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TREATMENT OF TRIPLE NEGATIVE
BREAST CANCER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a Continuation (Divisional)
Application of U.S. patent application Ser. No. 17/190,317,
filed Mar. 2, 2021, which claims the benefit of the filing date
of U.S. Prowsmnal Application No. 62/984,238, filed on
Mar. 2, 2020, entitled TREATMENT OF TRIPLE NEGA-

TIVE BREAST CANCER. The entirety of the foregoing is
hereby incorporated by reference.

STATEMENT OF FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support
under NCI Grant No. ROICA138488 awarded by National

Cancer Institute. The government has certain rights in the
invention.

FIELD OF THE INVENTION

[0003] The field of the invention relates generally to the
treatment of breast cancer.

BACKGROUND

[0004] Trnple-negative breast cancer (INBC) 1s a highly

aggressive subtype that neither expresses estrogen receptors
(ER) and progesterone receptors nor overexpresses epider-
mal growth factor 2 receptor (HER2) and 1s unresponsive to
anti-estrogen and anti-HER?2 therapies. Consequently, cur-
rent standard of care includes systemic cytotoxic drug
combinations of anthracyclines, such as doxorubicin (DOX,
“ADRIAMYCIN”) or epirubicin, taxanes, cyclophosph-
amide and platinum compounds [1-3], with more targeted
therapies undergoing clinical trials [4].
[0005] Desplte imitial sensitivity to chemotherapy, TNBC
patients experience lower overall disease-iree intervals com-
pared with patients whose tumors express sex steroid hor-
mone receptors [S], with an overall pCR of only 20-40% [6].
The limited cytotoxic eflicacy of chemotherapy 1s likely due
to multiple mechanisms of cellular drug resistance, as well
as cell senescence and cytoprotective autophagy [1]. Fur-
ther, the irreversible cardiotoxic eflects of anthracyclines
and, to a lesser extent, taxanes, cyclophosphamide and
platinum compounds are well established and limit the
cumulative doses of drugs that can be administered to
achieve a curative outcome [7,8].

[0006] It 1s only very recently that triple-negative breast
cancer (INBC) was recognized as a unique sub-type of
breast cancer. Perhaps the earliest mention of triple-negative
breast cancer in the literature appears to be i a 2005 breast
cancer genetic profiling article (Brenton J D, Carey L A,
Ahmed A A, Caldas C. Molecular classification and molecu-
lar forecasting of breast cancer: J. Clin. Oncol. 2003;
23:7350-60). However, the precise genetic definition of
TNBC was still being debated even as late as 2009.

[0007] There continues a need for novel TNBC chemo-
therapy different from that used to treat receptor-positive
breast cancers has been discussed extensively in the litera-
ture (see, e.g., Anders, C. et al., The Evolution of Triple-
Negative Breast Cancer: From Biology to Novel Therapeu-
tics, ASCO Educational Book, 34-42 (2016)). In particular,

a critical unmet need exists for sater and more effective

Aug. 17,2023

treatments for TNBC that eliminate drug-resistant cell sub-
populations without producing cardiotoxicities, thereby
reducing the probability of recurrent disease and irreversible
cardiac damage.

[0008] N-Benzyladriamycin-14-pivalate (also known as
pivarubicin and AD 4435) was designed and developed as a
chemically stable congener of the experimental antitumor
agent N-benzyladriamycin-14-valerate (also known as ben-
zarubicin and AD 198) [9]. AD 198 has been previously
shown to competitively bind to the Clb (diacylglycerol-
binding) regulatory domain of conventional and novel 1so-
forms of protein kinase C (PKC) i the cytoplasmic com-
partment of mammalian cells [10-12]. AD 198 1s
functionally distinct from DOX 1n 1ts ability to trigger rapid,
mitochondrnial-dependent apoptosis through PKC-delta
(PKCd) activation in a manner that circumvents multiple
mechanisms of cellular drug resistance [12-16]. Further,
through the specific activation of PKC-epsilon 1n mamma-
lian cardiomyocytes, AD 198 confers cardioprotection
against reperfusion mjury following global ischemia and
doxorubicin-induced cardiac damage [17,18]. However, AD
198 1s labile to rapid ester hydrolysis of the valerate moiety,
resulting 1n the formation of N-benzyladriamycin (AD 288),
a catalytic inhibitor of topoisomerase II with reduced ability
to circumvent resistance mediated by multidrug transport
proteins or anti-apoptotic protein overexpression [12,19].

[0009] The design of more effective treatments for triple-
negative breast cancer continues to be challenging, owing to
the 1) absence of exploitable receptor targets, as with
ER+/PR+ and HER2+ breast tumors, which limits options
for targeted therapy [3], and 2) the emergence of
chemorefractory cancer cells possessing broad spectrum
resistance, which limits the eflicacy of current chemothera-
peutic agents [2]. Current treatment guidelines for TNBC
chemotherapy include the anthracyclines, doxorubicin or
epirubicin, 1n combination with other DNA-damaging and
antimicrotubule agents, resulting i an overall objective
response rate of 30-50% [3,31]. Exploiting an alternative
mechanistic strategy of foregoing the traditional targets of
cytotoxic chemotherapy to directly trigger apoptosis via
PKCd activation, the inventors surprisingly discovered
superiority of the functionally novel anthracycline, pivaru-
bicin and benzarubicin, over the standard-of-care drug,
doxorubicin, 1n the treatment of TNBC.

[0010] This background information 1s provided for the
purpose ol making information believed by the applicant to
be of possible relevance to the present invention. No admis-
s10n 1s necessarily intended, nor should it be construed, that
any of the preceding information constitutes prior art against
the present mvention.

BRIEF DESCRIPTION OF THE FIGURES

[0011] FIGS. 1A-1C show the formulas of pivarubicin
(FIG. 1A), diacylglycerol (DAG, FIG. 1B), and phorbol
12-myristate 13-acetate (PMA, FIG. 1C). Bold lines identity
the putative pharmacophores (Clb binding site).

[0012] FIGS. 2A-2C are fluorescence microscopy 1mages
from a study of cellular localization of pivarubicin.

[0013] FIGS. 3A-3E are images from studies of Pivaru-
bicin-mediated rapid apoptosis. FIG. 3A shows a detection
of proteins by chemiluminescence. FIGS. 3B-3E show
microscopy 1mages from detection of DNA fragmentation in
pivarubicin-treated 32D.3 cells by TUNEL assay.
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[0014] FIGS. 4A-4D are charts and images from studies of
pivarubicin cytotoxicity mediated through PKC-delta
(PKCd) activation.

[0015] FIGS. 5A and 5B are charts from studies of piva-
rubicin circumventing multiple mechanisms of MDR.
[0016] FIGS. 6 A-6F are charts and microscopy 1images for
results from a study of whether pivarubicin 1s more cyto-
toxic than doxorubicin against triple-negative breast cancer
(TNBC) monolayer cells and tumorspheres.

[0017] FIGS. 7A-7D are bar charts showing results of
doxorubicin treatment of TNBC-bearing NSG mice.

[0018] FIGS. 8A-8D are bar charts showing results of
pivarubicin treatment of TNBC-bearing NSG mice.

[0019] FIGS. 9A-9C are microscopy 1mages ol represen-
tative stained thin sections from a cardiotoxicity analysis of
nontumor-bearing NSG mice. Images show evidence of
microvacuolization (small arrows) 1 both vehicle-treated
mice (FIG. 9A) and doxorubicin-treated mice (FIG. 9B).

The image 1 FIG. 9C 1s from pivarubicin-treated mice.

DETAILED DESCRIPTION

[0020] For the purposes of promoting an understanding of
the principles of the present disclosure, reference will now
be made to certain embodiments and specific language will
be used to describe the same. It will nevertheless be under-
stood that no limitation of the scope of the invention 1s
thereby intended, and alterations and modifications 1n the
illustrated article of manufacture, and further applications of
the principles of the invention as illustrated therein are
herein contemplated as would normally occur to one skilled
in the art to which the invention relates.

[0021] Trnple-negative breast cancer (INBC) 1s a highly
aggressive and distinct subtype that does not express thera-
peutically exploitable levels of three growth factor receptors
(estrogen, progesterone, epidermal growth factor) that are
critical for the proliferation of other types of breast cancer.
Because of its non-responsiveness to therapy targeting these
receptors, TNBC, though comprising only 15% of all breast
cancer diagnoses, accounts for 25% of all breast cancer
mortality.

[0022] Conventional cytotoxic chemotherapies directly or
indirectly damaging nucleic acid or inhibiting mitotic
spindle function are the current standard of care. This
includes systemic cytotoxic drug combinations of anthracy-
clines, such as doxorubicin (*DOX”, Adriamycin™) or
epirubicin, taxanes, cyclophosphamide and platinum com-
pounds. Despite mitial sensitivity to chemotherapy, TNBC
patients experience lower overall disease-iree intervals com-
pared with patients whose tumors express sex steroid hor-
mone receptors, with an overall complete remission of only
20-40%. The limited cytotoxic ethicacy of chemotherapy 1s
likely due, at least 1n part, to multiple mechamsms of cellular
drug resistance. Therapeutic agents under development tar-
get specific components of intracellular proliferative path-
ways or nucleic acid damage repair machinery i TNBC
cells, often 1n combination with the above conventional
drugs. "

The development of new therapeutic agents that
inhibit TNBC cell proliferation 1n a manner that 1s unique
from those agents that have not been consistently successiul
in the treatment of TNBC would satisiy a significant unmet
clinical need.

[0023] Pivarubicin (AD 445) and the closely related ben-
zarubicin (AD 198) are experimental anthracycline drugs
with a novel mechanism of cytotoxicity observed in hema-
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tological tumor cells; rapid activation of certain 1soforms of
the signaling enzyme protein kinase C (PKC) and subse-
quent direct activation of apoptotic programmed cell death.
However, as opposed to hematologic tumors and even some
hormone receptor-positive breast cancers, activation of cer-
tain PKC 1soforms 1mn TNBC cells potentiates cell growth,
while mhibition of PKC 1nhibits TNBC cell growth. Based
on these observations, it would not be predicted that piva-
rubicin and benzarubicin would inhibit TNBC tumor
growth. The 1inventors surprisingly found that pivarubicin 1s
a potent inhibitor of TNBC tumor growth, suggesting a
novel tumoricidal mechanism that was not obvious in hema-
tological tumors. Pivarubicin has been found to possess a
mechanism of action, distinct from that observed in hema-
tologic and hormone receptor-positive breast cancer, that 1s
rapidly effective 1 blocking the growth of the distinct
human tumor sub-type, TNBC.

Definitions

[0024] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
present disclosure pertains.

[0025] For the purpose of interpreting this specification,
the following definitions will apply and whenever appropri-
ate, terms used 1n the singular will also include the plural and
vice versa. In the event that any definition set forth below
contlicts with the usage of that word 1n any other document,
including any document incorporated herein by reference,
the definition set forth below shall always control for
purposes ol iterpreting this specification and its associated
claims unless a contrary meaning 1s clearly intended (for
example 1n the document where the term 1s originally used).
[0026] The use of “or” means “and/or” unless stated
otherwise. The use of “a” herein means “one or more™ unless
stated otherwise or where the use of “one or more” 1s clearly
inappropriate.

[0027] The use of “comprise,” “comprises,” “compris-
ing,” “include,” “includes,” and “including” are inter-
changeable and not intended to be limiting. Furthermore,
where the description of one or more embodiments uses the
term “comprising,” those skilled 1n the art would understand
that, 1n some specific instances, the embodiment or embodi-
ments can be alternatively described using the language
“consisting essentially of” and/or “consisting of.”

[0028] As used herein, the term “about” refers to a £10%
variation from the nominal value. It 1s to be understood that
such a variation 1s always included in any given value
provided herein, whether or not it 1s specifically referred to.
[0029] ““Ireatment” refers to the administration of medi-
cine or the performance of medical procedures with respect
to a patient, erther for prophylaxis (prevention) or to cure the
infirmity or malady in the instance where the patient is

aftlicted.

[0030] A “‘therapeutically eflective amount” 1s defined
herein 1n relation to the treatment of cancers 1s an amount
that will decrease, reduce, inhibit, or otherwise abrogate the
growth of a cancer cell or tumor. Thus, an “eflective
amount” 1s the quantity of compound 1n which a beneficial
clinical outcome 1s achieved when the compound 1s admin-
istered to a subject with a cancer. A “beneficial clinical
outcome” 1ncludes, for example, a reduction 1n tumor mass,
durable tumor regression a reduction in metastasis, a reduc-
tion 1n the severity of the symptoms associated with the
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cancer and/or an increase in the longevity of the subject
compared with the absence of the treatment. The precise
amount of compound administered to a subject will depend
on the type and severity of the disease or condition and on
the characteristics of the subject, such as general health, age,
seX, body weight and tolerance to drugs. The precise amount
of compound administered also will depend on the degree,
severity and type of cancer. The skilled artisan will be able
to determine appropriate dosages depending on these and
other factors.

[0031] ““Treatment” refers to the administration of medi-
cine or the performance of medical procedures with respect
to a patient, either for prophylaxis (prevention) or to cure the
infirmity or malady i1n the instance where the patient 1s

aftlicted.

[0032] “Cumulative dose” The recommended cumulative
doses for doxorubicin and other conventional anthracyclines
indicate a maximum that can be given to avoid a significant
increase in cardiotoxic eflects regardless of whether that
cumulative dose was at all effective 1n treating tumors. It a
patient were to relapse after treatment with the maximum
cumulative dose of doxorubicin, for example, no further
doxorubicin or other cardiotoxic anthracyclines could be
administered. In contrast, the estimated cumulative dose of
the non-cardiotoxic benzarubicin and pivarubicin composi-
tions of the present disclosure would have a therapeutic
cllect 1n regressing the tumor during a course of treatment,
rather than a cumulative dose above which cardiotoxic
eflects become evident. Clinicians could, therefore, choose
to administer drug beyond this estimated cumulative dose to
achieve tumor eradication without the concern for cardio-
toxicity. This 1s a significant advantage of benzarubicin and
pivarubicin over doxorubicin; the fact that the cumulative
dose could be much more open ended, allowing for more
cycles of treatment and that patients who relapse following
the maximum cumulative doses of doxorubicin, daunorubi-
cin or epirubicin can be admimstered benzarubicin or piva-
rubicin without risk of cardiotoxicity.

[0033] The term “pharmaceutically acceptable salt” refers
to those salts of the compounds of the present disclosure
which are, within the scope of sound medical judgment,
suitable for use 1n contact with the tissues of patients without
undue toxicity, and the like. As used herein, the term
“pharmaceutically acceptable salt” may include acetate,
hydrobromide, hydrochlonide, sulfate, bisulfate, nitrate,
acetate, oxalate, valerate, oleate, palmaitate, stearate, laurate,
borate, benzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, naphthylate mesylate,
glucoheptonate, lactobionate and laurylsulphonate salts, and
the like. (See S. M. Barge et al., “Pharmaceutical Salts,” J.
Pharm. Sci., 66:1-19 (1977), which 1s incorporated herein by
reference 1n 1ts entirety, for further examples of pharmaceu-
tically acceptable salt). The salts of the compounds
described herein can be prepared, for example, by reacting
the base compound with the desired acid in solution. After
the reaction 1s complete, the salts are crystallized from
solution by the addition of an appropriate amount of solvent
in which the salt 1s insoluble. In some embodiments, as
described 1n more detail herein below, the hydrochloride salt
of the presently disclosed amine-containing anthracycline
compounds 1s made by passing hydrogen chloride gas into
an anhydrous solution of the free base. Accordingly, 1n some
embodiments, the pharmaceutically acceptable salt 1s a

hydrochloride salt.
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[0034] The compositions of the present disclosure may be
administered by any suitable route, including, for example,
by parenteral administration. Parenteral administration can
include, for example, systemic administration, such as by
intramuscular, intravenous, intraarterial, subcutaneous, or
intraperitoneal injection. The compositions of the present
disclosure can also be administered topically, by inhalation
(e.g., intrabronchial, intranasal, or intranasal drops), or rec-
tally, depending on the type of cancer to be treated. The
compositions of the present disclosure may be delivered
regionally to a particular affected region or regions of the
subject’s body.

[0035] The meamings of some abbreviations used in the
present disclosure are given 1in Table 1.

TABLE 1

Abbreviation Meaning

AD 198 N-Benzyladriamycin-14-valerate (also known as
benzarubicin)

AD 288 N-Benzyladriamycin

AD 445 N-Benzyladriamycin-14-pivalate (also known as
prvarubicin)

DOX Doxorubicin

MTD Maximum tolerated dose

pCR Pathologic complete response

PKC Protein kinase C

SOLUTOL A nonionic surfactant comprising polyethyleneglycol (15)-
hydroxystearate

TNBC Triple-negative breast cancer

[0036] Administration of Compositions

[0037] Compositions of the present disclosure may be

administered systemically as a solution, suspension (such as
but not limited to a micro suspension), or emulsion (such as
but not limited a microemulsion). Alternatively, the compo-
sitions of the present disclosure administered by direct
instillation mto a body cavity (such as but not limited to
intraperitoneally, intrapleurally, intraventricularly as in the
brain, and/or rectally as by suppository), inhalation, intra-
venously, or intramuscularly as a liposomal suspension.
When administered through 1nhalation the active compound
or salt should be in the form of a plurality of solid particles
(such as but not limited to microparticles) or droplets having
a particle size from about 0.5 micrometer to about 5 microm-
cters, and preferably from about 1 micrometer to about 2
micrometers.

[0038] Benzarubicin may be administered for the treat-
ment of TNBC 1n an amount of 1 mg/mL. Similarly, and
pivarubicin may be administered for the treatment of TNBC
in an amount of 1 mg/mlL.

[0039] Furthermore, a composition comprising at least one
of pivarubicin and benzarubicin may be used either as
first-line TNBC therapy as a replacement for doxorubicin, or
in adjuvant or neo-adjuvant therapy or for salvage therapy 1n
relapse patients who cannot be administered any additional
doxorubicin due to cardiotoxicity concerns. As for co-
administration, the compositions of the present disclosure
may be administered either with currently used TNBC drugs
such as docetaxel, carboplatin, capecitabine, eribulin,
gemcitabine and vinorelbine or other cancer targeted agents.

10040]

[0041] The composition of the present disclosure (for
pivarubicin and benzarubicin) may be provided for the

Dose Range and Schedule
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treatment of TNBC 1n humans and mammals, including, for
example dogs (canines) and cats (felines), as shown 1n Table

2.
TABLE 2
Mammal Low Median High
Human 0.7 mg/Kg 1.4 mg/Kg 2.8 mg/Kg
(52 mg/m?) (52 mg/m?) (52 mg/m?)
Canine & Feline 1.4 mg/Kg 2.8 mg/Kg 5.6 mg/Kg
(exemplary (52 mg/m?) (54 mg/m?) (52 mg/m?)

embodiments

[0042] The composition according to the present disclo-
sure may be administered every 10-21 days.

[0043] Benzarubicin  (N-benzyladriamycin-14-valerate,
AD 198) can undergo enzymatic and non-enzymatic ester
hydrolysis to release the valerate moiety to form AD 288.
AD 288 1s a comparable cytotoxic compound, however, the
cytotoxicity occurs through a mechanism that 1s distinct
from benzarubicin, pivarubicin, as well as the commonly
used antitumor agent, doxorubicin. One limitation of AD
288 1s that 1t cannot bypass the mechanisms of drug resis-
tance that benzarubicin, while pivarubicin can. Pivarubicin
(N-benzyladriamycin-14-pivalate, AD 438) 1s more resistant
to hydrolysis, since the pivalate moiety sterically shields the
ester linkage.

[0044] Examples of nonlimiting embodiments of the pres-
ent disclosure are included immediately below.

Embodiment 1. A method for treating triple negative breast
cancer (INBC), said method comprising administering to a
subject an effective amount of at least one of pivarubicin and
benzarubicin, or a pharmaceutically acceptable salt thereof.

Embodiment 2. The method of embodiment 1, wherein said
subject 1s a mammal (e.g., any of human, camine, and feline).

Embodiment 3. The method of any of the preceding embodi-
ment, wherein treating TNBC further comprises inhibition
of tumor growth.

Embodiment 4. A composition comprising at least one of
pivarubicin and benzarubicin, or a pharmaceutically accept-
able salt thereof, and a nonionic surfactant.

Embodiment 3. The composition of embodiment 4, wherein
said nonionic surfactant 1s polyethyleneglycol (15)-hydrox-
ystearate (also known as SOLUTOL, macrogol (15)-hydrox-
ystearate, or KOLLIPHOR HS 13).

Embodiment 6. The composition of embodiment 5, wherein
said composition further comprises an alcohol (such as
cthanol).

Embodiment 7. The composition of any of embodiments
4-6, wherein the nonionic surfactant 1s present 1n an amount

of 0.1% to 1.0%.

Embodiment 8. The composition of any of embodiments
4-6, wherein the nonionic surfactant 1s present 1n an amount

of about 0.1%.

Embodiment 9. The composition of any of embodiments
4-6, wherein the nonionic surfactant 1s present 1n an amount

of about 0.125%.

Embodiment 10. The composition of any of embodiments
4-9, wherein the pivarubicin 1s present in an amount of about

0.5-3.0 mg/mL, preferably 0.75-2.5 mg/mlL.

Embodiment 11. The composition of any of embodiments
4-9, wherein the benzarubicin 1s present 1 an amount of

about 0.5-3.0 mg/mL, preferably 0.75-2.5 mg/mlL..
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Embodiment 12. The composition of embodiments 4-9,
wherein the pivarubicin 1s present 1n an amount of about 1
mg/ml.

Embodiment 13. The composition of any of embodiments
4-9, wherein the benzarubicin 1s present 1n an amount of
about 1 mg/mlL..

Embodiment 14. The composition of any of embodiments
4-13, wherein said composition formulated for parenteral
administration.

Embodiment 15. A method for treating triple negative breast
cancer (INBC), said method comprising administering to a
subject an effective amount of a composition of any of the
preceding embodiments.

Embodiment 16. The method of embodiment 15, wherein
said amount 1s about 1 mg/mlL.

Embodiment 17. The method of embodiment 135, wherein
the pivarubicin 1s present in an amount of about 300-750 mg
cumulative dose, with a preferred range of 300-400 mg.
Embodiment 18. The method of embodiment 15, wherein
the benzarubicin 1s present 1n an amount of about 300-750
mg cumulative dose, with a preferred range of 300-400 mg.
Embodiment 19. The method of any of embodiments 1-3
and 15-18, wherein the at least one of pivarubicin and
benzarubicin 1s provided 1n a composition comprising 10%-
30% ethanol and 70%-90% sterile saline.

Embodiment 20. The method of any of embodiments 1-3
and 135-18, wherein the at least one of pivarubicin and
benzarubicin 1s provided 1n a composition comprising about
20% ethanol and about 80% sterile saline, and further
comprising about 0.125% SOLUTOL.

Embodiment 21. The method of any of embodiments 1-3
and 15-18, wherein the at least one of pivarubicin and
benzarubicin 1s provided in a composition comprising 10%-
30% ethanol and 70%-90% sterile saline, and SOLUTOL.
Embodiment 22. The composition of embodiment 9,
wherein the nonionic surfactant 1s present in an amount of
about 0.5%

Embodiment 23. In some further embodiments, the present
disclosure pertains to compositions comprising at least one
of prvarubicin and benzarubicin, alcohol, and a nonionic
surfactant (e.g., SOLUTOL) 1n an amount of at least about
0.125%. Nonionic surfactant (e.g., SOLUTOL) may be used

in the composition in an amount of at least at least 0.1-10%,
0.1-0.5%, 0.1-1.0%, 0.1-3.0%, and even 0.1-5.0%.

Examples
[0045] Methods
[0046] Chemicals and Biologicals
[0047] Pivarubicin used for TNBC studies was synthe-

s1zed by Dr. John Rimoldi (Un1v. of Mississippi) using the
previously described protocol [20,21]. Doxorubicin HCI,
rottlerin and all antibodies were purchased from Sigma-
Aldrich (St. Louis, Mo.). For 1n vitro experiments, doxoru-
bicin and pivarubicin were dissolved in DMSO. The final
maximum DMSO concentration used for in vitro drug
treatments (1% for 72 hours) was not cytotoxic. IL-3-
dependent 32D.3 murine myeloid cells, CCRF-CEM human
lymphoblastic leukemia cells and multidrug-resistant vari-
ants (generous gift of Dr. William T. Beck, St. Jude Chil-
dren’s Research Hospital, Memphis, Tenn.), 293 embryonic
human kidney cells and HL-60 human acute myeloid leu-
kemia cells transfected with Bcr-Abl, Bcl-XL or empty
expression vectors (generous gift of Dr. Kapil Bhalla, Univ.
of Miami) were maintained as previously described [12,14,
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22,23]. K562 human chronic myelogenous leukemia and
LNCaP human prostate cancer cells were purchased from
ATCC (Manassas, Va.) and maintained as described by the
vendor. LNCaP/Bcl-2 cells were the generous gift of Dr.
Ralph Buttyan (Columbia Univ.). Luminescent MDA-MB-
231-LM2 (LM-2; metastatic lung subpopulation 1solated
from human TNBC MDA-MB-231 cells transduced with
clFla-Luc2-puro lentivirus) were generously provided by
Dr. Yibin Kang, Princeton Umv.) and maintained in culture

as previously described [24]. PKCd siRNA [25] and
scrambled variant were obtained from (Qiagen (Germany).

[0048]

[0049] Quantitative and qualitative determination of AD
198 and pivarubicin biotransformation was determined by
reverse-phase HPLC as described previously [26,27].

[0050]

[0051] 32D.3 cells were grown 1n suspension culture in
the absence of drug for 24 h prior to analysis. Cells at a
density of 1x10°/mL were exposed to 5 uM doxorubicin or
1 uM pivarubicin for 1 hour, then harvested, washed and
resuspended 1n phosphate-buflered saline, pH-7.2 (PBS).
Nuclear counterstaining of pivarubicin-treated cells was
performed by treatment of cells with 16 ug/mL bisbenzimide
for 1 hour. Drug autofluorescence was observed with an
Olympus BH-2 phase-contrast microscope with a mercury
UV light source under UV illumination (red: excitation filter,
530-560 nm; barrier filter, S80 nm: blue: excitation filter
(340-390 nm) at x1000 magnification.

10052]

[0053] Detection of DNA fragmentation 1n apoptotic cells
by the TUNEL assay and immunoblot analyses of

cytochrome ¢ release were performed as described previ-
ously [12].

[0054] PKC Inhibition, Cell Viability Determinations and
Immunoblot Analysis.

[0055] Rottlenn treatment of cells, cell viability analysis
by MTT [28] and immunoblot identification of protein
expression were performed and described previously [12].

Drug Biotransformation Analysis

Fluorescence Microscopy

Analysis of Apoptosis

[0056] Injection of Cells mnto the Murine Mammary Fat
Pad
[0057] Monolayer LM2 cells were trypsinized and resus-

pended in DMEM media contamning 10% FBS and 1x
antibiotic/antimitotic. Cell concentration was adjusted to
yield 2.5 105 cells for each 10 ulL injection in PBS. After
preparation for injection, cells were kept on 1ce at all times.
Cells were surgically implanted into the left and rnight
inguinal mammary glands of 4-week-old female NSG mice
(NOD/SCID 1IL2Ry-/-; Jackson Laboratory [Bar Harbor
Me.] #5557) bred in-house. Mice were anesthetized with
1.2% avertin via intraperitoneal (1.p.) injection prior to
surgery. Mice were also injected subcutaneously between
shoulder blades with rimadyl for pain relief on day of
surgery and on day following surgery. Primary tumor growth
prior to and during treatment was monitored initially by
manual palpation for tumor appearance, then twice weekly
using digital calipers. Tumor volume was calculated by the
formula: Volume=(Width2xLength)/2. When tumors
attained a volume of approximately 150-190 mm?®, cohorts
of 10 randomized drug-naive, female, NSG mice (8x1
weeks old, 23+£2 g) were administered the maximum toler-
ated dose (MTD) of pivarubicin, doxorubicin or the equiva-
lent volume of vehicle (70% sterile saline, 15% ethanol,
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15% Cremophor EL) as a bolus 1.p. mjection 1n parallel
experiments. Tumor volumes were measured 1 a blinded
manner.

[0058] All procedures were done in sterile cabinet. At
termination of experiments, mice were sacrificed humanely
by CO, 1nhalation followed by cervical dislocation. Animals
were housed 1 a closed-barrier facility using an Optimice
cage system (Ammal Care Systems, Inc., Centennial, CO)
housed on a carousel with “Bed-0'-Cobs” bedding material
(The Andersons Lab Bedding Products, Maumee, O H).
Animals were housed up to 10 mice per cage. In-house
breeding was performed by a trio mating (1 male to 2
temales) scheme (12 h light/dark cycle, avg. temp -21° C.).
All mice were maintained on a 7904 1rradiated high fat diet
(Teklad, Madison, Wis.). Food/water was provided ad libi-
tum. Domes and crait paper nests provided for enrichment.
Animal health was monitored by visual observation supple-
mented by body condition scoring as well as weight loss
(greater than 20%, as amimals approached endpoints, mea-
suring 2-3x/wk) to monitor endpoint. All animal procedures
were approved by the Institutional Anmimal Care and Use
Commuittee at the University of Tennessee Health Science
Center as accredited by the Association for the Assessment
and Accreditation of Laboratory Animal Care.

10059]

[0060] Mice were imaged using Xenogen In Vivo Imaging
System® Lumina from Perkin Elmer (Waltham Mass.).
Stock D-Luciferin, Firefly, potassium salt (Perkin Elmer,
122799) was prepared in DPBS at a concentration of 30
mg/mlL and sterile filtered with 0.2 micrometer syringe filter.
Luciferin was further diluted to 15 mg/mL 1n DPBS prior to
injection. Mice were injected 1.p. with 200 ul of luciferin.
Primary tumors were 1maged by placing mice in dorsal
recumbency using luminescent setting of auto exposure,
field of view D with resolution setting of 4 (medium
binning), 10 minutes after injection with luciterin, approxi-
mately 5 minutes following anesthetization with 1soflurane.
Data are reported as total flux in photons per second (p/s)
using Living Image software.

10061]

[0062] Drug-mediated cardiotoxicity was assessed 1n both
non-tumor-bearing female NSG mice administered three
doses (1.p. every two weeks) of the MTD of doxorubicin,
pivarubicin or the equivalent volume of solvent only and in
hearts excised from tumor-bearing mice treated as described
in Results section. Body weights were monitored every three
days. Two weeks after final dose, mice were sacrificed, and
hearts were excised immediately. Intact ventricular myocar-
dia were fixed for a minimum of 24 h i 10% formalin
phosphate buflered to pH 7.0 and then carefully sectioned
into 2 to 3-mm thick slices before being dehydrated 1n
graded ethanol and cleared 1n xylene prior to embedding 1n
parailin at 358° C. Sections (4-um thick) were mounted on
glass slides, deparaflinized in xylene, and stained in the
routine fashion with Mayer’s hematoxylin and eosin. Slide
labels were blinded to evaluator. Myocardial lesions were
evaluated by routine light microscopy and scored with
regard to the severity and extent of damage [29]:

[0063] Degree of severity (S)— 0, no evidence of histo-
logical changes; 1, sarcoplasmic microvacuolization and/or
inclusions (interstitial or cellular edema); 2, as 1 1 plus
sarcoplasmic macrovacuolization or atrophia, necrosis,
fibrosis, endocardial lesions, and thrombi.

Imaging Mice Using In Vivo Imaging System.

Cardiotoxicity Assessment.
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[0064] Degree of extension (E)-0, no lesions; 0.5, less than
10 single altered myocytes on the whole-heart section; 1,
scattered single altered myocytes; 2, scattered small groups
of altered myocytes; 3, spread small groups of altered
myocytes; 4, contluent groups of altered myocytes; 5, most
of cells damaged.

[0065] Total cardiotoxicity score/animal=SxE and mean
total score (MTS) for each treatment group was MTS=X(Sx
E)Ynumber of animals.

[0066] Results

[0067] Pivarubicin (FIG. 1A) was designed to be a hydro-
lytically stable congener of our previously developed anthra-
cycline antitumor compound, AD 198. In contrast to the
straight-chain 5-carbon valerate moiety at C-14 appended to
the anthraquinone A ring through an esterase-labile ester
linkage 1n AD 198, pivarubicin contains a tertiary trimethyl
(pivalate) moiety at the same site that 1s proposed to steri-
cally hinder enzyme-mediated ester hydrolysis yet retains
the 3-dimensional configuration that mimics the Clb regu-
latory domain ligands, diacylglycerol (FIG. 1B) and phorbol
12-mynstate 13-acetate (FIG. 1C) [11]. In FIGS. 1A-1C,
bold lines 1dentily putative pharmacophores (Clb binding
site) for these compounds. Resistance of the pivalate moiety
in pivarubicin to hydrolysis 1s confirmed following treat-
ment of 32D.3 murine myeloid cells, J774.2 murine mac-
rophage-like cells and 293 embryonic human kidney cells
with pivarubicin and AD 198 at 1 uM for 1 hour, followed
by qualitative and quantitative analysis of drug content by

reversed-phase HPLC [26,27].

[0068] While AD 198 was subject to approximately 50%
biotransiformation to N-benzyladriamycin (AD 288) 8 hours
alter drug uptake 1nto cells, less than 10% of pivarubicin was
initially biotransformed and showed little time-dependent
conversion to AD 288. Cells at a density of 1x10° cells/mL
were treated with 1 um drug (AD 198 or pivarubicin) at 37°
C. for 1 hour, then harvested immediately or incubated for
an additional 7 hours in drug-free medium. Intracellular
drug was extracted and analyzed by fluorescence HPLC as
described previously [26,27]. AD 198 and pivarubicin
biotransformation was represented by the percentage of
intact intracellular drug remaining. Results were as summa-

rized in Table 3.

TABLE 3

% Parent Compound

32D.3 293 1'774.2

1 hr 8 hr 1 hr 8 hr 1 hr 8 hr

AD 198 90 56 80 50 90 50
Pivarubicin 100 06 98 94 90 90
[0069] Possessing a hydrolytically stabile C-14 moiety,

pivarubicin retained the functional characteristics initially
described for AD 198, including rapid cellular uptake and
localization almost exclusively 1n the perinuclear region of
the cytoplasm (FIGS. 2A-2C) under three conditions: In one
example, 32D.3 cells at a density of 1 x10°mL were
exposed to 5 uM doxorubicin (FIG. 2A), and 1n another
example the cells were exposed to 1 uM pivarubicin for 1
hour (FIG. 2B). Nuclear counterstaining of pivarubicin-
treated cells was performed with 16 ug/mlL bisbenzimide for
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1 hour (FIG. 2C). Fluorescence microscopy was performed
as described 1n Materials and Methods. Images are at x1000
magnification.

[0070] Once distributed 1nto microsomal membranes,
pivarubicin triggered rapid, mitochondrial-dependent apop-
tosis that was independent of cell cycle arrest. Marked
release of cytochrome ¢ into the cytosol as an indicator of
mitochondrial depolarization and dysfunction 1s detected
within 5 hours of drug treatment, while DNA fragmentation,
as detected by TUNEL staiming, 1s abundant by 6 hours.

[0071] In a study of Cytochrome ¢ (Cyt C) release by
pivarubicin (PIV) and control (C), 32D.3 cells were exposed
to 5 uM pivarubicin for 1 hour, then incubated 1n drug-iree
medium for an additional 4 hours. Cells were then fraction-
ated to 1solate the cytosolic fraction, subjected to 1mmuno-
blotting and treated with anti-cytochrome ¢ monoclonal
antibody (1:250) for 2 hours, followed by a 1-hour treatment
with 1:1000 dilution of horseradish peroxidase-conjugated
goat anti-mouse second antibody as described previously
[12]. Proteins were detected by chemiluminescence (FIG.
3A). FIGS. 3B-3E show images of detection of DNA
fragmentation in pivarubicin-treated 32D.3 cells by TUNEL
assay. Cells were treated with 5 uM pivarubicin for 1 hour,
washed twice in warm PBS, incubated 1n drug-free medium
for 6 hours, then prepared for 3'-biotinylation of fragmented
DNA using the TUNEL assay procedure. Individual fields of
cells were detected for both DNA 3'-end labeling (green:
grayscale image 1n FIG. 3D) or total cellular DNA staining
by propidium 10dide (red: grayscale images in FIGS. 3C and
3E). Composite image 1s representative of three independent
experiments.

[0072] Consistent with the computer modeling and bind-
ing studies of N-benzylanthracyclines with varying C-14
acyl chain length and conformation with the C1b regulatory
of PKC [10,11], pivarubicin-induced cytotoxicity 1s depen-
dent on PKCd activation.

[0073] FIGS. 4A-4D are charts and images from studies of
pivarubicin cytotoxicity mediated through PKC-delta
(PKCd) activation. For FIG. 4A, 32D.3 cells, suspended 1n
RPMI-1640 medium/10% FCS/IL-3 at a density of 5x105
cells/ml, were treated with either DMSO (C) or 5 uM
pivarubicin (PIV) for 4 h prior to harvesting, cell fraction-
ation, and immunoblot analysis of PKCd as described pre-
viously [14]. For FIG. 4B, 32D.3 cells were pretreated with
10 um rottlerin for 2 h prior to exposure to 5 uM drug for 1
h at 37° C. Cells were pelleted and washed twice 1n large
volumes of warm PBS, then resuspended in fresh, drug-free
medium contaiming 10 um rottlerin at 5x105 cells/ml and
incubated at 37° C. for up to 72 h. At indicated times,
aliquots of cells were withdrawn and stained with trypan
blue. Viable cells were scored based on the exclusion of stain

and gross morphological appearance. For the results shown
in FIGS. 4C and 4D, 32D.3 cells were transfected with

PKCd siRNA or scrambled siRNA as described in the
Materials and Methods section under “Chemicals and Bio-
logicals”. The cells were then assessed for pivarubicin
cytotoxicity as for FIG. 4A. Each datum point represents the
mean and standard error of at least three independent
determinations, each consisting ol 300-500 cells per count,
when possible.

[0074] Within 4 hours of treatment with 5 uM pivarubicin,
PKCd translocates from the cytosolic to the membrane
fraction of 32D.3 cells, consistent with PKCd activation
(FIG. 4A). Inhibition of PKCd activity also selectively
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impedes pivarubicin cytotoxicity. Treatment of cells with the
IC., concentration ol doxorubicin produces a progressive
decrease 1n the viable cell population down to 50% by 24
hours of drug treatment. Co-treatment of cells with rottlerin,
a selective 1nhibitor of the pro-apoptotic PKCd, does not
alter doxorubicin cytotoxicity. However, while pivarubicin
produces 50% cell kill within 6 hours of treatment, rottlerin
markedly delays pivarubicin 50% cell kill to 24 hours (FIG.
4B). Likewise, downregulation of PKCd expression 1in
human LNCaP prostate cancer cells by PKCd siRINA trans-
fection 1nhibits pivarubicin-mediated cell kiall, with a 2.5-
fold increase in pivarubicin concentration required to
achieve 50% cell kill in PKCd-siRNA-transtected cells, thus
supporting PKCd activation by pivarubicin as the trigger for
apoptosis (FIGS. 4C and 4D).

[0075] In addition to i1ts novel mechanisms of cytotoxic
action, pivarubicin circumvents multiple mechanisms of
cellular drug resistance. CCRF-CEM cells selected for resis-
tance to vinblastine (CEM/VLB-10 and CEM/VLB-100)
overexpress P-glycoprotein, exhibit 10.6—and 269-iold
resistance to vinblastine [22] and exlibit 12—and 73-fold
resistance to doxorubicin, respectively. However, VLB-10
cells exhibit no resistance to pivarubicin, and VLB-100 cells
are only 3-fold resistant.

[0076] Overexpression of transiected anti-apoptotic pro-
teins B¢c1-2 in LNCaP human prostate cancer cells (FIG. SA)
and Bcl-XL 1n HL-60 human promyelocytic leukemia cells
(FIG. 5B) do not impede the rate of pivarubicin-induced
apoptosis. For the results shown 1n FIG. 5A, LNCaP cells
transfected with Bcl-2 expression vector were assessed for
doxorubicin or pivarubicin cytotoxicity, compared to cells
transiected with empty vectors. Cells were exposed to 5 uM
drug for 1 h, washed, and further incubated for 72 h 1n
drug-free medium. Viability was determined by the MTT
assay. For the results shown in FIG. 5B, pivarubicin cyto-
toxicity in HL-60 cells transfected with Ber-Abl or Bel-XL
expression vectors were assessed for doxorubicin or piva-
rubicin cytotoxicity and compared as described for FIG. SA.
Each datum point represents the mean and standard error of
at least three independent determinations.

[0077] The oncogenic fusion protemn, Bcer-Abl, had no
inhibitory eflect on pivarubicin cytotoxicity in HL-60 cells,
in contrast to doxorubicin (FIG. 5B). In total, these cell-
based results indicate that similar to 1ts more chemically
labile congener, AD 198, the rapid uptake of pivarubicin 1n
mammalian cells, which 1s unaffected by P-glycoprotein
expression, results 1 cytoplasmic localization of drug, rapid
translocation and activation of PKCd to trigger mitochon-
drial-dependent apoptosis 1n a manner that does not require
prior cell cycle arrest and 1s not impeded by the overexpres-
sion ol anti-apoptotic proteins.

[0078] Based upon the ability of pivarubicin to circumvent
multiple mechanisms of resistance against doxorubicin, we
then examined the eflicacy of pivarubicin against TNBC in
comparison to doxorubicin, using the following procedure,
using two basal TNBC cell lines. MDA-MB-231 cells and
SUM-159 cells were maintained under adherent monolayer
growth conditions. Upon reaching 50% confluency, cells
were treated for 48 h with the dose range of doxorubicin or
pivarubicin as indicated 1n FIGS. 6 A and 6B. Cell viability
was corrected for death observed in vehicle-only-treated
cells (<1% ethanol final well concentration).

[0079] MDA-MB-231 monolayer culture was plated at
6,500 cells per well 1into a 24-well ultralow adhesion dish 1n
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tumorsphere medium with either vehicle, pivarubicin (PIV),
or doxorubicin (DOX), and cultured for up to 7 days prior
to obtaining the digital images shown 1 FIG. 6C (vehicle
only), FIG. 6D (2.5 uM PIV), and FIG. 6E (2.5 uM DOX).
The bar graph 1n FIG. 6F represents the mean number of
tumorspheres greater than 50 nm 1n diameter/well (n >3).

[0080] Both cell lines exhibit a biphasic response to doxo-
rubicin in MT'T assays, with 1C., concentrations for MDA -
MB-231 and SUMI139 cells of 1 uM and 4 uM, respectively
(FIGS. 6 A and 6B). However, the remaining cell subpopu-
lations were significantly less sensitive to doxorubicin,
ultimately shifting the 1C,, concentrations to >20 uM 1n both
cell lines. In contrast, response to pivarubicin treatment was
largely monophasic 1n both cell lines, with IC., concentra-
tions of 2.5 uM and 1.5 uM, and IC,, concentrations of 4.5
uM and 1.7 uM mm MDA-MB-231 and SUMI159 cells,
respectively. Consistent with monolayer cell culture results,
pivarubicin was significantly more eflective than doxorubi-
cin 1n preventing secondary tumorsphere formation by
MDA-MB-231 cells, with complete inhibition with 2.5 uM
pivarubicin, but only partial imnhibition by 2.5 uM doxoru-

bicin (FIG. 6F). Stmilar results were observed with SUM159
tumorspheres (not shown).

[0081] The superiority of pivarubicin over the commonly
used antitumor agent, doxorubicin in our 1n vitro findings led
us to mvestigate whether pivarubicin demonstrates thera-
peutic superiority 1n vivo. In the absence of specific receptor
targets, the current treatment of metastatic TNBC relies on
doxorubicin-based multidrug therapy, with only limited
cllectiveness. MDA-MB-231 1s a highly aggressive, meta-
static, and poorly differentiated claudin-low human TNBC
cell line that has been used extensively as a model for drug
response and resistance [30]. Cytotoxicity (MTT) assays
comparing cultured MDA-MB-231 cell treated with piva-
rubicin and doxorubicin (48-hour continuous exposure)
demonstrated a pivarubicin I1C,, of 5.1 uM versus 20.0 uM
for doxorubicin, supporting the prediction of greater i vivo
ellicacy of pivarubicin over doxorubicin. Subsequently, we
determined whether pivarubicin i1s therapeutically superior
to doxorubicin in vivo by using an orthotopic xenograft
model of luminescent MDA-MB-231 cells (LM2) engrafted
into the left and right inguinal mammary glands of female
NSG mice. Once achieving a primary tumor volume of
150-190 mm>, mice were randomized into three cohorts for
treatment with the MTD of pivarubicin or doxorubicin, or
the equivalent volume per body weight of vehicle.

[0082] The MTD of pivarubicin and doxorubicin, as deter-
mined in 8-week-old non-tumor-bearing female NSG mice,
was defined as the dose given 1.p. (rapid push 1n 70% sterile
saline, 15% EtOH, 15% Cremophor EL) once every 2 weeks
(two doses) that produced a maximum reversible 20%
decrease 1n mean body weight. A doxorubicin dose of 1.4
mg/kg resulted 1n a reversible mean weight loss of 22% after
3 prior escalating doses. In an independent dosing experi-
ment, 1.8 mg/kg resulted 1n an irreversible mean weight loss
of >25%. The MTD for pivarubicin was 26.6 mg/kg, pro-
ducing a reversible mean 20% weight loss after two doses,

with a third dose producing an irreversible mean weight loss
>20%.

[0083] In a study of doxorubicin treatment of TNBC-
bearing NSG mice, LM2 cells were implanted into the 4R
and 4L cleared mammary fat pads of female NSG mice and
permitted to proliferate for 26 days until a tumor volume
range of 125-190 mm” was reached based on caliper mea-
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surements. Doxorubicin was administered IP rapid push 1n
70% sterile saline, 15% EtOH, 15% Cremophor EL at
14-day intervals, with tumor volumes measured at indicated
days post-implantation, as summarized 1n FIG. 7A. Dosing
was suspended at 47 days due to tumor size. At endpoint,
mice were euthanized, and primary tumors resected for
volume (FIG. 7B), weight (FIG. 7C), and luminescence
(FIG. 7D) measurements. Endpoint results are expressed as
the meanzstandard error of 10 mice per group. Statistical
significance was determined by the Wilcoxon rank-sum test.

[0084] Primary LM2 tumors treated with either a single
MTD of 1.4 mg/kg or a second escalated dose of 1.6 mg/kg
DOX 14 days later failed to exhibit reduced growth com-
pared with vehicle treatment, as indicated by tumor volume
measurements during treatment (FIG. 7A) or endpoint vol-
ume (FIG. 7B) and weight (FIG. 7C) determinations of
excised tumors. Luminescence comparison of doxorubicin-
and vehicle-treated primary tumors demonstrated similar
flux (FIG. 7D), suggesting that both groups of tumors had
comparable quantities of live cells. Further dosing with
DOX was precluded by excessive and irreversible weight
loss 1n tumor-bearing mice.

[0085] Pivarubicin treatment of TNBC-bearing NSG mice
was also studied. LM2 cells were implanted into the 4R and
4L, cleared mammary fat pads of female NSG mice and
permitted to proliferate for 22-24 days until a tumor volume
range of 125-190 mm”> was reached based on caliper mea-
surements. Pivarubicin was administered IP rapid push 1n

70% sterile saline, 15% EtOH, 15% Cremophor EL as either
a single dose at 26.6 mg/kg (FIG. 8A) or in two 16.5-mg/kg
doses at a 14-day interval (FIG. 8B) with tumor volumes
measured at imdicated days post-implantation. Dosing was
suspended at 47 days due to tumor size 1n vehicle-treated
mice. At endpoint, mice were euthanized, and primary
tumors resected for volume (FIG. 8C) and weight (FIG. 8D)
measurements. Results are expressed as the mean+standard
error of 10 mice per group. Statistical sigmificance was
determined by the Wilcoxon rank-sum test.

[0086] In contrast to the results for DOX, a single MTD
dose of pivarubicin produced a mean 40% decrease in tumor
volume compared with the mean volume prior to drug
administration, indicating not only inhibition of further
tumor growth but also regression of tumor mass. This 1s
compared with a 3.5-1fold increase 1 tumor volume in mice
treated with vehicle alone (FIG. 8A). As opposed to non-
tumor-bearing NSG mice, a single MTD of pivarubicin in
tumor-bearing NSG mice resulted 1 a poorly reversible
20% mean weight loss, precluding additional dosing. As a
consequence, we performed a second, independent dosing
experiment 1n which tumor bearing NSG mice were treated
with pivarubicin in two doses of 16.5 mg/kg 1.p. at a
two-week interval (FIG. 8B), after which the primary tumors
were removed, then measured for volume (FIG. 8C) and
weight (FIG. 8D). Endpoint measurements indicated that
two rounds of 16.5 mg/kg pivarubicin produced a 50%
decrease 1 tumor volume and 40% decrease in tumor
weight compared with vehicle treatment.

[0087] Taken together, these results indicate that while the
MTD of doxorubicin 1s sub-therapeutic against a rapidly
growing and aggressive human TNBC orthotopic xenograft,
pivarubicin not only inhibited tumor proliferation, but pro-
duced tumor regression.

[0088] Given the limitation of doxorubicin 1n the treat-
ment of tumors due to wrreversible cardiotoxicity due to the
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total cumulative dose of drug, 1t was next determined
whether pivarubicin produced evidence of cardiotoxic dam-
age at the total dose of drug administered to NSG mice that
produced tumor growth inhibition. Histological evidence of
ventricular damage 1n hearts of drug- or vehicle-treated NSG
mice were assessed using the Bertazzoli Test, originally
designed to assess doxorubicin-induced cardiomyocyte
damage [29]. Analyses were performed on hearts from two
independent experiments: 1) hearts that were excised at
dosing endpoint from tumor-bearing NSG mice receiving 2
1.p. doses of pivarubicin at 16.5 mg/kg, doxorubicin at 1.4
mg/kg then 1.6 mg/kg and an equivalent volume of vehicle
alone and 2) non-tumor-bearing female NSG mice receiving
3 1.p. doses of pivarubicin at 16.5 mg/kg, doxorubicin at 1.4
mg/kg then 1.6 mg/kgx2 and an equivalent volume of
vehicle alone at 2-week intervals.

[0089] As shown in Table 4, non-tumor-bearing mice
(n=9) that were given a cumulative dose of pivarubicin that
was demonstrated to inhibit primary TNBC tumor growth
exhibited no evidence of histologic damage to ventricular
cardiomyocytes, as measured by both severity of damage to
individual cells and extent of the lesion. Similarly, %40 hearts
from tumor bearing NSG mice treated with pivarubicin at a
cumulative tumor growth inhibitory dose showed no evi-
dence of myocardial damage. In contrast, doxorubicin treat-
ment of non-tumor-bearing mice at 1ts sub-therapeutic MTD
resulted 1n detectable damage to cardiomyocytes 1 44
hearts, based on severity. DOX-treated tumor-bearing mice
exhibited less cardiotoxicity (26 hearts) but received a lower
cumulative dose than non-tumor-bearing mice. Paradoxi-
cally, vehicle-treated mice from both experiments (tumor-
bearing, n=18; non-tumor-bearing, n=10) exhibited evi-
dence of myocardial damage 1 %1s and 326 hearts,
respectively. FIGS. 9A-9C shows representative stained
thin-sections of the ventricular cardiomyocytes from non-
tumor-bearing mouse hearts showing visible evidence of
microvacuolization. These results gave evidence that at a
cumulative dose that inhibits TNBC tumor growth, pivaru-
bicin produced no detectable cardiac damage.

TABLE 4

Cardiotoxicity analysis of non-tumor-
bearing and TNBC-bearing NSG mice.

Non-Tumor-Bearing Tumor-Bearing

Vehicle DOX PIV Vehicle DOX PIV

Severity
0 7/9 5/9 9/9 13/18 7/9 9/10
0.5 0/9 0/9 0/9 0/18 0/9 0/10
1.0 2/9 4/9 0/9 5/18 2/9 1/10
Total Score
0 7/9 7/9 9/9 14/18 R/9 9/10
0.5 2/9 2/9 0/9 4/18 1/9 0/10
1.0 0/9 0/9 0/9 0/18 0/9 1/10
[0090] The data for Table 4 was generated as follows.

Non-tumor-bearing female NSG mice at 9 weeks old were
treated with erther 16.5 mg/kg pivarubicin (PIV), 1.4 mg/kg
(1x) and 1.6 mg/kg (2x) doxorubicin and equivalent vol-
umes of vehicle 1.p. at 2-week intervals. Tumor-bearing
female NSG mouse treatment was as described for the
“Cardiotoxicity Assessment method” method. At endpoint,
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hearts were excised and prepared for histological analysis as
described above. Severity and severityxextension (total

score) are defined 1n Materials and Methods.
[0091] Declarations

[0092] FEthics Approval for Studies Involving Animals: All
ammal studies were approved by The University of Tennes-
see Health Science Center IACUC.

[0093] Availability of Data and Matenals: The datasets
used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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We claim:

1. A method for treating triple negative breast cancer
(TNBC), said method comprising administering to a subject
an eflective amount of at least one of pivarubicin and
benzarubicin, or a pharmaceutically acceptable salt thereof.

2. The method of claim 1, wherein said subject 1s a
mammal.

3. The method of claim 1, wherein treating TNBC turther
comprises inhibiting tumor growth.

4. A composition comprising at least one of pivarubicin
and benzarubicin, or a pharmaceutically acceptable salt
thereol, and further comprising a nomonic surfactant.

5. The composition of claim 4, wherein said nonionic
surfactant comprises polyethyleneglycol (135)-hydroxystear-
ate.

6. The composition of claim 5, wherein said composition
turther comprises an alcohol.

7. The composition of claim 4, wherein the nonionic
surfactant 1s present 1 an amount of about 0.1% to 1.0%.

8. The composition of claim 4, wherein the pivarubicin 1s
present 1n an amount of about 0.5-3.0 mg/mlL.

9. The composition of claim 4, wherein the pivarubicin 1s
present 1n an amount of about 1 mg/mlL.

10. The composition of claim 4, wherein the benzarubicin
1s present 1 an amount of about 0.5-3.0 mg/mL.

11. The composition of claim 4, wherein the benzarubicin
1s present 1 an amount of about 1 mg/mL.

12. The composition of claim 4, wherein the pivarubicin
1s present 1 an amount of about 0.5-3.0 mg/ml, and
wherein the benzarubicin i1s present 1 an amount of about
0.5-3.0 mg/mlL.

13. The composition of claim 4, wherein said composition
1s formulated for parenteral administration.

14. A method for treating triple negative breast cancer
(ITNBC), said method comprising administering to a subject
an effective amount of the composition according to claim 4.

15. The method of claim 12, wherein said eflective
amount 1s about 0.5-3.0 mg/mlL.
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16. The method of claim 12, wherein the pivarubicin 1s
present 1n an amount of about 300-750 mg cumulative dose.

17. The method of claim 12, wherein the benzarubicin 1s
present 1n an amount of about 300-750 mg cumulative dose.

18. The method of claim 12, wherein the at least one of
pivarubicin and benzarubicin 1s provided 1in a composition
comprising 10% to 30% ethanol and 70% to 90% sterile
saline.

19. The method of claim 16, wherein the nonionic sur-
factant 1n the composition according to claim 4 comprises
polyethyleneglycol (135)-hydroxystearate.

20. The method of claim 12, wherein the at least one of
pivarubicin and benzarubicin 1s provided in a composition
comprising about 20% ethanol and about 80% sterile saline,
and further comprising about 0.125% polyethyleneglycol
(15)-hydroxystearate.
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