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Abstract  

Background: 

Colorectal cancer (CRC) represents a major cause of cancer deaths worldwide. Although significant 

progress has been made by molecular and immune therapeutic approaches, prognosis of 

advanced stage disease is still dismal. Alterations in the DNA damage response (DDR) pathways 

are emerging as novel targets for treatment across different cancer types. However, even though 

preclinical studies have shown the potential exploitation of DDR alterations in CRC, systematic and 

comprehensive testing is lagging behind and clinical development is based on analogies with other 

solid tumors according to a tissue-agnostic paradigm. Recently, functional evidence from patient-

derived xenografts and organoids have suggested that maintenance with PARP-inhibitors might 

represent a therapeutic opportunity in CRC patients previously responsive to platinum-based 

treatment.  

Design:  

In this review, we highlight the most promising preclinical data and systematically summarize 

published clinical trials in which DDR inhibitors have been used for CRC and provide evidence that 

disappointing results have been mainly due to a lack of clinical and molecular selection.  

Conclusions:  

Future preclinical and translational research will help in better understanding the role of DDR 

alterations in CRC and pave the way to novel strategies that might have a transformative impact 

on treatment by identifying new therapeutic options, including tailored use of standard 

chemotherapy. 
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Introduction  

Colorectal cancer (CRC) is the third leading cause for cancer-related death in the Western 

world [1]. While 5-year survival rates are 85-90% for patients with localized CRC, they dramatically 

decrease to about 12% in patients with metastatic CRC (mCRC) [2]. Most effective treatment 

options for patients with metastatic CRC (mCRC) are chemotherapy regimens composed of 5-

fluorouracil, oxaliplatin and/or irinotecan, in combination with targeted agents such as anti-

angiogenic compounds (bevacizumab or aflibercept) or anti-EGFR drugs (cetuximab or 

panitumumab) according to RAS/BRAF status of the tumor [3, 4]. More recently, a triple 

combination of targeted agents against the MAPK pathway (panitumumab plus encorafenib plus 

binimetinib) proved its activity against BRAF mutant mCRC [5]. Moreover, ERBB2 amplification has 

been identified as a druggable target with promising results from several phase II trials [6-8], and 

HER2-targeted combinations included in international guidelines for mCRC [9]. 

CRC carcinogenesis is due to a complex and well-characterized cascade of molecular events 

[10]. Among these, mismatch repair (MMR) alterations represent the carcinogenic event leading 

to 5-15% of all CRC cases [11]. According to MMR status, CRC can be classified into two major 

subtypes: microsatellite instable (MSI) or microsatellite stable (MSS). MSS and MSI CRCs are 

recognized as distinct diseases with different etiology and different treatment options [12]. Recent 

studies showed that CRC patients with microsatellite instability-high (MSI-H) tumors can benefit 

from checkpoint inhibitors, leading to FDA approval of pembrolizumab or nivolumab, alone or with 

the anti-CTLA4 ipilimumab [13-15]. However, this therapeutic innovation reaches few patients, 

since MSI-H mCRC accounts for 5% of patients and MSS tumors account for the remainder, with 

very poor prognosis and limited therapeutic options, especially when RAS or BRAF mutations are 

identified [3, 4]. Therefore, finding alternative and effective therapies for this group of CRC 

patients represents an urgent unmet clinical need. In this regard, refining molecular selection 

criteria to chemotherapy might lead to valuable options together with the discovery of new 

potential molecular targets that have been stagnant in recent years.   

With the need for further advances, genomic alterations in the DNA damage response 

(DDR) pathway are emerging as a novel targets for treatment across different cancer types [16-

18]. Platinum compounds and poly (ADP-ribose) polymerase-inhibitors (PARPi) are currently the 

two main classes of drugs active against cancer cells harboring DDR alterations, initially recognized 

in breast and ovarian cancers, and currently extended to prostate and pancreatic cancer [16-18]. 

In CRC, the role of DDR alterations is still widely unknown and only scarce and fragmented pieces 
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of data about their clinical impact are available [19, 20]. Germline pathogenic variants of BRCA1 

are rising as a risk factor for CRC, as BRCA1/2 alterations have been associated with early-onset 

CRC [21, 22]. Recent studies suggest that a subset of CRCs is characterized by germline and/or 

somatic genetic defects in DDR genes [23-26]. The prevalence of somatic DDR defects in CRC has 

been reported, ranging between 10 to 30% [20, 25, 27, 28] . Retrospective studies have also 

reported a significant correlation between an ATM polymorphism and survival with advanced lines 

of chemotherapy [29] and between some ATM mutations and better prognosis [30]. However, 

different from other cancer types, none of DDR alterations is associated with approved therapy in 

CRC treatment. When considering analysis of the transcriptome and the four consensus molecular 

subtypes (CMS) of CRC, the prevalence of alterations in MMR genes is highest in MSI-

hypermutated tumors classified as CMS1 [31-33]. Further studies have shown a significant 

prevalence of ATM mutations in 7% of non-hypermutated  tumors  in CMS3 [34] and a consistent 

DDR pathway downregulation in CMS4  [35]. Considering the poor prognosis and the limited 

treatment options for CMS3 and CMS4, targeting DDR in this large subset of CRC might represent a 

valuable therapeutic opportunity. 

In this article, we aim to draw a map exploring DDR pathway in CRC by showing preclinical 

data and systematically review of early clinical evidences available to highlight the most promising 

avenues for clinical leveraging of DDR alterations in this tumor. 

 

The DNA Damage Response pathway 

The DDR pathway represents a complex network of effectors involved in DNA repair and 

cell cycle checkpoint control, governing the correct execution of DNA replication and cell 

proliferation. The recognition and repair of damaged DNA involves the cascade activation of a 

tightly controlled sequence of actions including DNA damage sensing, DNA repair and cell cycle 

checkpoint delay or arrest [36, 37]. An intact DDR system is required to maintain genomic integrity 

and vulnerabilities in the DDR genes might constitute a potential actionable target for cancer 

treatment. Depending on the insulting agent, different types of damage can be recognized in DNA, 

often resulting in single-strand (SSB-DNA) or double-strand breaks (DSBs). 

Various groups of effectors are activated to re-establish the correct sequence of DNA. Mismatch 

Repair (MMR), base excision repair (BER), and nucleotide excision repair (NER) represent the key 

pathways involved in SSB-DNA repair, while homologous recombination (HR) and non-homologous 
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end joining (NHEJ) pathways operate for the repair of DSBs [38]. A third pathway responsible for 

rescuing damaged DSB-DNA is called translation DNA synthesis [39] . 

Given the complexity of the DDR pathways and the availability of many reviews focused on this 

topic [20, 38, 40, 41], an exhaustive description is beyond the scope of this manuscript. Instead, 

we will focus on the key players that appear most relevant to the clinical applicability for CRC 

treatment, as shown in Figure 1. 

DSBs represent the most deleterious type of DNA damage [41]; after the recognition of the 

damaged DNA site, a complex network of proteins is recruited to slow down DNA fork progression 

before the cell enters into the G2 phase [42]. The MRN complex (MRE11-NBS1-RAD50) is one of 

the first complexes to be engaged to the lesion and afterwards the DNA damage mediator ataxia 

telangiectasia mutated (ATM) is recruited to trigger cell cycle blockade and DNA repair by HR 

system [43, 44]. DSBs can alternatively be repaired by NHEJ system by recruiting the Ku70/80 

complex, followed by DNA-PK activation [45]. ssDNA derived either from SSBs forming the DSBs or 

from stalled replication forks will be coated by Replication Protein A (RPA), protecting the DNA 

against degradation and recalling the ATR-ATRIP complex that will unleash cell cycle checkpoint 

control by interacting with downstream kinase proteins such as CHK1 and WEE1 [43] (Figure 1).  

 

Pharmacological modulation of DDR pathways - Inactivation of proteins belonging to the HR 

system can make tumor cells dependent on effectors belonging to the NHEJ pathway, such as 

PARP proteins, leading to a synthetic lethal response when PARPi is applied. This type of 

interaction was described for the first time in two seminal papers in 2005 [46, 47] and the 

application of this experimental evidence has been observed in clinical trials between 2009 and 

2010 [48-51]. Only recently, the use of PARPi has entered into the clinical practice following FDA 

approval for the treatment of a subgroup on tumors, such as ovarian, breast and recently 

pancreatic cancers, carrying defects in the HR genes, while in CRC the use of PARPi-based 

treatment is still lagging behind [16, 52, 53].  

The PARP family includes  17 isoforms of nuclear proteins that are classified on the base of their 

structure and specific function [54]. PARP1 is the most characterized protein of the family; 

however, other members of the family such as PARP2 might play similar or partly overlapping 

activities [55, 56]. PARP1 is generally activated during the early phase of DNA damage recognition 

where it is recruited to repair SSB. Once bound to the altered DNA, PARP1 increases its catalytic 

activity and exploits NAD+ substrate to synthesize polymers of poly(ADP-ribose) (PAR) that are 
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transferred (PARylation) to acceptor proteins, such as PARP itself, histone H1 or transcriptional 

factors[57] .  

All PARP inhibitors currently in clinical development structurally mimic the nicotinamide moiety of 

NAD substrate, resulting in inactivation of PARP1 catalytic activity, pADPr synthesis, and DNA 

trapping[58], with consequent stalling of the DNA replication fork and DNA breaks formation. 

The efficacy of PARPi has also emerged in BRCA wild-type cancers carrying defects in other genes 

belonging to the HR family. These alterations have been associated with the so-called BRCAness 

phenotype, later described in this review. 

More recently, pharmaceutical companies have increased their attention to other DDR players 

that act as initial DNA damage sensors and mediators such as ATM, ATR and DNA-dependent 

protein kinase (DNA-PK), all belonging to the phosphatidylinositol 3-kinase-related kinases (PIKKs) 

family (Figure 1). Together with them, also the major DDR interactor downstream ATR, CHK1, has 

acquired relevance in the drug market, while CHK2, an effector of ATM signaling controlling the 

G1/S checkpoint, still lacks a specific inhibitor [59]. In parallel, the WEE1 kinase inhibitor has 

gained a significant application through its ability in impairing WEE1 in delaying progression 

between cell cycle phases as the gatekeeper of G2 arrest, with the aim of unleashing mitosis and 

genomic instability, ultimately leading to tumor cell apoptosis.[60]. Interestingly, and with 

immediate translational impact, few studies have shown as co-occurrence of pharmacological 

inhibition and defective function of two DDR effectors, such as ATM plus PARP1 or ATR plus 

XRCC1/ATM/CHK1/ERCC1/WEE1, might be synthetic lethal in preclinical models [61-65] (Table 1). 

Important to future applications in CRC treatment, tumors characterized by biallelic loss-of-

function alterations in genes involved in DDR might be sensitive to DNA damage-inducing agents 

such as platinum-based compounds, similar to that observed in gynecological cancers [49]. 

 

Biomarkers of “PARP-ness” - The identification of patients with clinically meaningful DDR 

deficiency is an unmet clinical need in oncology. In solid tumors, BRCA1/2 mutations are the best 

predictive biomarkers to identify patients achieving benefit from treatment with PARPi [40]. 

However, while some patients lacking BRCA1/2 mutations can benefit from PARPi, others carrying 

mutant BRCA1/2 do not benefit from them [66, 67]. The term “BRCAness” indeed defines a 

homologous recombination-deficient (HRD) phenotype beyond the BRCA pathway and, therefore, 

the “BRCAness” term should be considered equivalent to “HRDness” [40, 68]. Further broadening 

the spectrum of patients likely gaining benefit from PARPi, the term “PARPness” defines 
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responsiveness to PARPi beyond HRD, potentially owing to PARP trapping or PARP activity 

abrogation in processes different from base-excision repair (BER), for example alterative-NHEJ or 

replication-fork protection [69-71]. Besides this terminology, proper identification of patients 

likely to respond to PARPi is still lacking.   

The main clinical criteria adopted in all trials to identify PARPness is tumor sensitivity to platinum 

agents [25, 72].Beyond this, at least two different molecular approaches have been exploited to 

identify PARPness in tumors: 1) detection of genetic alterations and “genomic scars” by means of 

DNA sequencing panels and NGS technologies, 2) analysis of mutational signatures [73-78]  (Figure 

2).  

The “MyChoice HRD” by Myriad Genetics and the “FoundationFocus CDx BRCA LOH
” by Foundation 

Medicine are two companion diagnostic next generation sequencing (NGS)-based HRD tests able 

to detect and measure both single nucleotide variants and “genomic scars” in DNA samples 

obtained from patients[73]. In particular, the first one assesses the presence of somatic mutations 

in BRCA1 and BRCA2 and of genomic scars such as loss of heterozygosity (LOH), telomeric allelic 

imbalance (TAI), and large-scale state transitions (LST). The  unweighted sum of these three 

independent DNA-based measures of genomic instability, historically determined by SNP-based 

array data [79], identifies a HRD score, also named Genomic Instability Score (GIS), that has been 

set at ≥42 to likely identify those tumors carrying mutant BRCA or showing high genomic instability 

as confirmed in three studies focused on neoadjuvant platinum containing therapy in triple-

negative breast cancer patients [76] and in recurrent ovarian cancers treated with niraparib [80].  

The second assay can detect mutations in BRCA1/2 and the percentage of genomic LOH in DNA 

extracted from patients ‘samples [67, 74]. In the ARIEL 3 study, in ovarian carcinoma carrying 

mutant BRCA or LOH score ≥16, rucaparib significantly improved progression-free survival (PFS) vs 

placebo [67, 81]. No data regarding prevalence of genomic scars in CRC are available. Interestingly, 

Foundation Medicine has recently developed the Lynparza HRR-HRD assay [82, 83], which assesses 

a panel of 15 HR genes (BRCA1, BRCA2, ATM, RAD51B, RAD51C, RAD54L, RAD51D, FANCJ/BRIP1, 

FANCL, PALB2, BARD1, CHEK1, CHEK2, CDK12, PPP2) and that might be considered for future 

studies exploiting HRD in CRC. 

The use of massive parallel sequencing has led to the identification of molecular signatures 

revealing peculiar patterns left on the cancer genome by different molecular processes associated 

with PARPness [84]. Alexandrov and coworkers described the “signature 3” as a genomic marker 

of HRD [85]. This signature is capable of classifying missense BRCA1/2 mutations and is associated 
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with BRCA1 and RAD51C silencing by promoter methylation, while ATM or CHK2 inactivation do 

not contribute to signature 3 [86-88]. More recently, a new HRD assay (HRDetect) based on whole 

genome sequencing has been developed, showing its ability to identify six different mutational 

signatures characterized by structural variants (“rearrangement signatures”) predictive for BRCA1/ 

BRCA2 deficiency and potentially improving the selection of patients sensitive to PARP inhibition 

[89]. In another seminal work from the same group, 254 triple-negative breast cancers (TNBCs) 

were classified by HRDetect mutational-signature-based algorithm and HRDetect-high tumors 

were found to be associated to germline/somatic mutations of BRCA1/BRCA2, BRCA1 promoter 

hypermethylation, RAD51C hypermethylation or biallelic loss of PALB2 [90].  

At least in breast cancer, the advent of HRDetect with analysis of whole genome defects has 

significantly refined the sensitivity in predicting BRCAness, thus improving the positive predictive 

value (PPV) of HRD testing [91, 92]. Genomic scars per se provide in fact either a stable or a 

transient snapshot of the HRD status of the tumor that could be bypassed by later acquisition of 

molecular alterations conferring restoration of the HR phenotype and likely not captured by scar 

analysis. For this reason, while testing based on genomic scar analysis can offer a good negative 

predictive value (NPV), indicating as negative those patients that would not likely respond to the 

treatment, its PPV could be hampered by the presence of other, sometimes hard to identify 

genomic variations [93]. 

In summary, evolution of sequencing technologies and the use of extended gene sequencing 

panels has improved the ability to detect variations not only in cancer susceptibility genes, but 

also in DDR genes, beyond BRCA1 and BRCA2 [94] . However, a major limitation to this method is 

given by variants of unknown significance (VUS) in DDR genes that are hard to interpret and 

functionally assess, thus hampering actionability of NGS results. Moreover, NGS is not able to 

identify epigenetic silencing of DDR genes [26]. It should be mentioned that both whole exome  

sequencing (WES) approach and analysis of WES-based molecular signatures have been tested in 

MSS CRC cell lines, but the outcome has resulted inconclusive, not being fully and clearly 

predictive for sensitivity to oxalipatin and olaparib [19]. Analysis of whole genome features might 

open up new avenues to the definition of DNA damage response inhibitors (DDRi) sensitivity in 

CRC [95]. 

As an alternative to these approaches, functional biomarker analysis based on dynamic assays 

might be useful to assess DDR deficit. At preclinical level, two main types of functional analysis 

have been evaluated: the assessment of γH2AX and RAD51 foci following irradiation-induced DNA 
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damage [96, 97] and the detection of DSB repair by mean of an engineered plasmid-based system 

(pDR-GFP) [19, 98]. Although some limitations occur with the former method, such as the 

incapability of identification of ATM-mutant tumors likely benefitting from PARPi [18, 44], it has 

been recently reported as a potential surrogate marker for detecting HR deficiency both in breast 

and CRC [19, 96]. The detection of DSB repair by pDR-GFP, although nicely discriminating between 

HR proficient and deficient cells, presents several technical limitations such as amenability for cell 

transfection, drug selection and long-term propagation[19].  

A further limitation for clinical feasibility and routine use of both tests is the requirement of 

generation of DNA damage, such as exposure to ionizing irradiation in case of the RAD51 foci 

assay, and the use of a second plasmid expressing a DNA-cutting enzyme (SceI) to trigger DSBs in 

the GFP sequence inserted in the first plasmid. Altogether, these functional tests appear to be the 

most promising to identify PARPness in CRC as well as in other histologies. However, the lack of 

prospective validation and concerns regarding their large-scale feasibility constitute major issues 

for their translation into the clinic [73].  

Direct testing on preclinical models (i.e. organoids or patient-derived xenografts) directly derived 

from CRC patients might represent a more reliable way to understand sensitivity or resistance to 

DDR inhibitors in CRC [19]. These models could offer the valuable advantage of dynamically 

monitoring tumor growth and evolution over time or under drugs selective pressure (Figure 2). 

In summary, there is still no consensus on which is the best assay to be used to identify cancers 

more likely bearing meaningful DDR deficits leading to PARPness. Different tests have been 

evaluated but no one has yet emerged as a clear winner among the others. More efforts are 

currently ongoing to increase the efficiency and practicability of these tests, but major issues of 

clinical feasibility still need to be addressed.  

 

Landing in terra incognita: DDR in colorectal cancer 

Preclinical evidences – The efficacy of PARPi has been so far been proven in different tumor types 

harboring alterations in genes belonging to the HR pathway[52]. DDR genetic defects in CRC have 

been historically and more frequently associated to MMR alterations often causing MSI as 

reported from the analysis of 526 CRC cases in The Cancer Genome Atlas Colon Adenocarcinoma 

(COAD) and Rectal Adenocarcinoma (READ) PanCancer Atlas datasets [27]. Defective MMR/MSI-H 

CRCs, which account for around 15% of CRCs and 5% of metastatic CRCs, are considered to have 

favorable prognosis and better survival [99], and recently they have been approved for 
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immunotherapeutic treatment [100]. The remaining 85% MSS CRC still represents an unmet 

medical need and harnessing defects in DDR genes might represent a new hope to treat this 

subgroup with poor prognosis and limited therapeutic options. So far, toxicity of drug 

combinations or lack of patient selection has hindered the clinical development of PARPi in CRC 

[101-104]. Only a few works have assessed, in a limited number of preclinical CRC models, the 

effects of PARP or other DDR inhibitors. This emphasizes the critical need for the identification and 

validation of predictive biomarkers of response to DDRi in a larger number of clinically relevant 

models for better patient selection and stratification. 

McAndrew and colleagues have shown a direct correlation between deficiency of RAD54B, an 

effector of the HR pathway and a direct interactor of RAD51, and sensitivity to olaparib, but only 

one cell model was used [105]. Direct correlation between lack of the DDR sensor ATM and 

olaparib sensitivity has been shown by Wang and colleagues in three CRC cell lines (SKCO-1, LoVo 

and HCT116), where further shRNA-mediated mechanistic experiments show that p53 depletion 

could enhance PARPi sensitivity in ATM
-/- cells [106].  

PARP sensitivity might also be related to HR deficiency due to increased DDR protein heterodimers 

instability. This is the case described by Ozden and colleagues [97], showing that CRC cells 

expressing higher level of a splice variant of BARD1 and likely a more unstable BARD1/BRCA1 

complex are more susceptible to PARP inhibition. 

Other groups have investigated the potential synergistic effects exerted by the concomitant use of 

olaparib and chemotherapeutic agents such as oxaliplatin and SN-38 (the active metabolite of 

irinotecan). Xu and colleagues have functionally analyzed the effects of olaparib, alone or in 

combination with oxaliplatin, in one CRC cell line (SW480), but no molecular DDR biomarker 

analysis was provided [107].  By analyzing subsets of MSI and MSS CRC cell lines, different groups 

have demonstrated that PARP inhibitors can  potentiate SN38 cytotoxicity irrespective of the MMR 

status [108-110],  and Tahara and colleagues show that this effect could be even amplified in 

those cells carrying defects in HR proteins such as RAD51 [109]. On the other hand, Augustine and 

colleagues, while agreeing on the synergistic effect of PARPi (rucaparib instead of olaparib) with 

SN38, do observe a more prominent effect in MSI compared to MSS cells [111]. This study 

moreover assesses whether concomitant versus sequential administration is more effective in 

treating CRC and further experiments in mice show the efficacy of concurrent use of rucaparib and 

SN-38 in controlling tumor growth. Interestingly, and in contrast with previous findings, they claim 

that no synergy is observed when PARPi and oxaliplatin are administered in combination. Other 
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DDRi such as ATM inhibitors have been shown to be effective in combination with SN38 [112], in 

particular in those patient-derived xenografts (PDX) models showing primary resistance to 

irinotecan. In addition, they noted an interesting association between efficacy of combinatorial 

treatment and presence of PIK3CA activating mutations, which may warrant a more extended 

analysis in clinically relevant models.  

The seminal work performed by Dietlein and colleagues [113] has shown how addiction in KRAS 

and BRAF mutant cells of different tissue origin to checkpoints controlled by CHK1 and MK2 can be 

exploited as an Achille’s heel to inhibit proliferation of tumors characterized by poor prognosis and 

limited therapeutic options. These promising results have been presented in a limited number of 

CRC models and further validation in a larger cohort of CRC cell lines and patient-derived models 

might confirm the effective synergism of these checkpoint inhibitors. 

All these studies are informative and provide insightful tips of thoughts, but systematic analysis on 

the potential efficacy of PARPi and more generally DDRi in CRC is lagging behind. More 

experimental evidence from clinically relevant models is required to shed light on novel and 

potential CRC therapeutic strategies exploiting DNA repair vulnerability. 

Hence, with the aim of defining potential predictive biomarkers to guide clinical development of 

PARP inhibitors in CRC, we have tested a large collection (n=99) of CRC cell lines carrying genomic 

defects responsible for resistance to EGFR-targeted therapy with the PARPi olaparib [19]. We 

found that up to 13% CRC lines were highly sensitive to clinically achievable concentrations of 

olaparib and that this response was positively correlated with susceptibility to oxaliplatin 

treatment in vitro. While no strong association between genomic defects in BRCA or other HR 

genes and olaparib sensitivity was observed, we found that functional assays based on detection 

of DNA damage response were able to pinpoint vulnerability to PARP inhibition. To increase the 

translational relevance of this study, we also exploited organoids derived from CRC patients and 

found a significant correlation between olaparib sensitivity and response to previously received 

oxaliplatin-based regimens.  This observation brings to attention the potential applicability of 

PARPi  as a maintenance therapy in those patients that have previously responded to platinum-

based therapy, comparable to what is already approved in ovarian and recently pancreatic cancer 

[16, 66, 114]. Although we are aware of the limitation of this study, which was performed in a 

limited number of MSS patient-derived models and therefore not accounting for the whole CRC 

tumor landscape, we believe that systematic assessment of various preclinical models might unveil 
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a significant role for PARPi or DDRi to treat  CRCs with currently no or very limited therapeutic 

options, such as those anti-EGFR resistant.  

 

Clinical opportunities - The exploitation of DDR defects in CRC patients is at very early stage of 

development.  We present here clinical evidence of targeting DDR in CRC from  available studies  

in the literature.  

- Trials evaluating the role of PARPi 

We performed a systematic review of publications exploiting the use of PARPi in mCRC (Table 2). It 

was performed on 8th March 2020 according to PRISMA Criteria of 2009 (Supplementary Figure 1) 

[115, 116]. We reviewed MEDLINE/PubMed and ClinicalTrial.gov for published or ongoing clinical 

trials evaluating the efficacy of PARPi in CRC from January 2002 to December 2019. The Medical 

Subject Heading terms used for PubMed search were ((veliparib[Title]) OR (olaparib[Title]) OR 

(PARP[Title]) OR (niraparib[Title]) OR (rucaparib[Title]) OR (talozaparib[Title])) AND 

((colorectal[Title]) OR (rectal[Title]) OR (colon[Title]) OR (solid[Title])). The Medical Subject 

Headings terms used for the search in ClinicalTrials.gov were (“Reruiting or not yet recruiting” as 

status), (“colorectal cancer” as condition/disease) and (“PARP”, “olaparib”, “veliparib”, 

“niraparib”, “rucaparib” or “talazoparib” as other terms). The inclusion criteria were the following: 

English language, specific treatment outcome report of CRC patients and at least 5 CRC patients 

included in the clinical trial. Gathering data on ongoing clinical trials, we selected only studies with 

specific indications for CRC patients. All publications not fulfilling these requirements were not 

included in the systematic analysis.  

All published studies retrieved are phase I (n= 5) or II (n= 3) trials, with only one phase II 

randomized trial (Table 2). Five studies evaluate CRC patients only [101-104, 117], while three 

included also patients with other solid malignancies [118-120]. All but one [101] of the studies 

(87.5%) used PARPi in combination with other drugs, and in one of them (12.5%) PARPi was used 

with concomitant radiation therapy [103].  The number of patients included is low, ranging from 5 

to 75 (Table 2). Importantly, none of these trials required specific alterations in DDR genes among 

inclusion criteria. ORR was 0% in the only one study evaluating PARPi monotherapy [101], while in 

studies combining PARPi with chemotherapy or radiotherapy ORR ranged from 0-57% (Table 2). 

Concerning treatment tolerability, G3-4 side effects vary between 12.5 - 76% (Table 2). However, 

toxicity data should be taken carefully since patients included were heavily pretreated. Leichman 

and coworkers investigated the efficacy of olaparib monotherapy treating CRC according to MMR 
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status but regardless of the presence of DDR alterations [101]. They conclude that olaparib alone 

is ineffective in both MSI and MSS CRC patients [101]. 

Ongoing trials are listed in Table 3. Of interest, one of these trials required alterations in DDR 

among inclusion criteria (NCT04171700).  

 

- Trials evaluating the role of other DDR inhibitors 

We also systematically reviewed clinical trials published, or currently ongoing, targeting other DDR 

alterations in CRC, for which inhibitors are currently in clinical testing in phase I and II studies. A 

systematic review was performed on 8th March 2020 according to PRISMA Criteria of 2009 

(Supplementary Figure 2) [115, 116]. We reviewed MEDLINE/PubMed and ClinicalTrial.gov for 

published or ongoing clinical trials evaluating the efficacy of PARPi in CRC from May 1978 to 

December 2019. The Medical Subject Heading terms used for PubMed search were (ATM[Title]) 

AND ((colorectal[Title]) OR (colon[Title]) OR (rectal[Title]) OR (solid[Title])); (ATR[Title]) AND 

((colorectal[Title]) OR (colon[Title]) OR (rectal[Title]) OR (solid[Title])); (CHK[Title]) AND 

((colorectal[Title]) OR (colon[Title]) OR (rectal[Title]) OR (solid[Title])); (WEE1[Title]) AND 

((colorectal[Title]) OR (colon[Title]) OR (rectal[Title]) OR (solid[Title])); (DNA-PK[Title]) AND 

((colorectal[Title]) OR (colon[Title]) OR (rectal[Title]) OR (solid[Title])). The Medical Subject 

Headings terms used for the search in ClinicalTrials.gov were (“Reruiting or not yet recruiting” as 

status), (“colorectal cancer” as condition/disease) and (“ATM”, “ATR”, “CHK”, “WEE1” or “DNA-

PK” as other terms). The inclusion criteria were the following: English language, treatment 

outcome report of CRC patients and at least 5 CRC patients included in the clinical trial. Gathering 

data on ongoing clinical trials, we selected only study with specific indications for CRC patients. All 

publications not fulfilling these requirements were not included in the analysis.  

We retrieved one phase I published study describing the efficacy of a WEE1 inhibitor (AZD1775) 

combined with chemotherapy [121]. In this study, 16 patients with CRC were enrolled with an 

6.3% ORR and a considerable number of G3-4 events as side effects [121].  

We also retrieved a currently ongoing study exploiting the same WEE1 inhibitor but combined 

with irinotecan to treat RAS or BRAF mutant CRC in the setting of second-line treatment 

(NCT02906059). 

Apart from these trials with specific indication for CRC, many studies are currently recruiting for 

targeting DDR alterations across histologies. Many of them are evaluating the efficacy of 

combining DDR inhibitor (PARPi such as olaparib or talazoparib, ATRi or others) with checkpoint 
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inhibitors such as pembrolizumab (NCT04123366) or avelumab (NCT03565991) in patients 

affected by tumors harboring various DDR alterations according to different NGS panels. Based on 

DDR prevalence data available [25], between 10 – 30% of CRC patients  could be potentially 

enrolled in these trials and results are awaited.   

 

Discussion 

The exploration of DDR alterations as biomarkers for cancer therapy in CRC is at the 

beginning of a complex path, and still largely based on analogies observed in other solid tumors 

according to a tissue-agnostic paradigm. However, there are peculiar features that should be 

taken into consideration for performing successful translational research in this tumor type.  

While it is known that BRCA1/2 defects can predict for vulnerability to PARP-inhibitors and 

platinum-based agents in both gynecological and CRC, this may not be true when referring to 

genetic alterations in other genes of the DDR pathway, reflecting potential tissue-specific 

dependencies for DNA repair mechanisms. As an example, defects in ATM can confer susceptibility 

to both PARP inhibitors and oxaliplatin in CRC [106, 122, 123], while their role in response to 

platinum agents in ovarian cancer is still debated [124, 125]. 

In CRC, understanding whether DDR defects could potentially represent a new biomarker 

for selecting CRC patients as candidates for platinum-based chemotherapy and specific DDR 

targeting agents (i.e. PARPi) represents an urgent medical need. To this regard, preclinical studies 

can contribute to understand disappointing results of clinical trials with DDR inhibitors in this 

tumor. Several issues should be indeed taken into consideration and might have hampered 

interpretations of clinical results.  

First, molecular selection was not performed in any of the trials with published results. Second, no 

consensus on which is the optimal panel of DDR genes to be tested has been reached. In addition, 

the role of functional testing, instead of genomic scars or NGS analysis, has not been assessed. 

Third, optimal compounds to be tested in the clinical setting (PARPi or other DDR targeting drugs) 

have not been defined. Indeed, only one currently ongoing study (NCT03983993) is considering 

PARP inhibition as an option for those patients not progressing on an oxaliplatin-based line of 

treatment. Finally, no correlation between DDR alterations and benefit from platinum-based 

treatment is available in the literature.  

In order to address these clinical issues, preclinical and translational research is expected to 

be helpful. Some recent works on cell lines and patient-derived models have provided evidences 
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of efficacy of PARPi, but systematic analysis on a large cohort of CRC models is still missing. We 

recently reported promising results  from PDX and patients-derived organoids, suggesting that 

maintenance with olaparib might represent a valid therapeutic opportunity also in CRC [19]. 

Accordingly, we suggest the development of specific clinical trials to verify this hypothesis in the 

clinic, broadening the investigation to a larger number of DDR inhibitors.  

In clinical practice, oxaliplatin rechallenge --even though based on limited evidence-- is 

often considered for patients in later lines of treatment with adequate performance status. This 

option is essentially based on a retrospective trial including 23 patients and reporting 18% 

response rate (RR) and 65% disease-control rate (DCR) [126]. Remarkably, there are no molecular 

criteria to select patients for this strategy. In this regard, given the well-known sensitivity to 

alkylating agents of tumors with DDR alterations, a better understanding of DDR in CRC might help 

to identify patients more likely to benefit from oxaliplatin rechallenge. This approach might also 

allow better selection and minimize the risk of severe toxicities such as oxaliplatin immune-

induced syndrome, which has been shown to be associated with the use of this drug in the 

rechallenge setting [127, 128]. 

It is also intriguing to speculate that various DDR alterations might not equally impact on 

sensitivity to different platinum compounds. While the role of oxaliplatin in CRC is well 

established, cisplatin has been less investigated, even if ORR was around 35% in clinical trials in 

the advanced setting [129]. Since a study showed different mechanisms of action between 

oxaliplatin and cisplatin [130], it might be hypothesised that different DDR alterations might have 

a role in conditioning a different sensitivity to oxaliplatin or cisplatin. More preclinical testing 

followed by specific trials should be set to test this hypothesis.  

Finally, the potential role of liquid biopsy identifying DDR alterations at baseline and during 

treatment might offer new insights on this topic. Liquid biopsy has been demonstrated capable of 

monitoring clonal evolution and to identify genetic alterations occurring in CRC during anti-EGFR 

treatment [131, 132]. However, unlike prostate cancer in which liquid biopsy can identify 

resistance mechanisms to PARPi [133], its capability to identify DDR alterations has never been 

explored in CRC and might be helpful to recognize those alterations already known to be 

associated to DDR deficit. 

In summary, we believe that a better understanding of DDR alterations might have 

potential transformative implications in CRC treatment. Indeed, these alterations could identify 

new subsets of patients both likely benefitting from PARPi or other DDRi (i.e. WEE1 inhibitors) and 
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achieving most benefit from platinum-based regimens in frontline treatment as well as in the 

reintroduction setting. Although very promising, the exploitation of DDR deficiency in CRC is still at 

the very beginning, and preclinical and clinical data integration based on functional testing stands 

as a fundamental step for clinical translation.  

 

 

 

  



17 
 

Acknowledgements  

We thank Silvia Marsoni for critical reading of the manuscript. 

 

Funding 

The work of the authors is supported, in part, by Fondazione AIRC under 5 per Mille 2018-ID. 

21091 program-P.I. Bardelli Alberto, G.L. Siena Salvatore; Fondazione Regionale Ricerca Biomedica 

Regione Lombardia, Project CP 12/2018 IANG CRC (S.S., A.S-B.);  AIRC under MFAG 2017-ID 20236 

project-P.I. Arena Sabrina; “FPO-Young Investigator Grant 2020” - FPRC 5xmille Ministero Salute 

2017 (S.A.); TRANSCAN-2 JTC 2014 contract no. TRS-2015-00000060 INTRACOLOR (S.A.); H2020 

grant agreement no. 635342-2 MoTriColor (A.B and S.S.); IMI contract no. 115749 CANCER-ID 

(A.B.); AIRC IG 2018-ID. 21923 (A.B.); AIRC IG no. 20685 (S.S.); Terapia Molecolare Tumori by 

Fondazione Oncologia Niguarda Onlus (A.S-B. and S.S.); Genomic-Based Triage for Target Therapy 

in Colorectal Cancer Ministero della Salute, Project no. NET 02352137 (A.S-B., A.B. and S.S.); AIRC-

CRUK-FC AECC Accelerator Award contract 22795 (A.B.); Fondazione Piemontese per la Ricerca sul 

Cancro-ONLUS 5 per mille 2014 e 2015 Ministero della Salute (to A.B.); Ministero Salute, RC 2019 

(A.B.). 

 

Disclosures 

S.S. is advisory board member for Amgen, Bayer, BMS, CheckmAb, Clovis, Daiichi-Sankyo, Merck, 

Roche-Genentech, and Seattle Genetics. A.S.B. is advisory board member for Amgen, Bayer, Sanofi 

and Servier. A.B. is a member of the scientific advisory board of NeoPhore and Horizon Discovery, 

and a shareholder of NeoPhore and PhoreMost. The other authors declare no competing interests. 

 

  



18 
 

Highlights 

• In colorectal cancer (CRC) the therapeutic application of DNA Damage Response (DDR) 

alterations  has to be elucidated.  

• Results from clinical trials exploiting DDR alterations as a target are disappointing and 

hampered by several limitations. 

• A subset of CRC is vulnerable to PARP inhibition as suggested by recent preclinical 

evidences. 

• Currently, there is no consensus on methods to assess the functional role of DDR 

alterations in CRC. 

• A better understanding of DDR alterations based on functional testing might have a 

transformative impact on CRC treatment. 

 

 

 

 

 

 

 

 

 

 

 

  



19 
 

References 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 2019; 69: 7-34. 
2. DeSantis CE, Lin CC, Mariotto AB et al. Cancer treatment and survivorship statistics, 2014. CA 
Cancer J Clin 2014; 64: 252-271. 
3. Van Cutsem E, Cervantes A, Adam R et al. ESMO consensus guidelines for the management of 
patients with metastatic colorectal cancer. Ann Oncol 2016; 27: 1386-1422. 
4. Yoshino T, Arnold D, Taniguchi H et al. Pan-Asian adapted ESMO consensus guidelines for the 
management of patients with metastatic colorectal cancer: a JSMO-ESMO initiative endorsed by CSCO, 
KACO, MOS, SSO and TOS. Ann Oncol 2018; 29: 44-70. 
5. Kopetz S, Grothey A, Yaeger R et al. Encorafenib, Binimetinib, and Cetuximab in BRAF V600E-
Mutated Colorectal Cancer. N Engl J Med 2019; 381: 1632-1643. 
6. Sartore-Bianchi A, Trusolino L, Martino C et al. Dual-targeted therapy with trastuzumab and 
lapatinib in treatment-refractory, KRAS codon 12/13 wild-type, HER2-positive metastatic colorectal cancer 
(HERACLES): a proof-of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol 2016; 17: 738-746. 
7. Nakamura Y, Okamoto W, Kato T et al. TRIUMPH: Primary Efficacy of a Phase II Trial of Trastuzumab 
(T) and Pertuzumab (P) in Patients (pts) with Metastatic Colorectal Cancer (mCRC) with HER2 (ERBB2) 
Amplification (amp) in Tumor Tissue or Circulating Tumor DNA (ctDNA): A GOZILA Sub-study. Annals of 
Oncology 2019; 30 (suppl_5): v198-v252. 10.1093/annonc/mdz246. 
8. Strickler J, Zemla T, Ou F et al. Trastuzumab and tucatinib for the treatment of HER2 amplified 
metastatic colorectal cancer (mCRC): Initial results from the MOUNTAINEER trial. Annals of Oncology 2019; 
30 (suppl_5): v198-v252. 10.1093/annonc/mdz246. 
9. https://www.nccn.org/professionals/physician_gls/default.aspx#site. In. 
10. Vogelstein B, Fearon ER, Hamilton SR et al. Genetic alterations during colorectal-tumor 
development. N Engl J Med 1988; 319: 525-532. 
11. Sinicrope FA, Sargent DJ. Molecular pathways: microsatellite instability in colorectal cancer: 
prognostic, predictive, and therapeutic implications. Clin Cancer Res 2012; 18: 1506-1512. 
12. Kawakami H, Zaanan A, Sinicrope FA. Microsatellite instability testing and its role in the 
management of colorectal cancer. Current treatment options in oncology 2015; 16: 30-30. 
13. Ganesh K, Stadler ZK, Cercek A et al. Immunotherapy in colorectal cancer: rationale, challenges and 
potential. Nature Reviews Gastroenterology & Hepatology 2019; 16: 361-375. 
14. Le DT, Uram JN, Wang H et al. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N Engl J 
Med 2015; 372: 2509-2520. 
15. Overman MJ, Lonardi S, Wong KYM et al. Durable Clinical Benefit With Nivolumab Plus Ipilimumab 
in DNA Mismatch Repair-Deficient/Microsatellite Instability-High Metastatic Colorectal Cancer. J Clin Oncol 
2018; 36: 773-779. 
16. Golan T, Hammel P, Reni M et al. Maintenance Olaparib for Germline BRCA-Mutated Metastatic 
Pancreatic Cancer. N Engl J Med 2019; 381: 317-327. 
17. Ray-Coquard I, Pautier P, Pignata S et al. Olaparib plus Bevacizumab as First-Line Maintenance in 
Ovarian Cancer. N Engl J Med 2019; 381: 2416-2428. 
18. Mateo J, Carreira S, Sandhu S et al. DNA-Repair Defects and Olaparib in Metastatic Prostate Cancer. 
N Engl J Med 2015; 373: 1697-1708. 
19. Arena S, Corti G, Durinikova E et al. A subset of colorectal cancers with cross-sensitivity to olaparib 
and oxaliplatin. Clin Cancer Res 2019. 
20. Reilly NM, Novara L, Di Nicolantonio F, Bardelli A. Exploiting DNA repair defects in colorectal cancer. 
Mol Oncol 2019; 13: 681-700. 
21. Oh M, McBride A, Yun S et al. BRCA1 and BRCA2 Gene Mutations and Colorectal Cancer Risk: 
Systematic Review and Meta-analysis. J Natl Cancer Inst 2018; 110: 1178-1189. 
22. Mauri G, Sartore-Bianchi A, Russo AG et al. Early-onset colorectal cancer in young individuals. Mol 
Oncol 2019; 13: 109-131. 
23. Soyano AE, Baldeo C, Kasi PM. BRCA Mutation and Its Association With Colorectal Cancer. Clin 
Colorectal Cancer 2018; 17: e647-e650. 



20 
 

24. AlDubayan SH, Giannakis M, Moore ND et al. Inherited DNA-Repair Defects in Colorectal Cancer. 
Am J Hum Genet 2018; 102: 401-414. 
25. Heeke AL, Pishvaian MJ, Lynce F et al. Prevalence of Homologous Recombination-Related Gene 
Mutations Across Multiple Cancer Types. JCO Precis Oncol 2018; 2018. 
26. Knijnenburg TA, Wang L, Zimmermann MT et al. Genomic and Molecular Landscape of DNA 
Damage Repair Deficiency across The Cancer Genome Atlas. Cell Rep 2018; 23: 239-254.e236. 
27. Liu J, Lichtenberg T, Hoadley KA et al. An Integrated TCGA Pan-Cancer Clinical Data Resource to 
Drive High-Quality Survival Outcome Analytics. Cell 2018; 173: 400-416.e411. 
28. Mauri G, Kanter K, Fish M et al. (PD-022) PARP-ness in metastatic colorectal cancer. Ann Oncol 
2019; 30: 117. 
29. Suenaga M, Schirripa M, Cao S et al. Genetic variants of DNA repair-related genes predict efficacy of 
TAS-102 in patients with refractory metastatic colorectal cancer. Ann Oncol 2017; 28: 1015-1022. 
30. Randon G, Fucà G, Rossini D et al. Prognostic impact of ATM mutations in patients with metastatic 
colorectal cancer. Sci Rep 2019; 9: 2858. 
31. Guinney J, Dienstmann R, Wang X et al. The consensus molecular subtypes of colorectal cancer. Nat 
Med 2015; 21: 1350-1356. 
32. Dienstmann R, Vermeulen L, Guinney J et al. Consensus molecular subtypes and the evolution of 
precision medicine in colorectal cancer. Nat Rev Cancer 2017; 17: 79-92. 
33. Picard E, Verschoor CP, Ma GW, Pawelec G. Relationships Between Immune Landscapes, Genetic 
Subtypes and Responses to Immunotherapy in Colorectal Cancer. Frontiers in Immunology 2020; 11: 369. 
34. Network CGA. Comprehensive molecular characterization of human colon and rectal cancer. Nature 
2012; 487: 330-337. 
35. Jongen JMJ, van der Waals LM, Trumpi K et al. Downregulation of DNA repair proteins and 
increased DNA damage in hypoxic colon cancer cells is a therapeutically exploitable vulnerability. 
Oncotarget 2017; 8: 86296-86311. 
36. Goldstein M, Kastan MB. The DNA Damage Response: Implications for Tumor Responses to 
Radiation and Chemotherapy. Annual Review of Medicine 2015; 66: 129-143. 
37. Jackson SP, Bartek J. The DNA-damage response in human biology and disease. Nature 2009; 461: 
1071-1078. 
38. Brown JS, O'Carrigan B, Jackson SP, Yap TA. Targeting DNA Repair in Cancer: Beyond PARP 
Inhibitors. Cancer Discov 2017; 7: 20-37. 
39. Sale JE. Translesion DNA synthesis and mutagenesis in eukaryotes. Cold Spring Harb Perspect Biol 
2013; 5: a012708. 
40. Pilié PG, Tang C, Mills GB, Yap TA. State-of-the-art strategies for targeting the DNA damage 
response in cancer. Nat Rev Clin Oncol 2019; 16: 81-104. 
41. O'Connor MJ. Targeting the DNA Damage Response in Cancer. Mol Cell 2015; 60: 547-560. 
42. Scully R, Panday A, Elango R, Willis NA. DNA double-strand break repair-pathway choice in somatic 
mammalian cells. Nature Reviews Molecular Cell Biology 2019; 20: 698-714. 
43. Weber AM, Ryan AJ. ATM and ATR as therapeutic targets in cancer. Pharmacol Ther 2015; 149: 124-
138. 
44. Bakr A, Oing C, Köcher S et al. Involvement of ATM in homologous recombination after end 
resection and RAD51 nucleofilament formation. Nucleic Acids Res 2015; 43: 3154-3166. 
45. Pannunzio NR, Watanabe G, Lieber MR. Nonhomologous DNA end-joining for repair of DNA double-
strand breaks. J Biol Chem 2018; 293: 10512-10523. 
46. Farmer H, McCabe N, Lord CJ et al. Targeting the DNA repair defect in BRCA mutant cells as a 
therapeutic strategy. Nature 2005; 434: 917-921. 
47. Bryant HE, Schultz N, Thomas HD et al. Specific killing of BRCA2-deficient tumours with inhibitors of 
poly(ADP-ribose) polymerase. Nature 2005; 434: 913-917. 
48. Fong PC, Boss DS, Yap TA et al. Inhibition of poly(ADP-ribose) polymerase in tumors from BRCA 
mutation carriers. N Engl J Med 2009; 361: 123-134. 
49. Fong PC, Yap TA, Boss DS et al. Poly(ADP)-ribose polymerase inhibition: frequent durable responses 
in BRCA carrier ovarian cancer correlating with platinum-free interval. J Clin Oncol 2010; 28: 2512-2519. 



21 
 

50. Tutt A, Robson M, Garber JE et al. Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients 
with BRCA1 or BRCA2 mutations and advanced breast cancer: a proof-of-concept trial. Lancet 2010; 376: 
235-244. 
51. Kummar S, Kinders R, Gutierrez ME et al. Phase 0 clinical trial of the poly (ADP-ribose) polymerase 
inhibitor ABT-888 in patients with advanced malignancies. J Clin Oncol 2009; 27: 2705-2711. 
52. Mateo J, Lord CJ, Serra V et al. A decade of clinical development of PARP inhibitors in perspective. 
Ann Oncol 2019. 
53. Kaufman B, Shapira-Frommer R, Schmutzler RK et al. Olaparib monotherapy in patients with 
advanced cancer and a germline BRCA1/2 mutation. J Clin Oncol 2015; 33: 244-250. 
54. Krishnakumar R, Kraus WL. The PARP side of the nucleus: molecular actions, physiological 
outcomes, and clinical targets. Mol Cell 2010; 39: 8-24. 
55. Hanzlikova H, Gittens W, Krejcikova K et al. Overlapping roles for PARP1 and PARP2 in the 
recruitment of endogenous XRCC1 and PNKP into oxidized chromatin. Nucleic acids research 2017; 45: 
2546-2557. 
56. Gupte R, Liu Z, Kraus WL. PARPs and ADP-ribosylation: recent advances linking molecular functions 
to biological outcomes. Genes Dev 2017; 31: 101-126. 
57. Alemasova EE, Lavrik OI. Poly(ADP-ribosyl)ation by PARP1: reaction mechanism and regulatory 
proteins. Nucleic acids research 2019; 47: 3811-3827. 
58. Pommier Y, O'Connor MJ, de Bono J. Laying a trap to kill cancer cells: PARP inhibitors and their 
mechanisms of action. Sci Transl Med 2016; 8: 362ps317. 
59. Anderson VE, Walton MI, Eve PD et al. CCT241533 is a potent and selective inhibitor of CHK2 that 
potentiates the cytotoxicity of PARP inhibitors. Cancer Res 2011; 71: 463-472. 
60. Matheson CJ, Backos DS, Reigan P. Targeting WEE1 Kinase in Cancer. Trends Pharmacol Sci 2016; 
37: 872-881. 
61. Reaper PM, Griffiths MR, Long JM et al. Selective killing of ATM- or p53-deficient cancer cells 
through inhibition of ATR. Nat Chem Biol 2011; 7: 428-430. 
62. Sultana R, Abdel-Fatah T, Perry C et al. Ataxia telangiectasia mutated and Rad3 related (ATR) 
protein kinase inhibition is synthetically lethal in XRCC1 deficient ovarian cancer cells. PLoS One 2013; 8: 
e57098. 
63. Rundle S, Bradbury A, Drew Y, Curtin NJ. Targeting the ATR-CHK1 Axis in Cancer Therapy. Cancers 
(Basel) 2017; 9. 
64. Mohni KN, Kavanaugh GM, Cortez D. ATR pathway inhibition is synthetically lethal in cancer cells 
with ERCC1 deficiency. Cancer research 2014; 74: 2835-2845. 
65. Bukhari AB, Lewis CW, Pearce JJ et al. Inhibiting Wee1 and ATR kinases produces tumor-selective 
synthetic lethality and suppresses metastasis. The Journal of clinical investigation 2019; 129: 1329-1344. 
66. Mirza MR, Monk BJ, Herrstedt J et al. Niraparib Maintenance Therapy in Platinum-Sensitive, 
Recurrent Ovarian Cancer. N Engl J Med 2016; 375: 2154-2164. 
67. Coleman RL, Oza AM, Lorusso D et al. Rucaparib maintenance treatment for recurrent ovarian 
carcinoma after response to platinum therapy (ARIEL3): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 2017; 390: 1949-1961. 
68. Turner N, Tutt A, Ashworth A. Hallmarks of 'BRCAness' in sporadic cancers. Nat Rev Cancer 2004; 4: 
814-819. 
69. Lord CJ, Ashworth A. BRCAness revisited. Nat Rev Cancer 2016; 16: 110-120. 
70. Metzger MJ, Stoddard BL, Monnat RJ, Jr. PARP-mediated repair, homologous recombination, and 
back-up non-homologous end joining-like repair of single-strand nicks. DNA Repair (Amst) 2013; 12: 529-
534. 
71. Sen T, Gay CM, Byers LA. Targeting DNA damage repair in small cell lung cancer and the biomarker 
landscape. Translational lung cancer research 2018; 7: 50-68. 
72. Hoppe MM, Sundar R, Tan DSP, Jeyasekharan AD. Biomarkers for Homologous Recombination 
Deficiency in Cancer. J Natl Cancer Inst 2018; 110: 704-713. 



22 
 

73. Pellegrino B, Mateo J, Serra V, Balmaña J. Controversies in oncology: are genomic tests quantifying 
homologous recombination repair deficiency (HRD) useful for treatment decision making? ESMO Open 
2019; 4: e000480. 
74. Watkins JA, Irshad S, Grigoriadis A, Tutt AN. Genomic scars as biomarkers of homologous 
recombination deficiency and drug response in breast and ovarian cancers. Breast Cancer Res 2014; 16: 
211. 
75. Hodgson DR, Dougherty BA, Lai Z et al. Candidate biomarkers of PARP inhibitor sensitivity in ovarian 
cancer beyond the BRCA genes. Br J Cancer 2018; 119: 1401-1409. 
76. Telli ML, Timms KM, Reid J et al. Homologous Recombination Deficiency (HRD) Score Predicts 
Response to Platinum-Containing Neoadjuvant Chemotherapy in Patients with Triple-Negative Breast 
Cancer. Clin Cancer Res 2016; 22: 3764-3773. 
77. Alexandrov LB, Nik-Zainal S, Wedge DC et al. Signatures of mutational processes in human cancer. 
Nature 2013; 500: 415-421. 
78. Alexandrov LB, Kim J, Haradhvala NJ et al. The repertoire of mutational signatures in human cancer. 
Nature 2020; 578: 94-101. 
79. Hoppe MM, Sundar R, Tan DSP, Jeyasekharan AD. Biomarkers for Homologous Recombination 
Deficiency in Cancer. JNCI: Journal of the National Cancer Institute 2018; 110: 704-713. 
80. Mirza MR, Monk BJ, Herrstedt J et al. Niraparib Maintenance Therapy in Platinum-Sensitive, 
Recurrent Ovarian Cancer. N Engl J Med 2016; 375: 2154-2164. 
81. Ford L, Wolford JE, Brown SM, Randall LM. A profile on the FoundationFocus CDxBRCA tests. Expert 
Rev Mol Diagn 2020; 20: 285-292. 
82. Hyman D, Hendifar A, Chung HC et al. Abstract CT229: Olaparib in patients (pts) with previously 
treated, homologous recombination repair mutation (HRRm) or homologous recombination deficiency 
(HRD)-positive advanced cancer: Phase II LYNK-002 study. Cancer Research 2019; 79: CT229. 
83. Aguirre E, Amillano K, Cortés A et al. Abstract CT165: A two-stage Simon Design phase II study for 
NOn-BRCA metastatic BReast cancer (MBC)patients with homologous recombination deficiency treated 
with OLAparib single agent.(NOBROLA study). Cancer Research 2018; 78: CT165. 
84. Helleday T, Eshtad S, Nik-Zainal S. Mechanisms underlying mutational signatures in human cancers. 
Nat Rev Genet 2014; 15: 585-598. 
85. Alexandrov LB, Nik-Zainal S, Wedge DC et al. Signatures of mutational processes in human cancer. 
Nature 2013; 500: 415-421. 
86. Peng G, Chun-Jen Lin C, Mo W et al. Genome-wide transcriptome profiling of homologous 
recombination DNA repair. Nat Commun 2014; 5: 3361. 
87. Polak P, Kim J, Braunstein LZ et al. A mutational signature reveals alterations underlying deficient 
homologous recombination repair in breast cancer. Nat Genet 2017; 49: 1476-1486. 
88. Póti Á, Gyergyák H, Németh E et al. Correlation of homologous recombination deficiency induced 
mutational signatures with sensitivity to PARP inhibitors and cytotoxic agents. Genome Biology 2019; 20: 
240. 
89. Davies H, Glodzik D, Morganella S et al. HRDetect is a predictor of BRCA1 and BRCA2 deficiency 
based on mutational signatures. Nat Med 2017; 23: 517-525. 
90. Staaf J, Glodzik D, Bosch A et al. Whole-genome sequencing of triple-negative breast cancers in a 
population-based clinical study. Nat Med 2019; 25: 1526-1533. 
91. Van Hoeck A, Tjoonk NH, van Boxtel R, Cuppen E. Portrait of a cancer: mutational signature 
analyses for cancer diagnostics. BMC cancer 2019; 19: 457-457. 
92. Watkins JA, Irshad S, Grigoriadis A, Tutt ANJ. Genomic scars as biomarkers of homologous 
recombination deficiency and drug response in breast and ovarian cancers. Breast cancer research : BCR 
2014; 16: 211-211. 
93. D'Andrea AD. Mechanisms of PARP inhibitor sensitivity and resistance. DNA Repair (Amst) 2018; 71: 
172-176. 
94. Jenner ZB, Sood AK, Coleman RL. Evaluation of rucaparib and companion diagnostics in the PARP 
inhibitor landscape for recurrent ovarian cancer therapy. Future Oncol 2016; 12: 1439-1456. 



23 
 

95. Nik-Zainal S, Memari Y, Davies HR. Holistic cancer genome profiling for every patient. Swiss medical 
weekly 2020; 150: w20158-w20158. 
96. Cruz C, Castroviejo-Bermejo M, Gutiérrez-Enríquez S et al. RAD51 foci as a functional biomarker of 
homologous recombination repair and PARP inhibitor resistance in germline BRCA-mutated breast cancer. 
Ann Oncol 2018; 29: 1203-1210. 
97. Ozden O, Bishehsari F, Bauer J et al. Expression of an Oncogenic BARD1 Splice Variant Impairs 
Homologous Recombination and Predicts Response to PARP-1 Inhibitor Therapy in Colon Cancer. Scientific 
reports 2016; 6: 26273-26273. 
98. Pierce AJ, Johnson RD, Thompson LH, Jasin M. XRCC3 promotes homology-directed repair of DNA 
damage in mammalian cells. Genes Dev 1999; 13: 2633-2638. 
99. Popat S, Hubner R, Houlston RS. Systematic review of microsatellite instability and colorectal cancer 
prognosis. J Clin Oncol 2005; 23: 609-618. 
100. Eriksson J, Amonkar M, Al-Jassar G et al. Mismatch Repair/Microsatellite Instability Testing 
Practices among US Physicians Treating Patients with Advanced/Metastatic Colorectal Cancer. J Clin Med 
2019; 8. 
101. Leichman L, Groshen S, O'Neil BH et al. Phase II Study of Olaparib (AZD-2281) After Standard 
Systemic Therapies for Disseminated Colorectal Cancer. Oncologist 2016; 21: 172-177. 
102. Gorbunova V, Beck JT, Hofheinz RD et al. A phase 2 randomised study of veliparib plus 
FOLFIRI±bevacizumab versus placebo plus FOLFIRI±bevacizumab in metastatic colorectal cancer. Br J Cancer 
2019; 120: 183-189. 
103. Czito BG, Deming DA, Jameson GS et al. Safety and tolerability of veliparib combined with 
capecitabine plus radiotherapy in patients with locally advanced rectal cancer: a phase 1b study. Lancet 
Gastroenterol Hepatol 2017; 2: 418-426. 
104. Pishvaian MJ, Slack RS, Jiang W et al. A phase 2 study of the PARP inhibitor veliparib plus 
temozolomide in patients with heavily pretreated metastatic colorectal cancer. Cancer 2018; 124: 2337-
2346. 
105. McAndrew EN, Lepage CC, McManus KJ. The synthetic lethal killing of RAD54B-deficient colorectal 
cancer cells by PARP1 inhibition is enhanced with SOD1 inhibition. Oncotarget 2016; 7: 87417-87430. 
106. Wang C, Jette N, Moussienko D et al. ATM-Deficient Colorectal Cancer Cells Are Sensitive to the 
PARP Inhibitor Olaparib. Transl Oncol 2017; 10: 190-196. 
107. Xu K, Chen Z, Cui Y et al. Combined olaparib and oxaliplatin inhibits tumor proliferation and induces 
G2/M arrest and gamma-H2AX foci formation in colorectal cancer. Onco Targets Ther 2015; 8: 3047-3054. 
108. Genther Williams SM, Kuznicki AM, Andrade P et al. Treatment with the PARP inhibitor, niraparib, 
sensitizes colorectal cancer cell lines to irinotecan regardless of MSI/MSS status. Cancer Cell Int 2015; 15: 
14. 
109. Tahara M, Inoue T, Sato F et al. The use of Olaparib (AZD2281) potentiates SN-38 cytotoxicity in 
colon cancer cells by indirect inhibition of Rad51-mediated repair of DNA double-strand breaks. Mol Cancer 
Ther 2014; 13: 1170-1180. 
110. Davidson D, Wang Y, Aloyz R, Panasci L. The PARP inhibitor ABT-888 synergizes irinotecan 
treatment of colon cancer cell lines. Invest New Drugs 2013; 31: 461-468. 
111. Augustine T, Maitra R, Zhang J et al. Sensitization of colorectal cancer to irinotecan therapy by PARP 
inhibitor rucaparib. Invest New Drugs 2019; 37: 948-960. 
112. Greene J, Nguyen A, Bagby SM et al. The novel ATM inhibitor (AZ31) enhances antitumor activity in 
patient derived xenografts that are resistant to irinotecan monotherapy. Oncotarget 2017; 8: 110904-
110913. 
113. Dietlein F, Kalb B, Jokic M et al. A Synergistic Interaction between Chk1- and MK2 Inhibitors in 
KRAS-Mutant Cancer. Cell 2015; 162: 146-159. 
114. Moore K, Colombo N, Scambia G et al. Maintenance Olaparib in Patients with Newly Diagnosed 
Advanced Ovarian Cancer. N Engl J Med 2018; 379: 2495-2505. 
115. Moher D, Liberati A, Tetzlaff J et al. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. J Clin Epidemiol 2009; 62: 1006-1012. 



24 
 

116. Liberati A, Altman DG, Tetzlaff J et al. The PRISMA statement for reporting systematic reviews and 
meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS Med 
2009; 6: e1000100. 
117. Chen EX, Jonker DJ, Siu LL et al. A Phase I study of olaparib and irinotecan in patients with colorectal 
cancer: Canadian Cancer Trials Group IND 187. Invest New Drugs 2016; 34: 450-457. 
118. Berlin J, Ramanathan RK, Strickler JH et al. A phase 1 dose-escalation study of veliparib with 
bimonthly FOLFIRI in patients with advanced solid tumours. Br J Cancer 2018; 118: 938-946. 
119. Samol J, Ranson M, Scott E et al. Safety and tolerability of the poly(ADP-ribose) polymerase (PARP) 
inhibitor, olaparib (AZD2281) in combination with topotecan for the treatment of patients with advanced 
solid tumors: a phase I study. Invest New Drugs 2012; 30: 1493-1500. 
120. Kummar S, Chen A, Ji J et al. Phase I study of PARP inhibitor ABT-888 in combination with topotecan 
in adults with refractory solid tumors and lymphomas. Cancer Res 2011; 71: 5626-5634. 
121. Leijen S, van Geel RM, Pavlick AC et al. Phase I Study Evaluating WEE1 Inhibitor AZD1775 As 
Monotherapy and in Combination With Gemcitabine, Cisplatin, or Carboplatin in Patients With Advanced 
Solid Tumors. J Clin Oncol 2016; 34: 4371-4380. 
122. Bakkenist CJ, Lee JJ, Schmitz JC. ATM Is Required for the Repair of Oxaliplatin-Induced DNA Damage 
in Colorectal Cancer. Clinical colorectal cancer 2018; 17: 255-257. 
123. Sundar R, Miranda S, Rodrigues DN et al. Ataxia Telangiectasia Mutated Protein Loss and Benefit 
From Oxaliplatin-based Chemotherapy in Colorectal Cancer. Clin Colorectal Cancer 2018; 17: 280-284. 
124. Lee B, Lee HJ, Cho HY et al. Ataxia-Telangiectasia and RAD3-Related and Ataxia-Telangiectasia-
Mutated Proteins in Epithelial Ovarian Carcinoma: Their Expression and Clinical Significance. Anticancer Res 
2015; 35: 3909-3916. 
125. Teng PN, Bateman NW, Darcy KM et al. Pharmacologic inhibition of ATR and ATM offers clinically 
important distinctions to enhancing platinum or radiation response in ovarian, endometrial, and cervical 
cancer cells. Gynecol Oncol 2015; 136: 554-561. 
126. Townsend AR, Bishnoi S, Broadbridge V et al. Rechallenge with oxaliplatin and fluoropyrimidine for 
metastatic colorectal carcinoma after prior therapy. Am J Clin Oncol 2013; 36: 49-52. 
127. Mauri G, Bencardino K, Sartore-Bianchi A, Siena S. Toxicity of oxaliplatin rechallenge in metastatic 
colorectal cancer. Ann Oncol 2018; 29: 2143-2144. 
128. Bencardino K, Mauri G, Amatu A et al. Oxaliplatin Immune-Induced Syndrome Occurs With 
Cumulative Administration and Rechallenge: Single Institution Series and Systematic Review Study. Clin 
Colorectal Cancer 2016; 15: 213-221. 
129. Scheithauer W, Rosen H, Schiessel R et al. Treatment of patients with advanced colorectal cancer 
with cisplatin, 5-fluorouracil, and leucovorin. Cancer 1991; 67: 1294-1298. 
130. Bruno PM, Liu Y, Park GY et al. A subset of platinum-containing chemotherapeutic agents kills cells 
by inducing ribosome biogenesis stress. Nat Med 2017; 23: 461-471. 
131. Siravegna G, Marsoni S, Siena S, Bardelli A. Integrating liquid biopsies into the management of 
cancer. Nat Rev Clin Oncol 2017; 14: 531-548. 
132. Siravegna G, Mussolin B, Buscarino M et al. Clonal evolution and resistance to EGFR blockade in the 
blood of colorectal cancer patients. Nat Med 2015; 21: 827. 
133. Quigley D, Alumkal JJ, Wyatt AW et al. Analysis of Circulating Cell-Free DNA Identifies Multiclonal 
Heterogeneity of. Cancer Discov 2017; 7: 999-1005. 

  



25 
 

Tables 

 

Table 1. DNA damage response (DDR) molecular targets and corresponding drugs in colorectal 

cancer (CRC), together with potential vulnerabilities that could be exploited to treat metastatic 

CRC harboring DDR defects. 

 

Table 2. Published studies investigating the potential role of poly (ADP-ribose) polymerase-

inhibitors (PARPi) and other DNA Damage Response inhibitors in colorectal cancer.  

 

 
 

Table 3. Ongoing clinical trials specifically assessing the potential role of poly (ADP-ribose) 

polymerase-inhibitors (PARPi) and other DNA Damage Response inhibitors in colorectal cancer.  

 

 

 

  



26 
 

Figures 

 

Figure 1. Schematic representation of DNA Damage Response and pathway activation.  

Different types of agents can trigger DNA damage and specific types of DNA damage (bulky 

adducts, single base mismatch/indels, single-strand DNA breaks (SSBs) or double-strand DNA 

breaks (DSBs)) can activate definite downstream signalling pathways known as the DNA damage 

response (DDR) pathways, that through a cascade-like activation (sensor-mediator-effector 

proteins) can promote cell cycle control and DNA repair. PARP inhibitors (PARPi) can increase 

number of SSB, leading to conversion to DSB. Following DSB formation, the Ku70/Ku80 dimer 

binds and stabilizes the DSB ends, and recruits DNA-PK that will in turn activate the NHEJ effectors 

LigaseIV-XRCC4. DSBs can alternatively activate the HR system through the MRN complex that will 

activate ATM modulating CHK2 and cell cycle checkpoint control. ATR is triggered by RPA-ATRIP 

coated ssDNA that can derive from resected DSBs or stalled replication forks. The ATM and ATR 

pathways have multiple points of interactions; for practical reasons only few are shown. Keys: 

DSB: double-strand break. SSB: single-strand break. NER: Nucleotide Excision Repair; HR: 

Homologous Recombination; NHEJ: Non-Homologous End Joining; BER: Base Excision Repair; 

MMR: Mismatch Repair. 

 

Figure 2. DNA damage response (DDR) deficiency assessment methods in colorectal cancer.  

* In cancer types other than colorectal cancer, “Signature 3” identify HRD and classify DDR 

alterations missense BRCA1/2 mutations; associated with BRCA1 and RAD51C silencing by 

promoter methylation; germline/somatic mutations of BRCA1/BRCA2; BRCA1 promoter 

hypermethylation; RAD51C hypermethylation or biallelic loss of PALB2 (Staaf et al, Nat med 2019). 

° ”Static” defines methods able to capture DDR deficiency in a single time lapse. °° “Dynamic” 

defines methods potentially capable to describe DDR deficiency alongside with tumor growth and 

evolution during time/under drug treatment. Keys: PDX = patient-derived xenograft; CRC = 

colorectal cancer; HGSOC = high-grade serous ovarian cancer; OIIS = oxaliplatin immune-induced 

syndrome; HRD = homologous recombination deficiency; PARPi = PARP inhibitors; TNBC = triple 

negative breast cancer; DDR = DNA damage repair; VUS = variants of unknown significance. 
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Supplementary figures 

 

Supplementary figure 1. Flow diagram representing the systematic review process performed 

according to PRISMA Statement to collect publications exploiting the use of PARP-inhibitors in 

metastatic colorectal cancer.   

 

Supplementary figure 2. Flow diagram representing the systematic review process performed 

according to PRISMA Statement to collect trials published, or currently ongoing, targeting other 

DNA damage response alterations in metastatic colorectal cancer.   



Table 1. DNA damage response (DDR) molecular targets and corresponding drugs in colorectal 

cancer (CRC), together with potential vulnerabilities that could be exploited to treat metastatic 

CRC harboring DDR defects. 

 

Drug target Drug name Potential synergy 

PARP1 

Olaparib 

Veliparib 

Talazoparib 

Rucaparib 

Niraparib 

HR pathway 

ATM AZD0156 ATR, PARP1 and XRCC1 

ATR M6620 

AZD6738 
ATM, PARP1, ERCC1, XRCC1, CHK1 

CHK1 
LY2603618 

SRA-737 
ATR, PARP1 and WEE1 

WEE1 AZD1775 ATR and HR pathway 

DNA-PK M3814 
ATM, ATR and DSB inducers 

(ChT or RT) 

PD-1 

PD-L1 

CTLA-4 

Nivolumab 

Ipilimumab 

Pembrolizumab 

Atezolizumab 

Durvalumab 

Defects in MMR (endogenous in MSI 

CRC, or induced by Temozolomide in 

MSS CRC) 

 KEYS: HR=Homologous recombination. ChT=Chemotherapy. RT=Radiotherapy. CRC=Colorectal cancer. MMR= 

 Mismatch repair. MSS=Microsatellite stable. MSI=Microsatellite instability. DSB=Double-strand break. 

 

 

 

 



Table 2. Published studies investigating the potential role of poly (ADP-ribose) polymerase-

inhibitors (PARPi) and other DNA Damage Response inhibitors in colorectal cancer.  

 

Authors 

and Ref 

Phase Interventional 

Drug Regimen 

CRC 

Patients 

Enrolled 

Molecular 

Selection 

ORR (%) SD 

(%) 

mPFS 

(m.) 

HR G3-4 Side 

Effects (%) 

Berlin 

118 

I FOLFIRI + 

veliparib 

10 No 2/10 

(20.0) 

NA NA NA 38.0 * 

Chen 

117 

I Irinotecan + 

olaparib 

25 No 0/25 

(0.0) 

9/22 

(40.9) 

NA NA 76.0 ** 

Gorbu-

nova 

102 

II R. FOLFIRI + 

veliparib ± 

bevacizumab 

65 (each 

arm) 

No 37/65 

(57%) 

*** 

20/65 

(31.0) 

12.0 0.91 

(0.6-

1.4) 

59.0 ** 

Kummar 

120 

I Topotecan + 

veliparib 

5 No 0/5 

(0.0) 

1/5 

(20.0) 

NA NA 70.0 

*/** 

Leichmann 

101 

II Olaparib 33 No 0/33 

(0.0) 

5/33 

(15.2) 

1.8 NA 48.5 

Pishvaian 

104 

II Temozolide + 

Veliparib 

75 No 2/75 

(2.7%) 

16/75 

(21.3) 

1.8 NA 18.7 

Samol 

119 

I Topotecan + 

olaparib 

8 No 0/8 

(0.0) 

3/8 

(37.5) 

NA NA 47.4 * 

Czito 

103 

Ib Capecitabine + 

RT + veliparib 

32 ° No 9/31 

(29.0) °° 

NA NA NA 12.5 

Leijen 

121 

I AZD1775 

(WEEi) + ChT °°° 

16 No 1/16 

(6.3) 

NA NA NA 65.8 * 

KEYS: REF=Reference. CRC=Colorectal cancer. ORR=Overall response rate (PR+CR). mPFS=Median Progression-free survival. 
M=months. HR=Hazard ratio for PFS. SD=Stable disease. R=Randomized. NA=Not assessable. RT=Radiotherapy. WEEi=WEE 
inhibitor. ChT=Chemotherapy. *Data regarding all patients enrolled in clinical trial, not only CRC. **No data on how many patients 
experienced ≥1 G3-4 side effects; data presented in the table refers to overall prevalence of neutropenia which was the most 
common G3-4 event. ***Data reported in the table describe ORR in veliparib arm; in control arm ORR was 62% (40/65 patients). 
°=Only patients with stage II/III rectal cancer were enrolled. °°=Data presented in the table refers to pathological complete 
response rather than ORR given the setting of locally advanced disease. °°°=Different chemotherapy agents were combined to 
AZD1175 (gemcitabine or cisplatin or carboplatin). 

 



Table 3. Ongoing clinical trials specifically assessing the potential role of poly (ADP-ribose) 

polymerase-inhibitors (PARPi) or other DNA Damage Response (DDR) inhibitors in colorectal 

cancer.  

 

Study Number Phase Drug Regimen Molecular Selection 

NCT02484404 I/II MEDI4736 (anti PDL-1) + olaparib ± 

cediranib (anti-VEGF)  

• No 

NCT03875313 Ib/II Telaglenastat (glutaminase 

inhibitor) + talazoparib 

• No 

NCT03851614 (DAPPER) II Durvalumab + olaparib (Cohort A) • MSS CRC 

NCT04171700 (LODESTAR) II Rucaparib • Deleterious mutation (germline 

or somatic) in BRCA1, BRCA2, 

PALB2, RAD51C, RAD51D, BARD1, 

BRIP1, FANCA, NBN, RAD51 or 

RAD51B 

NCT04166435 II Temozolomide + olaparib • MGMT promoter 

hypermethylation 

NCT03251612 II Olaparib • Drug sensitivity testing 

NCT03983993 (NIPAVect) II Panitumumab + niraparib • RAS wild-type 

• Maintenance olaparib after first 

line oxaliplatin-containing 

chemotherapy allowed on the 

trial if SD, PR or CR for at least 4 

months 

NCT03337087 I/II Nal-IRI + leucovorin + fluorouracil 

+ rucaparib 

• No 

NCT02906059 Ib AZD1775 (WEE1 inhibitor) + 

irinotecan 

• RAS or BRAF mutant CRC 

• 2
nd

 line of treatment 

KEYS: CRC=Colorectal cancer. MSS=Microsatellite stable.  






