of human 
CCA specimens, mutations in Hippo pathway compo-
nents are uncommon in human tumors. For example, in 
the TCGA patient cohort, only three patients (8%) had a 
mutation in Hippo pathway-related genes (two patients 
with a Salvador1 mutation and one patient with an NF2 
mutation)51. As such, regulation of YAP via cross-talk 
from other signaling pathways has been of significant 
interest with demonstration of receptor tyrosine kinase 
activation of YAP (via Src family kinases) in CCA, inde-
pendent of the Hippo pathway. Further delineation of 
other potential regulatory mechanisms remains an active 
area of research.

EXPERIMENTAL TARGETING STRATEGIES 
FOR YAP/HIPPO IN HEPATOBILIARY 

CANCER MODELS

While no YAP-specific targeting strategies are cur-
rently being evaluated in clinical trials, preclinical data 
are available in various tumor models demonstrating effi-
cacy of novel approaches, including in CCA and HCC. 
The majority of these strategies have focused on inter-
rupting feed-forward signaling cascades, disrupting the 
YAP-TEAD interaction, or targeting novel regulatory 
mechanisms such as noncoding RNAs. We have previously 
demonstrated efficacy of the pan-SFK inhibitor dasatinib 
in patient-derived xenograft CCA models27. In these stud-
ies, we noted a decrease in tyrosine phosphorylated YAP, 
decrease in YAP transcriptional activity, an increase in 
TUNEL-positive cells, and a markedly decreased tumor 
size as compared to control animals. Interestingly, oth-
ers have previously demonstrated activity of dasatinib 
in isocitrate dehydrogenase (IDH)-mutated intrahepatic 
CCA, including xenograft models52. This study devel-
oped from a screen of small-molecule inhibitors against 
a large panel of cancer cell lines. The most significant 
effect was noted for dasatinib treatment of IDH-mutant 
CCA; however, these investigators did not evaluate the 
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role of the Hippo pathway or YAP signaling specifically 
in their studies. Yuan et al. explored the efficacy of target-
ing NUAK2 as a means of targeting hepatic YAP activity 
in a murine knock-in model employing S127A-YAP16. 
These mice develop hepatomegaly, and employing a 
semispecific inhibitor in these animals, the investigators 
demonstrated a significant decrease in hepatomegaly and 
proliferating hepatocytes. Additionally, the investigators 
evaluated efficacy of their novel inhibitor in nude mice 
bearing CCA cell line xenografts. Prolonged treatment 
(30 days) was well tolerated and demonstrated efficacy 
manifested as significantly reduced tumor growth rates 
as compared to vehicle-treated controls. The tolerance 
of therapy is important to note, as our group has previ-
ously observed therapy-limiting toxicity when evaluating 
verteporfin in murine models of CCA22. Verteporfin, used 
clinically currently as a photosensitizer for photodynamic 
therapy, is known to interrupt TEAD–YAP binding; how-
ever, it may be limited therapeutically given off-target 
effects/toxicity. In HCC, targeting of the poly ADP-
ribose polymerase (PARP) family members tankyrase 
1 and 2 has been explored for therapeutic efficacy. Cell 
line-based studies have demonstrated therapeutic effect, 
which was associated with upregulation of the negative 
YAP regulators angiomotin-like 1 and 2 (AMOTL1/2) as 
well as decreased YAP protein levels and downregulation 
of YAP cotranscriptional activity53,54. Additional stud-
ies in HCC models have explored inhibition of Aurora 
kinases as a therapeutic strategy. Efficacy was noted, with 
evidence supporting downregulation of YAP downstream 
of the kinases as contributing to effects observed55. 

CONCLUSIONS

The understanding of the roles and regulation of YAP, 
either directly or via the Hippo pathway, continues to 
expand. Multiple examples of feed-forward signaling in 
a variety of cancer models have been identified. Further 
delving into the regulation of YAP in these models has led 
to accumulating data supporting a role for SFK in regulat-
ing YAP directly via tyrosine phosphorylation, an inter-
esting finding with potential therapeutic implications, 
although strategies targeting specific SFKs are presently 
limited by the significant similarities between family 
members and the lack of specific inhibitors. Finally, the 
importance of the YAP/Hippo pathway in the biology of 
hepatobiliary malignancies has been well described and 
underscores the continued interest in novel therapeutic 
targeting strategies, especially for these tumor types, 
strategies that are currently in preclinical testing phases.
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