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Abstract

PURPOSE—The multicenter, open-label, randomized phase 2 NCI-9944 study (NCT02595892)
demonstrated that addition of ATR inhibitor (ATRi) berzosertib to gemcitabine increased
progression-free survival (PFS) compared to gemcitabine alone (hazard ratio [HR]=0.57, one-
sided log-rank £=.044, which met the one-sided significance level of 0.1 used for sample size
calculation).

METHODS—We report here the final overall survival (OS) analysis and biomarker correlations
(ATM expression by immunohistochemistry, mutational signature 3 and a genomic biomarker
of replication stress) along with post-hoc exploratory analyses to adjust for crossover from
gemcitabine to gemcitabine/berzosertib.

RESULTS—A the data cutoff of January 27, 2023 (>30 months of additional follow-up from

the primary analysis), median OS was 59.4 weeks with gemcitabine/berzosertib versus 43.0 weeks
with gemcitabine alone (HR 0.79, 90% CI 0.52 to 1.2, one-sided log-rank £=.18). An OS

benefit with addition of berzosertib to gemcitabine was suggested in patients stratified into the
platinum-free interval <3 months (N = 26) subgroup (HR, 0.48, 90% CI 0.22 to 1.01, one-sided
log-rank £=.04) and in patients with ATM-negative/low (N = 24) tumors (HR, 0.50, 90% CI 0.23
to 1.08, one-sided log-rank A= .06).

CONCLUSION—The results of this follow-up analysis continue to support the promise of
combined gemcitabine/ATRIi therapy in platinum resistant ovarian cancer, an active area of
investigation with several ongoing clinical trials.

INTRODUCTION

Management of platinum-resistant ovarian cancer (PROC) remains a significant unmet
medical need.! Weekly (once weekly, either 2 weeks on/1 week off or 3 weeks on/1

week off) gemcitabine has demonstrated similar activity as pegylated liposomal doxorubicin
in two randomized phase 11 studies in PROC and constitutes a standard chemotherapy
regimen in this setting.2~* Given that gemcitabine induces replication stress (RS) and
dependence on the ATR-mediated RS response, and on the basis of preclinical studies
showing synergistic antitumor activity for the combination of gemcitabine and the ATR
inhibitor (ATRI) berzosertib, a randomized phase 11 (RP2) study of gemcitabine/berzosertib
versus gemcitabine alone was conducted in patients with recurrent, platinum-resistant
high-grade serous ovarian cancer (HGSOC), a histologic subtype that is enriched for
genomic alterations associated with increased RS.%~" This trial demonstrated that addition
of berzosertib to gemcitabine increased progression-free survival (PFS) compared with

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.
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gemcitabine alone (hazard ratio [HR], 0.57; one-sided log-rank 2= .044, which met the one-
sided significance level of 0.1 used for sample size calculation).” Furthermore, a candidate
biomarker of response was identified whereby only patients with RS-low tumors (defined

as harboring no genomic RS alterations related to loss of retinoblastoma pathway regulation
and/or oncogene-induced RS) exhibited improved PFS with addition of berzosertib to
gemcitabine as opposed to patients with RS-high tumors (ie, tumors harboring =one of
these genomic alterations).8 Here, we report the final overall survival (OS) analysis and
biomarker correlations along with post hoc exploratory analyses to adjust for crossover from
gemcitabine to gemcitabine/berzosertib.

METHODS

In this multicenter, open-label, RP2 trial, sponsored by the National Cancer Institute
(NCI-9944 study), patients with platinum-resistant HGSOC and unlimited previous lines

of cytotoxic therapy in the platinum-sensitive setting but not more than one line of cytotoxic
therapy in the platinum-resistant setting were randomly assigned 1:1 to gemcitabine/
berzosertib versus gemcitabine alone. Inclusion/exclusion criteria and procedures for this
study have been previously reported.” Random assignment was stratified on the basis of
platinum-free interval (PFI), PFI <3 months versus >3 months. Crossover from gemcitabine
to gemcitabine/berzosertib was allowed on disease progression by RECIST 1.1 at the
discretion of the investigators. The clinical trial was designed to have 80% power to detect
an improvement of median PFS (primary end point) from 15 weeks with gemcitabine

alone to 27.3 weeks with gemcitabine plus berzosertib (HR, 0.55) at a one-sided alpha

level of 0.1. OS was a secondary end point, and planned exploratory correlative studies
included assessment of DNA repair pathway deficiencies and RS alterations by targeted
gene sequencing and/or immunohistochemistry (IHC). The clinical trial was approved by
the NCI Central Institutional Review Board and the US Food and Drug Administration
(ClinicalTrials.gov identifier: NCT02595892); all patients provided written informed
consent.

The treatment effects on OS were compared with the intent-to-treat (ITT) log-rank test
(one-sided), and HRs were estimated by Cox models with robust standard errors used for
90% Cls. Patients who did not die at the data cutoff date were censored at the date of

last contact. Without accounting for selective crossover from the gemcitabine arm to the
gemcitabine/berzosertib arm on disease progression, the ITT can lead to underestimation of
OS benefit if the addition of berzosertib is effective. To adjust for crossover, we performed
some commonly used post hoc analyses: excluding crossover, censored at crossover (CXO),
time-varying covariate (TVC), and inverse probability of censor weighting (IPCW). For
patients who crossed over, the treatment variable was changed at their treatment switch
times (defined as 1 week after disease progression) using the TVC method and their OS
times were censored at the treatment switch times using the CXO and IPCW approaches.
The IPCW method uses a weighted Cox model to correct for selection bias from this
informative censoring at crossover. For patients assigned to gemcitabine, the stabilized time-
varying weights were calculated using Cox models for treatment switch times adjusted for
baseline Eastern Cooperative Oncology Group status and BRCA mutation status as well as
time-dependent progressive disease status using the ipwtm function in R package ipw.° For
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patients assigned to gemcitabine/berzosertib, the weights were set to one throughout follow-
up. All reported Pvalues were one-sided, and Pvalues < .1 were considered significant

for the OS analyses (as with the PFS analyses). The analysis used R version 4.2.2 (The R
Foundation for Statistical Computing).

Three biomarkers were correlated with OS: RS status, ATM expression, and mutational
signature 3 (Sig3).8 Tumors were defined as RS-high versus RS-low. RS-high tumors

were defined as having =one of the following alterations associated with RS: RB1 loss,
CDKNZA loss, CCNE1 amplification, KRAS amplification, MYC/MYCL1 amplification,
ERBBZ2amplification, and AVFZ mutations; RS-low tumors had none of these alterations.
The selection of genes included as RS alterations was based on alterations that are known
to be prevalent and drivers in HGSOC on the basis of large-scale genomic studies such as
the ovarian cancer The Cancer Genome Atlas data set and known to be associated with
increased RS.%:6:10 ATM expression was evaluated by IHC and was considered negative if
there was no nuclear ATM staining in the tumor cells (while stromal cells were positive),
low if nuclear ATM staining was present in <50% of tumor cells, and positive if 250%

of tumor cells exhibited nuclear ATM staining. Mutational Sig3 is characterized by a high
number of larger deletions (up to 50 bp) with overlapping microhomology at breakpoint
junctions. Sig3 has been proposed as a biomarker of homologous re-combination repair
(HRR) deficiency, reflecting the fact that deficient HRR leads to dependence on alternative
error-prone DNA repair mechanisms such as microhomology-mediated end joining, which
uses microhomology at rearrangement junctions to rejoin and repair DNA double-strand
breaks.11-13 The presence of Sig3 was detected using a previously developed and validated
computational tool called Signature Multivariate Analysis on the OncoPanel sequencing data
as previously described.14

RESULTS

Patients and Treatments

Seventy patients were randomly assigned to treatment with gemcitabine (36 patients) or
gemcitabine/berzosertib (34 patients); 15 (41.7%) patients from the gemcitabine arm crossed
over to gemcitabine/berzosertib on disease progression by RECIST 1.1 (Fig 1). Data cutoff
occurred on January 27, 2023 (>30 months of additional follow-up from the primary
analysis). The median (IQR) follow-up was 53.2 (25.6-106) weeks in the gemcitabine/
berzosertib arm and 43 (23.2-78.4) weeks in the gemcitabine-alone arm, and as of the
clinical cutoff date, there were 31/34 and 34/36 deaths/patients observed in the gemcitabine/
berzosertib and gemcitabine-alone arms, respectively.

Baseline characteristics and retrospective biomarker designations (RS biomarker, ATM
expression by IHC and the presence of mutational Sig311:14) were balanced between the
treatment groups (Table 1). Biomarker characteristics were also well balanced between
patients who did or did not cross over (Appendix Table Al).

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.
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OS Analysis, Biomarker Correlations, and Crossover Effect

The median OS in the ITT population was 59.4 (90% Cl, 33.7 to 86.6) weeks in the
gemcitabine/berzosertib group versus 43.0 (90% ClI, 34.4 to 67.9) weeks in the gemcitabine-
alone group (HR, 0.79 [90% ClI, 0.52 to 1.2]; one-sided £ =.18; Fig 2A). However, when the
patients who crossed over from gemcitabine to gemcitabine/berzosertib were excluded from
the analysis, an OS benefit was suggested with gemcitabine/berzosertib (HR, 0.60 [90% CI,
0.38 to 0.94]; one-sided P =.04; Fig 2B; a one-sided Pvalue < .1 was considered significant
for the OS analyses as with the PFS analyses). In patients stratified into the PFI <3 months
subgroup (n = 26), improved OS was suggested with gemcitabine/berzosertib both in the
ITT population (HR, 0.48 [90% ClI, 0.22 to 1.01]; one-sided P = .04; Fig 2C) and when the
patients who crossed over were excluded from the analysis HR, 0.26 (90% Cl, 0.11 to 0.62;
one-sided P=.009; Fig 2D). No OS benefit was observed in patients stratified into the PFI
>3 months subgroup (n = 44) in both the ITT population and when patients who crossed
over were excluded (Figs 2E and 2F).

Correlations of OS with the RS, ATM, and Sig3 biomarkers are presented in Figures

3-5, respectively. In patients with RS-low (n = 30) tumors (where a PFS advantage was
previously observed with gemcitabine/berzosertib over gemcitabine alone), there was no OS
benefit in the ITT population (HR, 0.77 [90% CI, 0.40 to 1.49; one-sided P=.25; Fig 3A);
however, an OS benefit was suggested in the RS-low sub-group when patients who crossed
over were excluded from the analysis (HR, 0.39 [90% CI, 0.19 to 0.82]; one-sided P=.03;
Fig 3B). No OS benefit was observed in patients with RS-high tumors (n = 27) in both the
ITT population and when patients who crossed over were excluded (Figs 3C and 3D). In
patients with ATM-negative/ ATM-low (n = 24) tumors by IHC, improved OS was suggested
with gemcitabine/berzosertib both in the ITT population (HR, 0.50 [90% ClI, 0.23 to 1.08];
one-sided P =.06) and when the patients who crossed over were excluded from the analysis
(HR, 0.32 [90% ClI, 0.14 to 0.73]; one-sided P=.02; Figs 4A and 4B). No OS benefit

was observed in ATM-positive (n = 36) tumors (Figs 4C and 4D). Finally, no OS benefit
was observed in the signature-3—positive or signature-3—negative populations, regardless of
whether patients who crossed over were included (Fig 5).

We had previously observed that patients with RS-high tumors treated with gemcitabine
alone exhibited significantly better PFS compared with patients with RS-low tumors (HR,
0.38 [90% ClI, 0.17 to 0.86]). Here, no OS benefit was observed in patients with RS-high

(n = 13) tumors treated with gemcitabine compared with patients with RS-low (n = 17)
tumors (HR, 0.66 [90% CI, 0.34 to 1.29]; one-sided P=.14; Appendix Fig A1A), but when
crossover patients were excluded, patients with RS-high tumors treated with gemcitabine
alone exhibited better OS compared with patients with RS-low tumors (HR, 0.35 [90% ClI,
0.16 to 0.77]; one-sided P=.02; Appendix Fig A1B).

Finally, Table 2 presents the summary of the statistical analyses of OS (HR of gemcitabine/
berzosertib vgemcitabine alone) in the overall population, the PFI <3 months, the ATM-
negative/ ATM-low, and RS-low subgroups, including additional post hoc analyses to adjust
for the treatment HRs in the presence of crossover, that is, censoring at crossover, TVC for
treatment exposure, and IPCW.

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.
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DISCUSSION

This follow-up analysis demonstrated that the PFS benefit previously observed with addition
of berzosertib to gemcitabine did not translate into an OS benefit. Although the study was
not powered for the secondary end point of OS, the lack of correlation between OS and

PFS in the overall population may be partly related to the fact that 41.7% of patients treated
with gemcitabine alone crossed over to gemcitabine/berzosertib on disease progression
(determined by RECIST 1.1), which was allowed by the study protocol at the discretion

of the investigators. To adjust for this selective crossover, we used several methodologies
that have been previously reported in oncology studies (Table 2), recognizing that all these
methods have limitations and that no single approach is methodologically superior or more
precise.1516 Several of these post hoc exploratory analyses demonstrated more favorable OS
HRs for gemcitabine/berzosertib.

Unlike the overall population, an OS benefit was suggested among patients stratified into the
PF1 <3 months subgroup (HR, 0.48 including patients who crossed over), which correlated
with the significant PFS benefit (HR, 0.29) observed in this subgroup in the primary
analysis. This finding is clinically relevant as the 3-month PFI cutoff, which was also used
in the stratified random assignment of the AURELIA study,1’ was recently recommended

at the sixth Gynecologic Cancer InterGroup ovarian cancer consensus conference as the
cutoff for defining platinum-resistant disease, that is, for selecting patients for a next line

of therapy that excludes platinum.1® These patients are enriched for more clinically and
biologically aggressive tumors, and their management remains an unmet medical need.

We previously observed that both ATM-negative/ATM-low and ATM-positive tumors
exhibited a PFS benefit from addition of berzosertib to gemcitabine (PFS HRs 0.39 and 0.45
respectively).8 Here, unlike PFS, an OS benefit from addition of berzosertib to gemcitabine
was suggested only in the ATM-negative/ATM-low tumors, which is consistent with the
well-described synthetic lethal interaction between ATM deficiency and ATR inhibition?®;
of note, the OS benefit in patients with ATM-negative/ATM-low tumors was observed even
when crossover patients were included in the analysis. These observations may reflect the
fact that early administration of the ATRi berzosertib (as opposed to administration at the
time of crossover) may be more important for ATM-negative/ATM-low than ATM-positive
tumors and/or may reflect the fact that administration of gemcitabine/berzosertib may affect
subsequent therapies more favorably in ATM-negative/ATM-low than in ATM-positive
tumors.

Consistent with our previous observation that patients with RS-high tumors had significantly
better PFS (HR, 0.38) on gemcitabine monotherapy (compared with patients with RS-

low tumors), this follow-up analysis suggested an OS benefit for patients with RS-high
tumors treated with gemcitabine monotherapy after excluding patients who crossed over

to gemcitabine/berzosertib (Appendix Fig A1B). The improved outcome of RS-high

tumors with gemcitabine monotherapy is not inconsistent with the mechanism of action

of gemcitabine, which increases RS (via incorporation of gemcitabine nucleotides into

the DNA and by inhibition of ribonucleotide reductase),20-21 potentially rendering RS-

high tumors more likely respond to this agent. Conversely, patients with RS-low tumors

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Konstantinopoulos et al.

(who respond poorly to gemcitabine alone) appear to derive benefit from the addition of
berzosertib to gemcitabine, in terms of both PFS (HR, 0.34, reported previously) and OS
(after adjusting for the crossover effect) as suggested in this follow-up analysis (Table 2).

Taken together, the results of this follow-up analysis continue to support the promise of
ATRI therapy in combination with gemcitabine in PROC. Although clinical development
of berzosertib has been discontinued (in favor of the oral ATRi M1774), this is a very
active area of investigation with several clinical trials currently evaluating gemcitabine

in combination with other ATRi s including ceralasertib (Clinical-Trials.gov identifier:
NCT03669601), camonsertib (ClinicalTrials.gov identifier: NCT04497116), elimusertib
(ClinicalTrials.gov identifier: NCT04616534), and ART0380 (ClinicalTrials.gov identifier:
NCT04657068).

DATA SHARING STATEMENT

Data generated during and/or analyzed during the current study are available from the
corresponding author on reasonable request.
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APPENDIX
A Gemcitabine
100 —
80 —
;\3 60 —
8 40 —
20 HR, 0.66 (90% Cl, 0.34-1.29)
One-sided log-rank P=.14
0 T T T T I I T T I I T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time (weeks)
Number at risk
(number censored)
RS-high 13(0) 13(0) 12(0) 9(0) 7(0) 6(0) 6(0) 5(0) 5(0) 4(0) 2(0) 2(0) 2(00 10
B Gemcitabine (no crossover)
100 —
80 —
§ 60 —
(72}
o 40
20 HR, 0.35 (90% ClI, 0.16-0.77)
One-sided log-rank P=.02
0 | T T T T | T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time (weeks)
Number at risk
(number censored)
RS-high 9(0) 9(0) 9(0) 7(0) 5(0) 4(0) 4(0) 3(0) 3(0) 2(0) 1(0) 10) 1(0) o0(0)
FIG Al.

OS in the gemcitabine arm by RS-low versus RS-high status: (A) all patients who
initiated protocol therapy and (B) after excluding patients who crossed over to gemcitabine/
berzosertib. HR, hazard ratio; OS, overall survival; RS, replication stress.

TABLE Al.
Biomarker Designations and Crossover
. . Gemcitabine Alone (n = 36), Did Not Cross Crossed Over, No.
Biomarker Characteristic No. (%) Over, No. (%) (%) P
RS biomarker
RS-low 17 (47) 9 (53) 8 (47) A7
RS-high 13 (36) 9 (69) 4 (31)

Unknown 6 (17)
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. . Gemcitabine Alone (n = 36), Did Not Cross Crossed Over, No.
Biomarker Characteristic No. (%) Over, No. (%) (%) P
Mutational signature 3
Negative 18 (50) 11 (61) 7(39) 1
Positive 12 (33) 7 (58) 5 (42)
Unknown 6 (17)
ATM expression by IHC
Negative/low 11 (31) 6 (55) 5 (45) 1
Positive 20 (56) 11 (55) 9 (45)
Unknown 5(14)
Abbreviations: IHC, immunohistochemistry; RS, replication stress.
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CONTEXT
Key Objective

The key objective of this follow-up analysis was to evaluate whether addition of ATR
inhibitor (ATRI) berzosertib to gemcitabine improves overall survival (OS) in platinum-
resistant ovarian cancer (PROC).

Knowledge Generated

This follow-up analysis demonstrated that the progression-free survival benefit
previously observed with addition of berzosertib to gemcitabine did not translate
into a significant OS benefit. However, an OS benefit with addition of berzosertib
to gemcitabine was observed in patients stratified into the platinum-free interval <3
months subgroup and in patients with ATM-negative/ATM-low tumors (assessed by
immunohistochemistry).

Relevance

The results of this follow-up analysis continue to support the promise of combined
gemcitabine/ATRi therapy in PROC, an active area of investigation with several ongoing
clinical trials.
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Patients assessed for eligibility (N = 88)

Excluded (n=18)
Did not meet eligibility criteria (n = 11)
Declined to participate (n=6)
Registration issue (n=1)

Patients randomly assigned (n = 70)

Received gemcitabine alone (n = 36) Received gemcitabine plus berzosertib (n = 34)

Received treatment (n = 36) Received treatment (n = 34)

Did not cross over (n=21) Died (n=31)

Died (n=21) Alive at their last-follow-up (n=2)

Crossed over to gemcitabine plus berzosertib (n = 15) Withdrew consent (n=1)
Died (n=13)
Alive at their last-follow-up (n=2)

Included in OS analysis (n =36) Included in OS analysis (n =34)

FIG 1.

CONSORT diagram of the study. OS, overall survival.
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FIG 2.
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B Overall (no cross over)
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D PFI <3 (no cross over)
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(number censored)
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F PFl >3-6 (no crossover)
100
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One-sided log-rank P= .37
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Time (weeks)
Number at risk
(number censored)
Gemcitabine + Berzo 21(0) 19(0) 15(1) 11(1) 8(1) 8(1) 6(1) 5(1) 4(1) 2(1) 2(1) 2(1) 1(1) 1)
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OS (A) of all patients who initiated protocol therapy and (B) after excluding patients who
crossed over to gemcitabine/berzosertib, (C) of all patients with a PFI of 3 months or

less who initiated protocol therapy and (D) after excluding patients who crossed over to
gemcitabine/berzosertib, and (E) of all patients with a PFI of more than 3 months to <6
months who initiated protocol therapy and (F) after excluding patients who crossed over to
gemcitabine/berzosertib. HR, hazard ratio; OS, overall survival; PFI, platinum-free interval.

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Konstantinopoulos et al.

A RS-Low
100

—— Gemcitabine + Berzo

80

—— Gemcitabine

60
40

0S (%)

20

HR, 0.77 (90% Cl, 0.40-1.49)
One-sided log-rank P= .25
0 T T T T T T T T T T T T 1

0 12 24 36 48 60 72 84 96 108 120 132 144 156

Time (weeks)
Number at risk
(number censored)
Gemcitabine + Berzo 13(0) 11(0) 10(0) 6(0) 6(0) 6(0) 6(0) 4(0) 3(0) 2(0) 2(0) 2(0) 1(0) 1(0)
Gemcitabine 17(0) 15(0) 12(0) 10(0) 10(0) 9(0) 5(0) 2(0) 1(0) 1(0) 1(0) 1(0) 1(0) 1(0)

C RS-High

—— Gemcitabine + Berzo
—— Gemcitabine

X 60
» i
8 4w

20 1 1R, 0.89 (90% CI, 0.46-1.73)
One-sided log-rank P= .39
0 T T T T T T T T T T 1

T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156

Time (weeks)
Number at risk
(number censored)
Gemcitabine + Berzo 14(0) 14(0) 12(1) 10(1) 7(1) 6(1) 5(1) 5(1) 5(1) 5(1) 4(1) 3(1) 2(1) 2(1)
Gemcitabine 13(0) 13(0) 12(0) 9(0) 7(0) 6(0) 6(0) 5(0) 5(0) 4(0) 2(0) 2(0) 2(0) 1(0)

FIG 3.
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Gemcitabine + Berzo 14(0) 14(0) 12(1) 10(1) 7(1) 6(1) 5(1) 5(1) 5(1) 5(1) 4(1) 3(1) 2(1) 2(1)
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OS (A) of all patients with RS-low tumors who initiated protocol therapy and (B) after
excluding patients who crossed over to gemcitabine/berzosertib and (C) of all patients with
RS-high tumors who initiated protocol therapy and (D) after excluding patients who crossed
over to gemcitabine/berzosertib. HR, hazard ratio; OS, overall survival; RS, replication

stress.

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Konstantinopoulos et al.

A

0S (%)

Number at risk

(number censored)
Gemcitabine + Berzo 13(0) 12(0) 10(1) 10(1) 8(1) 8(1) 7(1) 7(1) 5(1) 4(1) 3(1) 3(1) 3(1) 3(1)

Gemcitabine

Number at risk

(number censored)
Gemcitabine + Berzo 16(0) 15(0) 14(0) 9(0) 8(0) 7(0) 6(0) 5(0) 5(0) 4(0) 4(0) 3(0) 1(0) 1(0)

Gemcitabine

ATM-Negative/ATM-Low B

100 100

80 — Gemcitabine + Berzo 80
— Gemcitabine —_

60 X 60
(%2}

40 S 40

20 20

HR, 0.50 (90% Cl, 0.23-1.08)
One-sided log-rank P = .06

HR, 0.32 (90% Cl, 0.14-0.73)
One-sided
T

Page 16

ATM-Negative/ATM-Low (no crossover)

—— Gemcitabine + Berzo

— Gemcitabine

log-rank P=.02
T

0 T T T T T T T T T T T T 1 0
0 12 24 36 48 60 72 84 96 108 120 132 144 156

Time (weeks)
Number at risk

(number censored)

11(0) 9(0) 6(0) 5(0) 4(0) 4(0) 4(0) 2(0) 2(0) 1(0) 1(0) 1(0) 1(0) 1(0) Gemcitabine

ATM-Positive D
100 100
80 —— Gemcitabine + Berzo 80 o
—— Gemcitabine —_

60 X 60+
N «n N

40 o 4

20 1 HR, 0.8 (90% CI, 0.50-1.54) 20

One-sided log-rank P= .35
0 T T T T T T T T T T T T 1 0

0 12

7] HR, 0.67 (90% Cl, 0.34-1.33)
One-sided log-rank P=.16

T T T T T T T T T T 1
24 36 48 60 72 84 96 108 120 132 144 156

Time (weeks)

Gemcitabine + Berzo 13(0) 12(0) 10(1) 10(1) 8(1) 8(1) 7(1) 7(1) 5(1) 4(1) 3(1) 3(1) 3(1) 3(1)
6(0) 4(0) 3(0) 3(0) 2(0) 2(0) 2(0) 1(0) 1(0) 0(0) 0(0) 0(0) 0(0) 0(0)

ATM-Positive (no crossover)

—— Gemcitabine + Berzo
— Gemcitabine

1
T T T T T T T T T T T 1

0 12 24 36 48 60 72 84 96 108 120 132 144 156

Time (weeks)
Number at risk

(number censored)

20(0) 20(0) 15(0) 10(0) 9(0) 8(0) 5(0) 3(0) 2(0) 2(0) 2(0) 2(0) 2(0) 1(0) Gemcitabine

FIG 4.
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OS (A) of all patients with ATM-negative/ATM-low tumors who initiated protocol therapy
and (B) after excluding patients who crossed over to gemcitabine/berzosertib and (C) of all
patients with ATM-positive tumors who initiated protocol therapy and (D) after excluding
patients who crossed over to gemcitabine/berzosertib. HR, hazard ratio; OS, overall survival.
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with Sig3-negative tumors who initiated protocol therapy and (D) after excluding patients
who crossed over to gemcitabine/berzosertib. HR, hazard ratio; OS, overall survival; Sig3,

signature 3.

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



Page 18

Konstantinopoulos et al.

Author Manuscript

(v ¥T (9e) €1 ubIy-sy

(se) €T (p) LT M-Sy
Q_wv_‘_mrco_g S

(t2) L (19 umouun

(c9) 12 (69) 52 ON

(81)9 1) g SBA
sn1eIs uoneINW oy g

(T ve (S0 12 ON

(62) 0T (s2) 6 SOA
Adeltayy o1uaboibuenue snoinsid

(89) €2 (18) 62 ON

(ze) 11 (67) L SOA
J0uqIyul dHvd snolnsid

(ce) 11 (z2) 8 €2

(89) €2 (82) 82 €>
Saul| |10} SNoIA3Id

(c9) 12 (¥9) €2 9> 0 €<

(se) €T (9¢) €1 €S
Syuow ‘|eAssyul m.mm‘c.c._::_am_&

() v1T (6€) ¥T T

(65) 02 (19) 22 0
9003

(X4 (©)F4 umouun

9e (0o ueIsyY

(88) 0g (¥6) € ANUYM
3oey

(9%) "ON ‘(7€ = U) 0Z99N + BulqeldWweD (9%) "ON ‘(9€ = U) 8uo|y auIgeIdWaD ansiIsIdRIRYD [RIIUID

‘T31avl

Author Manuscript

SoNS1IBl0RIRYD JaXJRWOIg pue auljaseg

Author Manuscript Author Manuscript

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



Page 19

Konstantinopoulos et al.

‘Bururels N1V Jesjonu pangiyxa

$]189 JOWINY JO 940G J1 BAIISO pUR ‘S[[80 J0WNY JO 940G> Ul Jussaid sem BUIUIeIs A1V Jes|onu J1 MOJ ‘S|182 Jown) 8y} Ul BUIUIels 1Y Jesjonu ou Sem aiay) 41 aAIeBau paiapISu0d Sem Uoissaldxa WLV,

‘SUOINRJB)[R 8S3Y) JO BUOU PRy MO|-SY

‘suoIEINW I/ pue ‘uoneayljdure zgg/3 ‘uonedu|dwe I 7oA A/IAN ‘uonestjdwe Sty ‘uoneatidue ZINDD 'S0l YZNMGD 'S0l g suonelsife Buimoljoy au) Jo auoz pey siown ybiy-sy

q
Jojoey uonEOLIIENS,

'ssa.1s uolealjdal ‘Sy ‘asesswA|od (asoqu-day) Alod ‘dyvd ‘Ansiwaydoisiyounwiw ‘QH| ‘dnois ABojoduQ aAneladoo) uisiseq ‘903 SUoneIASIqY

Author Manuscript

(sT) S 1) S umouNsun

(zv) o1 (99) 0z aAISOd

(8¢) €1 (18) 11T Moj/enieBaN
OHI Aq uoissaidxe N1V

(T2) L (19 umouNun

(ze) 11 (g) 21 aAINISOd

(Lv) 91 (03) 81 anebaN
¢ ainjeubis [euoneIniy

(T2) L (19 umouNun

(9%) "ON ‘(7€ = U) 0Z99IN + dulqeldWwsD

(9%) "ON “(9€ = U) 3U0|V sUIgeNdWID)

ansII8IoRIRYD [BIIUND

Author Manuscript

Author Manuscript

Author Manuscript

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



Page 20

Konstantinopoulos et al.

‘9]ellen0d

Buikren-swin ‘DAL ‘ssans uonealjdal 'Sy ‘reassiul sals-winuneld ‘|4d ‘[BAIAINS [|BIBAO ‘SO ‘Jeail-01-1usiul ‘1 | | BunyBiam Josuso o Aljigeqold 8seAul ‘MO 18BA0SS0ID 18 PaIosuad ‘OX D SUOIBIABIGGY

Author Manuscript

(¥0'T 01€2°0) 670 MOdI

(80°'T 03 T€°0) 260 AL

(e€'1 01 22°0) 09°0 0X2

(28°0016T°0) 6£°0 JBA0SS0JD 3pN|oxX3

(67'T 0101°0) 2270 Ll MO|-SY

(22003 9T°0) ¥€°0 MOdI

(¢zT 01 62°0) 09°0 OAL

(96°0 03 6T°0) £7°0 0X2

(€001 ¥T°0) 280 1805019 9pNJIXT

(80°'T 03 €2°0) 05°0 LIl MOJ-NL/aAIeBau-IN 1Y

(02°00121°0) 62°0 MOdI

(12T 01 62°0) 65°0 AL

(€8°001€T°0) €€°0 0X2

(29001 TT°0) 92°0 JBA0SS0JD 3pN|oxX3

(To'T 01 22°0) 87°0 L1l sypuow €5 14d

(68003 ££°0) 85°0 MOdI

(02T 0165°0) 18°0 OAL

(STTO12°0) €L°0 0X2

(¥6°0 01 8£°0) 09°0 J9A0SS049 9pN[IXT

(02T 0125°0) 62°0 L1 11e19A0
3UO|Y dUIRHIWID) A q114850Z1ag/aulgqelowss) (1D 9%06) o11ey piezeH SO ABojopoyra N uone|ndod

‘¢31avl

Author Manuscript

Author Manuscript

SO J0 SIsAeuy [eansnels Jo Arewwnsg

Author Manuscript

JCO Precis Oncol. Author manuscript; available in PMC 2024 May 15.



	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	Patients and Treatments
	OS Analysis, Biomarker Correlations, and Crossover Effect

	DISCUSSION
	APPENDIX
	TABLE A1.
	References
	FIG 1.
	FIG 2.
	FIG 3.
	FIG 4.
	FIG 5.
	TABLE 1.
	TABLE 2.

