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Pancreatic ductal adenocarcinoma (PDAC) is a most
devastating disease with the worst 5-year survival among
all cancers in the US of around 10%.1 Surgery is the
only curative treatment for pancreatic cancer patients.
However, less than 15% of patients are eligible for sur-
gery upon diagnosis since the majority are already in
the advanced stage. Neoadjuvant therapies, including
chemotherapy and radiotherapy aim to shrink or restrain
the tumours, have shown promise in borderline resectable
or metastatic PDAC patients. Nevertheless, radiotherapy
has been rarely reported to bring more advantage to PDAC
patients due to the high incidence of radioresistance.
Therefore, there is a vigorous need to understand the
mechanism underlying pancreatic cancer radioresistance.
Many signalling pathways are involved in the resistance to
radiation therapy including DNA damage repair, cell cycle
control, inflammation, and oxidative stress response path-
ways both within the tumour itself and in the surrounding
tumourmicroenvironment.2

Genomic instability is the hallmark of cancer and the
cause of tumour heterogeneity. Pancreatic cancer has a
higher level of genomic instability than all other can-
cers. The genetic alterations in DNA damage repair
pathways caused by genomic instability can influence
the response of tumours to radiation.2 A recent bioinfor-
matics and cellular function analyses showed that
PDK1-driven radiotherapy resistance positively corre-
lated with activated PI3K signalling, upregulated stem-
ness markers and suppressed DNA damage biomarkers
including RAD50, with increased epithelial-mesenchy-
mal transition(EMT) transition and tumour sphere for-
mation in hepatocellular carcinoma.3 Radiosensitizers
may improve the therapeutic efficacy of radiotherapy
and serve as a better choice for pancreatic cancer neoad-
juvant therapies. However, there are no effective agents
that function as radiosensitizers to treat PDAC in the
clinic to date.

Recently reported in EBioMedicine, Seshacharyulu
et al. showed that cholesterol biosynthesis (CBS) is
involved in the radioresistance of PDAC.4 In the CBS
metabolic pathway, farnesyl diphosphate synthase
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(FDPS) is the key enzyme for isoprenoid biosynthesis,
catalyzing isoprenylation of several small GTPases.5 In
this study, they found that inhibition of FDPS using
zoledronic acid (Zol) sensitized pancreatic cancer cells
to radiation and activated immune cells.6 FDPS is over-
expressed in PDAC tissue and cell lines and is associ-
ated with poor radiation therapy response and patient
survival, making it a potentially suitable biomarker for
radiation therapy response and an ideal target for devel-
oping PDAC therapy. Zol combined with radiation
reduced PDAC cell colony formation, increased cell apo-
ptosis, and withdrew the radiation-associated G2/M cell
cycle arrest. Moreover, Zol treatment sensitized radia-
tion therapy by significantly inhibiting pancreatic can-
cer growth in 3D mouse models, and patient-derived
PDAC tumoroids in vitro. This result was validated in
xenograft mouse models with a platinum-based fiducial
marker embedded in the mouse pancreas to precisely
locate the xenograft tumours to improve the radiation
therapy efficacy and minimize damage to normal sur-
rounding cells and organs.

They performed RNA-seq analysis of the PDAC xen-
ografts and patient-peripheral blood mononuclear cells
to decipher the underlying mechanisms. They found
that Zol increased pancreatic cancer cell radiation ther-
apy response by affecting Rac1 and CDC42 small
GTPases prenylation, thereby modulating downstream
Rad50 involved DNA damage and the radiation
response signalling pathway. Furthermore, the signa-
ture fibroblast activation-associated genes in the tumour
microenvironment such as TGFb3, FGF2, MIF,
PDGFRb, and IL6 were confirmed to be downregulated
in Zol and RT-treated xenograft tumours.

In the ongoing phase I/II clinical trial of Zol com-
bined with hypofractionated radiation therapy/5FU or
capecitabine treatment for patients with borderline
resectable and locally advanced PDAC patients, the
safety, efficacy, overall survival, surgical resection rate
and tumour response were evaluated. The results showed
that the resection rate was increased to 40% with Zol
compared to 33% without Zol after neoadjuvant therapy.
Further CIBERSORT analysis of RNA-seq data from the
PDAC xenografts and patients-peripheral blood mononu-
clear cells showed that Zol treatment activated multiple
immune cell types and repressed the immunosuppres-
sive cells, suggesting a new choice to increase PDAC
patient’s immunotherapy response using Zol.
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Cholesterol biosynthesis has been reported to be
involved in the radioresistance of breast cancer and pan-
creatic cancer.7,8 Statins, the HMG-CoA inhibitors, have
been used to treat breast cancer with increased recur-
rence free survival in preclinical and clinical studies.
Previous studies showed that simvastatin could sensi-
tize radioresistant breast cancer cell lines to radiation
and reduced EMT transition and cellular migratory abil-
ities.8 However, further detailed mechanistic studies are
needed to examine the roles statins played in cholesterol
and lipid-metabolism for the radioresistance regulation
in cancers.

Using radiosensitizers to improve tumour systemic
immune cell activation and reverse immune escape are
considered to be promising strategies to improve cur-
rent cancer treatment. Rech et al. found that CD40
pathway activation is required for radiotherapy response
in PDAC. Radiation in LSL-KrasG12D/+;LSL-Trp53R172H/+;
Pdx-1-Cre (KPC) mice stimulated an early pro-inflamma-
tory response, and the combination of an agonist
aCD40 antibody, radiotherapy, and dual immune
checkpoint blockade abolished tumours and generated
long-term immunity.9 Therefore, a radiosensitizer com-
bined with immune checkpoint inhibition converts the
tumour microenvironment from suppressive to stimu-
latory and may provide a new rationale for PDAC treat-
ment.

In summary, the study of Seshacharyulu et al. identi-
fied FDPS as a novel radioresistance target, which acti-
vated downstream DNA damage repair pathways by
affecting small GTPase prenylation. Moreover, they pro-
vided preclinical evidence implicating the use of Zol as
a potential radiosensitizer and immuno modulator to
promote tumour immune response. Thus, projecting
FDPS-targeting as a putative enhancer of radiosensitiv-
ity and a potential new therapeutic approach for PDAC
patients with radiotherapy resistance. These new find-
ings pave the way for developing PDAC neoadjuvant
therapeutic strategies to benefit nonresectable patients.
Nevertheless, these results need to be further solidified
by validating in the spontaneous KPC mouse model
and in further clinical trials enrolling more patients.
Detailed mechanistic studies for the DNA damage
pathways and immunomodulatory effects of FDPS also
warrants further investigation.
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