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Augmented Antitumor Activity for Novel Dual PI3K/BDR4
Inhibitors, SF2523 and SF1126 in Ewing Sarcoma

Amanda N. Goldin, MD,*† Alok Singh, PhD,† Shweta Joshi, PhD,†
Christina Jamieson, PhD,‡ and Donald L. Durden, MD, PhD†

Summary: Ewing sarcoma (ES) is the second most common
pediatric bone cancer. Despite recent advances in the treatment,
patients with metastatic tumors have dismal prognosis and hence
novel therapies are urgently needed to combat this cancer. A recent
study has shown that phosphoinositide-3 kinase (PI3K) inhibitors
can synergistically increase sensitivity to bromodomain and extra-
terminal domain inhibitors in ES cells and therefore combined
inhibition of PI3K and bromodomain and extraterminal domain
bromodomain proteins might provide benefit in this cancer. Herein,
we have investigated the efficacy of dual PI3K/BRD4 inhibitors,
SF2523 and SF1126, for their antitumor activity in ES cell lines.
The effect of SF1126 and SF2523 on cell viability and PI3K sig-
naling was assessed on a panel of human ES cell lines. To evaluate
the antitumor activity of SF1126, A673 cells were injected intra-
femorally into RAG-2−/− mice and treated with 50mg/kg SF1126
6 days per week, for 30 days. Both SF1126 and SF2523 decreased
cell survival and inhibited phosphorylation of AKT in human ES
cell lines. In vivo, SF1126 showed a significant reduction in tumor
volume. These results suggest that dual PI3K/BRD4 inhibitor,
SF1126, has antitumor activity in ES models.

Key Words: Ewing sarcoma (ES), dual inhibition, phosphoinositide-
3 kinase (PI3K) pathway, bromodomain and extraterminal domain
(BET) proteins, SF1126, SF2523

(J Pediatr Hematol Oncol 2021;00:000–000)

Ewing sarcoma (ES) is the second most common childhood
and adolescent bone and soft tissue tumor, found most

commonly in the pelvis and the diaphysis of long bones.1–5 It is
an aggressive tumor, and while advances in treatment have
improved the survival rate from 10% to 55%-75% for patients
with no known metastases, for patients with metastatic disease
the survival rate is only 15% to -25% at 5 years.3 Furthermore,
after recurrence, only 5% of patients live for >3 years.6 Cur-
rent therapy consists of a combination of chemotherapy,
radiation, and surgery. High-dose chemotherapy can be
effective but side effects are severe, including neutropenia,
thrombocytopenia, and immunosuppression.6–8

Phosphoinositide-3 kinase (PI3K) signaling pathway is
activated downstream of several growth factor receptors and has
been shown to mediate proliferation and survival signals in tumor
cells.9,10 Activation of PI3K signaling and loss of its negative
regulator, PTEN, has been reported in various cancers.10

Dysregulation of PTEN/PI3K signaling axis has also been
reported in a variety of ES cell lines and in tumor tissues at
diagnosis.5,11,12 In fact, roughly 25% of ES tumors have been
suggested to show loss of tumor suppressor, PTEN gene.11 A
previous report has shown that PI3K inhibitors have shown
benefit in suppressing ES cell growth.4 Despite the evidence that
PI3K plays a significant role in the growth of ES there are cur-
rently no drugs available that target this pathway in this disease.

Bromodomain and extraterminal domain (BET) proteins,
including BRD2, BRD3, BRD4, and BRDT, are chromatin
regulatory proteins and regulate transcription of many
important genes and are associated with cancer progression.13

BRD4 is known to propagate the cell cycle and activate the
cMYC oncogene.14,15 Recently, inhibition of the BET proteins
has been associated with decreased expression of the oncogenic
EWS/FLI-1 fusion protein that present in nearly all ESs.14,16

There are no reports examining the role of BET bromodomain
inhibitors in ES pathogenesis.

Previous studies have commented on the benefits of dual
inhibition in utilization of the PI3K and BET bromodomain
pathways.17–21 SF1126 is the first PI3K and BET bromodomain
dual inhibitor which has shown potent antitumor activity in
various cancer models.20,22–26 It is a prodrug of the compound
SF1101 (also known as LY294002), which was not a drug
candidate because of insolubility and a short half-life, however,
it was the first PI3K inhibitor shown to have antitumor activity
in vivo.18 To achieve ideal pharmacological properties, the
active PI3K site was linked to an RGDS peptide as SF1126 for
targeting the αvβ3 integrin of tumor and tumor microenviron-
ment cells, including endothelial cells and macrophages.23,27

The BET bromodomain inhibitory activity of SF1101 was
shown recently by Dittmann et al,24 and the Darden laboratory
was able to replicate and confirm that SF1126 blocks BRD4
binding to the MYCN promoter (Fig. 1). SF1126 has been
shown to inhibit MYCN and cMYC, which are proteins sug-
gested to be involved in ES.17,20,28,29 Furthermore, it has been
shown that combined inhibition of BET proteins and PI3K
signaling can help prevent drug resistance in ES30; SF1126 is the
first drug which can hit both signaling proteins. The drug has
been through phase I trials in adults, and showed general sup-
pression of disease with limited side effects, including one grade
III and no grade IV dose-limiting toxicity events.22,31 SF2523 is
another novel dual PI3K and BET inhibitor generated in
Darden lab that is more potent that SF1126, and has shown to
be effective in a variety of cancers.19,21,27,32,33 SF2523P is a
single BET inhibitor with a similar potency to SF2523. The goal
of the authors in this study included showing the efficacy of a
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dual PI3K/BET inhibitor in ES, including SF1126 and SF2523,
in contrast with a single inhibitor, such as SF2523P.

MATERIALS AND METHODS

Tissue Culture, Cell Lines, and Reagents
A673, EWS502, SK-N-MC, SK-PN-DW, and RDES

human cell lines were obtained from the ATCC collection
and provided by Sun Choo, M.D., UC San Diego Depart-
ment of Pediatrics. Cells were maintained in DMEM+10%
FBS+100 µg/mL streptomycin+100 units/mL penicillin. All
cell lines were authenticated by short tandem repeat DNA
profiling before being received by Sun Choo lab. For
Western blot experiments, antibodies specific for AKT,
pAKTS473, and EWS were obtained from Cell Signaling
Technologies (Danvers, MA), and actin primary antibodies
were obtained from Santa Cruz (Dallas, TX). SF1126,
SF2523, and SF2523P were obtained from SignalRx Phar-
maceuticals (San Diego, CA).

Cell Viability Assays
Cells at the concentration of 5×103/100 µL were added

in triplicate to a 96-well plate. Cells were cultured for
24 hours followed by treatment with SF1126, SF2523, or
SF2523P. After 48 hours, AlamarBlue (Thermo Fisher
Scientific, Waltham, MA) was added and plates were incu-
bated at 37°C in 5% CO2 for 3 hours. Fluorescence signals
were read as emission at 590 nm after excitation at 560 nm.

Western Blot Analysis
Cells were plated in 10 cm tissue culture dishes and

were treated with varying concentrations of SF1126 (5, 15,
and 25 µM) and SF2523 and SF2523P (0.1, 1, and 5 µM).
After 30 minutes, the cells were lysed with RIPA lysis buffer
(Thermo Fisher Scientific) and proteins were quantitated by

the BCA protein assay (Thermo Fisher Scientific). Equal
amounts of protein were resolved by polyacrylamide gels,
transferred to nitrocellulose membranes, and probed with
p-AKT, AKT, EWS, and actin primary antibodies (Cell
Signaling Technologies). ImageJ 1.49v software was used to
calculate densitometry data.

In Vivo Studies
Recombination Activation Gene-2-deficient (RAG-2)

mice were a gift from Christina Jamieson, PhD (University
of California San Diego). Mice were maintained in the
Moores Cancer Center vivarium at University of California
San Diego. All experiments were performed using proce-
dures approved by the University of California San Diego
IACUC committee. For in vivo experiments, A673 cells
were stably transfected with a plasmid encoding the luci-
ferase and mCherry gene expression. 5×104 luciferase pos-
itive A673 cells in 15 µL media were mixed with 15 µL of
matrigel. The cells were injected as previously described by
Vormoor and colleagues, and similarly to the process
described by Sasaki et al and colleagues, yet in a more quick
and less invasive manner.34,35 The mice were first anes-
thetized with 60 mg/kg ketamine (Fort Dodge Animal
Health, Overland Park, KS) and 20mg/kg xylazine (Ben
Venue Laboratories, Bedford, OH). For each mouse, the
right hind leg was shaved, and the knee was hyper-flexed. A
25 G needle was used to puncture through the patella and
between the condyles of the femur, into the intramedullary
canal of the femur. Using the needle, the outer cortex was
palpated to ensure correct position inside the canal. The
25G needle was removed and an insulin needle and syringe
with the 30 µL solution of 50,000 cells, media, and matrigel
was inserted, and injected into the intramedullary canal.
Afterwards, the needle was removed, and a bacitracin gel
was placed on the injection site. This was repeated for a total

FIGURE 1. Dual PI3K/BRD4 inhibitors, SF1126, SF2523, and SF2523P. A, Structure of SF1126, SF2523, and SF2523P. B, BRD4-BD1 (PDB
ID: 4CFK) co-crystallized with LY294002, SF2523 (docked) and SF2523P (docked) Hydrogen bone between the carbonyl group of
LY294002 and amide group of Asn140 shown in green dotted lines. C, Table of IC50 values (µM concentrations) for 3 chemotypes
against targets PI3K and BRD4. PI3K indicates phosphoinositide-3 kinase.
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of 10 mice for each experiment, for a total of 2 experiments.
Mice were monitored until they regained consciousness.
Three days after the intrafemoral injections, the IVIS
Spectrum in vivo imaging system (PerkinElmer, Waltham,
MA) was used to detect and quantitate the luciferase
expressing cells growing in each of our 10 mice. At that time
mice were then randomly placed into 2 groups, and SF1126
at a dose of 50 mg/kg was injected subcutaneously in and
around the right hind leg 6 days a week, versus a control
group treated with daily subcutaneous injections of 100 µL
of phosphate-buffered saline. The trial was conducted over a
total of 30 days. Tumor size was monitored through the
IVIS system weekly, and with caliper measurements every
3 days, once the tumors had grown to be externally visible.
After 30 days the mice were euthanized. Tumors, including
the involved femur and its visible soft tissue mass, were
marginally excised with standard surgical technique and
weighed at that time.

Tumor Tissue Analysis
Tissue collected from tumor specimens was stored at −80°C

and used for Western blot analysis. Remaining tumor and leg
specimens were fixed in formalin. Micro computed tomography
(m-CT) analysis was conducted on these specimens.

Statistical Analysis
The Student t test was used to evaluate the differences

between groups of drug-treated mice to vehicle-treated controls.

RESULTS

Dose-Dependent Effects of SF1126, SF2523, and
SF2523P on ES Cells in vitro

On the basis of previous reports suggesting the role of
PI3K signaling in the progression of ES tumors,5,11 we
analyzed the efficacy of our dual PI3K/BRD4 inhibitors,
SF1126, SF2523, SF2523P in decreasing cell viability in
A673, EWS502, SK-N-MC, SK-PN-DW, and RDES cell
lines. Our results suggest that the drug is effective in sup-
pressing cell survival in a dose-dependent manner in 4 of the
5 cell lines (Fig. 2A). For SF1126, logarithmic dose-response
curves showed an IC50 of 6.7 µM for A673, 13.9 µM for
EWS502, 11.4 µM for SK-N-MC and 13.4 µM for SK-PN-
DW. For SF2523, logarithmic dose-response curves showed
an IC50 of 3.5 µM for A673, 5.9 µM for EWS502, 3.8 µM for
SK-N-MC, and 6.2 µM for SK-PN-DW. For SF2523P,
logarithmic dose-response curves showed an IC50 of 33.5
µM for A673, 38.1µM for EWS502, 14.6 µM for SK-N-MC,
and 22.3 µM for SK-PN-DW. Only the RDES cell line did
not show a dose-dependent response to SF1126, SF2523,
and SF2523P.

PI3K/BDR4 Dual Inhibitors Inhibit
Phosphorylation of AKT in a Dose-dependent
Manner

A673, EWS502, SK-N-MC, SK-PN-DW, and RDES
cell lines treated with various concentrations of SF1126
showed a dose-dependent decrease in levels of p-AKT. The
decrease in the expression of EWS protein was not sig-
nificant (Fig. 2B). Furthermore, A673, EWS502, SK-
N-MC, and SK-PN-DW cell lines treated with different
doses of SF2523 also showed decrease in phosphorylation
of AKT at lower concentration of SF2523. At higher doses
of SF2523 we observed a decrease in protein expression of
EWS in the A673 cell line (Fig. 2C). Treatment of ES cells

with SF2523P did not show a decrease in p-AKT levels,
however, there was a decrease in EWS in the A673 cell line
(Fig. 2D).

An Intrafemoral Injection of A673 Cells is an
Efficient and Quick Method of Creating a Mouse
Xenograft

The 5×104 A673 cells that were injected into the
medullary canal of the femurs grew quickly in the RAG-
2-deficient mice. The mice showed a photon signal through
luciferase and the IVIS Spectrum in vivo imaging system
3 days after injection. Comparably, a mouse with 50,000
cells injected into the flank did not show a signal on the IVIS
for 30 days.

SF1126 Causes a Slowing of Tumor Growth Rate
of A673 Cells In Vivo

The IVIS Spectrum in vivo imaging system demon-
strated a significant difference in photon emission between
the SF1126 and vehicle control treated mice (Fig. 3A). By
day 23 of the experiment the difference was significant with
a P value of <0.01, and a P value of 0.03 on day 29
(Fig. 3B). Caliper measurements allowed the measuring of
tumor volume over the course of the drug trial. Results were
also significant as of day 23, with a P value of 0.02, followed
by a P value of 0.03 on day 26, and a P value of <0.01 on
days 29 and 30 (Fig. 3C). The drug trial was repeated, and
significant results were confirmed. In the second experiment
there was a significant difference in photon emission
between the groups on day 30 (P< 0.01) and a difference in
tumor caliper on day 27 and 30 (P= 0.03 and 0.02, respec-
tively). In the first experiment 1 mouse in the treatment
group died of an unidentified cause midway through the
drug trial. Throughout the experiment there were no sig-
nificant differences in mouse weights in the 2 groups. The
only obvious side effect of the drug was some skin ulceration
at the injection site.

SF1126 is Effective at Decreasing p-AKT and EWS
Quantities In Vivo

Homogenized tissue from the mouse tumors that was
analyzed for expression of p-AKT and EWS showed a
decrease phosphorylation of AKT and expression of EWS in
the treatment group versus the control group, and this was
numerically quantified with ImageJ software (Fig. 3D).
Calculating the p-AKT:AKT ratio, there was a mean ratio
of 0.86:1 in the SF1126 treated mice, versus 2.44:1 in the
control mice. This was significant, with a P value of 0.02.
The EWS:tubulin ratio showed a mean ratio of 1.3:1
( ± 0.08) in the SF1126 treated mice, versus 1.5:1 ( ± 0.04) in
the control mice. This proved to be significant as well, with a
P value of 0.02 (Fig. 3E).

SF1126 Decreases Bony Destruction in Mice
Compared With Control

Micro-CT analysis conducted on all tumor-side hind
legs of mice after necropsy showed a lesser amount of per-
iosteal reaction and destruction of bone in the SF1126 mice
versus the control group (Fig. 3F). This was qualitatively
demonstrated throughout the diaphysis of the bones.

DISCUSSION
The previously reported synthetic lethality between

PI3K and BRD4 in different cancers including ES has led us
to design in silico our potent dual PI3K/BRD4 inhibitory
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chemotypes, SF2523 and SF2523P (no PI3K inhibitory
property). This was in an effort to test the effects of dual
versus single chemotypic inhibition of ES survival.17,19

SF1126 and SF2523 have potent PI3K/BRD4 inhibitory
activity, and previous studies have confirmed the simulta-
neous blockage of PI3K/BRD4 pathways, suggesting that
these pathways are an effective therapeutic target in
ES.15,17,19,20 Previous studies that have compared dual
inhibition of PI3K/BRD4 to solely PI3K or BRD4 have
found increased cell death at lower drug potencies with the

dual inhibitors. This has been appreciated when comparing
the dual inhibitors SF1126, SF2523, and LY294002 with the
single PI3K inhibitors BEZ-235, BKM120, Cal101, and
Wortmannin, and the single BRD4 inhibitors JQ1 and
LY303511.15,17,19 Importantly, this is the first study to spe-
cifically compare a dual inhibitor (SF2523) to its identical in
silico engineered piperazine derivative single inhibitor
(SF2523P). In this experiment, the 2 different compounds
had different IC50 values for the ES cell lines, ranging 3.5 to
6.2 µM for SF2523 and 14.6 to 38.1 µM for SF2523P. This

FIGURE 2. SF1126 and SF2523 decreases cell viability and phosphorylation of AKT in Ewing sarcoma cell lines. A, IC50 curves of the 5 ES
cell lines treated with SF1126, SF2523, and SF2523P. B, WB results for A673, EWS502, SK-N-MC, SK-PN-DW, and RDES treated with
different concentrations of SF1126 followed by lysate preparation after 30 minutes of treatment and Western blot analysis. C, WB results
for A673, EWS502, SK-N-MC, and SK-PN, DW treated with various doses of SF2523 for 30 minutes followed by lysate preparation and
western blot. D, WB results for A673 and EWS502 with 30 minutes of SF2523P treatment at 0.1, 1, and 5 µM concentrations. WB
indicates western blot.
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Day of Treatment

Day 23: p = 0.02
Day 26: p = 0.03
Day 29: p < 0.01
Day 30: p < 0.01

Day of Treatment

Day 23: p < 0.01
Day 29: p = 0.03
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FIGURE 3. SF1126 reduces tumor growth in Ewing sarcoma model. A, IVIS in vivo imaging results of the RAG-2 mice treated with SF1126
versus vehicle control (phosphate-buffered saline). Dark color indicates a higher photon density, which indicates greater mass and
biological activity of the tumor. B, Graphical demonstration of the difference in photon emission and tumor volume of the treatment
versus control groups in 2 experiments. C, WB results for homogenized tumor tissue from mice treated with drug (left) and vehicle
control (right). There are decreased quantities of p-AKT and EWS in the SF1126 treated mice than the control group. D, Graphical
demonstration of densitometry data from western blots. E, Micro-CT scans of treatment versus control mouse femurs. CT indicates
computed tomography; RAG-2, Recombination Activation Gene-2; WB, western blot.
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demonstrates the influence of dual inhibition and PI3K
targeting in limiting cell growth and survival in ES systems.

Previously, LY294002 and SF1126 has been shown to
cause cell cycle arrest and to induce apoptosis in a hep-
atocellular carcinoma model.20 To the best of our knowl-
edge, SF1126 has not been tested on ES previously. Our
results suggest IC50’s ranging from 6.7 µM (A673) to 13.9
µM (EWS502) for SF1126. This is similar to previous dose-
response results with SF1126, such as multiple myeloma, of
which cell lines showed IC50’s of 8.9 µM to 11.9 µM.36

SF2523 has been shown to be a potent dual PI3K/BET
bromodomain inhibitor, which has never been tested on ES
cells.19 The IC50 values of the drug ranged from 3.5 µM
(A673) to 6.2 µM (SK-PN-DW). With such small micro-
molar quantities, it is possible that this drug could have
great effect on ES, while being well tolerated in its small
dosages. SF2523P was designed to have the same potency
as SF2523; however, it is a single inhibitor of BET/bro-
modomain proteins. Therefore, the IC50 values for
SF2523P are higher as expected, ranging from 14.6 µM
(SK-N-MC) to 38.1 µM (EWS502), again signifying the
increased efficacy of a dual inhibitor versus a single
inhibitor. Finally, it should be noted that out of the 5 cell
lines, a dose-dependent inhibition of RDES with SF1126,
SF2523, or SF2523P was not observed. While RDES has
shown up in the literature as a tested cell line of ES, specific
information about the cell line’s nature could not be
found.37 Subjectively, the RDES cell line was the most
difficult to culture, growing at a rate several times slower
than the other cell lines. The cells also appeared spherical
in appearance, while the other cell lines grew in a
branching formation. Our hypothesis is that RDES cells
have low baseline PI3K/BET bromodomain activity, which
is why inhibition does not show a dose-dependent decrease
in cell survival; however, this was beyond the scope of the
current study. Further experiments need to be conducted to
find the cause of this finding.

Western blot results showed a dose-dependent down-
regulation of p-AKT in vitro, and p-AKT downregulation
in association with a decrease in rate of tumor growth after
treatment of ES cells with dual PI3K/BET bromodomain
inhibitors in vivo. These results were expected, as the liter-
ature has shown the PI3K pathway to have an active role in
ES. However, it should be noted that in some of the AKT
blots there was some over exposure, which could under-
estimate the denominator in the p-AKT to AKT ratio.
Increased amounts of PIK3R3 and decreased amounts of
PTEN have been seen in a variety of Ewing cell lines,5,11,12

and ES cell population growth can be decreased by sup-
pression of the PI3K pathway through suppression of the
PIK3CD gene.4 All 5 cell lines showed a downregulation of
p-AKT after SF1126 treatment, including the RDES cell
line, which did not show a dose-response relationship in the
survival curve drug assays. This further supports the
hypothesis that RDES is sensitive to the drug but has low
baseline levels of PI3K activity. The downregulation of
p-AKT was demonstrated with A673 and SF1126 in the
in vivo experiments. LY294002 has previously shown to
decrease p-AKT levels in ES cells.38

Western blot results showed a decrease in EWS
expression after treatment of ES cells with the drugs
SF1126, SF2523, and SF2523P. The difference in the
in vivo EWS expression was striking, however, it must be
noted that there was some overexposure of actin and
tubulin in both the in vitro and in vivo studies, which

could have an effect on the overall EWS to control ratio.
In regard to the densitometry data, it should be noted that
control mouse #5 had an abnormally low quantity of EWS
for unknown reasons. Despite this, the difference in in vivo
EWS quantity still proved to be significant. Interestingly,
in the in vitro Western blot studies there was decrease in
EWS with SF2523P. This suggests that BET bromodo-
main inhibition has a role to directly decrease EWS
expression. The importance of BET bromodomain inhib-
ition, and particularly BRD4, has been previously shown
through the use of JQ1.16 PI3K inhibition has also been
demonstrated to have an effect in decreasing EWS.37 To
the writers’ knowledge, this is the first demonstration of a
dual PI3K/BET bromodomain inhibitor showing a
decrease in EWS, and our results suggest utility of such a
dual inhibitor in the management of the protein’s
expression.

A 25% of ES tumors have been suggested to have a
reduced quantity of PTEN.11 The EWS502 cell line is
completely void of PTEN, while PTEN is expressed in the
A673, SK-PN-DW, SK-N-MC, and RDES cell lines.5,11,12

The EWS502 cell line was found to have higher IC50 values
with all three inhibitors, likely because of its deletion
mutation of PTEN. The knowledge that a lack of PTEN
requires higher quantities of inhibitor is important as clini-
cians go forth in using these drugs with patients. Patients
who have a PTEN mutation will likely either require higher
quantities of drug (increasing their risk of toxicity,) or will
not respond to the drug at all.

The intrafemoral injection of luciferase transfected ES
cells has proved to be an effective method for creating a
xenograft that more closely parallels the pathology seen in
human ES. The method can be performed in <15 minutes
per mouse.35 This method is simpler than that described by
Sasaki et al,34 which requires a surgical procedure and
sophisticated surgical tools. The vast majority of the ES
xenografts found in the literature are created by a sub-
cutaneous injection either over the leg or over the
flank.3,14,39 While this method is fast and easy, it does not
create a diaphyseal tumor (which is classically seen in
human ES); furthermore, the tumors grow more slowly than
the tumors in the current experiment, which were apparent
by IVIS just 3 days after injection of A673 cells.1,39

The current study shows that the drug SF1126 is effective
at slowing the rate of tumor growth in A673 cells in vivo. This
is the first in vivo study that has been conducted with SF1126
and ES. Monitoring tumor size by photon intensity through
the IVIS system and by caliper measurements, a significant
difference was shown in rates of tumor growth and size. The
experiment was repeated, and the results were again sig-
nificant. This is noteworthy, as SF1126 is already in phase I
clinical trials in children with neuroblastoma and has passed
phase I trials in adults; therefore, it is reasonable to consider
testing the drug in children with sarcomas, as it has shown to
be effective in an animal model.22 However, testing further
with multiple cell lines in vivo would provide more data
regarding the efficacy of the dual inhibitor in ES, and may be
considered before proceeding with actual ES patients. It is
probable that the drug would have a synergistic effect with
other chemotherapy drugs used for ES.18 More research and
animal studies are needed to explore this hypothesis.

Micro-CT scans were conducted on the hind legs of the
mice after necropsy and qualitatively demonstrated increased
periosteal reaction and superficial bony lesions on the control
group than the treatment group. This is similar to the classic
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“onion skin” periosteal reactions humans with ES
develop.11,40,41 The relationship between periosteal reactions
and pain is well known, and a study by Mach and colleagues
showed that the periosteum had the highest density of sensory
nerve fibers than any other part of the bone.42,43 A literature
search did not reveal any studies that look into whether a
decrease in periosteal reaction leads to a decrease in bone pain
in ES. Considering the immense number of sensory nerve
fibers on the periosteum it is probable that SF1126 would have
a bone pain limiting effect. More studies are needed to deter-
mine the exact relationship between pain, the periosteum, and
SF1126, as well as to quantify the exactly amount of periosteal
involvement.

In summary, the current study demonstrates the
effectiveness of PI3K/BET bromodomain inhibitors in
reducing tumor growth in ES, as well as the utility of a dual
inhibitor over a single inhibitor. This efficacy is demon-
strated in vivo and in vitro. Given the efficacy of the drug in
the current study, and the positive results the well-tolerated
SF1126 has shown thus far in clinical trials, its use in
patients with sarcomas should be considered.
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