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Epigenetic regulation involves more than 800 epigenetic
enzymes that act at multiple levels in an orchestrated fashion
to regulate gene expression. These can be grouped schemati-
cally into four categories: writers, readers, erasers, and shapers.
The Bromodomain Extra-Terminal (BET) family of readers,
which includes BRD2, BRD3, BRD4, and BRDT, recognize acety-
lated lysine on histones—a mark associated with active tran-
scription at promotors, enhancers, and super-enhancers—and
recruit transcription factors (1). BET proteins play an important
role in cancer, notably by promoting aberrant expression of
MYC or other oncogenes, or throughout oncogenic rearrange-
ments, such as the BRD4-NUMT1 translocation, which drive
NUT-midline carcinoma (NMC), an extremely aggressive undif-
ferentiated squamous cell carcinoma (2-4).

Over the last few years, the development of clinical-grade
small molecule BET inhibitors (BETi) has generated great enthu-
siasm, with the perspective of “drugging the undruggable,”
Following very encouraging initial preclinical activity in MYC-
driven diseases and clinical activity in NMC (5,6), multiple BETi
have been developed, which differ by their chemical character-
istics (notably affinity toward certain bromodomains and mono
versus bivalent BETi [1,7]).

Here, Piha-Paul et al. report the results of the phase I dose-
escalation study of molibresib (GSK525762) in 65 patients with
NMC and other solid tumors (8). Once-daily molibresib was tol-
erated at doses demonstrating target engagement, and 80 mg
once daily was selected as the recommended phase II dose.
Consistent with known class effects of BETi, most frequent ad-
verse events were hematological toxicities (mostly thrombo-
cytopenia), gastrointestinal toxicities, and fatigue. Nineteen
patients with NMC were enrolled, representing the largest
NMC prospective series enrolled in a BETi phase I trial so far
(Table 1). Among those, four patients (22%) experienced a par-
tial response (PR), two of which were confirmed. No confirmed
response was observed among the 46 patients with other
tumor types.

With more than 15 clinical-grade BETi in early phase devel-
opment, what can we learn from the results of the molibresib
phase I trial? Unsurprisingly, antitumor efficacy was observed
almost exclusively in NMC, providing the proof-of-concept for
molibresib on-target activity. Interestingly, all four NMC who
remained on treatment longer than 6 months had nonthoracic
primary tumors, and three of four patients who presented PR
had tumors harboring the BRD3-NUTM1 fusion; the limited size
of the series precluded from correlating fusion gene status with
treatment duration. BETi antitumor activity has been observed
in NMC patients with both BRD4-NUT and the less common
non-BRD4-NUT fusions, such as BRD3-NUT and NSD3-NUT
fusions. For example, responses to birabresib were mostly ob-
served in patients with BRD4-NUT fusions (5,9), whereas the pa-
tient who presented tumor shrinkage and 9-month clinical
benefit on BMS-986158 had a BRD3-NUT fusion (10). It is note-
worthy that the novel prognostic classification for NMC that is
described in an accompanying article of this JNCI Cancer
Spectrum issue reports that, among nonthoracic primaries, non-
BRD4-NUT fusions are associated with improved outcome (11).
Whether NMC harboring non-BRD4-NUT fusions have a distinct
biology and are more likely to be sensitive to certain BETi
deserves further exploration.

The original work that established the efficacy of BETi in
NMC preclinical models showed that JQ1 could displace BRD4-
NUT from chromatin, resulting in phenotypic squamous cell
differentiation and growth arrest (6). Although a similar process
seems to operate in human tumors, as suggested by histopatho-
logical changes observed in a posttreatment biopsy of one of
the first responding tumors (5), additional mechanisms may oc-
cur. Indeed, most responses to BETi in NMC are rapid and short-
lived, and followed by a quick onset of resistance; in contrast,
some patients presented delayed or prolonged responses, oc-
curring up to 8 months after therapy initiation and lasting
15 months (9)—kinetics that more closely mirror what has been
observed in some hematologic malignancies (12)—this suggests
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Anti PD-(L)1 (atezolizumab, nivolumab,
pembrolizumab) NCT03292172,
NCT02419417, NCT02959437

Anti IDO (epacadostat) NCT02959437
Anti CD 38 (daratumumab)

NCT03068351
Immune
targeted
therapies
Bcl2 inhibitor (venetoclax)
PARP inhibitor (rucaparib) NCT03255096, NCT02391480
NCT02711137 . Targeted JAK inhibitor (ruxolitinib)
Chemotherapy Ge"°t°’_"° BET inhibit agnd NCT02158858, NCT02711137
(gemcitabine, paclitaxel) Cytotoxic Inhibitors ) ) Anti CD20 antibody (rituximab)
NCT02711137, therapies epigenetic NCT03255096
NCT02711137 therapies DNMT inhibitor (azacitidine)
NCT02711137, NCT02543879
Hormone
therapies

- Estrogen receptor inhibitor (fulvestrant)
NCT02983604, NCT02392611, NCT02964507

- Androgen receptor inhibitor (enzalutamide)
NCT03150056, NCT02711956, NCT02607228

- Androgen biosynthesis inhibitor
(abiraterone) NCT03150056, NCT02711137
Estrogen synthesis inhibitor (exemestane)
NCT02983604, NCT02392611

Figure 1. Combination therapies with Bromodomain Extra-Terminal (BET) inhibitors: ongoing clinical trials.

that a rapid oncogene “de-addiction” phenomenon, responsible
for quick responses, may co-occur alongside the cell differentia-
tion mechanism, rather underlying delayed responses. In this
context, investigating and understanding resistance mechanisms
to BETi in NMC is essential. Various resistance mechanisms have
been described, including BRD4 protein accumulation in Burkitt
lymphoma (13), transcriptional plasticity favoring compensatory
upregulation of MYC through the Wnt/beta-catenin signaling ac-
tivation in acute myeloid leukemia (14), kinome reprogramming
in ovarian cancer (15), and hyperphosphorylation of BRD4 in
triple-negative breast cancer (16). This plethora of mechanisms,
which may be cell type-specific, and the absence of so-called
gatekeeper mutations of the target itself illustrates the complex-
ity of BETi resistance. In this context, further investigation of re-
sistance mechanisms is required to understand the precise
mechanism of action of BETIi, to develop predictive biomarkers of
response—which are still crucially lacking—and to propose ratio-
nal combinatorial therapies to increase long-term efficacy of
BETI.

The relative lack of efficacy of molibresib outside NMC, even
in MYC-driven diseases such as neuroblastoma, is concerning.
This is not an isolated case among BETi (Table 1): Despite pre-
clinical rationale, most BETi have failed to show efficacy in
MYC-driven diseases, calling for further pharmacodynamic and
biomarker investigations. Although target engagement was
demonstrated in surrogate tissue with modulation of circulating

MCP-1 with molibresib, the level of target modulation achieved
in the tumor is unknown. This information, however, is of criti-
cal importance, and we can hope that on-treatment tumor biop-
sies will be collected during phase II trials. Indeed, the lack of
efficacy observed outside of NMC may be due to insufficient tar-
get modulation in the tumor. How could this challenge be
addressed? Based on current safety data, higher molibresib
doses are not tolerable, and the 80 mg recommended phase II
dose—which led to 50% of grade 3-4 thrombocytopenia, 22% of
treatment interruptions, and 16% of dose reductions in a highly
selected phase I patient population—might already be challeng-
ing in an all-comer patient population. The choice of this high
dose was sound, as decreasing the dose in a given patient is al-
ways feasible and because intermittent schedules might have
negatively affected molibresib efficacy, considering its
very short half-life (3-7 h). In this context, targeted drug delivery
strategies (such as liposomal formulations of antibody-drug
conjugates) might allow an increase of the therapeutic
window. Heterobifunctional small molecule BET protein
degraders, such as the proteolysis-targeting chimera (PROTAC)
ARV-771, ARV-825, BETd-260/ZBC260, dBET6, or QCA570 (13,17-
19), also represent attractive future options (20). Whether these
will allow increasing the therapeutic window remains to be
evaluated in patients, and the results of the first trials evaluat-
ing PROTACs will bring essential information in this regard
(NCT03888612).
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Finally, it is likely that the greatest potential from BETi
will arise from combination strategies, using BETi as a
“potentiator” (eg, with cytotoxic therapies), or to reverse or
delay acquired resistance (eg, in combination with hormonal
therapies for breast and prostate cancer, or with kinase
inhibitors to counteract kinase reprogramming) (reviewed in
21). These strategies are being investigated in multiple
ongoing clinical trials (Figure 1). We hope that, together with
appropriate biomarker studies, these trials will help to un-
lock the full potential of BETi.
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