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Background and Objective: Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal
cancers. A major recent advance has been the identification of a subset of patients with PDAC who harbor
inherited or somatic genetic alterations that result in homologous recombination deficiency (HRD) in tumor
cells. These patients often respond favorably to drugs that can exploit this vulnerability. This review outlines
the biomarkers that have been developed to predict HRD and their performance related specifically to
PDAG, as well as novel HRD-targeted therapies for PDAC.

Methods: We conducted a narrative review of the HRD in PDAC based on PubMed, Google Scholar,
website and citation searches.

Key Content and Findings: Germline mutations in BRCAI and BRCA2 remains the only validated
biomarker for the HRD state but various platforms are now available to define HRD beyond BRCA1/2
alterations. Currently, the available evidence supports the use of platinum-based chemotherapy as well as
PARP inhibitors, and there is also emerging data that immune checkpoint inhibitors can produce some
durable responses in these patients.

Conclusions: Consistently detecting clinically significant the HRD status in PDAC has remained
challenging with current commercially available platforms. Multiple novel HRD-targeted therapies for

PDAC are currently in development and clinical trials, offering new opportunities for these patients.
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Introduction malignancy (2). It is characterized by early and rapid

. . dissemination outside of the pancreas (3). Furthermore
Pancreas ductal adenocarcinoma (PDAC) remains one P G) ’

of the most lethal cancers worldwide and is projected to most patients do not have early symptoms and there is no

become the second most common cause of cancer death in early detection test available. These factors usually result

the USA by 2030 (1). The carcinogenesis of PDAC follows in a late stage of presentation. The mainstay of treatment
a defined series of pathogenic alterations from normal for those with advanced disease is chemotherapy but
mucosa to specific precursor lesions and ultimately invasive the benefit of chemotherapy is small for most patients.
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There are currently no validated biomarkers for treatment
selection for the majority of patients with PDAC. Less
than 2% of patients have targetable genetic alterations such
as microsatellite-instability-high (MSI-H), high tumor
mutational burden (TMB) or NTRK fusions. Despite
intensive investigations, additional biomarkers to guide
therapy remain elusive.

Genomic sequencing studies of PDAC tumors show that
up to 15% (4) of tumors harbor defects that lead to genomic
instability due to deficient DNA repair (5). DNA repair
pathways are critically important in protecting cells from
exogenous and endogenous DNA damage. These pathways
are frequently dysfunctional in cancer cells, leading to the
accumulation of DNA damage and genomic instability
(6). Homologous recombination deficiency (HRD) is a
complex and dynamic tumor phenotype characterized
by the inability to repair double-strand breaks (DSBs) in
DNA via homologous recombination. Another highly
conserved DNA repair process is the base excision repair
pathway involving single-strand DNA breaks. Poly (ADP-
ribose) polymerase (PARP) enzymes are key elements in this
pathway. Approximately 5-8% of PDAC arise in association
with pathogenic germline alterations in BRCA1/2 leading
to deficiency in BRCA function and thus more dependence
on PARP for DNA repair; these patients can benefit from
maintenance therapy with PARP-inhibitors if they have a
response to frontline therapy with a platinum-containing
chemotherapy (7). Herein, we present this review of HRD in
PDAC in accordance with the Narrative Review reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-85/rc).

Methods

In this study, the PubMed and Google Scholar databases
were searched, and the retrieval time was limited from
inception to Feb 2023, ensuring the retrieving articles are
up to date. In addition, other methods, such as website and
citation searches, were employed to retrieve the relevant
articles. The key words used included “HRD”, “PDAC”,
“BRCA”, and “PARP”. The initial search strategy was not
limited to PDAC since other cancer types, such as breast
and ovarian, may also have relevant HRD information.
Conference abstracts and other literature which fulfilled
the above criteria were included, and non-English language
publications were excluded. Note that only pathogenic
variants in BRCA1/2 and other HRD genes were included,
and variants of uncertain significance were excluded. Both
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authors extracted the following data from each included
study: name of first author, year of publication, study
design, sample size, intervention/exposure, outcomes,
covariates, statistical approaches, and main findings. Titles
and abstracts of all identified articles and publicly available
data sets were independently screened by both authors and
each selected manuscript was double-checked by the other.
No discrepancies in data extraction were found between the
two authors. Table I summarizes the search strategy.

Frequency and implications of HRD

One of the key biological determinants of HRD are core
pathogenic mutations in specific genes associated with
double-strand DNA repair via HR; germline alterations in
these genes (such as BRCA1/2, PALB2, RAD51C/D) occur
in 3-10% (8) and somatic alteration in 15-17% (5,9). As
illustrated in Figure 1, such alterations are associated with a
characteristic genomic landscape in addition to an inflamed
tumor microenvironment (TME), which in turn sensitizes
to platinum-based chemotherapy and PARP-inhibitors,
and potentially new treatment strategies including
immunotherapy and other treatments targeting DNA-
damage repair.

Among all the genes associated with HRD, the two most
important are BRCAI and BRCA2, which were cloned in
1994 (10) and 1995 (11) respectively. It is well established
that these genes are strongly associated with hereditary
breast and ovarian cancers. Hereditary BRCA1/BRCA?2
mutations account for as high as 50% of all unselected breast
cancers with a strong family history (6). Approximately 1
in 2 advanced ovarian cancer patients also have an HRD-
positive tumor with a BRCA-like genomic scar even if
BRCA1/2 do not harbor germline mutations (12). Pathogenic
germline BRCA1/2 variants result in a distinct imprint on
the PDAC genome (the “genomic scar”) characterized
by increased genomic instability in these tumors. A pan-
cancer analysis utilizing the Foundation Medicine database
(including ~11,000 PDAC cases) revealed a median TMB of
1.7 muts/Mb in BRCA1/2 wild-type PDAC tumors,
versus 3.5 muts/Mb with BRCA1/2 mono-allelic loss and
4.3 muts/Mb with bi-allelic loss (P<0.001) (13). Another
marker of genomic instability, genomic loss of heterozygosity
(gLOH-high), was significantly higher in PDAC tumors with
bi-allelic loss of BRCA1/2 versus BRCA1/2 wild-type tumors
(75% wvs. 14%, P<0.001). Furthermore, BRCA mutations
are associated with a higher rate of tumor programmed
death-ligand 1 (PD-L1) positivity in another report using
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Table 1 The search strategy summary

ltems

Specification

Date of search

Databases and other sources searched
Search terms used

Timeframe

Inclusion and exclusion criteria

Selection process

10/20/2022-5/22/2023

PubMed, Google Scholar, website and citation searches

“HRD”, “PDAC”, “BRCA”, and “PARP”

From inception to Feb 2023

Only pathogenic variants in BRCA1/2 and other HRD genes were included
Conference abstracts and other grey literature that fulfilled criteria were included
Variants of uncertain significance were excluded

Reviews, letters, case reports, and publications not in English were excluded

Both authors performed data extraction. Titles and abstracts of all identified
articles and publicly available data sets were independently screened by
two authors and each selected article was double-checked by the other. No
discrepancies in data extraction were found between the two authors

HRD, homologous recombination deficiency.

HRD

Platinum and PARPi responsiveness I

(Breast, ovarian, prostate, pancreatic)

Immune-checkpoint inhibitor responsiveness I

(Breast, ovarian, pancreatic?)

Figure 1 Implications of HRD. HRD, homologous recombination deficiency; TME, tumor microenvironment.

a different somatic profiling database from Caris Life
Sciences (including ~2,800 PDAC cases); the PD-L1
combined positive score (CPS) was greater than 1 in 22%
of BRCA-mutant PDAC tumors versus 11% in wild-type
tumors (P<0.001) (14). In the Foundation Medicine pan-
cancer analysis, similar results were seen in other tumor
types harboring BRCA1/2 mutations. Tables 2,3 summarizes
the main findings.

The effects of germline BRCA1/2 alterations appear to
be similar in other tumors in the hereditary breast/ovarian
cancer (HBOC) syndrome. BRCAI-deficient breast cancers
are associated with increased expression of PD-L1 and PD-
1, higher abundance of tumor-infiltrating immune cells, and
enrichment of T cell-inflamed signature (15). In prostate
cancer, intra- and extra-tumoral immune cell infiltration
is significantly higher in BRCA-mutant versus wild-type
tumors (16).

The PDAC TME is characteristically tumor-permissive
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and immune-suppressive (3). However, the genomic scar
that results from canonical HRD alterations such as BRCA
appears to lead to higher genomic instability which in turn
results in increased neoantigen expression. This reshapes the
tumor microenvironment and has the potential to restore
the antitumor immune response. A recent study by Samstein
et al. demonstrated that mutations in BRCAI and BRCA2
result in distinct mutational landscapes and differentially
modulate the tumor-immune microenvironment (17). Gene
expression programs related to both adaptive and innate
immunity are found to be enriched specifically in BRCA2-
deficient tumors. Moreover, the study also indicated that
the response to immune checkpoint blockade (ICB) varies
depending on whether the mutation is in BRCAI or BRCA2,
with truncating mutations in BRCA2 associated with a more
favorable response compared to BRCAI mutations. We will
describe this in more detail in the treatment section below.
Taken together, these different lines of evidence all
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Table 2 BRCA effect on genomic scar from Foundation Medicine Database (13)

Marker BRCA wild-type, N=11,556 BRCA mono-allelic loss, N=33 BRCA bi-allelic loss, N=166 P
TMB 1.7 3.5 4.3 <0.001
gLOH-high 14.4% 13.6% 75% <0.001

TMB, tumor mutational burden; gLOH, genomic loss of heterozygosity.

Table 3 BRCA effect on genomic scar from Caris Database (14)

Marker BRCA-wild type, N=2,694 BRCA-mutant, N=124 P

MSI-H 1.2% 4.8% 0.002
TMB 6.5 8.7 <0.001
PD-L1 CPS >1% 11.2% 21.8% <0.001

MSI-H, microsatellite-instability-high; TMB, tumor mutational burden; PD-L1, programmed death-ligand 1; CPS, combined positive score.

point to a different genomic and TME landscape in PDAC
tumors associated with HRD, opening new opportunities
for innovative strategies to target this subgroup.

HRD detection

Various academic and commercial next-generation
sequencing (NGS) platforms have attempted to refine
the process of classifying a tumor as HR-deficient beyond
simply the presence of single-gene alterations.

DNA-single gene approach

The HRDetect is a weighted NGS model which focuses on
the detection of two most studied genes BRCAI/BRCA2
and defines deficiency in terms of single nucleotide variants
(SNVs) (18), structural variants (SVs) (19), and genomic
instability patterns from both germline and somatic
sequencing data (20). In this system, a supervised lasso
logistic regression model was used to identify six critically
distinguishing mutational signatures. HRDetect scores
were then computed by aggregating six mutation signatures
associated with HRD, which were then normalized and
transformed. It was reported that this model could identify
BRCA1/BRCA?2 deficient breast cancer with 98.7%
sensitivity (AUC 0.98) (20). This model was later validated
independently and demonstrated evidence of its association
with platinum response in advanced breast cancer (21).
However, the model does not show high association with
other less common HR repair genes such as RAD50, PALB2
and ATR.

© Journal of Gastrointestinal Oncology. All rights reserved.

DNA panel with genomic scar approach

Another popular strategy is to use DNA-based measures
of genomic instability. Cells with HRD frequently display
characteristics of genomic instability such as loss of
heterozygosity (LOH), telomeric allelic imbalance (TAI),
and large-scale state transition (LST). One such HRD
score (22) is calculated based on unweighted summing
of these three measures of genomic instability—HRD
(defined as HRD score >42 and/or BRCAI or BRCA?2
mutation). This was evaluated as a predictive biomarker for
neoadjuvant platinum-based therapy in two different breast
cancer clinical cohorts. These HRD scores showed strong
correlation with BRCA1/2 deficiency regardless of breast
cancer subtype (23). A limitation of these techniques is that
these genomic alterations that are detected at baseline can
persist despite the development of resistance to platinum
chemotherapy/PARPi and thus are not a dynamic marker of
HRD (24).

DNA and RNA combined approaches

DNA-based NGS for the definition of the HRD phenotype
are time-dependent given that multiple genomic hits are
needed to reach the threshold for detection. In contrast to
exomic sequencing approaches, transcriptomic profiling can
uncover the dynamic state of HRD independently from the
genomic scar which may be present at the time of diagnosis.
The Tempus HRD platform (25) provides a composite score
based on two modalities; HRD-DNA, which is a readout
of genome-wide LOH (gwLOH) to predict HRD status
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Laboratory name Test name

HRD status determined by

Minimum sample requirement Turnaround time (days)

Caris (27) Molecular Intelligence BRCA somatic mutation and LOH FFPE tissue (block or 10 10-14
Comprehensive unstained slides; 4-6 needle
Tumor Profiling biopsies acceptable)
Foundation FoundationOne CDx BRCA somatic mutation positive and/ FFPE tissue (block + 1 H&E 12 or less
Medicine (28) or LOH high slide or 10 unstained slides + 1
H&E slide)
Myriad (29) myChoice CDx BRCA germline and somatic mutation FFPE tissue (block or 8-20 14 or less
positive and/or positive HRD score unstained slides + 1 H&E slide
(composite of LOH, TAI, and LST)
Tempus (25) Tempus xT HRD test BRCA somatic mutation and/or LOH Blood (8 mL), saliva, FFPE, 9-14

high Transcriptomic (RNA) data

tissue (block + 1 H&E slide or 10
unstained slides + 1 H&E slide)

HRD, homologous recombination deficiency; LOH, loss of heterozygosity; FFPE, formalin-fixed paraffin-embedded; H&E, hematoxylin and

eosin; TAI, telomeric allelic imbalance; LST, large-scale state transition.

(mainly for breast and ovarian cancers), and HRD-RNA, a
logistic regression model trained on whole-exome capture
RNA sequencing data which predicts HRD status across
all other solid tumors to detect HRD driven by BRCA1/2
loss and non-BRCA1/2 mechanisms. This model has shown
promising result of predicting HRD status across all types
of solid tumors, with the best performance being in breast
and ovarian cancer samples (26).

Commercially available HRD diagnostic assays

Multiple commercially available assays have incorporated
the methodologies discussed above. These composite
markers or scores, focusing on multi-omic approaches
combining computational biology and artificial
intelligence, can potentially improve detection accuracy
and robustness. Table 4 (25,27-29) lists some of the assays
available in the market. This list of assays is not exhaustive,
and not all these tests are FDA-approved companion
diagnostics.

HRD detection status in PDAC

The aforementioned HRD signatures have been developed
using available databases of tumors that have undergone
NGS. However, the BRCA-mediated genotype may produce
different phenotypes and effects depending on the tumor
primary site; the performance of these genome signatures
in ovarian cancer and breast cancer may not be relevant to

© Journal of Gastrointestinal Oncology. All rights reserved.

PDAC (26,30). Moreover, the reliability of NGS is critically
dependent on the quality of the tumor sample; in general,
pancreas biopsies (or even metastatic site biopsies in patients
with PDAC) have less tumor cellularity (also referred to as
“purity”) than resection specimens from breast or ovarian
cancer. Furthermore, there are substantially fewer PDAC
samples in most NGS databases than breast or ovarian
which also limits the development of a reproducible HRD
signature.

In an attempt to determine the best HRD classifier
in PDAC, Golan ez /. (31) analyzed 391 human PDAC
samples and multiple HRD classifiers were applied including
(I) the genomic instability score (GIS) from the Myriad
MyChoice HRD assay; (II) substitution base signature 3
(SBS3); (IIT) HRDetect; and (IV) structural variant (SV)
burden. Clinical outcomes such as survival and response to
chemotherapy were also used to correlate with HRD status
(i.e., platinum and PARP sensitivity as a surrogate for high
HRD). The HRDetect (score >0.7) predicted gBRCAI1/
PALB?2 deficiency with highest sensitivity (98%) and
specificity (100%). At the same time, HRD genomic tumor
classifiers suggested that features of HRD could be detected
7% to 10% of PDAC:s that do not carry gBRCA/PALB2. As
for the clinical outcomes, HRD status was not necessarily
prognostic in resected PDAC. However in advanced PDAC
the GIS (P=0.02), SBS3 (P=0.03), and HRDetect score
(P=0.005) were associated with platinum response and
longer survival (31). There remains the need for prospective
validation of this type of signature.
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Table 5 Summary of trials showing benefit for HRD-targeted therapies in PDAC

Therapy category Approach Result P
Platinum-based Actionable mutations (mostly HRD) matched therapy Median OS: 2.58 vs. 1.51 years 0.0004
vs. non matched therapy (4,32,33)
Nab-paclitaxel + gemcitabine + cisplatin in metastatic ORR: 71%, DCR 88% N/A
PDAC (34)
First-line platinum in PDAC patients with or without Median OS: 25.1 vs. 15.3 months <0.01
HRD (35)
FOLFIRINOX in PDAC patients with or without DDR Median PFS: 18.5 vs. 7.4 months 0.005
gene alterations (36)
Gemcitabine + cisplatin with or without veliparib (37) Median OS: 15.5 vs. 16.4 months 0.6
PARP-I's Maintenance olaparib vs. placebo (7) PFS: 7.4 vs. 3.8 months 0.004
Maintenance rucaparib (38) Median OS: 23.5 months N/A
Maintenance olaparib in platinum-sensitive vs. Median OS: 10.5 vs. 5.4 months 0.03
platinum-resistant patients (39)
Combination ICI +/—- PARP  Ipilimumab + nivolumab in PDAC patients with germline ORR: 42%, DCR: 58% N/A
HRD mutations (40)
Maintenance niraparib with nivolumab or ipilimumab (41) Median OS: 13.2 vs. 17.3 months N/A

HRD, homologous recombination deficiency; PDAC, pancreatic ductal adenocarcinoma; OS, overall survival; DDR, DNA damage repair;
PFS, progression-free survival; PARP-I, poly (ADP-ribose) polymerase inhibitor; N/A, not available; ICI, immune checkpoint inhibitor; ORR,

objective response rate; DCR, disease control rate.

Treatment for HRD PDAC

The currently available clinical data guiding the treatment of
PDAC patients with HRD are showing in Table 5 (4,7,32-41).

Platinum-based therapy

Multiple data sets consistently show benefit for PDAC
patients with HRD treated with platinum-based
chemotherapy combinations. In the retrospective analysis
from PanCan Know Your Tumor registry trial (4,32,33),
PDAC patients who had actionable molecular alterations
derived significant benefit from receiving a genomically-
matched therapy. The median overall survival of patients
who had actionable alterations receiving matched therapy
was approximately 1 year longer than those with actionable
alterations receiving unmatched therapy, or those without
actionable alterations; the most common set of alterations
in this study was in the HRD family of mutations (33).
Other retrospective series (34,36) and prospective trials (37)
have confirmed the same finding, and the use of platinum
chemotherapy in these patients is now accepted as a
standard of care.

© Journal of Gastrointestinal Oncology. All rights reserved.

PARP inbibitors

Maintenance therapy with Olaparib after at least 4 months
of frontline platinum-based chemotherapy in patients
with germline BRCAI/2 mutations in PDAC is now
an established standard, but PARP-inhibitor resistance
remains a challenge. Trials are underway to build on
the results of the POLO trial including evaluating
the combination of PARP inhibitor therapy and
immunotherapy (42). A critical unmet need remains
the development of strategies to either induce HRD or
overcome innate or acquired resistance to HRD-targeted
agents and thus expand the number of patients who may
benefit from these therapies. In the POLO trial (7),
maintenance with Olaparib resulted in a significant
improvement in progression- free survival for patients
with metastatic PDAC a germline BRCA mutation who
had not progressed during platinum-based chemotherapy.
This trial led to the approval of Olaparib in the USA
in this setting. Recent prospective trials have expanded
the population eligible for PARP inhibitors in PDAC to
include patients with somatic BRCA2 (38) mutations as
well as germline P4LB2 mutations (39).
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Trial identifier Condition/disease Intervention/treatment Phase
NCTO04150042 (45) The Metastatic cancer with pathogenic BRCA1/2 or High-dose chemotherapy with Phase 1
SHARON ftrial PALBZ2 germline variant autologous stem-cell rescue, combined
with high-dose vitamin C
NCT04673448 (46) Unresectable or metastatic breast, pancreatic, Dostarlimab + niraparib Phase 1
fallopian tube, ovarian or primary peritoneal cancer
with pathogenic BRCA1/2 germline variant
NCT04890613 (47) Solid tumors with pathogenic germline BRCA2 and/  CX-5461 (RNA polymerase-1 inhibitor)  Phase 1
or PALB?2 variant
NCT04666740 (48) The Metastatic PDAC with pathogenic germline or Maintenance pembrolizumab + olaparib Phase 2
POLAR trial somatic HRD variant or response to frontline
platinum-based therapy
NCTO04858334 (49) The Resected PDAC with pathogenic germline BRCA1/2  Adjuvant olaparib vs. placebo Phase 2
APOLLO trial or PALB?2 variant
NCT04548752 (50) The Metastatic PDAC with pathogenic germline BRCA1/2 Maintenance olaparib vs. olaparib + Phase 2
SWOG 2001 trial variants who have clinical benefit from frontline pembrolizumab
platinum-based therapy
NCT05659914 (51) Metastatic PDAC with pathogenic germline or Maintenance olaparib + durvalumab Phase 2

somatic HRD variant who have clinical benefit from

frontline platinum-based therapy

PDAC, pancreatic ductal adenocarcinoma; HRD, homologous recombination deficiency.

Immune checkpoint inhibitors (ICIs)

Despite the breakthroughs seen with ICIs in many
malignancies, they have unfortunately been disappointing
in unselected patients with PDAC (43). However, recent
studies (40,41,44) have shown an association between
germline HRD status in PDAC and response to ICls,
consolidating previous evidence of an association between
BRCA1/2 variants in other tumors and immunotherapy
response. In a recent report, Terrero et al. described a
series of 12 patients with pathogenic germline variants
in BRCAI1/2 or RADS5S1C/D, a few of which achieved
sustained complete responses to dual PD-1/CTLA-
4 inhibition (40). The overall response rate was 42%,
including 4 patients who achieved complete responses
(all ongoing for 24 to 48 months) and another with a
partial response. Additionally, Reiss ez #/. demonstrated
superior effectiveness of ipilimumab/niraparib over
nivolumab/niraparib for maintenance treatment of patients
with metastatic PDAC after a response to first-line
platinum therapy (41), underscoring the role of CTLA4
inhibition in this subgroup of PDAC patients. In the
report from Terrero et al., archival tumor samples were

© Journal of Gastrointestinal Oncology. All rights reserved.

subjected to transcriptomic analysis using the Nanostring
platform (40). Tumors from responding patients had a
significantly higher expression of the CCL4, CCLS and
CXCLI10 than in non-responders. These co-regulated
chemokines enable trafficking of immune effector
populations into the TME and have been shown in a
separate data set to be associated with a T-cell inflamed
phenotype in PDAC (44). These clinical and translational
data highlight the fact that this HRD subset may be an
exception to the rule that PDAC generally does not benefit
from ICI-based strategies.

Implications for future trial design and biomarker
discovery

Targeting patients with PDAC whose tumors have HRD is
still a relatively new area of investigation. Numerous clinical
trials are currently underway aiming to make inroads into
this subgroup. Table 6 (45-51) lists some ongoing phase
1 and phase 2 clinical trials that specifically target HRD-
related cancers, including pancreatic cancer. The majority
are investigating PARP-inhibitor or immunotherapy
combinations.

7 Gastrointest Oncol 2023;14(5):2249-2259 | https://dx.doi.org/10.21037/jgo-23-85



2256

Given the absence of currently validated biomarkers for
HRD PDAC apart from germline BRCAI1/2, it is critical
for ongoing and future trials to incorporate biospecimens
for translational research. The gold-standard for defining
HRD at this time could be a robust response to platinum-
based therapy and these patients can be classified as HRD-
positive. Genomic and/or transcriptomic signatures can
then be correlated with the clinical phenotype to validate
candidate biomarker signatures. Another promising area of
investigation is the use of ctDNA to detect HRD. Although
this approach is not yet validated, it is a potentially simpler
method to determine HRD status and monitor the
evolution of the HRD state over time.

Limitations

Our review has several limitations that should be taken
into consideration. Firstly, the retrospective nature of data
collection introduces biases, such as ascertainment bias, and
inherent publication bias, where the available research on
the topic may be skewed towards publishing only significant
results, potentially leading to an incomplete picture of
the overall evidence. Secondly, there may be baseline
heterogeneity or unclear data on patient characteristics
across different studies, such as geographic location,
ethnicity, disease stage or patient age, which can affect the
generalizability and applicability of the findings. Thirdly,
there is variability in sequencing methodologies, which may
introduce inconsistencies and impact the comparability of
the results. Fourthly, the timing of tumor next-generation
sequencing in relation to treatment potentially varies across
studies. Finally, most of the studies that have looked at
the impact of HRD alterations have been limited by small
sample sizes and the process of validating genomic or
transcriptomic biomarkers typically requires a large number
of samples to improve the reliability.

Conclusions

In summary, to consistently detect clinically significant
HRD status has proven to be challenging in general. In this
review, we focused on the recent research work specifically
targeting on developing reliable biomarkers to identify
HRD positive PDAC patients who may benefit from
exploiting HRD. Germline BRCAI and BRCA?2 loss are the
most common HRD mutations and have helped to provide
insight into other mechanisms of HRD as well. Currently,
available HRD assays focus on a static measurement of
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the genotype scar, and these assays are typically done on
specimens obtained at the time of diagnosis when patients
are treatment-naive. However, BRCA1/2-deficient tumor
cells may restore BRCA function over time, and current
HRD assays are limited in providing real-time assessment
of genomic instability of PDAC. Ultimately, whole-
genome sequencing may provide almost all the necessary
information that each of the discussed assays is intended
to measure. However, until WGS becomes reasonably
cost-effective, alternatives need to be found. Several
novel HRD-targeted therapies for PDAC are currently
being investigated in clinical trials, offering opportunities
to prospectively develop and validate innovative HRD
biomarkers to better select patients who will benefit most
from these therapies.
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