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Abstract. Brain‑derived neurotrophic factor (BDNF) belongs 
to the neurotrophin family of growth factors that regulate the 
development of the central nervous system during fetal growth. 
Apart from its role in neurogenesis, BDNF, along with its 
high‑affinity receptor tropomyosin‑related receptor kinase B 
(TrkB), serves a key role in the pathogenesis of several tumors 
such as breast, cervical and colorectal cancer, and gliomas. 
The oncogenic effects of BDNF and TrkB upregulation, 
including effects on the aggressiveness, metastatic potential 
and resistance to standard chemotherapeutic agents, are medi‑
ated by the downstream activation of the PI3K/Akt pathway, 
EGFR activation and MAPK pathways. In view of the key role 
served by BDNF and TrkB in various steps of oncogenesis, 
there have been attempts to develop inhibitors of the TrkB 
receptor to block the effects of BDNF upregulation, and these 
have shown promising results. The role of the BDNF‑TrkB 
pathway in the pathogenesis of gallbladder cancer (GBC), a 
biliary tract malignancy with high mortality, has still not been 
fully elucidated. Immunohistochemical expression of TrkB at 
the invasive front of GBC has been demonstrated along with 
the growth inhibitory effect of TrkB siRNA on GBC cell lines, 
suggesting the role of this pathway in the aggressiveness of 

GBC. The present review explores the mechanisms of action 
of the BDNF‑TrkB axis, focusing on GBC, in an attempt to 
provide future research directions for delineating the role of 
this pathway in the pathogenesis of GBC and the potential 
therapeutic implications.
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1. Introduction

Brain‑derived neurotrophic factor (BDNF) is a member of the 
neurotrophin family that includes nerve growth factor, neuro‑
trophin 3 and neurotrophin 4. BDNF contributes to neuronal 
development and regeneration through dendritic branching and 
maintaining dendritic spine morphology (1). Due to this role, 
BDNF has been implicated in a variety of neurodegenerative 
disorders such as Alzheimer's disease and Huntington's chorea, 
as well as other neurogenic diseases such as depression, schizo‑
phrenia and anxiety disorders  (2). Apart from in neuronal 
tissues, BDNF expression has also been detected in immune 
cells, endocrine cells, macrophages, smooth muscle cells in 
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blood vessels and striated muscles of the heart (2). BDNF exerts 
its physiological and pathological effects by binding with its 
high‑affinity receptor, tropomyosin‑related receptor kinase B 
(TrkB) (1). Activation of TrkB leads to the activation of multiple 
downstream pathways such as the PI3K/Akt, EGFR and RAS 
pathways (Fig. 1) (3,4). Activation of the PI3K/Akt pathway 
then leads to the activation of pro‑migratory, anti‑apoptotic 
and pro‑survival proteins. BDNF‑TrkB binding also leads to a 
constitutive activation of EGFR, even without the presence of 
its ligand, epidermal growth factor (5). EGFR activation in turn 
activates the phospholipase C γ (PLC‑γ)‑dependent pathways, 
including the protein kinase C pathway (5). The activation of 
the MAPK/RAS signaling pathway exerts anti‑apoptotic and 
pro‑survival effects (6). Thus, the binding of BDNF with its 
receptor TrkB leads to pro‑oncogenic effects.

Gallbladder cancer (GBC) is a common malignancy of the 
biliary tract with a ~70% mortality rate due to delayed diagnosis 
in the majority of cases (7). A number of factors such as chole‑
lithiasis, porcelain gallbladder, congenital biliary abnormalities 
and dietary exposures have been associated with the occurrence 
of GBC (8). The most commonly used serum markers for the 
diagnosis of GBC, carbohydrate antigen 19‑9 and CEA, have 
low sensitivity and specificity (9). Hence, there is a need to 
identify more sensitive and specific biomarkers that could help 
in the early diagnosis of GBC and improve the prognosis of this 
malignancy. Over the past decades, research has focused on 
identifying novel biomarkers for the early diagnosis of GBC. 
Due to late diagnosis in the majority of cases of GBC, the 5‑year 
survival rates are low (~10%) due to local or distant metastasis 
of the tumor at the time of diagnosis (7). Apart from diagnostic 
biomarkers, several molecules such as EGFR, HER2, VEGF 
and cyclooxygenase‑2 have been shown to be dysregulated 
in GBC, with the potential to be developed as a therapeutic 
target for patients with GBC (10). A study by Xiong et al (7) 
demonstrated higher immunoreactivity for BDNF in GBC and 
in lesions with moderate to severe dysplasia, suggesting a role 
of the BDNF‑TrkB axis in the early pathogenic steps in GBC. 
Despite the few more recent reports discussing this pathogenetic 
mechanism  (10,11), reviews of GBC pathogenesis have not 
summarized the BDNF‑TrkB axis in GBC. The present review 
summarizes the currently available literature on the role of 
BDNF in GBC in order to provide a direction for the develop‑
ment of biomarkers for early detection or therapeutic targets for 
improved management and survival of patients with GBC.

For the present review, databases such as PubMed (https://
pubmed.ncbi.nlm.nih.gov/), Cochrane (https://www.cochraneli‑
brary.com/) and Web of Science (https://access.clarivate.
com/login) were searched from inception to September 2024 
using the keywords ‘cancer’, ‘gallbladder cancer’, ‘BDNF’ and 
‘TrkB’. Studies providing data on the role of BDNF or TrkB 
in the pathogenesis of epithelial cancer, including GBC either 
as cell line studies or in in vivo models of GBC, published in 
English or having adequate data in an English abstract were 
included in the present review. Case reports or series, reviews 
and editorials were excluded.

2. Pathogenesis of GBC: Current concept

The tumorigenesis model of GBC has only been elucidated 
in recent decades. GBC has been reported in association with 

hereditary cancer syndromes, including Lynch syndrome, 
neurofibromatosis 1 and Gardner's syndrome  (12‑14). In 
the late 20th century, multiple studies provided evidence 
for a model of stepwise progression in the development of 
GBC (15,16). Roa et al  (17) presented a description of the 
metaplasia‑dysplasia‑carcinoma sequence in gallbladder and 
indicated a time lapse of ~15 years for the transformation from 
dysplasia to carcinoma. This model postulates that chronic 
inflammation due to gall stones or anomalous pancreatico‑
biliary ductal junction may lead to metaplasia or hyperplasia. 
Genetic mutations such as loss of p16, gain of cyclin D1 or 
upregulation of cyclooxygenase 1 may be responsible for 
progression from metaplasia/hyperplasia to dysplasia and 
in situ carcinoma (17). This pathogenetic mechanism provides 
a window of about one decade for early detection of GBC if 
an appropriate biomarker is shown to be sensitive and specific 
for gallbladder dysplasia. A minor fraction of cases of GBC 
(5‑10%) follow the adenoma‑carcinoma sequence, similar 
to those observed in colon carcinoma  (18). Regardless of 
the pathogenetic mechanism of development of GBC, tumor 
progression and metastasis through epithelial‑mesenchymal 
transition (EMT) and anoikis resistance appear to be the 
common strategies utilized by tumor cells for invasion (19) 
and, thus, may be explored as markers for predicting GBC 
progression.

3. BDNF in GBC

The upregulation of BDNF expression in GBC was delin‑
eated for the first time in 2010 by Artico et al (10) as high 
immunoreactivity for BDNF in GBC tissues compared 
with chronic cholecystitis tissues. This was followed by a 
study by Xiong et al (7) in 2013 that reiterated the results of 
Artico et al (10). In addition, Xiong et al (7) reported that 
benign lesions such as adenoma, polyps or peritumoral tissues 
with upregulation of BDNF expression exhibited moderate to 
severe dysplasia in the gallbladder epithelium, suggesting a 
role of BDNF in an early stage of the pathogenesis of GBC (7). 
A cell line‑based study of GBC has also demonstrated a 
positive impact of BDNF/TrkB signaling on the proliferative 
ability of GBC cells. Kawamoto et al (11) revealed that inhibi‑
tion of TrkB using small interfering RNA (siRNA) resulted 
in reduced proliferation of GBC cell lines. This was also 
confirmed in in vivo experiments with TrkB siRNA‑trans‑
fected mice that demonstrated reduced tumor volume and 
Ki‑67 expression (11). In addition, BDNF/TrkB signaling has 
been revealed to impact the invasiveness of GBC cell lines. 
The addition of recombinant BDNF increased invasion, while 
the inhibitor K252a reduced invasion in the GBC cell lines. 
These experiments indicate that the BDNF‑TrkB axis serves 
a key role in the pathogenesis and progression of GBC (11). 
These studies have been summarized in Table I.

4. BDNF‑TrkB and EMT in tumors

EMT is a process whereby epithelial cells lose their cell‑cell 
contact and acquire mesenchymal‑like gene expression and a 
migratory phenotype (20). EMT is a well‑accepted mechanism 
that contributes to fibrosis and tumor invasion and metastasis. 
Cancer‑associated fibroblasts secrete growth factors and 
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inflammatory mediators (TGF‑β, hepatocyte growth factor, 
fibroblast growth factor and IL‑6) that mediate EMT. EMT 
is characterized by the downregulation of epithelial adhe‑
sion proteins (E‑cadherin, α‑catenin and β‑catenin) coupled 
with induction of mesenchymal proteins such as vimentin, 
N‑cadherin and fibronectin (21,22). This change is usually 
mediated by transcription factors of the SNAIL and zinc 
finger E‑box binding homeobox families along with Twist and 
E12/E47 (23). SNAIL proteins bind to E‑box DNA sequences 
through their carboxy‑terminal zinc‑finger domains, thereby 
repressing epithelial genes (24). Basic helix‑loop‑helix tran‑
scription factors such as Twist1 and Twist2 serve a role in 
EMT. Twist1 suppresses E‑cadherin expression and enhances 
N‑cadherin expression, and this is independent of the SNAIL 
protein (25). Oncogenes, including RAS, MET, EGFR and 
TGF‑β, induce EMT through various transcription factors (22). 
A study in mouse xenografts by Smit et al (26) demonstrated 
that TrkB induced transformation resembling EMT via the 
Twist‑SNAIL signaling pathway, resulting in inhibition of 
E‑cadherin expression and upregulation of N‑cadherin protein 
expression (26). Bao et al (27) demonstrated the effect of TrkB 
on the ‘cadherin switch’ in endometrial cancer cell lines; 

TrkB‑overexpressing cell lines exhibited morphological tran‑
sition to spindle‑shaped cells, while sh‑TrkB‑transfected cell 
lines had a more differentiated keratinocyte‑like morphology. 
TrkB overexpression or BDNF‑induced stimulation led to 
increased expression levels of Twist in the endometrial cancer 
cell lines (27). Similar changes have also been demonstrated 
in prostate cancer cell lines (28) and parotid gland cancer (29).

Apart from directly regulating the EMT transcription 
factors, the BDNF‑TrkB axis utilizes downstream signaling 
cascades such as the PI3K/Akt, Ras/MAPK and PLC‑γ path‑
ways to induce EMT‑like changes. The PI3K/Akt pathway 
induces EMT by increasing Snail expression levels, facili‑
tating its nuclear localization and inhibiting GSK3β, which 
normally targets Snail for degradation  (30). Ras/MAPK 
signaling upregulates Slug levels, while PLC‑γ activates 
protein kinase C to increase the expression levels of vimentin 
and fibronectin (26). Furthermore, BDNF/TrkB can promote 
EMT indirectly by inducing the secretion of EMT‑inducing 
factors such as TGF‑β, epidermal growth factor and hepato‑
cyte growth factor from tumor cells in an autocrine/paracrine 
manner. These soluble factors then activate their respective 
receptors and feed into the EMT transcriptional program (31).

Figure 1. Schematic representation of the four downstream pathways which are activated when BDNF binds to its receptor TrkB: (A) EGFR transactivation, 
driving angiogenesis, anoikis resistance, and chemoresistance, contributing to tumor progression and metastasis; (B) PLCγ‑PKC, triggering calcium signaling 
and migration through PLCγ‑mediated hydrolysis of PIP2 into DAG and IP3, leading to PKC activation and Ca²+ release; (C) PI3K‑Akt, enhancing cell 
growth and survival by PI3K‑mediated Akt activation; and (D) RAS‑MEK‑ERK, which promotes cell proliferation and survival via RAS activation of RAF, 
MEK1/2 and ERK1/2. Akt, protein kinase B; BDNF, brain‑derived neurotrophic factor; DAG, diacylglycerol; EMT, epithelial‑mesenchymal transition; EGFR, 
epidermal growth factor receptor; ERK, extracellular signal‑regulated kinase; FGF, fibroblast growth factor; GBC, gallbladder cancer; grb, growth factor 
receptor‑bound protein; HGF, hepatocyte growth factor; IP3, inositol 1,4,5‑triphosphate; PI3K, phosphatidyl inositol 3‑kinase; PKC, protein kinase C; PLC‑γ, 
phospholipase C γ; RAS, rat sarcoma virus; Raf, rapidly accelerated fibrosarcoma kinase; sos, son of sevenless; TrkB, tropomyosin‑related receptor kinase B.
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BDNF‑TrkB and EMT in GBC. At present, the mechanisms 
of BDNF‑induced oncogenesis in GBC have not been fully 
elucidated. In their in vitro experiments, Kawamoto et al (11) 
demonstrated the enhanced expression of Slug, Snail and Twist 
in GBC cell lines as a response to recombinant human BDNF 
(rhBDNF), while this was counteracted by the administration 
of the TrkB inhibitor K252a. Exposure to rhBDNF enhanced 
the expression of vimentin, while reducing the expression of 
E‑cadherin in GBC cell lines. GBC cells transfected with 
TrkB‑siRNA exhibited more epithelial morphology  (11). 
Therefore, the authors concluded that BDNF‑TrkB upregulates 
transcription factors associated with EMT in GBC.

5. BDNF/TrkB and anoikis resistance

Anoikis refers to ‘anchorage‑independent cell death’, implying 
cell death once cells lose contact with the neighboring cells 
or the supporting extracellular matrix (32). In physiological 
conditions, anoikis maintains tissue homeostasis and, in 
cancer, this mechanism prevents metastasis to other sites since 
the detached cells are not able to survive in circulation (32). 
Therefore, malignant tumors require resistance to anoikis to 
acquire their metastatic potential. Anoikis resistance is associ‑
ated with EMT, since a reduction in E‑cadherin expression and 
increased N‑cadherin expression promote anoikis resistance 
in tumor cells (32). Upregulation of growth factors, including 
EGFR, insulin‑like growth factor receptor, VEGF receptor 
and neurotrophin receptor, along with the activation of 
downstream pathways such as the PI3K/Akt and Ras/MAPK 
pathways, imparts anoikis resistance to tumor cells, thereby 
allowing them to survive (33). BDNF‑TrkB has been shown to 
be associated with anoikis resistance in cervical cancer (34). 
A study of endometrial carcinoma also demonstrated that cell 
lines with overexpression of TrkB exhibit reduced anoikis (27). 
The molecular mechanism of anoikis resistance includes 
upregulation of Twist (35).

Anoikis resistance in GBC. Although the molecular pathogen‑
esis and significance of anoikis resistance in GBC have yet 
to be elucidated, the enhanced expression levels of Snail and 
Twist in GBC cell lines demonstrated by Kawamoto et al (11) 
may be implicated in the anoikis resistance that imparts a 
survival advantage to GBC cells during metastasis (11). Further 
elucidation of the significance and mechanisms of anoikis 
resistance in GBC could potentially provide therapeutic targets 
for this cancer.

6. Angiogenesis mediated by BDNF/TrkB

BDNF has been shown to serve a role in physiological vascular 
development, especially in the heart and skeletal muscle 
and in the vascular response to injury by promoting vessel 
stabilization (36,37). The pro‑angiogenic effect of BDNF is 
mediated via the PI3K/Akt pathway in TrkB‑expressing endo‑
thelial cells  (38). In tumors, BDNF/TrkB interaction leads 
to activation of both the PI3K and mTOR pathways. Both 
of these pathways increase the expression levels of hypoxia 
inducible factor‑1α (HIF‑1α) (37). HIF‑1α induction stimu‑
lates transcription of VEGF mRNA, thereby leading to an 
increase in VEGF levels, as seen in neuroblastoma cells (39). 

In addition, BDNF/TrkB activation enhances the recruitment 
of endothelial precursor cells from the bone marrow (38). This 
angiogenic role of BDNF has been demonstrated in neuro‑
blastoma, ovarian cancer, multiple myeloma, chondrosarcoma 
and other solid tumors (39‑42). Hypoxia‑induced activation of 
HIF‑1α has been demonstrated to promote transcription of the 
neurotrophic receptor tyrosine kinase 2 gene, leading to upreg‑
ulation of TrkB expression under hypoxic conditions (43). This 
creates an autocrine/paracrine loop of BDNF‑TrkB‑induced 
pro‑angiogenic switching in tumors. Solid tumors usually have 
hypoxic areas within them where the autocrine/paracrine loop 
leads to increased angiogenesis, thereby imparting increased 
invasiveness and metastatic potential (43).

BDNF‑TrkB‑induced angiogenesis in GBC. Kawamoto et al (11) 
also demonstrated a correlative expression of TrkB and 
HIF‑1α at the invasive front of the GBC cell lines. The 
expression of these molecules during hypoxic conditions was 
increased compared with that in the normoxic state (11). The 
pro‑angiogenic effect of the BDNF‑TrkB axis in GBC also 
offers a potential therapeutic target.

7. BDNF as a modulator of chemotherapeutic sensitivity

Over the last 2 decades, BDNF has been shown to modulate 
cancer cell sensitivity to chemotherapeutic agents. For instance, 
BDNF expression has been revealed to be cytoprotective in 
neuroblastoma cells against cisplatin, etoposide and vinblas‑
tine (44). In squamous cell carcinoma of the head and neck, 
BDNF expression upregulates multi‑drug resistance pump 
levels, leading to resistance to chemotherapy (45). The mecha‑
nism of cytoprotection of BDNF in tumor cells may depend on 
the cell type. For instance, chemoresistance of neuroblastoma 
cells to etoposide is dependent on PI3K (44), while upregulation 
of multi‑drug resistance pumps accounts for the drug resistance 
in squamous cell carcinoma  (45). The PI3K/Akt pathway 
upregulates anti‑apoptotic proteins such as Bcl‑2 and Bcl‑xL, 
conferring resistance to chemotherapy‑induced apoptosis in 
neuroblastoma (46). Another mechanism of BDNF‑mediated 
chemotherapeutic resistance in neuroblastoma cells is the 
downregulation of the pro‑apoptotic protein Bim  (47). 
EMT induced by BDNF‑TrkB signaling is associated with 
enhancement of cancer stem cell properties and intrinsic resis‑
tance to chemo‑drugs (48). Experimental inhibition of BDNF by 
antibodies against BDNF or the TrkB inhibitor K252a enhances 
the sensitivity of the tumor to vincristine, etoposide and doxo‑
rubicin in Ewing's sarcoma and lung cancer (49,50). Combining 
BDNF/TrkB inhibitors with chemotherapeutic agents has been 
shown to synergistically enhance apoptosis and overcome 
acquired drug resistance in various cancer models (44). Overall, 
the BDNF‑TrkB axis represents a potential therapeutic target 
to circumvent treatment resistance and improve chemotherapy 
outcomes across multiple cancer types.

BDNF and chemoresistance in GBC. Currently employed 
regimes for chemotherapy in GBC are based on gemcitabine 
or cisplatin, although drug resistance is a considerable 
challenge  (51). Various mechanisms, including autophagy, 
cancer stemness, the PI3K/Akt pathway, EMT and signaling 
pathways, such as Akt/mTOR, have been implicated in the 
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drug resistance of GBC cells  (51). However, to the best of 
our knowledge, the role of the BDNF‑TrkB axis in imparting 
chemoresistance in GBC has not been studied yet.

8. Serum BDNF levels as a biomarker in different types of 
cancer

BDNF has been explored as a serum‑based biomarker 
in colorectal cancer (CRC) with conf licting results. 
Brierley et al (52) demonstrated that serum BDNF levels were 
lower in patients with CRC compared with controls, and the 
levels did not differ between Dukes' stages (52). By contrast, 
Wang et al (53) reported a marked increase in serum BDNF 
levels in CRC compared with healthy controls. The serum 
BDNF levels were revealed to be associated with tumor size, 
tumor, node and metastasis staging, and tumor differentia‑
tion (53). Receiver operating characteristic curve analysis in 
the study by Wang et al (53) showed that the combination of 
serum BDNF and CEA levels had a sensitivity of 85.2% and 
a specificity of 67.7% for the diagnosis of CRC (53). Another 
study by Guzel et al  (54) demonstrated that serum BDNF 
levels were considerably reduced after surgical resections of 
pancreatic cancer and CRC (54). In pancreatic cancer, a reduc‑
tion in serum BDNF levels was observed only in patients who 
underwent resection, indicating that BDNF might be indicative 
of completeness of curative resection in pancreatic cancer (54). 
Similarly, serum BDNF concentrations have been shown to be 
markedly reduced 24 h after surgery in patients with breast 
cancer (55). Serum BDNF levels have been demonstrated to 
be increased in children with recurrent neuroblastoma and are 
reduced in patients in remission (56). These findings suggest 
that serum BDNF levels have potential for exploration as an 
early diagnostic biomarker, and predictor of recurrence and 
completeness of resection in various solid tumors.

Serum BDNF levels in GBC. Although the immunohistochem‑
ical expression of BDNF has been explored in GBC (7,10), to 
the best of our knowledge, no study has been published at 
present on the serum levels of BDNF in patients with GBC 
compared with patients with non‑tumorous gallbladder resec‑
tions. Studies are required to explore the potential role of 
serum BDNF or TrkB levels as an early diagnostic biomarker 
or predictor of residual/recurrent tumor. 

9. Future direction for research on the BDNF‑TrkB axis 
in GBC

Currently, there is experimental evidence of reduction in 
tumor progression, invasiveness and aggressiveness by TrkB 
inhibitor K252a. Apart from this molecule, research has also 
revealed the potential therapeutic efficacy of pan‑Trk inhibitor 
ONO‑7579 in GBC cell lines (57). Although the evidence of 
the benefit of TrkB inhibitor in cancer therapy is still at an 
experimental stage, the effect on cancer cell lines suggests 
that there is future potential for a specific TrkB‑inhibitor 
therapy for solid tumors, including GBC. Research is needed 
to demonstrate the in vivo effect of the TrkB inhibitor on the 
control of GBC progression and invasiveness.

Since the study by Xiong et al (7) demonstrated the expres‑
sion of BDNF in gallbladder tissues with epithelial dysplasia, 

it may be hypothesized that the BDNF/TrkB axis is involved 
in the early phase of carcinogenesis in GBC. At present, to 
the best of our knowledge, there has been no study comparing 
the tissue RNA or protein expression of molecules of the 
BDNF‑TrkB axis in GBC or the serum levels of BDNF in 
patients with gallbladder epithelial dysplasia and GBC. Such 
a study would help to delineate the role of BDNF‑TrkB in the 
early detection of GBC. Serum BDNF may have the potential 
to be developed as an early biomarker of GBC.

Moving forward, a multi‑pronged approach leveraging the 
BDNF/TrkB pathway is required to improve clinical outcomes 
in GBC. On one front, validating the BDNF/TrkB pathway and 
related biomarkers in large prospective cohorts is key for devel‑
oping robust early detection strategies. In parallel, advancing 
selective TrkB inhibitors through preclinical testing and 
early‑phase clinical trials will be vital to establish their safety 
and efficacy as novel targeted therapies. Combination regimens 
with chemotherapy, radiation or other genomically‑guided 
therapies could potentially enhance their antitumor effects.

Limitations of the present review. The limitations of the 
present review include the relatively small number of studies 
that have explored the BDNF‑TrkB axis in GBC. Although the 
pathogenetic role of BDNF in other solid types of cancer have 
been studied in numerous reports, this has not been conducted 
for GBC. Another limitation is that the aforementioned 
studies have been mainly conducted in Japan with little input 
from other countries that have a high incidence of GBC. The 
therapeutic effect of TrkB inhibitors has been evaluated in 
cell cultures and xenograft mouse models. Therefore, clinical 
evaluation of these drugs is yet to be undertaken.

Unraveling resistance mechanisms that restore BDNF/TrkB 
signaling despite inhibition will be key to overcoming treat‑
ment failure. Exploring the interplay between BDNF/TrkB 
and cancer stem cells, epithelial plasticity programs such as 
EMT, as well as cross‑talk with other oncogenic pathways 
could reveal rational combinatorial approaches. Leveraging 
biomarker‑driven patient selection strategies and adaptive trial 
designs will be the key to enrich targeted therapies for benefiting 
populations. Furthermore, integrating findings from epidemio‑
logical, molecular pathology and health economics analyses 
could quantify the translational impact and cost‑effectiveness 
of a BDNF/TrkB‑centric paradigm shift in gallbladder cancer 
management. Such a concerted, multi‑disciplinary research 
focus holds the potential to shift the therapeutic paradigm and 
improve overall outcomes for this lethal malignancy.
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