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ABSTRACT

Introduction Patients with breast cancer with
homologous recombination deficiency (HRD) such as
germline BRCA1/2 mutations would respond to DNA-
damaging drugs. Several clinical studies have revealed
that HRD biomarkers were associated with the outcomes
of patients with early breast cancer (EBC). However, no
systematic review has determined the prognostic role

of HRD biomarkers in patients with EBC. Therefore, this
study will systematically combine and analyse the results
of previous studies, to facilitate the clinical use of HRD
detection in EBC.

Methods and analysis We will search five databases
including PubMed, Cochrane Library, EMBASE, OVID and
Web of Science through December 2021, with no language
restriction. Two reviewers will independently screen all
records based on pre-established inclusion and exclusion
criteria. The main outcomes include pathological complete
response, disease-free survival and Ooerall survival. In
addition, all studies included must contain the detection
of HRD score, HRD status or HRD-related gene mutational
status and protein expression. Data extraction will be
carried out by two reviewers independently according to

a self-designed template. The Newcastle-Ottawa Quality
Assessment Scale and Jadad Scale will be used for quality
assessment for cohort studies and randomised clinical
trials, respectively. Review Manager V.5.3.5 will be used to
perform meta-analysis. Both the @ test and 7 statistic will
be used to assess heterogeneity. Subgroup and sensitivity
analyses will be conducted if significant heterogeneity
appears and cannot be reduced by using a random-effect
model.

Ethics and dissemination Ethical approval is not
required for a systematic review. The results will

be disseminated through international and national
conferences or peer-reviewed publications.

PROSPERO registration number CRD42021286522.

INTRODUCTION

Cancer refers to a disease in which cells
divide uncontrollably and invade normal
tissues." In the pathogenesis of most cancers,
normal cells need to undergo certain genetic
changes to become cancerous such as acti-
vation of proto-oncogenes and inactivation
of tumour suppressor genes.” For example,

," Wendi Pei,? Jianxin Zhong," Huiping Li’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This systematic review will follow the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.

= Stringent inclusion and exclusion criteria will be
used to select clinical studies assessing the impact
of homologous recombination deficiency (HRD) bio-
markers (HRD score, HRD status and HRD-related
gene mutational status and protein expression) on
outcomes of patients with early breast cancer.

= Internationally recognised scales will be used for the
quality assessment, to exclude low-quality studies
and enhance the credibility of pooled results.

= Differences in patient cohort, sample size, treatment
regimen and measure of HRD biomarkers may yield

significant heterogeneity.

the occurrence of retinoblastoma is often
companied by the mutation of the tumour
suppressor gene retinoblastoma gene (RB1).”
Endogenous (replication stress, oxygen radi-
cals and cell metabolism) and exogenous
(radiation, viral infection and chemotherapy)
damaging factors continually act on the
genome of cells and caused different degrees
of DNA lesions, and what protects organ-
isms from cancer is that cells have inherent
repair mechanisms to eliminate these
damaging events. DNA damages that occur
on a single strand are to be dealt with by a
number of simple repair pathways, including
base-excision  repair, nucleotide-excision
repair, direct repair and mismatch repair.
On the contrary, DNA double-strand break,
which is the most severe DNA lesion and the
main driver of cancer, requires sophisticated
repair pathways such as non-homologous end
joining (NHE]) and homologous recombina-
tion (HR).> The HR system uses a homolo-
gous sister chromatid (available in the S and
G2 phases of cell cycle) as a template to copy
and replace damaged DNA in a relatively
error-free manner compared with NHE].® A
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number of key genes including BRCA1/2, RAD51 and
PALB2 will encode functional proteins and get involved
in the process of repair.” If these genes are mutated, the
HR system will fail to perform the repair function, which
is so-called HR deficiency (HRD), leading to the accumu-
lation of somatic mutations, chromosomal aberrations
and genomic scars (heritable genomic changes resulted
from DNA repair defeat) as well as the development of
cancer, especially breast cancer (BC).*?

BCis a highly heterogeneous disease and treated mainly
based on the receptor expression status. In recent years,
with the development of sequencing technology and our
further understanding of genetic variation of cancer,
numerous genes are being used to screen for available
therapeutic targets.'"” For example, DNA-damaging
drugs such as poly (ADP-ribose) polymerase inhibitors
and platinums have been shown to significantly improve
progression-free survival in patients with advanced
triple-negative BC (TNBC) with germline BRCA1/2
mutations.'! 12 Moreover, based on the latest data from
phase III OlympliaA trial, adjuvant olaparib was shown to
significantly improve the primary end point of invasive
disease-free survival (DFS) versus placebo in patients with
germline BRCA1/2-mutated high-risk early breast cancer
(EBC) (3-year invasive DFS rate: 85.9% vs 77.1%; HR 0.58,
95% CI 0.41 to 0.82, p<0.001)."* Therefore, as key genes
in the process of HR, BRCA1/2 are generally detected to
determine the HRD status of patients with BC. However,
only 4% and 22% HRD can be attributed to germline
BRCA1/2 mutations in BC and TNBC, respectively.'*"°
On this condition, biomarkers with wider coverage are
needed to identify more patients with BC with HRD. The
HRD score is an algorithmic assessment of three measures
of loss of heterozygosity (LOH), large-scale transition
(LST) and telomeric allelic imbalance (TAI).17 This kind
of assessment along with BRCA mutation detection is now
widely used to define the HRD status.

Several studies have investigated the prognostic role
of HRD score in early BC (EBC)."*2! Telli et al'® assessed
the HRD score in three neoadjuvant TNBC trials and
found that a HRD score 242 or the presence of BRCA1/2
mutations were correlated with the objective response
rate to platinum-based therapy. SWOG S9313 is a phase
III randomised study, comparing the efficacy of simulta-
neous anthracycline (A) and cyclophosphamide (C) and
sequential A—C in more than 3000 stage I/II patients
with BC. Sharma et al'” investigated the prognostic role
of HRD status in a subset of patients from SWOG S9313.
The results indicated that HRD-positive status was asso-
ciated with better DFS (HR 0.72, 95% CI 0.51 to 1.00,
p=0.049). Significant associations between HRD-positive
status and higher pathological complete response (pCR)
rates of patients with EBC were also revealed in two studies
by Loibl et a’ and Telli et al,*' respectively. Despite all
the above efforts, the detection of HRD biomarkers has
not been incorporated into the clinical practice of BC.
In addition, no systematic review has explored the rela-
tionship between HRD biomarkers and the prognosis of

patients with EBC. Therefore, we will first systematically
combine and analyse the results of previous studies in this
study, to facilitate the clinical use of HRD detection in
EBC.

METHODS AND ANALYSIS

This systematic review is expected to begin on 1 December
2021 and end on 30 June 2022 and will be conducted and
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 statement.”
This review’s protocol has been registered in the Interna-
tional Prospective Register of Systematic Reviews.

Search strategy

Five databases including PubMed, Cochrane Library,
EMBASE, OVID and Web of Science will be searched
from 1 December 2021 to 31 March 2022, with no
language restriction. Medical Subject Headings and
free text will be combined to search for concepts such
as ‘Breast Neoplasms’ and ‘Early’ and ‘Recombinational
DNA Repair’ and ‘Biomarkers’. The detailed example
of the search strategy applied in PubMed is available in
online supplemental file 1. In addition, we will search the
reference lists of recognised studies to identify additional

papers.

Study selection

All records identified through database searching will be
imported into EndNote V.9.1 software. First, duplicates
will be removed using the built-in recognition function
of the software by the lead author. Then, all records will
be screened by two reviewers independently according
to the title and abstracts. After that, the potentially rele-
vant full-text articles will be reviewed by the same two
reviewers independently based on pre-established inclu-
sion and exclusion criteria. Finally, the remaining full-
text articles will be assessed for eligibility by the team.
Disagreements between the two reviewers will be settled
by discussion. The particular reason for exclusion of
each reviewed article will be recorded and presented in
the final manuscript. In addition, the reference lists of
recognised studies will be searched to make sure that no
potentially eligible article is missed.

Inclusion criteria

Types of studies

Clinical studies investigating the impact of HRD
biomarkers (HRDscore, HRD statusand HRD-related gene
mutational status and protein expression) on outcomes
in patients with EBC will be included. Concretely, the
HRD-related genes/proteins mainly include ATM, ATR,
BARDI1, BLM, BRCA1, BRCA2, BRIP1, CHEK2, MRE11A,
NBN, PALB2, RAD51C, RAD51D, RBBP8, SL.X4 and
XRCC2.2 This review will include articles published in
any language, with no restriction of date. Non-English
articles potentially eligible for inclusion will be trans-
lated to obtain enough data. The rationality of treatment
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regimens in all included studies will be confirmed by the
lead author based on the recommendations of National
comprehensive cancer network clinical practice guide-
lines.** For studies involving grouping, the treatment
regimen received by patients in each group should be
comparable.

Types of participants
Patients with histologically confirmed EBC.

Interventions/exposures

High HRD score, positive HRD status, positive gene
mutational status and positive protein expression. Specif-
ically, the assessment of HRD score should include three
measures of tumour genomic instability (LOH, LST and
TAI), with a cut-off of 42."®

Comparators/control
Low HRD score, negative HRD status, negative gene
mutational status and loss of protein expression.

Main outcomes

Each study should contain at least one of the following

outcomes:

1. pCR: no invasive carcinoma in primary site and neg-
ative regional lymph node (ypTO/ypTis ypNO) after
neoadjuvant therapy.”

2. DFS: the time from randomisation to disease recur-
rence or death due to disease progression.

3. Overall survival (OS): the time from randomisation to
death from any cause.

Exclusion criteria

Articles that meet the following criteria will be excluded:

1. Non-clinical studies including reviews, conference ab-
stracts, case reports and series and comments.

2. Patients with metastatic or advanced BC.

3. No detection of HRD, wrong evaluation methods of
HRD score or other cut-off values.

4. Non-human experiments.

Data extraction

Two reviewers will independently extract data from the
included studies into a self-designed data extraction
template. If some important data are not available in
the articles, we will make contact with the first or corre-
sponding authors for potential support. Differences in
opinion between the two reviewers will be settled by discus-
sion. The study selection process is shown in figure 1. The
following study characteristics will be collected:

Study details
First author, year of publication, country/region, study
design and setting (neoadjuvant and adjuvant).

Patients characteristics

Patient subtype (hormone receptor-positive, human
epidermal growth factor receptor 2-positive and TNBC),
number of patients and treatment regimen.

—
Records identified through database Additional records identified through
_5 searching other sources
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Full-text articles assessed
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qualitative synthesis
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J
Figure 1 Flow diagram of study selection process.

Evaluation indicators

Main outcomes (pCR, DFS and OS), HRD biomarkers
(HRD score, HRD status and HRD-related gene muta-
tional status and protein expression) and score of quality
assessment.

Quality assessment

Two reviewers will independently conduct quality assess-
ment using the Newcastle-Ottawa Quality Assessment
Scale (NOS) for cohort studies and Jadad scale for
randomised clinical trials, respectively.26 2" The NOS
consists of three keyitems: (1) selection, (2) comparability
and (3) outcome. One point will be added when there is
enough support information for an item. One study that
obtains at least 6 points will be considered as high quality,
with a full score of 9 points.26 The Jadad Scale includes
four key items: (1) randomisation, (2) double blinding,
(3) concealment of allocation and (4) withdrawals and
dropouts. If the description of one item is described and
appropriate, two points will be added to this item. On
the contrary, if the description is not described or inap-
propriate, the score for this item will be 0. If the rating
falls between the two situations, one point will be added.
Specially, for the item of withdrawals and dropouts, only
1 and 0 point can be chosen. The full score of Jadad scale
is 7 points, and a score of more than 3 points means high

quality.27

Statistical analysis

Data synthesis

All data will be synthesised narratively and quantitatively.
If there are more than two studies for one outcome,
meta-analysis will be further conducted.® Otherwise,
we will only carry out systematic review with descriptive
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analysis. Review Manager V.5.3.5 (Cochrane Collabora-
tion, Oxford, UK) will be used to pool the results. ORs
and HRs along with 95% CIs will be calculated using the
Mantel-Haenszel method and inverse variance method,
respectively. Forest plots will be used to present the
pooled results. For all statistical tests, a two-tailed p value
of <0.05will be considered statistically significant.

Heterogeneity assessment

Before pooling the results, both the Q test and P
statistic will be used to assess heterogeneity. A p value of
<0.1and an 7 value of >50% indicate significant hetero-
geneity across studies. A fixed-effect model will be used
unless considerable heterogeneity arises. Alternatively, a
random-effect model will be used.

Subgroup and sensitivity analysis

If significant heterogeneity appears and cannot be
reduced by using a random-effect model, subgroup
analysis or sensitivity analysis will be conducted to find
possible source of heterogeneity. The grouping methods
of subgroup analysis will be based on the study character-
istics, patient subtypes, chemotherapy regimens or HRD
detection methods, while the sensitivity analysis will be
conducted by omitting the data of individual studies. The
potential source of heterogeneity can be identified if the
heterogeneity decreases significantly when carrying out
subgroup analysis based on one factor or discarding data
from one study.

Publication bias

Stata V.12.0 (Stata Corporation, College Station, Texas)
will be used to evaluate potential publication bias using
Egger’s and Begg’s test. A p value of<0.05will be consid-
ered a significant publication bias.
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