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Abstract

Purpose Bromodomain and extra-terminal domain (BET) inhibitors (BETi) have demonstrated epigenetic modulation
capabilities, specifically in transcriptional repression of oncogenic pathways. Preclinical assays suggest that BETi
potentially attenuates the PD1/PD-L1 immune checkpoint axis, supporting its combination with immunomodulatory
agents.

Patients and methods A Phase 1b clinical trial was conducted to elucidate the pharmacokinetic and
pharmacodynamic profiles of the BET inhibitor RO6870810 as monotherapy and in combination with the

PD-L1 antagonist atezolizumab in patients with advanced ovarian carcinomas and triple-negative breast cancer
(TNBC). Endpoints included maximum tolerated dosages, adverse event profiling, pharmacokinetic evaluations,
and antitumor activity. Pharmacodynamic and immunomodulatory effects were assessed in tumor tissue (by
immunohistochemistry and RNA-seq) and in peripheral blood (by flow cytometry and cytokine analysis).

Results The study was terminated prematurely due to a pronounced incidence of immune-related adverse effects

in patients receiving combination of RO6870810 and atezolizumab. Antitumor activity was limited to 2 patients
(5.6%) showing partial response. Although target engagement was confirmed by established BETi pharmacodynamic
markers in both blood and tumor samples, BETi failed to markedly decrease tumor PD-L1 expression and had a
suppressive effect on antitumor immunity. Immune effector activation in tumor tissue was solely observed with the
atezolizumab combination, aligning with this checkpoint inhibitor’s recognized biological effects.
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Conclusions The combination of BET inhibitor RO6870810 with the checkpoint inhibitor atezolizumab presents
an unfavorable risk-benefit profile for ovarian cancer and TNBC (triple-negative breast cancer) patients due to the
increased risk of augmented or exaggerated immune reactions, without evidence for synergistic antitumor effects.

Trial registration ClinicalTrials.gov ID NCT03292172; Registration Date: 2017-09-25.
Keywords Bromodomain, BET inhibitor, Immunotherapy, Phase Ib solid tumors, TNBC, Ovarian cancer

Background

Epigenetic modifications are fundamental in guiding
gene expression patterns, and alterations in these modi-
fications are frequently associated with the onset of
various malignancies [1]. One prominent mechanism of
epigenetic regulation is the reversible acetylation of his-
tones, which allows for dynamic gene expression modu-
lation in response to various stimuli. At the heart of this
process is the Bromodomain and extra-terminal domain
(BET) protein family, which includes BRD2, BRD3, and
BRD4, and the testis-specific BRDT. Serving as epigen-
etic “readers’, these proteins specifically identify and bind
to acetylated histones [2].

Recently, the therapeutic promise of BET protein inhi-
bition has emerged, leading to the development of small
molecule BET inhibitors (BETi), such as JQ1, which act
by binding the bromodomains of BET proteins, inhibiting
their chromatin association and thereby modulating gene
expression [3, 4]. RO6870810 (also known as RG6146 or
TEN-010) is a novel non-covalent BET inhibitor designed
to overcome the limitations of JQ1, such as low solubil-
ity and metabolic instability, while maintaining biologic
activity and efficacy [5]. It shares the thienodiazepine
scaffold with JQ1 and shows high affinity for the acetyl-
lysine recognition pocket of BET bromodomains, includ-
ing BRD4, BRD3, BRD2, and BRDT [6].

BRD4, a primary target of RO6870810, is a universal
gene transcription regulator [7]. It has been linked to the
upregulation of oncogenes like MYC, BCL2, CDK®6, and
FOSL1 [8, 9, 10, 11]. Notably, BRD4 preferentially binds
to super-enhancers, which are vast regulatory regions
known for controlling genes necessitating high expres-
sion levels [12, 13]. While the sensitivity to BETi isn't
solely dictated by super-enhancers [7, 14], genes adjacent
to these regions may be linked to BRD4 inhibition.

In hematological malignancies, particularly those with
MYC and BCL2 overexpression due to super-enhancer-
driven transcriptional control, BETi has shown moder-
ate success [15, 16]. Accumulating evidence also suggests
potential BETi susceptibility in solid tumors, like triple-
negative breast cancer (TNBC) and advanced ovarian
cancer, which presently need effective treatments. Nota-
bly, BRD4 amplification has been documented in these
cancers [17], and MYC amplification is prevalent in
recurring ovarian tumors [18]. Furthermore, BET pro-
teins’ roles in immune function have potential utility in

cancer therapy. While early research highlighted JQ1’s
ability to suppress immune regulators in various tumor
models [19, 20, 21], newer preclinical studies showcase
BETi’s diverse impacts on immune cell subtypes and
activation.

The safety and efficacy of the BET inhibitor RO6870810
combined with venetoclax and rituximab were previously
investigated for the treatment of relapsed or refractory
diffuse large B-cell lymphoma [16]. In this phase 1b trial
involving 39 patients, the combination therapy showed
tolerability with manageable toxicities. Dose-limiting
toxicities included neutropenia, diarrhea, and hyperbili-
rubinemia. The maximum tolerated dose (MTD) for the
combination of RO6870810 and venetoclax was estab-
lished at 0.65 mg/kg for RO6870810 and 600 mg for
venetoclax. For the triple combination of RO6870810,
venetoclax, and rituximab, the MTDs were 0.45 mg/
kg, 600 mg, and 375 mg/m’, respectively. The combina-
tion showed promising antitumor activity with an overall
response rate of 38.5% and complete responses in 20.5%
of patients.

Another phase 1b trial was conducted to determine the
maximum tolerated dose (MTD) and optimal biologi-
cal dose (OBD) of RO6870810 monotherapy in patients
with advanced multiple myeloma [22]. Though phar-
macodynamic results indicated the on-target effects
of RO6870810, clinical responses were infrequent and,
when present, transient. These findings align with the
preliminary activity noted for RO6870810 in an earlier
first-in-human dose-escalation study. There, objective
response rates (ORRs) stood at 25% (2/8) for nuclear pro-
tein of the testis carcinoma (NUT carcinoma), 2% (1/47)
for other solid tumors, and 11% (2/19) for diffuse large
B-cell lymphoma (DLBCL) [6].

In a study by Roboz G.J. et al. [23], 32 patients with
relapsed/refractory acute myeloid leukemia and hypo-
methylating agent-refractory myelodysplastic syn-
drome were treated with RO6870810 monotherapy [23].
Significant reductions in circulating CD11b+cells, a
known pharmacodynamic marker of BET inhibition,
were observed at RO6870810 concentrations exceeding
120 ng/mL. Most side effects were mild, and there were
no treatment-related fatalities. Although some patients
showed signs of stabilization or remission, the develop-
ment of RO6870810 as a standalone therapy was discon-
tinued due to its limited efficacy.
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The ability of BETi to inhibit the PD-1/PD-L1 immune
checkpoint pathway and bolster antitumor immunity
suggests that combining it with a checkpoint inhibitor
could yield improved clinical outcomes [24]. Support-
ing this notion, preclinical studies using a combination
of BETi with anti-PD-1 or anti-PD-L1 antibodies have
showcased synergistic antitumor effects in mouse mod-
els of lymphoma [20], melanoma [25], and non-small cell
lung cancer [26]. Yet, clinical evidence from such combi-
nation therapies remains unreported [24, 27].

In this study, we present findings from a phase 1b clini-
cal trial involving TNBC and ovarian cancer patients.
These patients received treatment with the BETi
RO6870810 as a monotherapy or in combination with
atezolizumab (Tecentriq), a humanized IgG1 monoclo-
nal antibody targeting PD-L1. Notably, atezolizumab has
secured approval for treating PD-L1 positive metastatic
TNBC [28]. Our study examines the potential antitu-
mor immune activation facilitated by both RO6870810
monotherapy and its combination with atezolizumab.
We offer a detailed biomarker analysis, highlighting
transcriptional alterations and immune modulation in
both tumor tissue and peripheral blood. This is the first
study to explore the effects of combining BET inhibition
with PD-L1 blockade to enhance therapeutic efficacy by
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targeting both the epigenetic regulation pathways and
immune checkpoint pathways simultaneously.

Methods

Study design

We conducted a phase 1b, open-label, non-randomized
trial on patients with TNBC and advanced ovarian can-
cer. The study included patients aged 18 years and older,
with a median age of 53 years and a maximum age of 72
years. We explored two treatment strategies: (1) imme-
diate combination of RO6870810 administered subcu-
taneously, with intravenous atezolizumab (concomitant
regimen, Fig. la), and (2) an initial 21-day single-agent,
subcutaneous RO6870810 treatment, followed by its
combination with intravenous atezolizumab (sequential
regimen, Fig. 1b). The dose-escalation followed a classic
3+3 design with initially planned doses of 0.30 mg/kg,
0.45 mg/kg, and 0.65 mg/kg. The study had four groups.
Groups 1 and 2 focused on dose escalation for the con-
comitant and sequential treatments, respectively. Patients
in group 1 received a starting-dose of 0.30 mg/kg for 14
days administered subcutaneously on a 3-week schedule.
Once a cohort in group 1 was completed and deemed
safe, group 2 began the 21-day run-in period, during
which RO6870810 monotherapy was administered to
a minimum of 3 participants. Participants enrolled in
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Fig. 1 Schematic Overview of Study Treatment Regimens and Pharmacodynamic Biomarker Collection: RO6870810 administered at doses of 0.30 mg/
kg, 0.45 mg/kg, and 0.65 mg/kg daily for 14 days, and atezolizumab given at 1200 mg intravenously on Day 1 of each 21-day cycle. A. The concomitant
regimen involved patients receiving a combination of RO6870810 and atezolizumab from initiation. Tumor biopsies for RNA-sequencing and immuno-
histochemistry (IHC) were taken at baseline (Cycle 1 Day 1 [C1 D1]) and post-first cycle (Cycle 1 Day 21 [C1 D21]), indicated by purple arrows. Peripheral
blood samples for flow cytometry and cytokine profiling, shown by red arrows, were collected on days 1, 8, 15, and 21. This regimen was applied to
patients in the dose escalation and both expansion cohorts. B. To evaluate the impact of RO6870810 as a single agent, an alternative group followed a
sequential regimen, starting with RO6870810 alone in a run-in cycle before transitioning to combined treatment with atezolizumab. Tumor biopsies were
performed at the run-in start (Run-in Day 1 [RI D1]), post-run-in cycle (Run-In Day 21 [RI D21]), and after the initial cycle of combination therapy (C1 D21).
Peripheral blood sampling occurred on the same days during the run-in and the first combination treatment cycle, facilitating a comprehensive analysis
of treatment-induced changes
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group 2 initially received RO6870810 as monotherapy
during the first 14 days of a 21-day run-in period, start-
ing at a dose of 0.30 mg/kg. Patients in the same dose
level were treated simultaneously. Following the run-in
period, participants continued to receive RO6870810
at the same dose in combination with 1200 mg atezoli-
zumab in 21-day cycles. In the expansion phase, Cohorts
3 and 4 further investigated the concomitant regime for
TNBC and ovarian cancer patients, using the optimal
dose determined in Cohort 1.

The study primarily aimed to ascertain the maximum
tolerated dose (MTD) or maximum administered dose
(MDA) of RO6870810 both as a standalone treatment
and in combination with atezolizumab, by monitoring
dose-limiting side effects and ongoing safety. The expan-
sion groups enabled us to gauge the early clinical efficacy
of RO6870810 when paired with atezolizumab. Addition-
ally, understanding the immune modulation profiles of
RO6870810, both as monotherapy and when combined
with PD-L1 inhibition, was a goal for this study.

Objective responses were assessed by investiga-
tors according to RECIST v1.1 and Immune Modified
RECIST criteria. The grading of all adverse events (AEs)
was based on the National Cancer Institute Common
Toxicity Criteria for Adverse Events (NCI CTCAE) ver-
sion 4.03.

The study’s methodology, eligibility criteria, dosing
schedules, and safety protocols are detailed in the Sup-
plementary Methods. Further information is accessible
on ClinicalTrials.gov under trial ID NCT03292172 or via
this direct link: https://clinicaltrials.gov/study/NCT0329
2172.

Sample collection and analysis

Blood samples were collected at specified intervals for
biomarker analysis. Flow cytometry was conducted at
Covance Central Laboratory using established protocols.
Cytokine levels were measured using the ELLA method
by Microcoat Biotechnologie. Tumor biopsies were pro-
cessed for immunohistochemistry and bulk RNA-seq to
study gene expression and pathway activity. The detailed
methods, including sample preparation, analytical proce-
dures, and statistical analyses, are provided in the supple-
mentary methods section.

Results

Patient demographics and key clinical data

Dosing of RO6870810

The dosing rationale was based on pharmacokinetic pro-
file and tolerability of RO6870810 observed in patients
with NUT carcinoma, other solid tumors, and DLBCL
[6]. In this study, RO6870810 demonstrated overall tol-
erability across different indications except for a sin-
gle dose-limiting toxicity (DLT) of grade 3 cholestatic

Page 4 of 13

hepatitis observed in a patient with prostate cancer at
0.45 mg/kg on a 28-day schedule. This led to the expan-
sion of the cohort without additional DLTs and dose esca-
lation to 0.65 mg/kg. Although no DLTs were reported
at this level during cycle 1, treatment discontinuations
due to fatigue in cycle 2 prompted the exploration of a
14 of 21 days schedule. This 0.65 mg/kg dose was identi-
fied as the recommended phase 2 dose for solid tumors.
Similarly, in the study by Dickinson et al. [16], the maxi-
mum tolerated dose (MTD) for the combination of
RO6870810 and venetoclax was established at 0.65 mg/
kg for RO6870810 and 600 mg for venetoclax. For the
triple combination of RO6870810, venetoclax, and ritux-
imab, the MTDs were determined to be 0.45 mg/kg for
RO6870810, 600 mg for venetoclax, and 375 mg/m? for
rituximab.

Based on the safety profile and pharmacodynamic (PD)
effects observed, a starting dose of 0.3 mg/kg for 14 days
on a 3-week schedule was selected as appropriate for
the initial dose cohort of both groups. This dosage was
anticipated to provide significant target PD effects while
maintaining a tolerable safety profile. This strategy aimed
to optimize the therapeutic potential of RO6870810 in
combination with atezolizumab for the patient popula-
tion in this study.

Participants

Thirty-six (36) patients with metastatic advanced ovar-
ian cancer (n=29) or triple negative breast cancer (n=7)
were included and received at least one dose of study
drug in this open-label, dose finding and expansion phase
1 study. The total of 36 safety evaluable patients were
enrolled in Denmark (8 patients), Canada (10 patients),
the US (15 patients), and Australia (3 patients). Details of
the groups and cohorts and their dosages are provided in
Table 1.

Twenty-seven patients were included in the dose esca-
lation part (groups 1 and 2) and 9 patients were treated
in the expansion phase at the recommended phase
2 dose of 0.45 mg/kg. The median age of all enrolled
female patients was 53 years (range: 34—72 years) with
22 patients (61.1%) showing an ECOG score of 1, and 14
patients (38.9%) an ECOG score of 0.

All 36 enrolled patients discontinued the study treat-
ment; the primary reasons for treatment discontinuation
were progressive disease (21 patients [58.3%]) and AEs (8
patients [22.2%]). Of the 36 patients enrolled, 29 patients
discontinued, and 7 patients completed the study. The
primary reasons for study discontinuation were death
(12 patients [33.3%]), followed by a reason of “other” (7
patients [19.4%]). Further reasons of study discontinua-
tion were withdrawal by the patient (6 patients [16.7%],
progressive disease and study terminated by Sponsor (2
patients [5.6%]).
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Table 1 Study patients, by group
GROUP 1 GROUP 2 GROUP3 GROUP4 Total
Cohort 1 Cohort 2 Cohort 3 Cohort 1! Cohort 2! Expn Expn
(RO6870810 (RO6870810 (RO6870810 (run-in with RO6870810 (run-in with Group Group
0.30 mg/kg) 0.45 mg/kg) 0.65 mg/kg) 0.30 mg/kg) sc RO6870810 TNBC oC
sc+ 1200 mg sc+1200 mg sc+1200 mg THEN 0.45 mg/kg) sc
Atezolizumab i.v. Atezolizumab iv. Atezolizumabiv. (RO6870810 THEN
0.30 mg/kg) sc+ 1200 mg (RO6870810
Atezolizumab i.v. 0.45 mg/kq)
sc+1200 mg
Atezolizumab i.v.
4 7 6 4 6 3 6 36

Expn=Expansion; OC=ovarian cancer; TNBC=triple negative breast cancer

Safety

The study was terminated prematurely because of fre-
quency and severity of adverse events (AEs) and an
unfavorable risk-benefit profile of the combination of
RO6870810 and atezolizumab. All participants (100%,
36/36) experienced at least one AE, with 97.2% (35/36)
reporting treatment-related AEs. A total of 473 AEs were
documented. Discontinuation due to AEs affected 22.2%
(8/36) of patients.

Grade>3 AEs were reported in 63.9% (23/36) of
patients, with serious adverse events (SAEs) occurring in
58.3% (21/36). Of these, treatment-related Grade>3 AEs
were observed in 41.7% (15/36) of patients, and treat-
ment-related SAEs in 33.3% (12/36). One dose-limiting
toxicity (DLT) was identified at dose level 3, attributed
to a Grade 3 systemic immune activation event in one
patient from Group 1, Cohort 3, at a dosage of 0.65 mg/
kg in combination with atezolizumab. This event, deemed
related to the study treatment, led to the discontinuation
of treatment for this patient.

Among the 21 patients (58.3%) who experienced SAEs,
a total of 35 SAEs were reported. SAEs occurring in
>5% of patients included systemic immune activation (4
patients [11.1%]), small intestinal obstruction (3 patients
[8.3%]), abdominal pain, chest pain, fatigue, and pyrexia
(each reported by 2 patients [5.6%]).

The system organ classes (SOCs) in which AEs were
experienced by >50% patients were: general disorders
and administration site conditions (35 patients [97.2%]),
gastrointestinal disorder (29 patients [80.6%]), metabo-
lism and nutrition disorder (23 patients [63.9%]), and
respiratory, thoracic and mediastinal disorders (19
patients [52.8%] each). The most frequently reported
AEs, affecting at least 30% of participants, included
fatigue and injection site reactions (66.7%, 24/36 for each
Preferred Term [PT]), diarrhea (50.0%, 18/36), nausea
(44.4%, 16/36), decreased appetite (41.7%, 15/36), pyrexia
(36.1%, 13/36), and vomiting (30.6%, 11/36). Adverse
events related to the study treatment and reported by
at least 30% of the patients included injection site reac-
tions—such as redness, pruritus, inflammation, and

pain—occurring at the site of subcutaneous administra-
tion of RO6870810, affecting 66.7% of patients (24 out of
36), along with fatigue in 52.8% (19 out of 36), diarrhea in
41.7% (15 out of 36), decreased appetite in 36.1% (13 out
of 36), and nausea in 33.3% (12 out of 36).

The study recorded 15 deaths (41.7%), with nine
deaths due to progressive disease and six deaths
(16.7%) reported during long-term follow-up where the
cause of death was unknown. None of the deaths were
treatment-related.

Although laboratory abnormalities were observed in
both hematological and clinical chemistry parameters,
these abnormalities were not deemed clinically signifi-
cant. Reported deaths were attributed to progressive dis-
ease or unknown causes, with no evidence of association
with the laboratory findings.

Efficacy

Response was measured according to RECIST over-
all response. Out of 31 evaluable patients, two patients
exhibited a partial response (PR), fifteen patients dem-
onstrated stable disease (SD), and fourteen patients
were classified with progressive disease (PD) as their
best objective response (Fig. 2). Further breakdown and
detailed analysis of patient responses across different
groups and cohorts are documented in Table 2.

The two partial responses were observed in Group
1, Cohort 1, which received a dosage of 0.3 mg/kg con-
currently, and in Group 1, Cohort 2, with a 0.45 mg/kg
concurrent dosage. Five patients were excluded from the
clinical response evaluation due to the absence of post-
baseline response data and were therefore categorized as
having progressive disease.

Pharmacodynamic effects for BETi biomarkers

Pharmacodynamic (PD) biomarkers for RO6870810 were
evaluated in peripheral blood and tumor tissue. BET
inhibitors are known to target peripheral blood mono-
cytes [29], which are critical determinants of cancer-asso-
ciated inflammation. A previous study with RO6870810
suggested that circulating monocyte levels in peripheral
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Fig.2 Changes in Target Lesion Size and Best Overall Response. Each bar represents the response of an individual patient, measured according to RECIST
overall response criteria. The y-axis corresponds to the maximum percentage change from baseline in sum of longest diameters (SLD) in target lesions.
Colors indicate the best overall response. Out of 36 patients, 31 were evaluable for clinical response. Two patients who exhibited a decrease in target le-
sion size were still classified as having progressive disease due to progression in non-target lesions or the appearance of new lesions

blood could serve as a potential biomarker for pharmaco-
dynamic effects [22]. We observed a significant decrease
in CD14+/CD11b + monocytes after the initial treatment
cycle, with the lowest counts between days 8 and 14 post-
treatment, followed by recovery by day 21 (Fig. 3A). This
pattern was consistent whether RO6870810 was given as
monotherapy (run-in cycle of the sequential regimen) or
combined with atezolizumab (cycle 1 of the concomitant
regimen). For the concomitant regimen, pharmacody-
namic biomarker data were available for only one cycle.
In the sequential regimen, where data extended to the
cycle following the run-in, a similar drop did not occur
in the subsequent cycle. This suggests that the predomi-
nant reduction in monocytes occurs exclusively during
the first cycle of RO6870810 treatment, independent of
atezolizumab.

We further investigated the expression of genes affected
by BET inhibitors (BETi) within the tumor tissue using
RNA sequencing (RNA-seq). The genes C180, CCR2,
MYC and HEXIMI are previously reported pharmaco-
dynamic markers of BETi in different settings [D27]. On
day 21, significant reductions in the levels of CCR2 and
CD180 were confirmed under both the concurrent regi-
men and the monotherapy initiation with RO6870810,
while MYC and HEXIM1I were not significantly affected
(Fig. 3B). The treatment also led to the downregulation
of the BRD4 super enhancer, alongside specific changes
in the expression of apoptotic and BCL2 family genes

(Fig. 3C). Notably, BCL2 and BCL2L1 were upregulated,
whereas IGLLS and IRF4 were downregulated. These
gene expression changes, particularly within the context
of apoptosis and lymphocyte regulation, underscore the
potential mechanisms through which RO6870810 exerts
its antitumor effects.

We also examined the changes in cellular subsets and
soluble biomarkers within peripheral blood as assessed
by flow cytometry and cytokine profiling. Besides the
decrease in CD14+/CD11b + monocytes discussed above,
no notable changes were observed for the run-in cycle
with RO6870810 alone. In contrast, early phases of the
combination therapy with atezolizumab were character-
ized by a transient reduction in circulating immune cells,
including CD4+and CD8+cells, CD16+CD56+NK
cells, CD19+B cells, and CD14+/CD11b+ monocytes
(Fig. 4A). The transient drop in circulating immune
cells, potentially due to margination and extravasation,
has been previously described for other immunothera-
peutic modalities involving T cell activation [30, 31].
Following this initial reduction in circulating immune
cells, there was an expansion of specific cell types, par-
ticularly CD16 + CD56 + NK cells and CD8+ T cells, but
not CD4+T cells (Fig. 4A). Consequently, the ratio of
CD4 +to CD8+T cells shifted towards a higher propor-
tion of cytotoxic cells in the later phase of the combina-
tion therapy (Fig. 4B).
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Table 2 Response according to RECIST best overall response, by group
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Responder is defined as any subject who exhibits a complete response or partial response. Missing response is assumed as a non-responder
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In the combination therapy with atezolizumab, the
concentration of sCD25, a soluble form of the IL-2
receptor alpha chain, showed a marked increase on day
15 post-treatment initiation, with levels remaining ele-
vated through day 21 (Fig. 4C). This elevation in sCD25
is indicative of T cell activation, suggesting enhanced
immune activation potentially conducive to antitumor
activity. Similarly, TNFaq, a critical cytokine in inflamma-
tion and immune regulation, exhibited a marked increase
on-treatment with a peak at day 15 (Fig. 4D). These
effects were not observed during the run-in cycle with
RO6870810 alone, suggesting that the immune-stimu-
lating effects in the combination therapy are driven by
atezolizumab.

We subsequently examined tumor tissue by RNA-seq
in order to explore immune gene and signature expres-
sion changes (Fig. 5). Consistent with the established
mechanism of action of the PD-L1 inhibitor atezoli-
zumab, we confirm up-regulation of immune effector
gene signatures in tumor tissues under the combination
therapy, including signatures associated with CD8+T
cell effector functions and antigen processing machinery.
In sharp contrast, the same immune effector signatures
were down-regulated in patients treated with BETi alone
(Fig. 5A).

These observations were confirmed at the level of indi-
vidual genes within those signatures (Fig. 5B). We found
marked increases in gene expression related to inflamma-
tion within the tumor microenvironment. For example,
genes related to T cell activation and infiltration, immune
surveillance, cytokine signaling, cell-mediated cytotox-
icity and the IFN-y response exhibited significant up-
regulation at day 21 under the combination therapy with
both treatment regimens, consistent with the induction
of a robust antitumor immune environment. In contrast,
a suppression of these genes and pathways was observed
during the BETi monotherapy run-in, aligning with a
more immunosuppressive tumor microenvironment
(Fig. 5B).

We further validated these findings using immuno-
histochemistry (IHC) data from tumor tissue samples.
Contrary to pre-clinical expectations that BET inhibition
would suppress PD-L1 expression and thereby enhance
antitumor immunity [20, 21, 32, 33], treatment with
RO6870810 did not reduce PD-L1 expression during the
monotherapy run-in phase. Additionally, RO6870810
failed to prevent the likely IFN-y-induced upregulation of
PD-L1 when combined with atezolizumab (Supplemen-
tary Fig. 1).

Discussion

This is the first study to clinically evaluate the combina-
tion of BET inhibition and immune checkpoint inhibi-
tion. Patients with advanced metastatic ovarian cancer



Marbach et al. BMC Cancer (2025) 25:500

Concomitant regimen

Page 8 of 13

Sequential regimen

| Cycle 1 | | Run-in | Cycle 1
Eo | : .
o —_ ! . d
o9 / ® == =)
o @ . . 7.
%_Q 0 —_— o °
8 £ 0 Y77 A -~ 7. S
gg ":’"" ® + /: Z N -~
-y =2 | N ) v N
ft'_ [ \ s v »
|
e}
~ X _2. )
)
)
8 3 s
NN NO® L6 N NN
Q Q N N2 Q Q N N2 Q Q N 42
N N Q Q N N Q Q N N Q <
o O N S N o O N
Treatment:
B Concomitant regimen Sequential regimen [_J RO6870810 mono therapy
_| C1D21 | I RI D21 I C1 D21 [ ] RO6870810 + atezolizumab
3 9 Patients with:
_?_EJ immune-related Adverse Event (irAE)
S % 2] g ® Systemic Immune Activation (SIA)
2o R L rt ? ® Partial Response (PR)
£5 1 ¢ . ® Other
= ] o ° p
s [} i e ° ° 2 - P aalgl
29 01T ¢ o L =% of e H eole
| ey *
o © o @ ® oo o ¢
o C % W
= Q@ il - o L
g é =11 o [@] ° ¢ ® o
£ .Q » T I
= % | @ °
g2 .
o
-3
T OO T OO S OO
QRN DT RN DY R
QO ANV N NN Q) N7 NN A AN
TP PL S P S S Py S =

Concomitant Sequential

Concomitant Sequential Tegimenll regilmen l
regimen regimen
Y | | | | iGLLs  Down Up
g BRD4 super-enhancer - -: ?(l,‘:l?lDZ -05 0 05
§ Apoptotic BCL2-family XBP1 Log2 fold-change
5_’)’ MYC targets ' . ' P BcL2 from baseline
MCL1 L
Q‘i‘ \O‘i‘ Q‘i‘ " BCL2L1 Significance
9 ” < BCL2L11 *P<0.05
PMAIP1 * P <0.01
Down Up N N N
92 12 42
Q O Q
FDR: 0.01 0.05 0.05 0.01 o I

Enrichment score

Fig. 3 (See legend on next page.)

and triple-negative breast cancer were treated with the
BET inhibitor RO6870810 and the PD-L1
atezolizumab following two alternative regimens, with

Despite the promising preclinical evidence suggesting
potential synergistic effects of combining BET inhibitors
with checkpoint inhibitors, our phase 1b study highlights

inhibitor

or without an RO6870810 monotherapy run-in phase.
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Fig. 3 Pharmacodynamic Responses of BET Inhibitor Biomarkers in Peripheral Blood and Tumor Tissue: A. Quantification of CD14+/CD11b+monocyte
populations in peripheral blood, illustrating changes from baseline (expressed as log2 fold-change from cycle onset) for individual patients (denoted as
points), with longitudinal data from the same individual linked. Patients lacking baseline or sequential samples are excluded. Color highlights patients
with partial response (purple), immune-mediated adverse events (orange), or systemic immune activation (red). Refer to (Fig. 1 for time point definitions.
Boxplots depict median (center line), quartiles (box limits), and variability (whiskers extend to 1.5x interquartile range). B. Tumor expression levels of es-
tablished BETi target genes, as determined by RNA-seq, indicating gene expression modifications (log2 fold-change) from the screening (pre-treatment)
sample. Exclusions apply for participants without screening or on-treatment samples. The same color coding as in Panel A is used. C. Gene signature
enrichment analysis reflecting BETi downstream effects, with heatmaps showcasing signature scores and gene expression alterations. Green and purple
denote significantly up- or down-regulated signatures, respectively, with red and blue highlighting individual gene expression shifts within significant

signatures. Asterisks indicate statistical significance. Time points align with those in Panel B

significant challenges and limitations associated with this
therapeutic strategy.

Although each agent has a manageable safety profile
when used alone, the combination of RO6870810 and
atezolizumab led to pronounced immune-related adverse
events (irAEs), necessitating premature study termina-
tion. The majority of patients experienced treatment-
related adverse events, with a substantial proportion
encountering severe (Grade>3) adverse events and seri-
ous adverse events (SAEs). Notably, systemic immune
activation (SIA) was a prominent SAE, underscoring the
potential for heightened immune responses when com-
bining these agents. These findings align with the known
immune-stimulatory effects of checkpoint inhibitors but
suggest that the addition of BET inhibition may exacer-
bate these responses, leading to an unfavorable risk-ben-
efit profile.

Pharmacodynamic analyses confirmed target engage-
ment by RO6870810, as evidenced by changes in estab-
lished BETi biomarkers in both peripheral blood and
tumor tissue. However, contrary to preclinical expecta-
tions, RO6870810 monotherapy did not significantly
decrease tumor PD-L1 expression and appeared to sup-
press antitumor immunity within the tumor microenvi-
ronment (TME). This immunosuppressive effect was only
reversed when RO6870810 was combined with atezoli-
zumab, which induced immune effector activation in the
TME. This highlights the pivotal role of atezolizumab
in stimulating antitumor immunity, consistent with its
known mechanism of action as a PD-L1 inhibitor.

The combination therapy also induced systemic
immune effects, evidenced by transient reductions in cir-
culating immune cells followed by their expansion, and
increased levels of soluble immune activation markers
such as sCD25 and TNFa. These systemic changes sug-
gest that while the combination can activate the immune
system, it may also predispose patients to severe irAEs.

The observed changes in both circulating immune cells
and soluble factors, following concomitant and sequen-
tial administration of the treatments, but not with the
monotherapy run-in phase using RO6870810 alone,
underscore the critical role of atezolizumab in eliciting
the potential antitumor immune response. Atezolizumab,
by enhancing immune activation and possibly improving

the recognition and elimination of tumor cells, emerges
as the primary driver behind the immune modulatory
effects observed, rather than RO6870810.

The antitumor activity observed in this study was
limited, with only two patients (5.6%) achieving partial
responses. With the limited number of patients and the
variability in doses and treatment regimens, establishing
a correlation between clinical outcomes and treatment
duration was not feasible. This modest efficacy, coupled
with the high incidence of severe irAEs, further supports
the conclusion that the combination of RO6870810 and
atezolizumab does not provide a favorable therapeutic
benefit for patients with advanced ovarian carcinomas
and TNBC.

The early termination of the study significantly
impacted the completion of planned pharmacodynamic
and biomarker analyses, while the small sample size
further constrained statistical power. These limitations
underscore the need for future investigations to focus on
safer dosing regimens and to evaluate combination treat-
ments with improved safety profiles.

This study underscores the complexity of translat-
ing preclinical findings into clinical success, particularly
when combining epigenetic modulators with immu-
notherapies. The anticipated synergy between the BET
inhibitor RO6870810 and the PD-L1 inhibitor atezoli-
zumab, as suggested by preclinical studies, was not
observed in our clinical trial. Several potential biologi-
cal and mechanistic barriers may explain this outcome.
First, RO6870810 was associated with a suppressive
effect on immune effector cells, evidenced by a decrease
in CD14+/CD11b + monocytes and immune gene signa-
tures in both the periphery and tumor. This suppression
likely impaired antitumor immune activation, reducing
the efficacy of the combination therapy. Second, con-
trary to preclinical expectations, RO6870810 did not sig-
nificantly alter PD-L1 expression in tumors, which was
a hypothesized mechanism to enhance atezolizumab’s
checkpoint blockade activity. Finally, the combination
therapy resulted in frequent immune-related adverse
events (irAEs), which may have overshadowed potential
clinical benefits by limiting patient tolerability and poten-
tially counteracting the intended antitumor immune
activation.
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Fig. 4 Assessment of Immune Modulation by Flow Cytometry and Cytokine Analyses: A. The variation in immune cell populations within peripheral
blood, as determined by flow cytometry. Color depicts the log2 fold-change from baseline at each defined time point (refer to Fig. 1 for time points). Red
indicates an increase, blue a decrease in cell population frequency, with significant alterations marked by an ‘X' (FDR corrected p-value <0.05). B. Change
from baseline in the CD4+/CD8+ cell ratio in peripheral blood, indicating shifts towards either T helper cells (positive values) or cytotoxic cells (negative
values). Continuous lines connect sequential time point samples from individual patients, highlighting specific cases of interest in color. Boxplots ag-
gregate data at each time point. C, D. Changes in soluble CD25 (sCD25) and TNFa levels from baseline in peripheral blood. The visualization follows the
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To advance the therapeutic potential of BETi and
effectively address the challenges inherent in immu-
notherapy combination trials, several future directions
warrant consideration. First, a deeper understanding of
the mechanisms underlying both primary and second-
ary resistance to single-agent immunotherapy is essen-
tial to rationally design combination therapies. Second,
the development of next-generation tumor models, for
example 3D cell cultures and patient-derived xenografts,
is essential for more accurately validating these therapies
before their clinical translation. Third, identifying predic-
tive biomarkers, including specific immune or epigen-
etic signatures, is vital for optimizing patient selection
and improving the success rates of combination trials.
Fourth, the creation of BET inhibitors and immunothera-
pies with improved safety profiles and enhanced mecha-
nistic synergy is critical for achieving potent antitumor
effects while minimizing toxicity. Additionally, a deeper
understanding of the context-dependent effects of these
agents on immune modulation is necessary. Beyond pre-
clinical studies, reverse translation analyses that leverage
the expanding biomarker data from immunotherapy tri-
als present an opportunity to address some of these chal-
lenges. Together, these efforts could provide a pathway to
overcoming the obstacles identified in this study and the
broader immunotherapy landscape.

Conclusions

This study represents the first clinical evaluation of com-
bining BET inhibition with immune checkpoint inhibi-
tion in patients with advanced ovarian carcinomas and
TNBC. Despite promising preclinical evidence, the com-
bination of the BET inhibitor RO6870810 and the PD-L1
inhibitor atezolizumab did not demonstrate significant
therapeutic benefit and was associated with pronounced
immune-related adverse events, leading to premature
study termination. Biomarker analysis revealed that while
atezolizumab effectively stimulated antitumor immu-
nity, RO6870810 did not significantly modulate PD-L1
expression or enhance immune activation, and instead,
appeared to suppress immune effector cells. The limited
antitumor activity observed, coupled with a high inci-
dence of severe adverse events, suggests that this com-
bination does not offer a favorable therapeutic benefit
for the studied patient population. These findings high-
light the critical need for thorough preclinical evalua-
tion of combination strategies prior to clinical trials, as
well as the continued exploration of innovative therapies
to improve outcomes for patients with these challenging
malignancies.
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