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ARTICLE INFO ABSTRACT

Keywords: Objectives: Berzosertib (formerly M6620, VX-970) is an intravenous, highly potent and selective, first-in-class
Berzo_serﬁ_b ataxia telangiectasia and Rad3-related (ATR) protein kinase inhibitor. We assessed the safety, tolerability, pre-
Gemcitabine liminary efficacy, and pharmacokinetics (PK) of berzosertib plus gemcitabine in an expansion cohort of patients

Non-small cell lung cancer
ATR inhibitor
DNA-damage response

with advanced non-small cell lung cancer (NSCLC). The association of efficacy with TP53 status and other tumor
markers was also explored.

Materials and methods: Adult patients with advanced histologically confirmed NSCLC received berzosertib 210
mg/m? (days 2 and 9) and gemcitabine 1000 mg/m? (days 1 and 8) at the recommended phase 2 dose established
in the dose escalation part of the study.

Results: Thirty-eight patients received at least one dose of study treatment. The most common treatment-
emergent adverse events were fatigue (55.3%), anemia (52.6%), and nausea (39.5%). Gemcitabine had no
apparent effect on the PK of berzosertib. The objective response rate (ORR) was 10.5% (4/38, 90% confidence
interval [CI]: 3.7-22.5%). In the exploratory analysis, the ORR was 30.0% (3/10, 90% CI: 9.0-61.0%) in patients
with high loss of heterozygosity (LOH) and 11.0% (1/9, 90% CI: 1.0-43.0%) in patients with low LOH. The ORR
was 33.0% (2/6, 90% CI: 6.0-73.0%) in patients with high tumor mutational burden (TMB), 12.5% (2/16, 90%
CIL: 2.0-34.0%) in patients with intermediate TMB, and 0% (0/3, 90% CI: 0.0-53.6%) in patients with low TMB.
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Conclusions: Berzosertib plus gemcitabine was well tolerated in patients with advanced, pre-treated NSCLC. Based
on the observed clinical efficacy, future clinical trials should involve genomically selected patients.

1. Introduction

For patients with advanced non-small cell lung cancer (NSCLC) and
no targetable mutations, cytotoxic chemotherapies, including DNA-
damaging or anti-mitotic agents, achieve response rates of 7-21%, as
per Response Evaluation Criteria in Solid Tumors (RECIST), when used
as single agents in the second- and/or third-line treatment setting [1-7].

Ataxia-telangiectasia-mutated (ATM) and Rad3-related protein ki-
nases (ATR) play critical roles in the DNA-damage response (DDR) by
regulating the cell cycle checkpoint control and repairing damaged DNA
by homologous recombination [8]. In response to DNA replication
stress, induced or exacerbated by chemotherapies such as gemcitabine,
ATR is recruited to regions of exposed single-stranded DNA to mediate
replication fork stabilization, whereas ATM responds to DNA double-
strand breaks [9].

Berzosertib (formerly M6620, VX-970) is an intravenous (IV), highly
potent, and selective first-in-class inhibitor of ATR [10]. In preclinical
studies, berzosertib sensitizes lung cancer cells to DNA-damage-
inducing chemotherapeutics such as gemcitabine [10]. Previous clin-
ical studies have shown that berzosertib in combination with chemo-
therapy is well tolerated with preliminary efficacy signals in several
solid tumors [11,12]. Furthermore, a recent proof-of-concept phase 2
study evaluating the berzosertib—topotecan combination reported an
objective response rate of 36% (9/25), with a median duration of
response of 6.4 months, in patients with SCLC, including those with
platinum-resistant disease [13].

Berzosertib efficacy can be enriched in the presence of specific tumor
genetic alterations. Tumor protein p53 (TP53) mutational status has
been shown preclinically to correlate with response to DNA-damaging
agents combined with ATR inhibition [14]. This is explained by the
dependence of tumor cells on a functional TP53 to maintain genomic
stability when ATR is inhibited [15], as well as the importance of the
ATR-CHK1 axis for G2/M checkpoint control in response to DNA dam-
age when TP53 is mutated, thus harnessing the synthetic lethal rela-
tionship between ATR and TP53 in TP53-mutant tumors. Since
mutations of the TP53 gene are present in approximately 50% of NSCLC
[16], ATR inhibition represents a potential therapeutic combination
strategy for DNA-damaging chemotherapy in pretreated NSCLC. In
addition, recent studies have suggested that molecular alterations in
other genes, such as ATM, switch/sucrose non-fermentable related,
matrix associated, actin dependent regulator of chromatin, subfamily A,
member 4 (SMARCA4) and AT-rich interaction domain (ARID1A), could
be potential predictive biomarkers of ATR inhibition by exploiting
mechanisms of synthetic lethality related to the DDR or to replication
fork stability [17-19]. However, when leveraging the synthetic lethal
relationship between ATR and ATM, it may be important to consider the
emerging role of ATM in promoting tumor cell ferroptosis [20].
SMARCA4 is frequently mutated in NSCLC and is involved in the acti-
vation of replication stress responses, while ARIDIA mutations increase
tumor cells reliance on ATR-mediated checkpoint activity. Furthermore,
ARID1A-mutant tumor cells may be more susceptible to oxidative stress
due to low levels of antioxidant factors such as glutathione [21].

This phase 1 study was separated into six parts (A, B, B2, C1, C2, and
C3). In the dose escalation part of this study with berzosertib and
gemcitabine (part A), the most common treatment-emergent adverse
events (TEAE) of any grade included fatigue, nausea, anemia, and in-
creases in alanine aminotransferase (ALT), and the most common grade
> 3 TEAEs were neutropenia, increases in ALT and fatigue. These TEAEs
were consistent with patient populations treated with gemcitabine [22].

The main purpose of this expansion cohort study (part C1) was to
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evaluate the safety, tolerability, pharmacokinetics (PK), and preliminary
efficacy of berzosertib combined with gemcitabine in patients with
advanced NSCLC, with or without TP53 mutations. An exploratory
analysis of potential response biomarkers was also conducted (Clin-
icalTrials.gov, identifier: NCT02157792).

2. Materials and methods
2.1. Study design

This trial was part of a multicenter, open-label, non-randomized,
phase 1 study separated into six parts (A, B, B2, C1, C2, and C3). The
initial dose escalation phase of the study (parts A and B) established the
recommended phase 2 dose (RP2D) of berzosertib when combined with
chemotherapeutic agents, including gemcitabine and cisplatin [22,23].
These doses were further evaluated in the expansion phase of the study
in patients with NSCLC (part C1), triple-negative breast cancer (part C2),
and small-cell lung cancer (part C3). The focus of this manuscript is part
C1; the other parts have been or will be reported separately.

Part C1 was a single-arm expansion cohort study of berzosertib
combined with gemcitabine in patients with advanced NSCLC, with or
without TP53 mutations. This part of the study was conducted across
three sites in the UK and eight sites in the USA between December 2015
and March 2020. The study was conducted in accordance with the
ethical principles of the International Council for Harmonization
Guidelines for Good Clinical Practice and the Declaration of Helsinki, as
well as with applicable local regulations.

2.2. Patients

The plan was to enroll approximately 40 patients, including at least
20 patients with TP53 mutations prospectively determined from
archival tumor biopsies.

Eligible patients were adults > 18 years of age with advanced
(metastatic or locally advanced unresectable tumors and not eligible for
definitive treatment), histologically confirmed NSCLC, with available
archival tumor biopsies, who were intolerant to standard approved
targeted therapies, and measurable disease defined by RECIST v1.1
[24]. Patients who had received more than two lines of cytotoxic
chemotherapy in the advanced setting were excluded. Patients who had
received treatment with gemcitabine within 6 months were also
excluded. Full inclusion and exclusion criteria are shown in the Sup-
plementary Information.

2.3. Treatments

Following screening and baseline evaluations, patients received
berzosertib IV (210 mg/m?; days 2 and 9) approximately 24 h after
gemcitabine (1000 mg/m?; days 1 and 8) in 21-day cycles, which was
the RP2D established in part A of this study [22]. The timing of berzo-
sertib relative to gemcitabine was based on the synergy demonstrated
when berzosertib was administered 12-24 h after gemcitabine in pre-
clinical models [25]. Patients received treatment until progressive dis-
ease (PD) or unacceptable toxicity.

2.4. Objectives

The primary objectives of this study were to evaluate the safety,
tolerability, and the objective response rate (ORR) of berzosertib when
combined with gemcitabine in patients with advanced NSCLC, with and
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without TP53 mutations. The secondary objectives were to evaluate the
preliminary efficacy and PK of berzosertib combined with gemcitabine.
The evaluation of potential biomarkers associated with the efficacy of
berzosertib in combination with gemcitabine was an exploratory
objective.

2.5. Assessments and endpoints

The safety profile was continuously monitored clinically and with
standard laboratory parameters. TEAEs were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA) v21.0 [26] and
graded according to the National Cancer Institute (NCI) Common Ter-
minology Criteria for Adverse Events (CTCAE) v4.0 [27].

To evaluate the efficacy of berzosertib in combination with gemci-
tabine, tumor assessments were performed every two cycles for the first
12 cycles, then every two to three cycles, and 5 (+1) weeks after
completion of therapy. Tumor response assessments were classified ac-
cording to RECIST v.1.1 [24]. The ORR (primary efficacy endpoint) was
defined as the proportion of participants who achieved a best overall
response (BOR) of partial response (PR) or complete response (CR)
(summarized as objective response [OR]), where both CR and PR were
confirmed by repeat assessments performed no < 4 weeks after the
criteria for response were first met. The ORR was calculated with the
two-sided 90% confidence interval (CI) using the Clopper—Pearson
method [28].

The efficacy of berzosertib in combination with gemcitabine was
further explored through the assessment of progression-free survival
(PFS), duration of response (DOR), overall survival (OS), and disease
control.

Blood samples for PK analysis of berzosertib in plasma were collected
pre-dose, mid-infusion, and 0, 0.5, 1, 2, 3, and optionally 7 h after the
end of the 1-hour berzosertib infusion on cycle 1 day 2. Bioanalysis in
plasma was performed using validated liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methods [29].

Archival tumor biopsies were collected to assess TP53 status and
other genetic alterations by DNA next-generation sequencing (NGS)
with FoundationOne® CDx NGS assay (Foundation Medicine, Cam-
bridge, Massachusetts, US) [30]. A post-hoc exploratory analysis was
conducted to investigate the potential association between specific ge-
netic tumor alterations and treatment outcomes. The loss of heterozy-
gosity (LOH), tumor mutational burden (TMB) and microsatellite
instability (MSI) results were discretized according to the criteria
established by Foundation Medicine [31]. LOH levels were reported as a
percentage of the affected genome and were discretized to either high
LOH (LOH score > 16) or low LOH (LOH score < 16). TMB levels were
classified as high, if somatic mutations per megabase (MB) were > 20;
intermediate, if somatic mutations per MB were > 6 and < 20; and low,
if somatic mutations per MB were < 6.

2.6. Statistical analysis

Based on historical response rates of 10% for single-agent gemcita-
bine in second-line NSCLC [5], and an enrollment of 30 patients, six
responders would result in an exact one-sided 90% CI for ORR of
9.1-35.7%. The probability to observe at least six responders was
calculated under the assumption of different response rates. In case of a
true response rate of 30%, the likelihood of at least six responders was
84%.

The modified full analysis set included all patients who had a base-
line tumor assessment with a measurable target lesion and at least one
dose of the study drug. The safety analysis set included all patients who
received at least one dose of study drug. The PK analysis set included all
patients who received at least one dose of study drug and who provided
at least one measurable post-dose concentration.

Summary statistics were provided for berzosertib concentrations by
group and time and for berzosertib PK parameters. PK parameters were

21

Lung Cancer 163 (2022) 19-26

calculated using standard non-compartmental methods and the actual
administered dose. Computation of PK parameters was performed using
Phoenix® WinNonlin® Version 8.0 (Certara, L.P., Princeton, New Jer-
sey, USA).

3. Results
3.1. Patient demographics and disposition

Baseline and disease history characteristics of all 38 patients enrolled
are presented in Table 1. For those patients whose baseline genotype
was determined, TP53 mutations were found in 60.5% of tumors. All
patients except for one (37, 97.4%) received at least one dose of ber-
zosertib and 38 (100.0%) patients received at least one dose of
gemcitabine.

3.2. Safety

All 38 patients experienced TEAEs, 36 (94.7%) of whom experienced
berzosertib or gemcitabine-related TEAEs (Table 2). The most common
TEAE: (of any grade) were fatigue (55.3%), anemia (52.6%), and nausea
(39.5%). The most common berzosertib-related TEAEs were fatigue
(44.7%), anemia (39.5%), and thrombocytopenia (28.9%). Further-
more, 22 (57.9%) patients experienced berzosertib-related grade > 3
TEAEs and 14 (36.8%) patients experienced berzosertib-related serious
TEAEs.

Five patients experienced berzosertib-related TEAEs (neutropenia,
thrombocytopenia, fatigue, aspartate aminotransferase, and ALT in-
creases) leading to a dose reduction in berzosertib. Eleven (28.9%) pa-
tients discontinued treatment with berzosertib, including seven (18.4%)
patients who discontinued primarily due to TEAEs; three (7.9%) of
whom due to berzosertib-related TEAEs (anemia, thrombocytopenia,

Table 1
Patient demographics and baseline characteristics.
Characteristic Total
N=38
Sex, n (%)
Male 20 (52.6)
Female 18 (47.4)
Race, n (%)
White 34 (89.5)
Asian 1(2.6)
Other 1(2.6)
Unknown 2 (5.3)
Median (range) age, years 62.5 (36-76)
Baseline ECOG PS,? n (%)
0 11 (28.9)
1 27 (71.1)
Prior anticancer therapy, n (%)
Chemotherapy® 38 (100.0)
Investigational therapy 8(21.1)
Immunotherapy 6 (15.8)
Other 5(13.2)
Number of previous anticancer chemotherapy regimens, n (%)
Neoadjuvant 3(7.9)
Adjuvant 7 (18.4)
1% line, metastatic disease 36 (94.7)
2" Jine, metastatic disease 22 (57.9)
>2nd line, metastatic disease 16 (42.1)
TP53,° n (%)
Wild-type 6 (15.8)
Mutant 23 (60.5)
Unknown 9 (23.7)

#Data reported for modified Full Analysis Set.

bSeven patients received prior treatment with gemcitabine.

“Only patients with biomarker status determined by FoundationOne® CDx next-
generation sequencing were reported.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; TP53, tumor protein p53.
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Table 2
Overview of TEAE:s for berzosertib + gemcitabine occurring in > 20% of patients
by preferred term (N = 38; safety analysis set).

Patients, n (%) Berzosertib +

gemcitabine
N =238
Any Grade >
grade 3
All TEAEs 38 33
(100.0) (86.8)
Berzosertib-related TEAE 34 (89.5) 22
(57.9)
Berzosertib- or gemcitabine-related TEAE 36 (94.7) 24
(63.2)
TEAEs occurring in > 20% of patients Any Grade
grade 3-4
Fatigue 21(55.3) 9(23.7)
Anemia 20 (52.6) 8 (21.1)
Nausea 15 (39.5) 0
Dyspnea 14 (36.8) 5(13.2)
Pyrexia 13 (34.2) 1(2.6)
Thrombocytopenia 13 (34.2) 7 (18.4)
Vomiting 12(31.6) 2(5.3)
AST increased 11(28.9) 2(5.3)
Decreased appetite 11 (28.9) 1(2.6)
Neutropenia 11 (28.9) 5(13.2)
ALT increased 10 (26.3) 2(5.3)
Lower RTI 9 (23.7) 5(13.2)
Headache 8 (21.1) 0
WBC count decreased 8 (21.1) 1(2.6)
Serious TEAEs 24 (63.2) 22
(57.9)
Berzosertib-related serious TEAE 14 (36.8) 1 (2.6)
Berzosertib- or gemcitabine-related serious TEAE 14 (36.8) 10
(26.3)
Serious TEAE leading to dose interruption 9 (23.7) NR
Serious TEAE leading to dose interruption in berzosertib 8 (21.1) NR
Serious TEAE leading to dose interruption in gemcitabine 8 (21.1) NR
TEAE leading to dose reduction in > 1 study drug 8 (21.1) NR
TEAE leading to dose reduction in berzosertib 6 (15.8) NR
TEAE leading to dose reduction in gemcitabine 7 (18.4) NR
TEAE leading to permanent discontinuation of > 1 study 8(21.1) NR
drug
Berzosertib-related TEAE leading to permanent 3(7.9) NR
discontinuation of berzosertib
Gemcitabine-related TEAE leading to permanent 4(10.5) NR
discontinuation of gemcitabine
TEAE leading to death 4 (10.5)
Berzosertib-related TEAE leading to death 1(2.6)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; NR, not re-
ported; RTI, respiratory tract infection; TEAE, treatment-emergent adverse
event; WBC, white blood cell.

and fatigue). Four (10.5%) patients experienced a TEAE leading to
death. One of the four deaths was related to study treatment (hemop-
tysis, hypovolemic shock, and cardiac arrest); the death occurred after
the patient had experienced a grade 3 lower respiratory tract infection
and shortness of breath (both unrelated to treatment) for > 1 month.

3.3. Efficacy

The median treatment duration for berzosertib in combination with
gemcitabine was 14.0 weeks (2.0-63.0 weeks). There were four
confirmed partial responders (10.5%), two of which had a particularly
notable response (Table 3, Fig. 1).

Amongst the responders, it is worth noting that a 67-year-old female
with epidermal growth factor receptor (EGFR) wild-type NSCLC
(adenocarcinoma), with evidence of lymph node and lung metastases,
achieved a confirmed PR lasting 13.2 months (57.6% maximum tumor
shrinkage). This patient was heavily pretreated with several different
anticancer regimens (carboplatin + pemetrexed + bevacizumab, fol-
lowed by pemetrexed + bevacizumab as maintenance, nivolumab, and
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Table 3
Best overall response (modified full analysis set; N = 38).

Efficacy outcome Patients, n (%)

Best overall response

CR 0

PR 4 (10.5)
SD 22(57.9)
PD 7 (18.4)

Not evaluable
ORR, n (%), [90% CI]
DCR,? n (%), [90% CI]

5(13.2)
4 (10.5) [3.7-22.5]
26 (68.4) [53.9-80.7]

Median PFS (months), [90% CI] 4.0 [3.2-5.0]
Median OS (months), [90% CI] 7.4 [5.4-8.5]
Median DOR (months), [90% CI] 6.0 [3.6-nd]

ADisease control was defined as a BOR of CR, PR, or SD and the DCR was
calculated with a two-sided 90% CI using the Clopper—Pearson method.
Abbreviations: BOR, best overall response; CI, confidence interval; CR, complete
response; DCR, disease control rate; DOR, duration of response; nd, not defined;
ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS,
progression-free survival; PR, partial response; SD, stable disease.

erlotinib).

A 75-year-old male patient with anaplastic large-cell lymphoma ki-
nase wildtype, EGFR wild-type, programmed death-ligand 1 negative
NSCLC (adenocarcinoma), with evidence of lymph node metastases,
with progression through two aggressive regimens (carboplatin +
pemetrexed, docetaxel + nintedanib followed by nintedanib mainte-
nance), achieved a confirmed, durable PR lasting 6.0 months.

3.4. Exploratory biomarker analyses

Archival tumor biopsies from the 38 patients were analyzed by DNA
NGS, of which nine samples did not pass the laboratory quality check
process. Overall, 29 samples were included in the data analysis. The
subgroup analysis did not demonstrate a clear association between
clinical outcome (ORR and PFS) and any alterations in 324 genes
explored, including TP53, and other potential predictive biomarkers of
sensitivity to ATR inhibition including ATM, ARID1A (Supplementary
Table 1) and SMARCA4 (Table 4).

Regarding genomic signatures, LOH was measurable in 19 patients.
The ORR was 30.0% (3/10, 90% CI: 9.0-61.0%) in patients with high
LOH, and 11.0% (1/9, 90% CI: 1.0-43.0%) in patients with low LOH.
TMB was measurable in 25 patients. The ORR was 33.0% (2/6, 90% CI:
6.0-73.0%) in patients with high TMB, 12.5% (2/16, 90% CL:
2.0-34.0%) in patients with intermediate TMB, and 0% (0/3, 90% CI:
0.0-53.6%) in patients with low TMB.

3.5. Pharmacokinetics

The berzosertib 210 mg/m2 (IV) dose administered in this study was
within the dose range previously shown to exhibit dose-dependent
berzosertib PK as monotherapy, or in combination with either carbo-
platin or gemcitabine [11,22]. The observed berzosertib concentration
data in this expansion cohort were consistent with those reported pre-
viously at the same dose level [22]. Gemcitabine demonstrated no
apparent effect on berzosertib pharmacokinetics (Fig. 2).

The geometric mean (percentage coefficient of variation [%CV])
maximum observed concentration (Cpay) of berzosertib was 882 ng/mL
(55.2%), which was similar to the previously reported Cpax of 899 ng/
mL in part A of this study [22]. A population PK model was developed
based on pooled data from two phase 1 studies, including this expansion
cohort [32]. The model confirmed that gemcitabine had no apparent
effect on berzosertib PK, and that berzosertib PK in patients with NSCLC
was comparable to patients with other advanced solid tumors.
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Fig. 1. Best percentage change in tumor size from baseline (modified full analysis set) with genetic profiles. Only patients with a baseline scan, at least one post-
baseline assessment, and at least one response assessment are included in Fig. 1 (n = 34). Only patients with biomarker status determined by FoundationOne® CDx
next-generation sequencing were reported. The dashed line at 20% represents PD whereas the dashed line at —-30% represents PR. ARID1A, AT-rich interaction
domain 1A; ATM, ataxia telangiectasia mutated; LOH, loss of heterozygosity; NE, not evaluable; PD, progressive disease; PR, partial response; SMARCA4, switch/
sucrose non-fermentable related, matrix associated, actin dependent regulator of chromatin, subfamily A, member 4; SD, stable disease; TMB, tumor mutational

burden; TP53, tumor protein p53.

Table 4
Objective response rate for selected biomarker subgroups (modified full analysis
set).

Subgroups Mutation status® Responders ORR [90% CI]
Overall Overall 4/38 10.5 [3.7-22.5]
TP53 Wild-type 0/6 0.0 [0.0-39.3]
Mutant 4/23 17.4 [6.2-35.5]
ARIDIA Wild-type 4/27 14.8 [5.2-30.8]
Mutant 0/2 0.0 [0.0-77.6]
ATM Wild-type 4/23 17.4 [6.2-35.5]
Mutant 0/6 0.0 [0.0-39.3]
SMARCA4 Wild-type 4/24 16.7 [5.9-34.2]
Mutant 0/5 0.0 [0.0-45.1]
LOH High 3/10 30.0 [8.7-60.7]
Low 1/9 11.1 [0.6-42.9]
TMB High 2/6 33.3[6.3-72.9]
Intermediate 2/16 12.5 [2.3-34.4]
Low 0/3 0 [0.0-63.2]

#Only patients with high impact or predicted high impact mutations reported.
Only patients with biomarker status determined by FoundationOne® CDx next-
generation sequencing were reported. The ORR was calculated with the two-
sided 90% CI using the Clopper—Pearson method.

Abbreviations: ATM, ataxia telangiectasia mutated; ARID1A, AT-rich interaction
domain 1A; CI, confidence interval; LOH, loss of heterozygosity; ORR, objective
response rate; TMB, tumor mutational burden; TP53, tumor protein p53;
SMARCA4, switch/sucrose non-fermentable related, matrix associated, actin
dependent regulator of chromatin, subfamily A, member 4

4. Discussion

In this phase 1b expansion cohort study, the combination of the ATR
inhibitor berzosertib with gemcitabine, according to the dosing regimen
previously determined in the dose escalation portion of the trial (ber-
zosertib 210 mg/m? [days 2 and 9] and gemcitabine 1000 mg/m? [days
1 and 8] every 3 weeks) [22], was well tolerated in patients with pre-
treated advanced NSCLC. The safety profile was consistent with that
of the individual agents [11,23]. However, the observed clinical efficacy
(ORR of 10.5% and median treatment duration of 14.0 weeks) suggests
limited benefit of combining an ATR inhibitor with gemcitabine in this
unselected population of patients with advanced NSCLC, with and
without TP53 mutations, when compared with historical controls of
gemcitabine monotherapy [5]. The ORR was only marginally higher in
the subgroup of patients with TP53 mutations, because there was no
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responder among the few cases who did not have TP53 alterations (the
study was designed to enrich for tumors with TP53 mutations). This
clinical finding suggests that TP53 mutations alone are insufficient to
enhance the efficacy of the berzosertib-gemcitabine combination in
patients with advanced NSCLC, despite the fact that preclinical experi-
ments have highlighted TP53 mutations as an efficacy surrogate for
treatment with ATR inhibitors [14].

The exploratory biomarker subgroup analysis also demonstrated no
clear association between treatment outcome (ORR and PFS) and gene
alterations, including ATM, ARIDIA and SMARCA4, which have previ-
ously been associated with sensitivity to ATR inhibition [17-19]. There
was also no association observed between treatment response and al-
terations in other cell cycle genes such as CCNE1, MYC, or RB, whose
dysregulation is associated with DNA replication stress [33,34].

However, since only single digit cases carrying genetic alterations in
each of these genes were identified, the relationship between treatment
response and these individual genomic alterations could not be deter-
mined. Additionally, there were limitations to our analyses, including
the lack of genomic data that would have enabled the evaluation of
biomarker zygosity status of tumor suppressor genes on treatment out-
comes. Another limitation was the lack of confirmation of the observed
ATM, SMARCA4, ARID1A or other tumor suppressor loss at the protein
level. Although ATM immunohistochemistry was planned, the available
tumor samples were largely exhausted after DNA NGS. As the clinical
development of berzosertib continues, further investigations are
required to identify genomic alterations that confer susceptibility to ATR
inhibition. Identifying such alterations, with confirmation at the protein
level, may ultimately help define patient populations most likely to
benefit from the addition of berzosertib to DNA damage-inducing che-
motherapies or other anticancer therapies.

We observed a trend towards increased response rate in patients with
high TMB (33.0%) and LOH scores (30.0%), versus those patients with
low TMB and LOH scores, respectively. TMB and LOH are markers of
genetic instability and homologous recombination deficiency [35,36].
High TMB is also indicative of DNA DSB repair deficiency [37]. In fact,
both TMB and LOH are emerging as predictive biomarkers to poly (ADP-
ribose) polymerase and immune checkpoint inhibitors [36,38-40],
which could well synergize with increased DNA damage resulting from
the combination of berzosertib and gemcitabine. However, the associ-
ations were not statistically significant, likely due to the small sample
size. Nevertheless, given the biologic rationale for an association
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€@ Part C1: berzosertib 210 mg/m? (days 2 and 9)
+ gemcitabine 1000 mg/m? (days 1 and 8) (n = 37)?

Part A and B lead-in monotherapy:
berzosertib 210 mg/m? (day 1) (n = 2)°

Part A1: berzosertib 210 mg/m? (days 2 and 9)
+ gemcitabine 500-1000 mg/m? (days 1 and 8) (n = 16)

4 5 6 7 8

Time (hours)

Fig. 2. Plasma berzosertib concentration—time profile after the first intravenous infusion of berzosertib monotherapy and of berzosertib in combination with
gemcitabine. n = 3 for the 8-hour timepoint. bn = 1 for the 3-hour timepoint. StD, standard deviation.

between TMB and LOH and a higher sensitivity to DDR inhibitors,
further investigations in this direction are warranted.

5. Conclusions

The combination of berzosertib and gemcitabine in patients with
advanced, pre-treated NSCLC was well tolerated, but given the observed
clinical efficacy, future clinical trials may best be undertaken in a
genomically selected patient population. In other malignancies, such as
platinum-resistant ovarian cancer, the combination of berzosertib and
gemcitabine has shown an encouraging efficacy signal, serving as a
reminder of the molecular heterogeneity and notable clinical differences
between disease entities [12].

Role of the funding source

The trial was sponsored by Merck Healthcare KGaA, Darmstadt,
Germany (CrossRef Funder ID: https://doi.org/10.13039/100009945)
and Vertex Pharmaceuticals Incorporated., Boston, MA, USA. Both
sponsors were involved in the development of the study design and the
collection of data. Merck Healthcare KGaA, Darmstadt, Germany, pro-
vided financial support for the preparation of this article, and provided
technical assistance for the analysis and interpretation of data. The de-
cision to submit the article for publication was made by the authors
together with Merck Healthcare KGaA, Darmstadt, Germany.

CRediT authorship contribution statement

Ruth Plummer: Conceptualization, Formal analysis, Investigation,
Resources, Writing — review & editing, Supervision. Emma Dean:
Investigation, Resources, Data curation, Writing — review & editing,
Supervision. Hendrik-Tobias Arkenau: Investigation, Resources,
Writing — review & editing. Charles Redfern: Investigation, Resources,

24

Writing — review & editing. Alexander I. Spira: Investigation, Re-
sources, Data curation, Writing — review & editing, Project administra-
tion, Funding acquisition. Jason M. Melear: Investigation, Resources,
Writing - review & editing. Ki Y. Chung: Investigation, Resources, Data
curation, Writing — review & editing. Jordi Ferrer-Playan: Writing —
review & editing, Supervision, Project administration. Thomas God-
demeier: Formal analysis, Writing — review & editing, Visualization.
Giuseppe Locatelli: Conceptualization, Formal analysis, Investigation,
Resources, Writing — review & editing, Visualization, Supervision.
Jennifer Dong: Formal analysis, Writing — review & editing. Patricia
Fleuranceau-Morel: Formal analysis, Writing — review & editing. Ivan
Diaz-Padilla: Writing — review & editing, Supervision. Geoffrey I.
Shapiro: Conceptualization, Investigation, Resources, Writing — review
& editing, Supervision.

Declaration of competing interest

Ruth Plummer: received honoraria for serving on advisory boards
on behalf of Vertex and Merck Healthcare KGaA, Darmstadt, Germany
relating to this compound; reimbursement for her institution for clinical
trials costs; consultancy services to Pierre Faber, Bayer, Octimet, Clovis
Oncology, Novartis, Karus Therapeutics, Biosceptre, BMS, Cybrexa, El-
lipses, CV6 Therapeutics, Astex Therapeutics, and Sanofi Aventis;
research funding from AstraZeneca; and medical writing support for
developing this manuscript from Merck Healthcare KGaA, Darmstadt
Germany.

Emma Dean: is an employee and stakeholder of AstraZeneca; and
received medical writing support for developing this manuscript from
Merck Healthcare KGaA, Darmstadt Germany.

Hendrik-Tobias Arkenau: reports honoraria from Bicycle Thera-
peutics, Biontech, Bayer, Beigene, Servier, Roche and Guardant Health;
served as an advisor/consultant for Bicycle Therapeutics, Biontech,
Bayer, Beigene, Servier, Roche and Guardant Health; received support


https://doi.org/10.13039/100009945)

R. Plummer et al.

for attending meetings from Amgen; participated on a Data Safety
Monitoring Board or Advisory Board for Beigene; and received medical
writing support for developing this manuscript from Merck Healthcare
KGaA, Darmstadt Germany.

Charles Redfern: received medical writing support for developing
this manuscript from Merck Healthcare KGaA, Darmstadt Germany.

Alexander I Spira: reports grants or contracts from BMS, Mirati,
Amgen, Novartis, Merck KGaA, Darmstadt, Germany, AstraZeneca,
Sanofi, Abbvie, Cytomx, Macrogenics, Pfizer; and consulting fees from
Mirati, Amgen, Sanofi, AstraZeneca, Merck KGaA, Darmstadt, Germany,
BMS; and received medical writing support for developing this manu-
script from Merck Healthcare KGaA, Darmstadt Germany.

Jason M Melear: reports honoraria from Janssen Pharmaceuticals,
TG Therapeutics and A2 Biotherapeutics; and received medical writing
support for developing this manuscript from Merck Healthcare KGaA,
Darmstadt Germany.

Ki Y Chung: received medical writing support for developing this
manuscript from Merck Healthcare KGaA, Darmstadt Germany.

Jordi Ferrer-Playan: is an employee of Ares Trading SA, Eysins,
Switzerland, an affiliate of Merck KGaA, Darmstadt, Germany; and
received medical writing support for developing this manuscript from
Merck Healthcare KGaA, Darmstadt Germany.

Thomas Goddemeier: is an employee of Merck Healthcare KGaA,
Darmstadt, Germany; and received medical writing support for devel-
oping this manuscript from Merck Healthcare KGaA, Darmstadt
Germany.

Giuseppe Locatelli: is an employee of Merck Healthcare KGaA,
Darmstadt, Germany; and received medical writing support for devel-
oping this manuscript from Merck Healthcare KGaA, Darmstadt
Germany.

Jennifer Dong: is an employee of EMD Serono Research & Devel-
opment Institute, Inc., Billerica, MA, USA, an affiliate of Merck KGaA;
and received medical writing support for developing this manuscript
from Merck Healthcare KGaA, Darmstadt Germany.

Patricia Fleuranceau-Morel: is an employee of EMD Serono
Research & Development Institute, Inc., Billerica, MA, USA, an affiliate
of Merck KGaA; and received medical writing support for developing
this manuscript from Merck Healthcare KGaA, Darmstadt Germany.

Ivan Diaz-Padilla: is a former employee of Ares Trading SA, Eysins,
Switzerland, an affiliate of Merck KGaA, Darmstadt, Germany; is a
current employee of GlaxoSmithKline, Zug, Switzerland; and received
medical writing support for developing this manuscript from Merck
Healthcare KGaA, Darmstadt Germany.

Geoffrey I Shapiro: reports grants/contracts from Eli Lilly, Merck &
Co., Inc., Sierra Oncology and Pfizer; holds a patent entitled, ‘Dosage
regimen for sapacitabine and seliciclib’, also issued to Cyclacel Phar-
maceuticals, and a pending patent, entitled, ‘Compositions and Methods
for Predicting Response and Resistance to CDK4/6 Inhibition’; received
medical writing support from Pfizer; and received medical writing
support for developing this manuscript from Merck Healthcare KGaA,
Darmstadt Germany.

Acknowledgements

The authors would like to thank patients, investigators, co-
investigators, and the study teams at each of the participating centers
and at Merck Healthcare KGaA, Darmstadt, Germany. The authors thank
Vertex Pharmaceuticals for their involvement in the development of
berzosertib (formerly M6620, VX-970). The UK study sites received
support as part of the Experimental Cancer Medicine Centres. Thomas
Grombacher, PhD, an employee of Merck Healthcare KGaA, Darmstadt,
Germany, contributed to the analysis and interpretation of the
biomarker results. Danyi Wang, MD, PhD, an employee of EMD Serono
Research & Development Institute, Inc., Billerica, MA, USA, an affiliate
of Merck KGaA, provided technical and operational support of
biomarker sample analysis. Jens Derbinski, PhD, an employee of Merck

25

Lung Cancer 163 (2022) 19-26

Healthcare KGaA, Darmstadt, Germany, provided technical and opera-
tional support of biomarker sample analysis. Annick Seithel-Keuth, PhD,
an employee of Merck Healthcare KGaA, Darmstadt, Germany,
contributed to the analysis and interpretation of PK data. Bart Hendriks,
PhD, a former employee of Merck Healthcare KGaA, Darmstadt, Ger-
many, contributed to the analysis and interpretation of PK data. Medical
writing assistance was provided by David Lester of Bioscript Stirling Ltd,
Macclesfield, UK and funded by Merck Healthcare KGaA, Darmstadt,
Germany (CrossRef Funder ID: 10.13039/100009945).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.lungcan.2021.11.011.

References
[1] C.A.Rabik, M.E. Dolan, Molecular mechanisms of resistance and toxicity associated
with platinating agents, Cancer Treat. Rev. 33 (1) (2007) 9-23, https://doi.org/
10.1016/j.ctrv.2006.09.006.
N.A. Howlader, M. Krapcho, J. Garshell, N. Neyman, S.F. Altekruse, C.L. Kosary, M.
Yu, J. Ruhl, Z. Tatalovich, H. Cho, A. Mariotto, D.R. Lewis, H.S. Chen, E.J. Feuer, K.
A. Cronin, SEER Cancer Statistics Review, 1975-2010, 2013. http://seer.cancer.go
v/csr/1975_2010/sections.html.
B. Besse, A. Adjei, P. Baas, P. Meldgaard, M. Nicolson, L. Paz-Ares, M. Reck, E.
F. Smit, K. Syrigos, R. Stahel, E. Felip, S. Peters, M. Panel Esmo, 2nd ESMO
Consensus Conference on Lung Cancer: non-small-cell lung cancer first-line/second
and further lines of treatment in advanced disease, Ann Oncol 25 (8) (2014)
1475-1484, https://doi.org/10.1093/annonc/mdul23.
A. Kumar, H. Wakelee, Second- and third-line treatments in non-small cell lung
cancer, Curr. Treat. Options Oncol. 7 (1) (2006) 37-49, https://doi.org/10.1007/
$11864-006-0030-9.
C. Manegold, G. Koschel, D. Hruska, K. Scott-von-Romer, J. Mezger, L.R. Pilz,
Open, randomized, phase II study of single-agent gemcitabine and docetaxel as
first- and second-line treatment in patients with advanced non-small-cell lung
cancer, Clin Lung Cancer 8 (4) (2007) 245-251, https://doi.org/10.3816/clc.2007.
n.001.
Y.H. Ko, M.A. Lee, Y.S. Hong, K.S. Lee, H.J. Park, R. Yoo Ie, Y.S. Kim, Y.K. Kim, K.
H. Jo, Y.P. Wang, K.Y. Lee, J.H. Kang, Docetaxel monotherapy as second-line
treatment for pretreated advanced non-small cell lung cancer patients, Korean J.
Intern. Med. 22(3) (2007) 178-85 10.3904/kjim.2007.22.3.178.
D.H. Kang, J.O. Kim, S.S. Jung, H.S. Park, C. Chung, D. Park, J.E. Lee, Efficacy of
vinorelbine monotherapy as third- or further-line therapy in patients with
advanced non-small-cell lung cancer, Oncology 97 (6) (2019) 356-364, https://
doi.org/10.1159/000502343.
A.N. Blackford, S.P. Jackson, ATM, ATR, and DNA-PK: The Trinity at the Heart of
the DNA Damage Response, Mol. Cell 66(6) (2017) 801-817 10.1016/j.
molcel.2017.05.015.
M.K. Zeman, K.A. Cimprich, Causes and consequences of replication stress, Nat.
Cell Biol. 16 (1) (2014) 2-9, https://doi.org/10.1038/ncb2897.
A.B. Hall, D. Newsome, Y. Wang, D.M. Boucher, B. Eustace, Y. Gu, B. Hare, M.A.
Johnson, S. Milton, C.E. Murphy, D. Takemoto, C. Tolman, M. Wood, P. Charlton,
J.D. Charrier, B. Furey, J. Golec, P.M. Reaper, J.R. Pollard, Potentiation of tumor
responses to DNA damaging therapy by the selective ATR inhibitor VX-970,
Oncotarget. 5(14) (2014) 5674-85 10.18632/oncotarget.2158.
T.A. Yap, B. O’Carrigan, M.S. Penney, J.S. Lim, J.S. Brown, M.J. de Miguel Luken,
N. Tunariu, R. Perez-Lopez, D.N. Rodrigues, R. Riisnaes, I. Figueiredo, S. Carreira,
B. Hare, K. McDermott, S. Khalique, C.T. Williamson, R. Natrajan, S.J. Pettitt, C.J.
Lord, U. Banerji, J. Pollard, J. Lopez, J.S. de Bono, Phase I Trial of First-in-Class
ATR Inhibitor M6620 (VX-970) as Monotherapy or in Combination With
Carboplatin in Patients With Advanced Solid Tumors, J. Clin. Oncol. 38(27) (2020)
3195-3204 10.1200/JC0.19.02404.
P.A. Konstantinopoulos, S.C. Cheng, A.E. Wahner Hendrickson, R.T. Penson, S.T.
Schumer, L.A. Doyle, E.K. Lee, E.C. Kohn, L.R. Duska, M.A. Crispens, A.B.
Olawaiye, 1.S. Winer, L.M. Barroilhet, S. Fu, M.T. McHale, R.J. Schilder, A.
Farkkila, D. Chowdhury, J. Curtis, R.S. Quinn, B. Bowes, A.D. D’Andrea, G.I.
Shapiro, U.A. Matulonis, Berzosertib plus gemcitabine versus gemcitabine alone in
platinum-resistant high-grade serous ovarian cancer: a multicentre, open-label,
randomised, phase 2 trial, Lancet Oncol. 21(7) (2020) 957-968 10.1016/S1470-
2045(20)30180-7.
A. Thomas, N. Takahashi, V.N. Rajapakse, X. Zhang, Y. Sun, M. Ceribelli, K.M.
Wilson, Y. Zhang, E. Beck, L. Sciuto, S. Nichols, B. Elenbaas, J. Puc, H. Dahmen, A.
Zimmermann, J. Varonin, C.W. Schultz, S. Kim, H. Shimellis, P. Desai, C. Klumpp-
Thomas, L. Chen, J. Travers, C. McKnight, S. Michael, Z. Itkin, S. Lee, A. Yuno, M.-
J. Lee, C.E. Redon, J.D. Kindrick, C.J. Peer, J.S. Wei, M.I. Aladjem, W.D. Figg, S.M.
Steinberg, J.B. Trepel, F.T. Zenke, Y. Pommier, J. Khan, C.J. Thomas, Therapeutic
targeting of ATR yields durable regressions in small cell lung cancers with high
replication stress, Cancer Cell. 39(4) (2021) 566-579.e7 10.1016/j.
ccell.2021.02.014.
P.M. Reaper, M.R. Griffiths, J.M. Long, J.D. Charrier, S. Maccormick, P.A. Charlton,
J.M. Golec, J.R. Pollard, Selective killing of ATM- or p53-deficient cancer cells

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]


https://doi.org/10.1016/j.lungcan.2021.11.011
https://doi.org/10.1016/j.lungcan.2021.11.011
https://doi.org/10.1016/j.ctrv.2006.09.006
https://doi.org/10.1016/j.ctrv.2006.09.006
http://seer.cancer.gov/csr/1975_2010/sections.html
http://seer.cancer.gov/csr/1975_2010/sections.html
https://doi.org/10.1093/annonc/mdu123
https://doi.org/10.1007/s11864-006-0030-9
https://doi.org/10.1007/s11864-006-0030-9
https://doi.org/10.3816/clc.2007.n.001
https://doi.org/10.3816/clc.2007.n.001
https://doi.org/10.1159/000502343
https://doi.org/10.1159/000502343
https://doi.org/10.1038/ncb2897

R. Plummer et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

through inhibition of ATR, Nat. Chem. Biol. 7 (7) (2011) 428-430, https://doi.org/
10.1038/nchembio.573.

K.T. Bieging, S.S. Mello, L.D. Attardi, Unravelling mechanisms of p53-mediated
tumour suppression, Nat. Rev. Cancer 14 (5) (2014) 359-370, https://doi.org/
10.1038/nrc3711.

A. Mogi, H. Kuwano, TP53 mutations in nonsmall cell lung cancer, J. Biomed.
Biotechnol. 2011 (2011), 583929, https://doi.org/10.1155/2011/583929.

T.A. Yap, D.S.P. Tan, A. Terbuch, R. Caldwell, C. Guo, B.C. Goh, V. Heong, N.R.
M. Haris, S. Bashir, Y. Drew, D.S. Hong, F. Meric-Bernstam, G. Wilkinson, J. Hreiki,
A.M. Wengner, F. Bladt, A. Schlicker, M. Ludwig, Y. Zhou, L. Liu, S. Bordia,

R. Plummer, E. Lagkadinou, J.S. de Bono, First-in-Human Trial of the Oral Ataxia
Telangiectasia and RAD3-Related (ATR) Inhibitor BAY 1895344 in Patients with
Advanced Solid Tumors, Cancer Discov (2020), https://doi.org/10.1158/2159-
8290.CD-20-0868.

M. Gupta, C.P. Concepcion, C.G. Fahey, H. Keshishian, A. Bhutkar, C.F. Brainson, F.
J. Sanchez-Rivera, P. Pessina, J.Y. Kim, A. Simoneau, M. Paschini, M.C. Beytagh, C.
R. Stanclift, M. Schenone, D.R. Mani, C. Li, A. Oh, F. Li, H. Hu, A. Karatza, R.

T. Bronson, A.T. Shaw, A.N. Hata, K.K. Wong, L. Zou, S.A. Carr, T. Jacks, C.F. Kim,
BRG1 Loss Predisposes Lung Cancers to Replicative Stress and ATR Dependency,
Cancer Res. 80 (18) (2020) 3841-3854, https://doi.org/10.1158/0008-5472.CAN-
20-1744.

C.T. Williamson, R. Miller, H.N. Pemberton, S.E. Jones, J. Campbell, A. Konde,
N. Badham, R. Rafiq, R. Brough, A. Gulati, C.J. Ryan, J. Francis, P.B. Vermulen, A.
R. Reynolds, P.M. Reaper, J.R. Pollard, A. Ashworth, C.J. Lord, ATR inhibitors as a
synthetic lethal therapy for tumours deficient in ARID1A, Nat. Commun. 7 (2016)
13837, https://doi.org/10.1038/ncomms13837.

X. Lang, M.D. Green, W. Wang, J. Yu, J.E. Choi, L. Jiang, P. Liao, J. Zhou, Q. Zhang,
A. Dow, A.L. Saripalli, I. Kryczek, S. Wei, W. Szeliga, L. Vatan, E.M. Stone,

G. Georgiou, M. Cieslik, D.R. Wahl, M.A. Morgan, A.M. Chinnaiyan, T.S. Lawrence,
W. Zou, Radiotherapy and Immunotherapy Promote Tumoral Lipid Oxidation and
Ferroptosis via Synergistic Repression of SLC7A11, Cancer Discov. 9 (12) (2019)
1673-1685, https://doi.org/10.1158/2159-8290.Cd-19-0338.

H. Ogiwara, K. Takahashi, M. Sasaki, T. Kuroda, H. Yoshida, R. Watanabe, A.
Maruyama, H. Makinoshima, F. Chiwaki, H. Sasaki, T. Kato, A. Okamoto, T. Kohno,
Targeting the Vulnerability of Glutathione Metabolism in ARID1A-Deficient
Cancers, Cancer Cell. 35(2) (2019) 177-190.e8 10.1016/j.ccell.2018.12.009.
M.R. Middleton, E. Dean, T.R.J. Evans, G.I. Shapiro, J. Pollard, B.S. Hendriks, M.
Falk, I. Diaz-Padilla, R. Plummer, Phase 1 study of the ATR inhibitor berzosertib
(formerly M6620, VX-970) combined with gemcitabine =+ cisplatin in patients with
advanced solid tumours, British Journal of Cancer (2021) 10.1038/541416-021-
01405-x.

G.1. Shapiro, R. Wesolowski, C. Devoe, S. Lord, J. Pollard, B.S. Hendriks, M. Falk,
1. Diaz-Padilla, R. Plummer, T.A. Yap, Phase 1 study of the ATR inhibitor
berzosertib in combination with cisplatin in patients with advanced solid tumours,
Br. J. Cancer 125 (4) (2021) 520-527, https://doi.org/10.1038/s41416-021-
01406-w.

E.A. Eisenhauer, P. Therasse, J. Bogaerts, L.H. Schwartz, D. Sargent, R. Ford, J.
Dancey, S. Arbuck, S. Gwyther, M. Mooney, L. Rubinstein, L. Shankar, L. Dodd, R.
Kaplan, D. Lacombe, J. Verweij, New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1), Eur J Cancer 45(2) (2009) 228-47
10.1016/j.ejca.2008.10.026.

J. Pollard P. Reaper A. Peek S. Hughes S. Gladwell J. Jones P. Chiu M. Wood C.
Tolman M. Johnson P. Littlewood M. Penney K. McDermott B. Hare S.Z. Fields M.
Asmal B. O’Carrigan T.A. Yap Abstract 3717: Defining optimal dose schedules for
ATR inhibitors in combination with DNA damaging drugs: Informing clinical
studies of VX-970, the first-in-class ATR inhibitor Cancer Res 76 14 Supplement
2016 3717 3717 10.1158/1538-7445.Am2016-3717.

26

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Lung Cancer 163 (2022) 19-26

MedDRA, Medical Dictionary for Regulatory Activities Version 21.0, 2018. https://
admin.new.meddra.org/sites/default/files/guidance/file/dist _file_ format 21_0_en
glish.pdf.

NCI, Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0, 2009.
https://evs.nci.nih.gov/ftpl /CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05
-29_QuickReference_8.5x11.pdf.

C.J. Clopper, E.S. Pearson, The Use of Confidence or Fiducial Limits Illustrated in
the Case of the Binomial, Biometrika 26 (4) (1934) 404-413, https://doi.org/
10.1093/biomet/26.4.404.

C. Medpace Bioanalytical Laboratories, OH, USA., Validation of an LC/MS/MS
Bioanalytical Method for the Determination of VX-970 Concentration in Human
K2EDTA Plasma, MBL Study No. MBL13206, Report No. RPT13206 and Report
Amendment No’s RPT13206-1, 1A and RPT13206-2, 2A.

Foundation Medicine, FoundationOne®CDx Technical Information. https://www.
accessdata.fda.gov/cdrh_docs/pdf17/P170019S006C.pdf. (Accessed 27 January
2021).

FDA, FoundationFocus CDxBRCA LOH - P160018/S001, 2018. https://www.fda.
gov/medical-devices/recently-approved-devices/foundationfocus-cdxbrca-loh-p1
60018s001. (Accessed 27 January 2021).

N. Terranova, M. Jansen, M. Falk, B.S. Hendriks, Population pharmacokinetics of
ATR inhibitor berzosertib in phase I studies for different cancer types, Cancer
Chemother. Pharmacol. 87 (2) (2021) 185-196, https://doi.org/10.1007/500280-
020-04184-z.

L.M.F. Primo, L.K. Teixeira, DNA replication stress: oncogenes in the spotlight,
Genet Mol Biol 43(1 suppl 1) (2019) €20190138 10.1590/1678-4685GMB-2019-
0138.

S.A. Hills, J.F. Diffley, DNA replication and oncogene-induced replicative stress,
Curr. Biol. 24 (10) (2014) R435-R444, https://doi.org/10.1016/].
cub.2014.04.012.

V. Abkevich, K.M. Timms, B.T. Hennessy, J. Potter, M.S. Carey, L.A. Meyer,

K. Smith-McCune, R. Broaddus, K.H. Lu, J. Chen, T.V. Tran, D. Williams, D. Iliev,
S. Jammulapati, L.M. FitzGerald, T. Krivak, J.A. DeLoia, A. Gutin, G.B. Mills, J.
S. Lanchbury, Patterns of genomic loss of heterozygosity predict homologous
recombination repair defects in epithelial ovarian cancer, Br. J. Cancer 107 (10)
(2012) 1776-1782, https://doi.org/10.1038/bjc.2012.451.

C.E. Steuer, S.S. Ramalingam, Tumor mutation burden: leading immunotherapy to
the era of precision medicine? J. Clin. Oncol. 36 (7) (2018) 631-632, https://doi.
org/10.1200/JC0O.2017.76.8770.

J. Deng, A. Thennavan, I. Dolgalev, T. Chen, J. Li, A. Marzio, J.T. Poirier, D.

H. Peng, M. Bulatovic, S. Mukhopadhyay, H. Silver, E. Papadopoulos, V. Pyon,
C. Thakurdin, H. Han, F. Li, S. Li, H. Ding, H. Hu, Y. Pan, V. Weerasekara, B. Jiang,
E.S. Wang, I. Ahearn, M. Philips, T. Papagiannakopoulos, A. Tsirigos,

E. Rothenberg, J. Gainor, G.J. Freeman, C.M. Rudin, N.S. Gray, P.S. Hammerman,
M. Pagano, J.V. Heymach, C.M. Perou, N. Bardeesy, K.-K. Wong, ULK1 inhibition
overcomes compromised antigen presentation and restores antitumor immunity in
LKB1-mutant lung cancer, Nature Cancer 2 (5) (2021) 503-514, https://doi.org/
10.1038/543018-021-00208-6.

J.Y. Kim, A. Kronbichler, M. Eisenhut, S.H. Hong, H.J. van der Vliet, J. Kang, J.
L. Shin, G. Gamerith, Tumor mutational burden and efficacy of immune checkpoint
inhibitors: a systematic review and meta-analysis, Cancers (Basel) 11 (11) (2019).
J. Hu, S. Zhang, K. You, L. Chen, P. Zhang, J. Shi, M. Yao, M. Wang, K. Wang,
Abstract 3548: Loss of heterozygosity (LOH) as a candidate biomarker of PARP
inhibitor sensitivity in Chinese solid tumor patients, Cancer Res. 80 (16
Supplement) (2020).

P. Vikas, N. Borcherding, A. Chennamadhavuni, R. Garje, Therapeutic Potential of
Combining PARP Inhibitor and Immunotherapy in Solid Tumors, Front. Oncol. 10
(2020) 570, https://doi.org/10.3389/fonc.2020.00570.


https://doi.org/10.1038/nchembio.573
https://doi.org/10.1038/nchembio.573
https://doi.org/10.1038/nrc3711
https://doi.org/10.1038/nrc3711
https://doi.org/10.1155/2011/583929
https://doi.org/10.1158/2159-8290.CD-20-0868
https://doi.org/10.1158/2159-8290.CD-20-0868
https://doi.org/10.1158/0008-5472.CAN-20-1744
https://doi.org/10.1158/0008-5472.CAN-20-1744
https://doi.org/10.1038/ncomms13837
https://doi.org/10.1158/2159-8290.Cd-19-0338
https://doi.org/10.1038/s41416-021-01406-w
https://doi.org/10.1038/s41416-021-01406-w
https://admin.new.meddra.org/sites/default/files/guidance/file/dist_file_format_21_0_english.pdf
https://admin.new.meddra.org/sites/default/files/guidance/file/dist_file_format_21_0_english.pdf
https://admin.new.meddra.org/sites/default/files/guidance/file/dist_file_format_21_0_english.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://doi.org/10.1093/biomet/26.4.404
https://doi.org/10.1093/biomet/26.4.404
https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019S006C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019S006C.pdf
https://www.fda.gov/medical-devices/recently-approved-devices/foundationfocus-cdxbrca-loh-p160018s001
https://www.fda.gov/medical-devices/recently-approved-devices/foundationfocus-cdxbrca-loh-p160018s001
https://www.fda.gov/medical-devices/recently-approved-devices/foundationfocus-cdxbrca-loh-p160018s001
https://doi.org/10.1007/s00280-020-04184-z
https://doi.org/10.1007/s00280-020-04184-z
https://doi.org/10.1016/j.cub.2014.04.012
https://doi.org/10.1016/j.cub.2014.04.012
https://doi.org/10.1038/bjc.2012.451
https://doi.org/10.1200/JCO.2017.76.8770
https://doi.org/10.1200/JCO.2017.76.8770
https://doi.org/10.1038/s43018-021-00208-6
https://doi.org/10.1038/s43018-021-00208-6
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0190
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0190
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0190
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0195
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0195
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0195
http://refhub.elsevier.com/S0169-5002(21)00604-8/h0195
https://doi.org/10.3389/fonc.2020.00570

	A phase 1b study evaluating the safety and preliminary efficacy of berzosertib in combination with gemcitabine in patients  ...
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients
	2.3 Treatments
	2.4 Objectives
	2.5 Assessments and endpoints
	2.6 Statistical analysis

	3 Results
	3.1 Patient demographics and disposition
	3.2 Safety
	3.3 Efficacy
	3.4 Exploratory biomarker analyses
	3.5 Pharmacokinetics

	4 Discussion
	5 Conclusions
	Role of the funding source
	CRediT authorship contribution statement

	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


