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ABSTRACT

Traditional pyrimidine antimetabolic chemotherapy agents like 5-FU and
capecitabine face challenges such as resistance, toxicity, and variability in
patient response, highlighting the need for new therapeutic strategies to
improve patient outcomes. CLX-155A is a novel oral prodrug that combines
5-fluorouracil (5-FU) and valproic acid (VPA), aiming to enhance chemo-
therapy efficacy through synergistic mechanisms. This preclinical study ad-
dressed research questions relative to CLX-155A's preclinical activity, sin-
gle-dose pharmacokinetic (PK) profile, and relative effects compared with
capecitabine in FoxN1 athymic nude mouse models of human colorectal
cancer (CRC).

This study assessed the anticancer efficacy of CLX-155A in a colorectal
cancer xenograft mouse model utilizing seven groups (n=10/group) of
FoxN1 athymic nude female mice. Investigators inoculated the FoxNI1
athymic nude female mice with cancer cells and subsequently treated them
with varying doses of CLX-155A, involving twice-daily (150 and 500
mg/kg twice daily) and once-daily (300 and 1000 mg/kg/day) sched-
ules. The capecitabine group was a positive control, dosed at 1000
mg/kg/day (500 mg/kg/twice daily or 1000 mg/kg/day). They moni-
tored tumor growth as the primary endpoint and evaluated the pharma-
cokinetic profile of 5-FU and its precursors (5’-DFCR, 5’-DFCR), along with
that of VPA.

CLX-155A demonstrated a significant dose-dependent tumor growth
(p<0.05) inhibition versus vehicle and was comparable to capecitabine.
The evaluation of its single-dose pharmacokinetic profile reflected defined
peaks for 5-FU and its precursors (5’-DFCR, 5’-DFCR), higher area under
the curve (AUC) versus capecitabine, sustained release characteristics, and
defined peaks and AUCs for valproic acid.

Overall, CLX-155A exhibits promising preclinical efficacy in a nude xeno-
graft mouse model of colorectal cancer. Its dual-action mechanism and im-
proved pharmacokinetic profile suggest potential advantages over exist-
ing therapies. Further studies are warranted to explore its clinical potential
and optimize dosing strategies.

Keywords: Capecitabine, CLX-155A, Colorectal cancer, 5-FU, Nude
mouse model, Valproic acid
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Introduction

Pyrimidine analogs have long played a crucial role in
cancer treatment by interfering with DNA and RNA syn-
thesis, which are essential for cell replication and sur-
vival.! Among these, 5-fluorouracil (5-FU) stands out as a
widely used intravenous (IV) chemotherapeutic agent,
demonstrating significant efficacy in treating solid tumors,
including colorectal cancer.! 5-FU mimics the pyrimidine
nucleotide uracil, inhibiting thymidylate synthase and in-
corporating it into RNA and DNA, thereby disrupting the
normal function of these nucleic acids and leading to cell
death.! Despite its effectiveness, 5-FU often causes se-
vere side effects, like myelosuppression, mucositis, and
cardiotoxicity, necessitating continuous infusion to main-
tain therapeutic levels.2-5 It also has issues with resistance
that limits its effectiveness3¢ and drug availability due to
manufacturing, supply, and demand.”

To address some of 5-FU's limitations, researchers devel-
oped capecitabine, an oral prodrug of 5-FU. Capecita-
bine converts enzymatically to 5-FU in the liver and tumor
tissues, offering a more convenient and potentially less
toxic alternative to intravenous 5-FU.8? This oral admin-
istration allows for more flexible dosing schedules and
can improve patient compliance.? However, capecitabine
also presents challenges, including variability in patient
metabolism, liver function dependency for activation, and
significant gastrointestinal and dermatological toxicities,
such as diarrhea and hand-foot syndrome.'® These ad-
verse effects often necessitate dose reductions and treat-
ment interruptions, which can compromise the overall ef-
ficacy of the therapy.!0

In cancer therapy, unmet needs include overcoming drug
resistance, reducing toxicity, and improving patient com-
pliance.!’ Drug resistance is a significant hurdle in cancer
treatment, as cancer cells can develop mechanisms to
evade the effects of chemotherapy, leading to treatment

failure.'213  Additionally, the toxicity associated with
many chemotherapeutic agents can limit the use of these
therapeutics, particularly in patients with comorbidities or
those who are elderly. Improving patient compliance is
also crucial, as complex or inconvenient dosing regimens
can lead to suboptimal adherence to treatment proto-
cols.m

These gaps highlight the necessity for novel therapeutic
strategies that enhance efficacy while minimizing adverse
effects. Furthermore, for 5-FU, unmet needs include con-
sistent drug supply, mitigating resistance issues, and al-
ternative routes of delivery to mimic continuous infu-
sion.'415 For capecitabine, such needs include consistent
drug levels and the limiting of gastrointestinal, hand, and
foot syndrome issues (50% of patients), liver effects, and
dose adjustments in elderly patients as well as patients
with hepatic or renal disease.’6.17

CLX-155 offers an innovative approach to addressing
these unmet needs. It encompasses an innovative prodrug
that combines 5-FU with caprylic acid, designed to be
metabolized in the intestinal wall rather than the liver.18.19
This latter component possesses antibacterial, antifungal,
anti-inflammatory, and digestive health capabilities20-24
and adds to 5-FU's action via several anticancer mecha-
nisms established via multiple models, including apoptosis
induction, cell proliferation inhibition, gene expression
modulation, and cancer cell viability reduction.2> This de-
sign potentially offers the potential for a more consistent
pharmacokinetic profile and reduced toxicity.!?

Building on these fundamental characteristics, CLX-155A
incorporates valproic acid (VPA), a histone deacetylase
(HDAC) inhibitor (Figure 1), to further enhance anticancer
activity through epigenetic modulation.2é Valproic acid
induces apoptosis, inhibits cell proliferation, and modu-
lates gene expression, making it a valuable addition to
cancer therapy.26-30
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Figure 1. CLX-155A is a prodrug converted by the intestinal esterases CLX-155A is a prodrug converted by the intestinal

esterases to valproic acid and 5'-DFCR, precursor to 5-FU
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HDAC inhibitors like valproic acid play a crucial role in
cancer therapy by altering the acetylation status of his-
tones, thereby affecting gene expression and promoting
cancer cell death.3! The combination of 5-FU and valproic
acid in CLX-155A aims to leverage these synergistic ef-
fects to improve treatment outcomes in colorectal cancer.

This study addresses the three relevant research ques-
tions. First, what is the anticancer activity of CLX-155A in
preclinical models of colorectal cancer? Second, what is
CLX-155A's single-dose pharmacokinetic profile in a can-
cer model? Finally, how do such effects compare to exist-
ing treatments like capecitabine?

This comprehensive evaluation aims to provide a robust
preclinical foundation for the potential clinical applica-
tion of CLX-155A, addressing critical gaps in current can-
cer therapies and paving the way for more effective and
tolerable treatment options for patients with colorectal
cancer. This paper’s structure first presents the methods
used in the preclinical evaluation of CLX-155A, including
the design of a xenograft athymic nude mouse model for
colorectal cancer, dosing regimens, and pharmacokinetic
analyses. Next, the results section details the findings on

tumor growth inhibition, pharmacokinetic profiles, and
toxicity assessments. Finally, the discussion considers the
implications of these results, comparing them with relevant
literature and exploring the potential mechanisms under-
lying the observed activity of CLX-155A in the colorectal
cancer model, with specific interest in its pharmacokinetic
profile and the role of VPA.

Methods

STUDY DESIGN

The study (Figure 2) utilized seven groups (n=10/group)
of FoxN1 athymic nude female mice sourced from Vivo
Bio Tech (Hyderabad, India). Preclinical studies have es-
tablished the validity of nude mouse models for assessing
the efficacy of chemotherapeutic agents for colorectal
cancer.3233 The Institutional Animal Care and Use Com-
mittee reviewed and approved all procedures involving
animal care and use prior to the study. Animal care and
use adhered to the principles outlined in the Guide for
the Care and Use of Laboratory Animals, 8th Edition,
2010 (National Research Council). The experimentation
facility holds the Association for Assessment and Accred-
itation of Laboratory Animal Care International accredi-
tation.

Body weight, Clinical signs, Tumor volume measurements & Mortality

FoxN1nu/nu DAY DAY
~ . 1
Female mice 10 morvolume 0 ‘ 9 11 __18
Day 0 Tumor volume Dose |08 | Totat
a Group Treatment my/kg Dosing | Dalty
107 +19. 1T mm Regimen | Dose
Mice 1 Vehicle control 0 2 0
> - 2 CLX- 155A | 300 1 300
HCT-1 16 randomized TR i s - s
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e . n= ‘}O/gfoup 5 CLX- 1554 | 500 2 1000!
s.C. Injection 6 |Capecitabine | 1000/ 1 1000
7 Capecitabine | 500 2 1000
Daily Dosing Regimen
1. Once daily for 10 days and 2 doses off followed by 7 days dosing
Twice daily for 10 days and 3 doses off followed by 7 days dosing

Figure 2. Study Schema for HCT-116 Human Colon Cancer

ANIMALS AND HANDLING

All animals resided in groups of five within individually
ventilated cages in a dedicated rodent quarantine room
within an immunocompromised facility for one week.
Daily monitoring occurred throughout the one-week quar-
antine period to detect any clinical signs of disease. Fol-
lowing the completion of the quarantine period, healthy
animals transitioned to an experimental room for seven
days to acclimate to the experimental conditions. Animals
resided in a continuously monitored temperature and hu-
midity-regulated aseptic and access-controlled environ-
ment (target ranges: temperature 22 + 2°C; relative hu-
midity 60 t 4%; and 60 air changes per hour), with a
12-hour light/dark cycle, and under barrier (quarantine)
conditions. Investigators routinely monitored the entire fa-
cility to detect any airborne infections. The animals re-
ceived an autoclaved commercial diet (Nutrilab Rodent
Feed, cylindrical-shaped pellets; Maringd, Parand, Bra-
zil), and had free access to autoclaved water.

CANCER CELL LINES AND INOCULATION

This study utilized the human colon cancer cell line HCT-
116, obtained from the American Type Culture Collec-
tion, Manassas, Virginia, USA. The culture media used to
grow the HCT-116 cell line consisting of McCoy's 5a me-
dium supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin. Investigators harvested cells by
trypsinization at 70-80% confluence and then re-sus-
pended cells in a serum-free medium prior to animal in-
oculation. Investigators implanted the HCT-116 cells (5
million cells/site) subcutaneously in the dorsal right flank.
Injections contained viable HCT-116 cells in serum-free
medium at a concentration of 5 X 10¢/100 pL mixed with
an equal volume of Matrigel (1:1 ratio) for implanting at
the subcutaneous site per mouse. Each injection consisted
of 200 pl per site using a 1 mL BD syringe attached to a
23-gauge needle. Investigators measured the size of the
xenografts approximately ten days after cell injection
and once the xenografts became palpable. Investigators
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randomized animals into seven groups (n = 10 per group)
once the tumors reached an average tumor volume size
of ~107 £ 19.1 mm3 at Day 0, ensuring comparable av-
erage tumor volumes across all groups.

PREPARATION OF EXPERIMENTAL TREATMENTS

The administration of all compound formulations occurred
within one hour of preparation. CLX-155A formulations
consisted of 2600 mg of Capryol 90, 200 mg of poly-
sorbate 80, and 8 mL of water in sufficient quantities to
make solutions of 15.625, 31.25, and 62.5 mg/mL for
doses of 125, 250, and 500 mg/kg CLX-155A respec-
tively. Investigators prepared the capecitabine 1000
mg/kg dose in 0.5% w /v hydroxypropyl methylcellulose
in 40 mM citrate buffer, pH 6.0 in 0.2 pm filtered water
vehicle for a capecitabine dose concentration of 100
mg/mL, and a dose volume of 10 mL/kg.

TREATMENT GROUPS AND EXPERIMENTAL PROCEDURES
For the colorectal cancer investigation, on Day 0, animals
in Group 1 (Sham; n = 10) received an oral vehicle con-
trol at a dose volume of 8 mL/kg, and animals in Groups
2 to 5 (n = 10/group) received CLX-155A doses at 300
mg/kg once daily (QD), 150 mg/kg twice daily (BID),
1000 mg/kg once daily, and 500 mg/kg twice daily,
respectively. Animals in Groups 6 and 7 (n= 10/group)
received capecitabine at 1000 mg/kg once daily and
500 mg/kg twice daily, respectively. Researchers admin-
istered the doses through oral gavage at approximately
the same time each day. They adjusted the dose volume
(8 mL/kg for CLX-155A and 10 mL/kg for capecitabine)
based on the most recently recorded body weight of
each mouse. Doses were selected based on the results of
a 7-day repeated dose range-finding toxicity study in
FoxN1 nude mice. Treatment administration occurred ini-
tially for 10 days (Day 0-9) for all animals. Those receiv-
ing once-daily treatment had two doses off (Days 10 and
11) after this initial treatment, then restarted treatment
for seven more days (Days 12-18) to complete treatment.
The twice daily-treated animals had three doses off
(Days 10 and 11) and then restarted for seven more
days (Days 11-18).

MEASUREMENTS AND ASSESSMENTS

The study team conducted daily mortality checks through-
out the investigation. They monitored animals daily for
visible clinical signs (e.g., illness and behavioral changes)
and tumors for necrosis, ulceration, wounds, and scars
throughout the study. Recordings of body weights for all

(Treatment TV — Treatment TViyia)

animals occurred on the first day of treatment and con-
tinued three times weekly. Evaluation of treatment tox-
icity relied on the presence of any body weight loss.

For evaluating anti-tumor activity, the investigators rec-
orded HCT-116 xenograft growthonDays 1,4, 6, 8,11,
13, 15, and 18. They used a digital Vernier caliper to
measure tumor length and width. Determination of tumor
volumes involved calculating tumor length X (tumor
width)2 X 0.52. Calculations for tumor growth inhibition
involved comparing the tumor volume on a given day to
that from the initial measurement (Day 1 or O, depending
on the study). The investigators terminated treatment and
humanely sacrificed animals if they exhibited severe clin-
ical signs of toxicity, more than a 15% drop in body
weight in a day, more than a 20% drop in body weight
from pre-test level, or tumor volumes exceeding 2000
mm?3,

PHARMACOKINETIC ASSESSMENTS

Investigators analyzed the pharmacokinetic characteris-
tics of both CLX-155A and capecitabine, specifically for
the animals in the 1000 mg/kg once-daily groups. Blood
sample collection occurred at 0, 4, 8, 12, 16, 20, and 24
hours following a single dose to determine 5-FU, 5’-DFCR,
5’-DFUR, and valproic acid plasma concentrations. The
analysis involved time versus plasma concentration pro-
files. Pharmacokinetic analysis engaged a noncompart-
mental analysis using WinNonlin Version 7.0 (Certara,
Princeton, NJ) to calculate the area under the curve to the
last measurable time point (AUCo.t), maximum concentra-
tion (Cmex), and time to maximum concentration (Tmax).

ANALYSIS AND STATISTICS

This study used Prism 5.0 for all statistical calculations.
Assessment of the primary endpoint, tumor volume, in-
volved a two-way ANOVA followed by Bonferroni's mul-
tiple comparison tests, and a p-value <0.05 compared to
sham was considered significant. The percent of tumor
growth inhibition involved the following formula:

Calculation of tumor growth rate involved the ratio be-
tween tumor volume on the day of measurements and tu-
mor volume on the first day of drug treatment. Complete
response referred to a tumor with a volume <25 mm3 for
at least three consecutive measurements, while partial re-
sponse indicated a tumor that decreased below 50% of
its initial volume for at least three consecutive measure-
ments. Investigators expressed the results as means * the
standard deviation.

%TGI = |1 —

x 100

(Control TVgiua — Control TVigiiia)

Where TGl is Tumor Growth Inhibition, TV = tumor volume.
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Results

ANTI-TUMOR ACTIVITY

Within this study, of the 70 randomized animals, 67 com-
pleted the study, and three expired: one with CLX-155A
(500 mg twice daily) and two with capecitabine (500 mg
twice daily).

As highlighted in Figures 3 and 4, multiple doses of CLX-
155A (once daily, twice daily) demonstrated significant
tumor growth inhibition (p<0.01) compared with the ve-
hicle control on Day 8. Results were dose-dependent: 300
mg/kg once daily (p<0.05), and both the 1000 mg/kg
once daily and 500 mg/kg twice daily (p<0.0001). On
Day 11, all CLX-155A groups were significant
(p<0.0001), except for 150 mg/kg twice daily
(p<0.001). The higher doses of CLX-155A showed
greater efficacy, with the 1000 mg/kg/day dose (both
once daily and twice daily schedules) achieving the most
substantial tumor reduction (Figure 3). This effect was
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consistent across all animals in the 1000 mg/kg/day
groups and most pronounced in the 500 mg/kg/day
twice daily group (Figure 4). Also, the once-daily dosing
schedule of 300 mg/kg/day demonstrated numerically
better anti-tumor activity than the twice-daily dosing
schedule at 150 mg/kg twice daily. Noteworthy was that
the effects of CLX-155A at 1000 mg/kg/day were con-
sistent with those with capecitabine at 1000 mg/kg/day.

EFFECTS ON WEIGHT

Weight loss (Figure 5) was one drug-related effect noted
with both treatments compared to the vehicle. It was
dose-dependent and significant with the higher doses
(p<0.001 on Days 13, 15, and 18). Animals in the cape-
citabine 1000 mg/kg once daily group showed more ex-
tensive weight loss at these time points (p<0.0001), and
the twice-daily groups for both drugs had significant
weight loss at these days (p<0.0001 for capecitabine,
p<0.001 for CLX-155A).
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Figure 3. Anti-tumor Activity of CLX-155A and Capecitabine at Different Doses and Schedule in HCT-116 Human Colon
Cancer Model as Compared with Vehicle Control. Data representations are Average * SD. * p < 0.05. ** p < 0.01, ***

p<0.001, **#*<0.0001.
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Figure 4. Tumor volume in HCT-116 Human Colon Cancer Xenograft Nude Mice Model. Individual animals in (a) Vehicle,
(b) CLX-155A 300 mg/kg QD, (c) CLX-155A 150 mg/kg BID, (d) CLX-155A 1000 mg/kg QD, (e) CLX-155A 500 mg/kg
BID, (f) Capecitabine 1000 mg/kg QD, and (g) Capecitabine 500 mg/kg BID groups. Each line represents data from
one animal.
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Figure 5. Effects on weight loss over the 18-day study period of CLX-155A and Capecitabine in HCT-116 Human Colon
Cancer Model Compared with Vehicle Control. Data representations are Average + SD. *p < 0.05. ** p < 0.01, ***
p<0.001, ****¥5<0.0001.

PHARMACOKINETIC PROFILE 1000 mg/kg once daily showed defined Tmax within an
CLX-155A and capecitabine's single-dose pharmacoki- hour of administration for 5-FU and its precursors. CLX-
netic profiles displayed defined peaks and accumulation 155A showed higher peaks (NS) for 5’-DFUR and 5-FU.
of 5-FU and its precursors (Figure 6a,b,c). Both drugs at CLX-155A's mean AUCo.y for 5’-DFCR, 5’-DFUR, and 5-
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FU was higher than with capecitabine. This observation
suggested a more prolonged and consistent release of
the active drug. Specifically, the AUCo.y) for 5’-DFCR was
265.1 pPg.h/mL for CLX-155A compared to 203.3
Mg.h/mL for capecitabine (Table 1). The AUCo.y for 5-FU
was 2.05 Pg.h/mL for CLX-155A compared to 1.89
Hg.h/mL for capecitabine. (Table 1) The half-life for 5'-
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DFCR, 5’-DFUR, and 5-FU for CLX-155A were 3.22,7.22,
and 7.57, whereas for capecitabine, these were 11.69,
3.0, and 7.55 hours, respectively. Finally, the AUCo.;) for
valproic acid (Figure 6d) was 551.576 ug+h/mL, with a
Cmax of 239715 ng/mL and a Tmax of 1 hour, reflecting
efficient oral absorption and metabolism by the intestinal
gut. The half-life was 5.05 hours (Table 1).
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Figure 6: Concentration versus Time PK Curves for (a) 5’-DFCR, (b) 5’-DFUR, (c) 5-FU, and (d) Valproic acid following
single-doses of CLX-155A and capecitabine at 1000 mg/kg. Data representations are average * SD (n=3).

Table 1: Pharmacokinetic parameters of AUCo.1), Cimax, Tmax, and t1/2 calculated for 5’-DFCR, 5’-DFUR, 5-FU, and valproic
acid following single-doses of CLX-155A and capecitabine at 1000 mg/kg.

PK Parameters 5'-DFCR 5'-DFUR 5-FU Valproic acid
CLX-155A Capecitabine CLX-155A Capecitabine CLX-155A Capecitabine CLX-155A
AUCo: (Ug+h/mL)  265.12 203.27 106.10 40.26 2.05 1.89 551.76
Crmax (UE/mL) 118.54 113.43 28.18 11.90 0.67 0.30 239.72
Tmax (h) 0.50 0.50 1.00 0.50 1.00 0.50 1.00
ti/2 (h) 3.22 7.22 7.57 11.69 3.00 7.55 5.05
Discussion colleagues reported that CLX-155 demonstrates statisti-

This work describes the first effort to document the activ-
ity of the combination prodrug CLX-155A in the athymic
nude mouse xenograft model of colorectal cancer. This
study evaluated doses ranging from 300 to 1000
mg/kg/day and twice daily and once-daily schedules. It
sought to address the research question around these pa-
rameters and the impact on activity in this model, in which
treatment persisted over 18 days. The results from this
study addressed this question. CLX-155A displayed sig-
nificant effects on % tumor growth inhibition (p<0.005)
across all doses and schedules as compared with vehicles.
The effects were dose-dependent, with the most signifi-
cant effect at 1000 mg/kg/day for either the once daily
at 1000 mg/kg or the twice daily 500 mg/kg doses
(p<0.0001).

Prior work with CLX-155, a prodrug that breaks into 5’-
DFCR precursor and caprylic acid, provided complemen-
tary observations relative to activity and survival when
administered in the colorectal cancer model for five days
on two-off schedules for three cycles 8. Boyette and

cally significant (p<0.0001) dose-dependent % tumor
growth inhibition at 125, 250, and 500 mg/kg/day ver-
sus vehicle control. The 500 mg/kg/day dose showed
similar effects versus the positive control, capecitabine, at
1000 mg/kg/day.'® Furthermore, complete regression
occurred in two of the ten animals.’® Such data only com-
plemented the findings in the CLX-155A study, which had
a shorter treatment period.

Furthermore, studies have evaluated CLX-155A in a nude
xenograft mouse model of triple-negative breast cancer
(TNBC).34 The triple-negative breast cancer model tested
CLX-155A as monotherapy at 1000 mg/kg/day, as well
as combination therapy with paclitaxel. As in the CLX-
155A colorectal cancer model, the triple-negative breast
cancer study utilized comparisons with vehicle and cape-
citabine at 1000 mg/kg/day. Results showed that CLX-
155A had a significant effect on tumor growth inhibition
(p<0.05) compared to vehicle control and demonstrated
increased efficacy when paired with paclitaxel. When
compared to capecitabine, CLX-155A showed superior

© 2025 European Society of Medicine 7



effect, demonstrating comparable effectiveness as cape-
citabine when used in coordination with paclitaxel.

In addition to CLX-155A and CLX-155, previous capecit-
abine research utilizing xenograft models in mice has
shown that capecitabine is effective against various can-
cers.353¢6 This drug has demonstrated significant anti-tu-
mor activity across different xenograft models, often out-
performing 5-FU alone.35:36 Specifically, in colon cancer,
capecitabine's ability to inhibit tumor growth varied be-
tween 17% and 101% across different human colon can-
cer cell lines, with the highest inhibition observed in the
HCT-116 cell line at 101%. Another study comparing
capecitabine and 5-FU at their maximum tolerated doses
in an HCT-116 human colon cancer xenograft model
found that capecitabine inhibited tumor growth by 86%
after seven weeks.3> These findings were consistent with
the tumor growth inhibition rates observed in this study,
where maximum doses of capecitabine achieved 94.1%
tumor growth inhibition and CLX-155A 96.6% tumor
growth inhibition on Day 15.

Another area of interest in this study was the effect on
weight changes, which was not a primary assessment. The
percentage change findings in body weight during and
after treatment reflected insights into the animals' gen-
eral health and treatments' potential toxicities. Both CLX-
155A and capecitabine showed significant effects on
weight versus vehicle (p<0.05 for all). Reductions were
dose- and schedule-dependent. The effect appeared to
level off after a break in treatment before the next cycle.
Capecitabine at 1000 mg/kg once daily displayed the
most pronounced effect in the colorectal cancer study.
Such observations might suggest that the higher single
daily administered dose might have exerted a more bo-
lus-like, producing a higher peak or drug accumulation
during the treatment time. This dosing strategy and its re-
sultant pharmacokinetic behavior could have led to gas-
trointestinal effects impacting food intake or absorption
or some other type of metabolic phenomena. However,
while CLX-155A's 1000 mg/kg/day single-dose phar-
macokinetic peak for 5’-DFUR and 5-FU and AUCo.: were
higher than with capecitabine in the colorectal cancer
study, its weight loss was lower in this investigation.

Another observation involved mortality, which was not a
primary assessment of the study. Considering the long pe-
riod of treatment (16 days of treatment), only one CLX-
155A and two capecitabine animals expired. All were on
the 500 mg twice-daily schedule. Interestingly, in the
CLX-155 colorectal cancer study, all animals survived,
whereas two animals in the capecitabine group ex-
pired.18

Studies have tied capecitabine's impact on mortality to
higher doses due to toxicity.37-3% Additionally, Liu and col-
leagues highlighted that capecitabine maintenance ther-
apy at doses of 1,000 mg/m?2 twice daily (approxi-
mately 54.05 mg/kg/day) in nasopharyngeal carcinoma
models resulted in manageable toxic effects but also
noted instances of progression or death.4® Midgley and
Kerr37 discussed the challenges of determining the opti-
mal dose of capecitabine to balance efficacy and safety,
noting that high doses, such as 1,250 mg/m?2 twice daily

(approximately 67.57 mg/kg/day), could lead to signif-
icant toxicity and mortality.

These researchers also monitored changes in body weight
throughout the study. Four animals showed weight loss:
two in the CLX-155 500 mg/kg group and two in the
capecitabine group. Bodyweight reductions in such stud-
ies are not uncommon. Multiple capecitabine preclinical
studies report that the drug caused weight loss.35-37,40,41
This weight loss often results from the drug's gastrointes-
tinal toxicity, which leads to reduced food intake. For in-
stance, Ishikawa and colleagues reported significant
weight loss in animals treated with capecitabine, espe-
cially at higher doses.3¢ Similarly, Kolinsky and colleague
es?! found that capecitabine administration decreased
body weight in colorectal cancer xenograft models. Re-
searchers noted that higher doses led to more pro-
nounced weight reduction.37.40 Interestingly, these weight
loss and mortality findings underscore the importance of
careful dose management in preclinical studies to mini-
mize adverse effects while maximizing therapeutic ef-
fects.

The pharmacokinetic profiles for single-dose CLX-155A
and capecitabine at the 1000 mg/kg/day dose in the
colorectal cancer study might offer some insights. CLX-
155A showed higher Cnax at 1 hour and AUCo.: versus
capecitabine for 5-FU and its precursors. However, it
showed a much lower half-life for these precursors and
5-FU than capecitabine. Finally, CLX-155A also provided
a distinct valproic acid Cmex at 1 hour and AUCo.. Such
pharmacokinetic characteristics might offer insight into
both dose activity effects. Prior work with CLX-155 rein-
forced these single-dose pharmacokinetic characteristics,
showing proportionality to the administered dose, delay
in 5’-DFCR and 5'DFUR, higher 5-FU AUCo.rexposure ver-
sus capecitabine at 500 and 1000 mg/kg, and an infu-
sion-like conversion of precursors to 5-FU.'? Such findings
might explain the similar efficacy of CLX-155 at 500
mg/kg/day to that of capecitabine at 1000 mg/kg/
day. Such a profile provides one explanation for the ac-
tivity profiles seen in both the CLX-155 colorectal cancer
and CLX-155A colorectal cancer models.

The other explanation for CLX-155A's activity in these
models might be due to the presence of valproic acid, in
which intestinal enzymes cleave from the prodrug to this
active compound and the 5-FU precursor, 5’-DFCR. This
agent, primarily known as an anticonvulsant and mood
stabilizer due to its inhibition of voltage-gated sodium
channels, inhibition of calcium channels, and increasing
GABAnergic neurotransmission, possesses anticancer ac-
tivities, including histone deacetylase inhibition (leading
to gene expression changes promoting cell cycle arrest,
differentiation, and apoptosis), cell cycle arrest, apopto-
sis induction, and anti-angiogenesis effects.20:23,24,42-47
Further, valproic acid enhances the efficacy of other an-
ticancer treatments, including chemotherapy and radio-
therapy, by sensitizing cancer cells to these treatments.42
It also shows activity in multiple animal cancer models, in-
cluding glioma,#¢ pancreatic,#® breast cancer,® and
bladder.50 The breast cancer model by Terranova-Bar-
berio and colleagues is notable in that valproic acid po-
tentiates capecitabine's anticancer activity via thymidine
phosphorylase expression induction.4®
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To date, the US Food and Drug Administration has ap-
proved four HDAC inhibitors for the treatment of hema-
tological malignancies: vorinostat, romidepsin, belinostat,
and panobinostat.51:52 HDAC inhibitors have shown posi-
tive responses in hematological malignancies.>253 Rele-
vant to solid tumors, recent research has also shown clini-
cal applications of HDAC inhibitors in gliomas,#3 breast
cancer,54 and pancreatic cancer.>> However, some studies
suggest that HDAC inhibitors, combined with another
agent, can yield additional anti-tumor activity.56:57 In a
syngeneic mouse tumor model, the combination of low-
dose trichostatin-A, an HDAC inhibitor, with anti-PD-L1
enhanced the tumor reduction and prolonged survival of
tumor-bearing mice when compared to monotherapy with
either treatment alone 54, In another study utilizing xeno-
graft models with cell lines from multiple solid tumor line-
ages, combining paclitaxel and either clinostat or ACY-
241, both HDAC inhibitors, also enhanced the cell prolif-
eration and increased cell death compared to either
agent alone.’” Finally, investigators have initiated multi-
ple clinical studies of valproic acid in solid tumors, includ-
ing glioblastoma (NCT00302159),58 advanced solid tu-
mors (NCT01552434),5° head and neck cancer
(NCT02608736),0 and acute myeloid leukemia or myel-
odysplastic syndromes (NCTO0075010).¢!

Like all research, this study possesses some limitations.
While the study provides valuable insights, it is important
to recognize their limitations. Notable is the use of the
HCT-116 human colorectal cancer xenograft model in
Foxn1 athymic nude mice. Although xenograft models are
helpful in studying anti-tumor efficacy, they lack an intact
immune system. This absence of immune responses may
not fully capture the complex interactions between the
immune system and the tumor microenvironment observed
in human subjects. The model used in this study addressed
a specific question as an initial activity signal, but its lack
of tumor metastasis does not fully represent advanced
disease. Therefore, further evaluation and confirmation
of CLX-155A's efficacy in other colorectal cancer models,
such as genetically engineered mouse models, patient-
derived xenograft models, and patient-derived organ-
oid models, are necessary.62:63

The next consideration involves the pharmacokinetic as-
sessment as part of the colorectal cancer study. It involved
a single-dose evaluation in animals receiving 1000
mg/kg/day at the start of treatment. The immunodefi-
cient state and the embedding of the tumor may compro-
mise such investigation. Moreover, this effort involved a
single dose. Future studies should engage normal healthy
mice for a cleaner evaluation of the drug's pharmacoki-
netic characteristics and involve multiple doses to reflect
the reality of the drug's clinical use.

Furthermore, the novelty of CLX-155A introduces a
unique aspect to the study, but it also requires a cautious
interpretation of the results. The specific metabolic con-
versions and subsequent release of active compounds
such as valproic acid need further elucidation, particu-
larly considering potential variations across different tu-
mor types or patient populations.

Finally, it is also important to note that the translatability
of oncology preclinical studies to clinical success is limited,
with only about 15% of preclinical findings translating

into effective clinical treatments.®4 This reality of transla-
tional research underscores the need for comprehensive
and diverse preclinical testing to improve the likelihood
of clinical success. Hence, further research in more diverse
models to confirm and broaden the activity profile of
CLX-155A while defining the dose, pharmacokinetics of
multiple doses, and safety profile will enhance the pack-
age for regulatory submission and first-in-human testing.

Conclusion

Overall, these findings in the colorectal cancer model in-
dicate that CLX-155A is a promising candidate for this
tumor-type colorectal cancer. CLX-155A promotes a sig-
nificant % TGl reduction at all doses (p<0.01) versus ve-
hicle as early as Day 8 of treatment. CLX-155A's treat-
ment responses are dose-dependent in the colorectal
cancer model, with the 1000 mg/kg/day dosing most
significant (p<0.0001) versus vehicle. The effects of the
500 mg/kg twice daily or 1000 mg/kg once daily ap-
pear comparable to those with capecitabine at the same
dose and schedule. The twice-daily schedule might lend
to a more consistent response across animals but with po-
tentially a more significant weight reduction than with the
once-daily dose.

The single-dose pharmacokinetic profile shows CLX-155A
produces defined peaks for precursors and 5-FU at an
hour post-dose and a greater AUCo.+ versus that with
capecitabine despite its shorter half-life. It also indicates
that a defined valproic acid peak occurs at an hour post-
dose, along with a defined AUCo... Additional pharmaco-
kinetic work involving multiple doses will help to define
drug behavior more clearly in the clinical setting and aid
in identifying dose ranges and schedules for clinical test-

ing.

This research warrants further investigation of CLX-155A
in clinical trials to confirm its efficacy and safety in hu-
mans. Additional safety, pharmacokinetics, and activity
work in other animal models and tumor types, such as in
the TNBC athymic nude mouse model, will help define and
de-risk this agent's profile more clearly so that it can
move into first-in-human studies. Such work, coupled with
these initial observations, could determine the potential
for cancer patients of this novel, dual-mechanism thera-
peutic that presents a sustained-release conversion to a
5-FU profile due to its site of metabolism within the gas-
trointestinal tract.
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