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Abstract:

Background: Current research that combines radiation with targeted therapy may dramatically
improve prognosis of pancreatic ductal adenocarcinoma (PDAC). We investigated preclinical
outcomes of DNA repair inhibitor targeted therapy associated with radiotherapy.

Methods: We searched Pubmed database to identify publications assessing DNA damage
targeted therapies in preclinical models of PDAC in vitro and in vivo. Standard enhancement
ratio, median survival and growth delay were extracted.

Results: We identified fourteen publications using DNA repair targeted therapies in
preclinical models of PDAC. Ten publications comprising twenty-eight experiments
evaluated radiosensitization with different DNA repair inhibitors in vitro and displayed cell
killing by a factor of 1.35+0.047. Moreover, 86% (24/28) of in vitro experiments showed
radiosensitization with DNA damage response inhibitor. However, only 60% (9/15) of the in
vivo experiments presented radiosensitization effects.

Conclusion: DNA repair targeted therapies use promising radiosensitizers for PDAC and

could successfully be translated into clinical trials.



Introduction:

Pancreatic cancer has one of the highest mortality rates among carcinomas.
Chemoradiotherapy (CRT) of pancreatic cancer enables unresectable tumors to be resectable
and can improve outcomes. Pancreas is an abdominal gland surrounded by many
radiosensitive organs such as small bowel, kidneys and liver. Nowadays, delivering
appropriate dose to the tumor while minimizing dose to normal tissue is mainly possible,
using modern techniques of radiotherapy such as intensity modulated radiotherapy (IMRT) or
stereotactic body radiotherapy (SBRT). Another way to optimize cancer cell killing and
reduce adverse events to normal tissue is based on the development of targeted
radiosensitizers. Targeted therapy differs from chemotherapy as it interferes with a key
pathway in tumoral progression, whereas chemotherapy acts on cell growth/division. In the
era of personalized medicine, association between radiotherapy and targeted therapy could
offer a new perspective for patients with pancreatic cancer. Recently, interest has focused on
the understanding of molecular and biological nature of pancreatic cancer (Falasca et al.,
2016). Over the last few years, several studies have delivered a large and complete genetic
analysis of pancreatic cancers. Indeed, key oncogenes (K-Ras) and tumor suppressor genes
(CDKN2A, TP53, SMAD4 and BRCA2) are highly mutated in pancreatic ductal
adenocarcinoma (PDAC) and appear early in the tumoral progression involving cell
proliferation, differentiation and survival (Witkiewicz et al., 2015). DNA repair has become a
major topic of investigation for the treatment of cancer. Mutations involving DNA repair
pathways occur in almost 40% of PDAC, as it has recently been confirmed in a whole-exome
sequencing study from micro-dissected PDAC cases associated with outcome data
(Witkiewicz et al., 2015). Authors observed a high frequency of mutations and deletions in
genes that interfere with DNA damage maintenance, such as multiple Fanconi Anemia genes

(ATM, CHEK?2, BRCA1 and BRCA2). The key determinant of cellular radiosensitivity is



based on the capacity of cells to repair highly lethal DNA double-strand breaks. Therefore,
targeting proteins involved in DNA damage response to ionizing radiation may be an
appropriate alternative strategy. Indeed, a recent whole-genome sequencing study assessing
structural variations among pancreatic cancers identified four structural variations based on
translocations, copy number variations, deletions and amplifications (Waddell et al., 2015).
Tumors with an “unstable” subtype were harbouring BRCAness signature with BRCA1/2 or
PALB2 deleterious mutations and were sensitive to platinum-based therapy. Radiosensitivity
is highly depend on the capacity of cells to repair DNA damages and using agents that inhibit
DNA repair may enhance number and/or complexity of strand breaks, leading to cell death.
Therefore, the goal of the present systematic review was to retrieve publications regarding in
vitro and in vivo assessments of DNA repair targeted therapies used as radiosensitizers for
pancreatic cancer (2007-2020). We aimed to investigate whether in vitro and in vivo
combination of DNA repair targeted therapy with irradiation are affected by types of targeted
therapies and/or by types of cell lines.

Materials and methods:

1. Data sources and study selection. PubMed database was searched with the following
search string: "Pancreatic cancer"[All Fields] AND ("radiosensitization"[All Fields] OR
"chemoradiation"[All Fields] OR "radiochemotherapy"[All Fields] OR
"chemoradiotherapy"[All Fields] OR "radiation"[All Fields]) AND ("2007/01/01"[PDAT] :
"2020/01/11"[PDAT]). Then, all titles or abstracts containing DNA damage response terms
(ATM/ATR, CHK1/2, Weel, PARP, DNA-PK, and PP2A) were identified. References of all
included studies were reviewed for more eligible studies. The last search was run on January
11%2020. Each study was screened and reviewed for eligibility independently by two authors.
For in vitro assessment, studies were excluded if they did not report colony forming assay

with multiple dose assessment.



2. Outcomes. The primary outcome was the standard enhancement ratio (SER) evaluating the
in vitro radiosensitization effect of DNA damage response inhibitor on colony forming assay.
For studies which did not specify SER in their manuscript, data were extracted from
published plots using Web Plot Digitizer (https://automeris.io/WebPlotDigitizer) to convert
datapoints into numerical values. Then SER was determined by calculating the ratio of doses
in treated and control conditions for a given isoeffect (SF=0.1).

Secondary outcomes included the in vivo radiosensitization effect of DNA damage response
inhibitors, the in vitro/in vivo radiosensitization effects of DNA damage response inhibitors
on normal cell lines and the in vitro/in vivo effects of DNA damage response inhibitors on
gemcitabine-based chemoradiotherapy.

3. Data extraction. Data were extracted independently and verified by two authors (WW and
AP) using a predefined data extraction form. For each study, we extracted the type of cell line
and the type of targeted therapy used. Concerning in vivo studies, the type of graft
(xenotopic/orthotopic), the radiotherapy schedule (fractionation/single dose) and the criteria
for assessing drug activity (tumor doubling time/tumor growth delay) were also reported.
Results:

1. Identified studies

PubMed database searches yielded 2794 unique citations. All abstracts from PubMed were
retrieved and using pubmed.mineR package we selected 96 abstracts containing one of the
following terms: “ATM”, “ATR”, “PARP”, “Weel”, “PP2A”, “CHK”, and “DNA-PK”. After
full-text review and evaluation of appropriate references, 14 unique citations were included in
this review (Figure 1).

2. In vitro radiosensitization

Thirteen publications evaluated in vitro radiosensitization with DDRi. As irradiation with

photons is the standard of care for locally advanced/borderline PDAC, we focused on



publication assessing radiosensitization with DDRi after photons irradiation. Ten publications
using nine different cell lines were included in the review (Table 1). They presented therapies
targeting PARP1/2, CHK1/2, ATR, Weel, PP2A and DNA-PK in respectively three, three,
two, two, one and one studies. Radiosensitization level differed from type of cell lines and
type of targeted therapy (Figures 2 and 3). Depending on the type of DNA damage response
(DDR) inhibitor, SER ranged from 1.14 to 1.48. For BRCA-WT cell lines, all DDR inhibitors
(DDRIi) induced radiosensitization, except for Weel inhibitor which radiosensitized only 40%
of experiments (2/5). As MIA PaCa-2 was the most studied cell line, we analyzed the level of
radiosensitization and showed that radiosensitization was enhanced from 30 to 75%
depending on DDRI. In two studies using CAPAN-1 (BRCA2 mutated) cell line, there was no
radiosensitization with either Weel or CHK1 inhibitors. Taken together, the pooled analysis
of in vitro studies indicated that DNA targeting therapy radiosensitized pancreatic cancer cell
lines in a large majority of studies (24/28), with a mean standard enhancement ratio of
1.354+0.047.

3. In vivo radiosensitization

Eight studies with fifteen different experiments were included in this review (Table 2).
Almost all experiments were performed on subcutaneous xenografts, except one which used
orthotopic xenograft. Most in vivo experiments were based on commercial cell lines derived
xenograft models (10/15), the others on patient-derived xenografts (PDX) (5/15). For both
survival and volume experiments, the reporting amount of pancreatic tumor cells injected
gave a median of 5.10° cells (range: 1.10%-5.10°). One-third of the experiments reported single
dose schedule (5/15) from 5 to 12 Gy, whereas the remaining ten experiments reported
fractionated irradiation (from 1 to 2 Gy per fraction, for a total dose of 9 to 18 Gy).
Radiosensitization effects were reported in 60% experiments (9/15), by enhancing tumor

doubling time or increasing growth delay, compared to irradiation alone.



4. Potentialized gemcitabine-based chemoradiotherapy

As gemcitabine-based chemoradiotherapy is part of treatment for patients with locally
advanced PDAC, we aimed to analyze the capacity of DDRi to enhance
chemoradiosensitization. Two in vitro studies assessed gemcitabine-based chemoradiotherapy
(GB-CRT) sensitization with DNA repair targeted therapies on five different cell lines for a
total of seven experiments (Table 3). Five among seven experiments showed a significant
enhancement of GB-CRT with DDRi, compared to radiosensitization with gemcitabine alone.
CAPAN-1 cell line was the only one that could not be radiosensitized with DDRi when
treated with GB-CRT. Three in vivo studies assessed gemcitabine-based chemoradiotherapy
sensitization with DNA repair targeted therapies on subcutaneous xenografts (Table 4). One
study used PDX. The addition of DDRIi to the combination of gemcitabine and irradiation
extended substantially tumor growth delay (survival) and time required for tumor doubling in
two out of three experiments and trend to enhance tumor growth delay in the latter.

5. Effect on normal cell radiosensitivity

Given that the dose-limiting toxicity for radiation treatment of the pancreas is duodenum, two
studies also evaluated the effect of DDRi on the radiosensitization of normal intestinal
epithelial cells. Vance et al. showed that neither olaparib (PARP inhibitor, PARPi) nor
AZD7762 (CHKI1 inhibitor) radiosensitized normal cells (Vance et al., 2011). However, their
association enhanced cytotoxicity compared to each inhibitor alone. Fokas et al. evaluated the
radiosensitizing effect of VE-822 (ATR inhibitor, ATRi) on intestinal morphology, after mice
abdominal X-ray irradiation (XRT). Authors indicated that in mice treated with VE-822 and
XRT, number of apoptotic intestinal cells, jejunal morphology and weight loss were not
significantly different compared to mice treated with XRT alone (Fokas et al., 2012).
Discussion:

Patients with PDAC have a poor prognosis and improving local control is mandatory. Indeed,



in LAPO7 trial, 32% of patients had locoregional tumor progression after 5-fluorouracil (5-
FU) based chemoradiotherapy and 58% had locoregional progression after chemotherapy
alone (Hammel et al., 2016). In ESPAC-4 trial comparing two regimens (gemcitabine vs
gemcitabine + 5-FU) of adjuvant chemotherapy after resection of localized PDAC, 60% of
patients had marginal resection (R1), impacting overall survival (Neoptolemos et al., 2017).
These data emphasized the rational of improving local control in PDAC. Although many
chemotherapeutic agents have been evaluated for radiosensitization of pancreatic cancer, 5-
fluorouracil and gemcitabine are the most used in current daily practice. Lately, non-
chemotherapeutic agents such as DNA damage response inhibitors are under development as
single agents or in association with chemotherapy. In this review, we aimed to define the
potential radiosensitizing role of DDRIi for pancreatic cancer. To the best of our knowledge,
this is the first systematic review assessing published preclinical radiosensitization data,
through DDR inhibition in pancreatic cancer. We identified that DNA repair targeted
therapies enhanced by one-third radiosensitization in vitro. As a result of the small number of
studies, we could not fully establish that radiosensitization was influenced by the type of
DNA repair inhibitor or the type of cell line. As the therapeutic effect depends on the
difference between efficacy on tumor cells and toxicity on normal cells, we submitted in this
review that only two studies out of fourteen assessed the effect of two targeted therapies
(PARPi and ATRi) on both epithelial intestinal and pancreatic tumor cells. These studies
emphasized that neither PARPi nor ATRi enhanced radiation effect on intestinal cells in vitro
(PARPi) and in vivo (ATRi) (Fokas et al., 2012; Vance et al., 2011). Whereas gemcitabine-
based chemoradiotherapy can increase local control rates and improve progression-free
survival, local recurrence remains a matter of concern (Zhu et al., 2011). DDRi may
radiosensitize and also enhance gemcitabine-based chemoradiotherapy. Three publications

presented that targeting DDR proteins (CHK1, ATR and Weel) is an effective strategy for



sensitizing pancreatic cancers to gemcitabine-based chemoradiation (Engelke et al., 2013;
Fokas et al., 2012; Kausar et al., 2015).

Irradiation induces different types of DNA damage such as single-strand breaks (SSB),
double-strand breaks (DSB), DNA crosslinks and base modifications. The type of DNA
damage triggers different response pathway. It is well known that PARP-1 is a major SSB
sensor, allowing the recruitment of DNA repair proteins such as XRCC1, DNA ligase III and
polymerase- B, thus inducing DNA repair (Vyas et al., 2013). As a single agent, PARPi are
particularly used for treatment of homologous recombination (HR) deficient cells, based on
the concept of synthetic lethality (Chalmers et al., 2010). However, only a small fraction of
pancreatic cancers (15.4%) is HR deficient (Heeke et al., 2018). In this subset of patient, a
recent phase III trial compared olaparib as a maintenance therapy in patients with metastatic
PDAC with germline BRCA1 or BRCA2 mutation that had not progressed after first line
platinum-based chemotherapy. Authors, showed that progression-free survival was higher in
maintenance group compared to placebo (7.4 months vs. 3.8 months; HR = 0.53; 95% CI =
0.35 to 0.82; P=0.004) (Golan et al., 2019). As a fundamental component of DDR, PARP-1
can be inhibited in cancer cells, thus explaining the rationale for combination with irradiation
(Curtin and Szabo, 2013). In this review, we pointed out that three studies presented an
increase of in vitro radiosensitization with PARPi from 20 to 50% (Karnak et al., 2014; Tuli
et al., 2014; Vance et al., 2011). However, two of these studies evaluated radiosensitization in
vivo (Karnak et al., 2014; Tuli et al., 2014) and only one showed radiosensitization (Tuli et
al., 2014). Based on preclinical data, authors conducted a phase I study evaluating
gemcitabine-based chemoradiotherapy with PARPi (veliparib) and indicated that the
association was well-tolerated and emphasized that PARP3 and RBX1 expressions were
associated with improved overall survival (Tuli et al., 2019).

Single-strand breaks can also activate ATR/CHK1 pathway, thus triggering S and G2/M-



phase checkpoints. It is worth noting that ATR is also involved into the stabilization of stalled
forks replication preventing their collapse (Qiu et al., 2018). Thus, inhibiting ATR may
enhance stress replication. Two studies evaluated ATRi as radiosensitizer and presented a
SER from 1.3 to 2.1, depending on cell lines (Fokas et al., 2012; Prevo et al., 2012). This in
vitro radiosensitization was confirmed in vivo (Fokas et al., 2012).

Double-strand breaks remain the major lethal type of DNA damage after irradiation. DSBs
repair requires histone H2AX phosphorylation, recruitment of MRN complex (MREI1-
Rad50-NbS1) and ATM. Two main mechanisms are involved in DSBs repair: homologous
recombination (HR) and non-homologous end-joining (NHEJ). DDRi were evaluated in
proficient and deficient HR cell lines. It is stressed that DDRi did not radiosensitize BRCA2
mutated and HR deficient cell line CAPAN-1 (Engelke et al., 2013; Karnak et al., 2014).
Indeed, HR deficient cells are sensitive to both DDRi and irradiation alone. Thus, the
expected benefit of their combination would be very small and not clinically significant. In
comparison to HR, DSB ligation through NHEJ pathway is active throughout the cell cycle
and has faster kinetic. Li et al. showed that PDAC developed a reliance on NHEJ and as
major component of NHEJ, DNA-PK inhibition enhanced radiosensitization in vitro (Li et al.,
2012).

In past few years, radiotherapy technical advances such as protontherapy, allowed to increase
physical dose to the tumor, while decreasing dose to normal tissue. Thanks to physical
characteristic of Bragg Peak (BP), protons demonstrate a good dose distribution. The
biological effectiveness of charged particles is mostly dependent on the linear energy transfer
(LET) of the particles. Indeed, it has been postulated that multiple damage within a short
DNA segment, known as clustered damage sites, is the major lethal type of damage induced
by high-LET particles (Hada and Georgakilas, 2008). Thus, one would argue that enhancing

the number or complexity of DNA damage through DDR inhibition could improve biological



effectiveness (Calugaru et al., 2014). Thus, three studies investigated the effect of PARP
inhibition on the response of high-LET irradiation and showed that in vitro enhancement ratio
ranged from 1.4 to 2.5, depending on LET and PARPi concentrations (Hirai et al., 2016,
2012; Wéra et al., 2019). Authors implied that PARPi sensitized cells with high-LET
irradiation by enhancing the number of sub-lethal oxidative clustered DNA damage, thus
leading to a delay in DNA damage repair (Hirai et al., 2016). Recently, one study showed that
a RADS1 inhibitor enhanced radiosensitization after protontherapy (Wéra et al., 2019).
Moreover, authors showed that PDAC cell lines (PANC-1 and KP4) could be radiosensitized
with combination of PARPi and RADS51 inhibitor (B02) in fast cycling cells. This approach
suggests that fast cycling tumors surrounded by non-proliferating healthy tissue could benefit
from this combination.

The potential of increased toxicity is also a matter of concern. In a recent phase I/II study,
Tuli et al. assessed gemcitabine-based chemoradiotherapy associated with a PARPi, veliparib,
for patients with locally advanced or borderline PDAC (Tuli et al., 2019). Authors stated a
high rate of grade > 3 adverse events such as lymphopenia (96%). Although, haematological
toxicity is known to be specifically associated with PARP inhibition, gastro-intestinal (GI)
toxicity is related to the combination of radiotherapy and PARPi. In this case, authors
indicated that 11% of patients had GI grade > 3 adverse events. In the recently published
POLO study, authors described 40% of grade > 3 adverse events with olaparib PARPi
treatment (Golan et al., 2019). This emphasizes the potential tolerance difference between the

various available PARPi.

Locally advanced pancreatic cancer (LAPC) is associated with poor prognosis and generally
considered incurable. Radiosensitizing PDAC with DDRi may be successful in downsizing
tumor, thus impacting on surgical outcomes such as resection status in order to convert

unresectable LAPC into resectable disease. Indeed, DDRi based radiotherapy may impact on
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surgical outcomes such as resection status. Recently, the phase III randomized clinical trial,
PREOPANC, showed that RO resection was significantly higher in gemcitabine based
chemoradiotherapy (71%) compared to immediate surgery (40%) for borderline
PDAC(Versteijne et al.,, 2020) In our review, we investigate preclinical data of
radiosensitization with DDRi and showed that when DDRi radiosensitization was higher than
gemcitabine based radiosensitization. Moreover, DDR inhibition could enhance gemcitabine
based chemoradiotherapy. Thus, downsizing tumor and improving resection status could be
better with DDRi based radiosensitization. However, the impact of the association
radiotherapy with DDRi on tumor shrinking and subsequent better resection status can only

be speculated and need to be validated in clinical trial.

In our review, we showed that all in vivo experiences assessed radiosensitization with PDAC
xenografts mouse model. To better assess tumor and microenvironment responses to radiation
and DDRI association, future in vivo studies should be performed in genetically engineered
mouse models (GEMMs). In contrast to cancer cell inoculation models, GEMMs acquire de
novo tumors in immune-proficient mice and have close histopathological and molecular
features of human cancer (Castle et al., 2017; Kersten et al., 2017).

Conclusions

In past decades, many advances have been made for most of cancer subtypes. However, there
was no substantial change for patients diagnosed with pancreatic cancers. In the same time,
the understanding of pancreatic cancer biology generated considerable interest. The major
challenge is now to translate this biological knowledge into clinical applications. For this
purpose, targeting DNA damage response in combination with radiotherapy is of great
potential and needs to be confirmed with clinical data. Phase I trials are currently enrolling
patients with various DDRi associated with radiotherapy. Lastly, future clinical trials should

also assess the potential of biomarkers of response for each drug, thus identifying patients that
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could benefit from each type of radiosensitizers.
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package

Search results: 96

1

Manuscript review
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In vitro study without multiple dose assesment

Published studies: 14

Assessing only in vitro radiosensitization: 6

Assessing only in vivo radiosensitization: 1
Assessing both in vitro and in vivo

radiosensitization: 7

Figure 1: Flow chart of the systematic review for Pubmed database search and analysis.
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Figure 2: Boxplot representing the radiosensitization standard enhancement ratio as a function
of six DNA damage response inhibitors (ATR, CHK1, DNA-PK, PARP, PP2A and Weel) in

pancreatic cancer cell lines.
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Figure 3: Boxplot representing the radiosensitization standard enhancement ratio as a function
of nine pancreatic cell lines (898T, AsPC-1, BxPC-3, CAPAN-1, MIA PaCa-2, MPanc-96,

PANC-1, PancM and PSN-1).






Target

DDR inhibitor

Cell line

Radiosensitization

SER+SE

Mean

Author SER4SE
MIA PaCa-2 Yes 2.1% (N=3)
(Fokas et al., 2012) VE-822 PSN1 Yes 1.5% (N=3)
PancM Yes 1.5% (N=3)
ATR MIA PaCa-2 Yes 1.4% (N=3)
148 £0.11
PSN1 Yes 1.3*% (N=3)
(Prevo et al., 2012) VE-821
PANC-1 Yes 1.35% (N=3)
PancM Yes 1.25% (N=3)
(Morgan et al., 2010) MIA PaCa-2 Yes 1.54£0.08 (N=4)
AZD7762 MIA PaCa-2 Yes 1.5£0.0 (N=3)
(Vance et al., 2011)
Mpanc-96 Yes 2+0.01 (N=3)
CHKI1 AsPc-1 Yes 1.240.1 (N=3)
1.35+0.13
MIA PaCa-2 Yes 1.24£0.1 (N=3)
(Engelke et al., 2013) MKS8776
BxPC-3 Yes 1.2+£0.1 (N=3)
CAPAN-1 No 0.9+£0.1 (N=3)
(Tuli et al., 2014) Veliparib MIA PaCa-2 Yes 1.29# (N=NC)
MIA PaCa-2 Yes 1.5£0.1 (N=3)
(Vance et al., 2011)
PARP Mpanc-96 Yes 1.5+0.1 (N=3)
Olaparib 1.33 £0.06
AsPC-1 Yes 1.240.2 (N=3)
(Karnak et al., 2014)
MIA PaCa-2 Yes 1,2+0.1 (N=3)
MIA PaCa-2 No 1.1£0.1 (N=4)
(Kausar et al., 2015) PANC-1 No 1.1£0.1 (N=4)
Weel AZDI1775 CAPAN-1 No 1+£0.3 (N=4) 1.14 £0.05
AsPC-1 Yes 1.24£0.1 (N=3)
(Karnak et al., 2014)
MIA PaCa-2 Yes 1.32£0.1 (N=3)
PANC-1 Yes 1.44% (N=3)
(Li et al., 2012) DNA-PK NU7026 1.38 +0.06
898T Yes 1.33* (N=3)
MIA PaCa-2 Yes 1.32£0.04 (N=3)
(Wei et al., 2013) PP2A LB100 1.35+0.05
PANC-1 Yes 1.4+0.04 (N=3)

Table 1: In vitro radiosensitizing effects of DNA damage response inhibitors on pancreatic

cancer cell lines. *: Data extracted from cell survival curves. #: Standard error was not described

in the manuscript.

DDR=DNA damage response; SER=Standard enhancement ratio; SE=standard error.




Endpoint Endpoint for RT
DDR . Type of N . s . e
Author Target . Cell line Fractionation Endpoint for + inhibitor P Radiosensitization
inhibitor graft
RT (days) (days)
MIA PaCa-2 Xeno 1.8 Gy/fraction, Tumor DT 89 (68-nd) >114 (83-nd) NS No
(Morgan et al., 2010) AZD7762 PDX Xeno 5 days a week Tumor DT 15(9-18) 44 (39-53) <0.001 Yes
PDX forzweeks [ mor DT | 32.5(16-42 4454347 <0.001 Y
CHK]1 Xeno (18Gy) umor ,5(16-42) ,5(43-47) . es
1 Gy/fraction, 5
(Engelke et al., 2013) MKKS8776 MIA PaCa-2 Xeno days a week for Tumor DT NR NR NR No
2 weeks (10Gy)
PSN-1 Xeno 6 Gy once Tumor GD NR NR <0.001 Yes
2 Gy/fraction, 5
Fokas et al., 2012 VE-822 ,
(Fokas et a ) ATR PSN-1 Xeno days a week for Tumor GD NR NR <0.001 Yes
1 week (10Gy)
MIA PaCa-2 Xeno 6 Gy once Tumor GD NR NR <0.001 Yes
1.8 Gy/fraction,
(Karnak et al., 2014) MIA PaCa-2 Xeno Sdaysaweek | o DT 13 (10-16) 10 (4-15) NS No
ol b for 1 week
PARP apart (9Gy)
PDX Xeno 12 Gy once Tumor GD 53.5 53.167 NS No
(Lohse et al., 2016)
PDX Xeno 12 Gy once Tumor GD 61.5 58 NS No
(Tuli et al., 2014) Veliparib MIA PaCa-2 ortho 5 Gy once Tumor GD 28 36 <0.05 Yes
1.8 Gy/fraction,
(Kausar et al., 2015) AZD1175 PDX Xeno Sdaysaweek | o DT 17 (8-25) 21(16-26) NS No
Weel AZD1175 for 2 weeks
(18Gy)
(Karnak et al., 2014) MIA PaCa-2 Xeno 1.8 Gy/fraction, Tumor DT 13 (10-16) 17 (10-18) <0.05 Yes
5 days a week
(Kamak etal., 2014) | PARP/Weel | ORPH | vy pycyn for 1 week Tumor DT | 13 (10-16) 26(18-36 <0.05 Yes
arnak et al., ee AZD1175 aCa- Xeno (9Gy) umor (10- (18-36) R es
1.2 Gy/fraction,
(Wei et al., 2013) PP2A LB100 MIA PaCa-2 Xeno Sdaysaweek | GD 24 335 <0.05 Yes
for 2 weeks
(12Gy)

Table 2: In vivo radiosensitizing effects of DNA damage response inhibitors in pancreatic xenografts mouse model.

DDR=DNA damage response; DT=Doubling time; GD=Growth delay compared to control; PDX=Patient-derived xenografts: xeno=Xenotopic;



NR=Not reported and NS=Not significant.

Author Treatment Target Cell line Gemcitabine SER DDCI})E‘;iﬁie(::csiglgine Gemlz?tl;?)?rfggzgz (;) E RT
AsPC-1 1.120.1 1.6+0.1 Yes
(Engelke et al., 2013) MKS776 CHK1 MIA PaCa-2 1.240.1 1.6£0.1 Yes
BxPC-3 1.1£0.2 1.7£0.3 Yes
CAPAN-1 1.3£0.1 1.3£0.1 No
MIA PaCa-2 1.3x0.2 2.1+0.2 Yes
(Kausar et al., 2015) AZD1775 Weel PANC-1 1.1+0.4 1.540.2 Yes
CAPAN-1 1.8+0.4 1.9+0.2 No

Table 3: In vitro radiosensitizing effects of DNA damage response inhibitors association with gemcitabine compared to gemcitabine alone in

pancreatic cancer cell lines.

DDRi=DNA damage response inhibitor and DT=Doubling time.




Tumor DT Tumor DT Ra(ci:)(l)rsler;s;;zatl(t)lon
Author Cell line Type of graft Treatment Target Fractionation after RT + after RT + Gem | mpa
. Gemcitabine-based
Gem + DDRi
CRT
1.8 Gy/fraction, 5
(Kausar et al., 2015) PDX Xenograft AZD1775 Weel days a week for 2 21.5 34 0.07 Trend
weeks (18 Gy)
1 Gy/fraction, 5
(Engelke et al., 2013) MIA PaCa-2 Xenograft MK8776 CHK1 days a week for 2 NR NR 0.0087 Yes
weeks (10 Gy)
(Fokas et al., 2012) PSN-1 Xenograft VE-822 ATR 6 Gy once NR NR P<0.001 Yes

Table 4: In vivo radiosensitizing effects of DNA damage response inhibitors association with gemcitabine compared to gemcitabine alone in

pancreatic xenografts mouse model.

DDRi =DNA damage response inhibitor;, DT=Doubling time and NR=Not reported.






