Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 3114299 A1 2020/05/07

1) 3114 299

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dép6t PCT/PCT Filing Date: 2019/10/31

(87) Date publication PCT/PCT Publication Date: 2020/05/07
(85) Entrée phase nationale/National Entry: 2021/03/25

(86) N° demande PCT/PCT Application No.: IB 2019/059331
(87) N° publication PCT/PCT Publication No.: 2020/089819
(30) Priorité/Priority: 2018/11/01 (US62/753,930)

(51) CLInt./Int.Cl. A67N 5/70(2006.01),
A6TK 31/4406 (2006.01), A61K 31/706 (2006.01),
A61K 31/713(2006.01), A671K 51/12(2006.01),
A61P 35/00(2006.01)

(71) Demandeur/Applicant:
ALPHA TAU MEDICAL LTD., IL

(72) Inventeurs/Inventors:
DOMANKEVICH, VERED, IL;
KEISARI, YONA, IL;
KELSON, ITZHAK, IL

(74) Agent: RICHES, MCKENZIE & HERBERT LLP

(54) Titre : RAYONNEMENT ALPHA-EMETTEUR INTRATUMORAL ET ACTIVATION DE CAPTEURS
CYTOPLASMIQUES POUR UN AGENT PATHOGENE INTRACELLULAIRE
(54) Title: INTRATUMORAL ALPHA-EMITTER RADIATION AND ACTIVATION OF CYTOPLASMATIC SENSORS FOR

INTRACELLULAR PATHOGEN

&

Supportive
immunomodulation

fomoormonnoos

Identify tumor 7102
’’’’’ B\v’
ACSIP L7104
A4
Wait period 106

¥

initiate alpha radiation treatment L~ 708

¥

Evaluate treatment 110

FIG. 1

(57) Abrégé/Abstract:

h:

Surgery

112

A method of treating a patient with a tumor, and kits (200) for such treatment. The method includes administering, to the patient, a
substance (204) which activates cytoplasmatic sensors for intracellular pathogen in the tumor and treating the tumor with intra-

50 rue Victoria

¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

Canada

K1A 0C9 e www.cipo.ic.gc.ca



CA 3114299 A1 2020/05/07

en 3 114 299
(13 A1

(57) Abrégé(suite)/Abstract(continued):

tumoral alpha-emitter radiotherapy within two weeks of administering the substance which activates cytoplasmatic sensors for
intracellular pathogen in the tumor.



wo 2020/089819 A 1 | 00V KOO0 OO

CA 03114299 2021-03-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 May 2020 (07.05.2020)

(10) International Publication Number

WO 2020/089819 Al

WIPO I PCT

(51) International Patent Classification:
AGIN 5/10 (2006.01) A61K 31/706 (2006.01)
A61P 35/00 (2006.01) AG61K 31/4406 (2006.01)
A61K 51/12 (2006.01) A61K 31/713 (2006.01)

(21) International Application Number:
PCT/IB2019/059331

(22) International Filing Date:
31 October 2019 (31.10.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/753,930 01 November 2018 (01.11.2018) US

(71) Applicant: ALPHA TAU MEDICAL LTD. [IL/IL];
School of Physics, Tel Aviv University, P.O. Box 39040,
6997801 Tel Aviv (IL).

(72) Inventors: DOMANKEVICH, Vered;, 14 Beeri Street,
4526780 Hod Hasharon (IL). KEISARI, Yona, 8 Ha-
gaon Eliyahu Street, 5236477 Ramat Gan (IL). KELSON,
Itzhak; 94 Dizengoff Street, 6439606 Tel Aviv (IL).

(74) Agent: KLIGLER, Daniel; Kligler & Associates Patent
Attorneys LTD., P.O. Box 57651, 61576 Tel Aviv (IL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: INTRATUMORAL ALPHA-EMITTER RADIATION AND ACTIVATION OF CYTOPLASMATIC SENSORS FOR

INTRACELLULAR PATHOGEN
100~ identify tumor L7102
ACSIP ™704
Supportive —— ;
immunomodulation | Wait period  |.7706
!
114 — ——
Initiate alpha radiation treatment L7108
Evaluate treatment 110
FIG. 1 Surgery 712

(57) Abstract: A method of treating a patient with a tumor, and kits (200) for such treatment. The method includes administering, to
the patient, a substance (204) which activates cytoplasmatic sensors for intracellular pathogen in the tumor and treating the tumor with
intra-tumoral alpha-emitter radiotherapy within two weeks of administering the substance which activates cytoplasmatic sensors for

intracellular pathogen in the tumor.



10

15

20

25

30

CA 03114299 2021-03-25

WO 2020/089819 PCT/IB2019/059331

INTRATUMORAL ALPHA-EMITTER RADIATION AND ACTIVATION OF
CYTOPLASMATIC SENSORS FOR INTRACELLULAR PATHOGEN

FIELD OF THE INVENTION
The present invention relates generally to tumor therapy and particularly to combined
intratumoral alpha-emitter radiation and activation of cytoplasmatic sensors for intracellular

pathogen (hereafter, “ACSIP”).

BACKGROUND OF THE INVENTION

Cancer is the primary cause of death in many countries around the world. Accordingly, an
enormous amount of resources has been spent on treatments for cancer and other tumors, and a
wide variety of such treatments have been suggested.

One class of tumor therapy is tumor ablation, to kill tumor cells in situ. In addition to killing
cells in situ, in some cases, ablation induces an anti-tumoral immune response for the elimination
of residual and distant tumor cells. This happens due to the dispersion of tumoral antigens and
danger signals that are released from dead and/or dying tumor cells. Tumoral antigens are captured
by antigen-presenting cells that in turn present those to T-cells, for example, via a cross
presentation pathway as described in Nakayama, Masafumi. "Antigen presentation by MHC-
dressed cells.” Frontiers in immunology S {2015} 672,

Multiple ablation methods have been proposed, such as, heat, microwave, laser, electric,
photodynamic, chemical (e.g., using reactive oxygen species (ROS)) and radioactive ablation,
which could be applied externally (e.g., external beam radiation therapy) or internally (e.g.,
brachytherapy), and can include different types of radiation such as alpha radiation, beta radiation
and gamma radiation. A discussion of these methods appears, for example, in Keisari, Yona.
"Tumor abolition and antitumor immunostimulation by physico-chemical tumor ablation.” Front
Biosci 22 (2017 310-347. The ablation method used for any specific patient is generally selected
according to the type of the tumor, its location, iis stage and/or other parameters of the tumor.

Another class of tumor therapy, referred to as immunotherapy, involves the enhancement
of a patient’s immune response against tumor cells. Many immunotherapy methods have been
suggested, such as: checkpoint inhibitors, Toll-like receptor (TLR) agonists (e.g. CpG), local gene
therapy, cytokine therapy, antibodies against certain protein targets, CAR-T cell therapy, dendritic
cell vaccine, adoptive transfer of tumor infiltrating lymphocytes and oncolytic virotherapy. These
methods are discussed, for example, in Papaioannou, Nikos E., et al. "Harnessing the immune
system to improve cancer therapy." Annals of translational medicine 4.14 (2016). Immunotherapy

strategies may include local therapies as described in Aznar, M. Angela, et al. "Intratumoral
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delivery of immunotherapy act locally, think globally." The Journal of Immunology 198.1 (2017):
31-39. Generally, the specific method used for each patient is selected according to the type of the
tumor or its stage. Multiple combinations of the above discussed therapy types were tested in pre-
clinical and clinical trials, as described, for example, in Table 1 of the above-mentioned article of
Aznar.

US patent publication 2009/0088401 to Salazar describes an autovaccination method
consisting of induction of an immunogenic cell death in one or more targeted tumor sites followed

by injection of dsSRNAs in the same tumor site.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention relates to tumor treatment based on a
synergy between activation of cytoplasmatic sensors for intracellular pathogens (ACSIP) and
intra-tumoral alpha-emitter radiotherapy.

There is provided in accordance with embodiments of the invention, a method of treating
a patient with a tumor, comprising administering, to the patient, a substance which activates
cytoplasmatic sensors for intracellular pathogen in the tumor and treating the tumor with intra-
tumoral alpha-emitter radiotherapy within two weeks of administering the substance which
activates cytoplasmatic sensors for intracellular pathogen in the tumor.

Optionally, administering the substance comprises administering an agent which induces
production within the cell of molecules, which stimulate cytoplasmatic sensors for an intracellular
pathogen. Optionally, the agent comprises a DNA methyltransferase (DNMT) inhibitor, such as
Decitabine, Azacytidine and/or Guadecitabine. Alternatively or additionally, administering the
agent comprises administering a histone deacetylase (HDAC) inhibitor, such as HEntinostat and/or
vorinostat. Optionally, administering the substance comprises administering a pathogen mimic
with a delivery agent suitable for cytoplasmic delivery of the pathogen mimic. Optionally,
administering the pathogen mimic together with a delivery agent comprises administering a single
dose of the intracellular pathogen mimic in a single session or two doses. In some embodiments,
administering the pathogen mimic together with a delivery agent comprises administering at least
three doses of the intracellular pathogen mimic in respective separate sessions. Optionally,
administering the substance comprises administering the substance with a delivery agent suitable
for Targeted delivery. Optionally, the delivery agent comprises a lipid based delivery agent, a
polymer based delivery agent, a cationic polymer complex, a cationic lipid, a liposome, a lipoplex,
a polymeric micelles and/or a dendrimer. Alternatively or additionally, the delivery agent

comprises a solid nanoparticle, such as a solid lipid nanoparticle and/or a solid polymeric
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nanoparticle. Further alternatively or additionally, the delivery agent comprises a metal-based
nanoparticle system. In some embodiments, the delivery agent comprises polyethylenimine (PEI).

In some embodiments, administering the pathogen mimic comprises administering a
bacteria mimic and/or a viral mimic. Optionally, administering the viral mimic comprises
administering double stranded RNA (dsRNA). Optionally, administering the dsSRNA comprises
administering polyIC. In some embodiments, the polylIC is delivered with polyethylenimine (PEI),
for example by administering BO-112. Alternatively or additionally, the dSRNA comprises 5’ ppp-
dsRNA, 3p-hpRNA, Poly(dA:dT), poly-ICLC, poly(A:U) and/or CpG rich RNA. Optionally,
administering the pathogen mimic comprises administering a pathogen mimic that is recognized
by intracellular receptors as non-self. Optionally, administering the substance which activates
cytoplasmatic sensors for intracellular pathogen comprises administering a plurality of different
substances which activate cytoplasmatic sensors for intracellular pathogen.

Optionally, administering a plurality of different substances which activate cytoplasmatic
sensors for intracellular pathogen comprises administering a first agent which induces production
within the cell of molecules, which stimulate cytoplasmatic sensors for an intracellular pathogen
and a second agent comprising a pathogen mimic with a delivery agent suitable for cytoplasmic
delivery of the pathogen mimic. Optionally, the method includes additionally administering to the
patient a supportive treatment of cyclophosphamide. Optionally, treating the tumor with alpha-
emitter radiotherapy comprises inserting a brachytherapy source carrying alpha-emitting
radionuclides into the tumor. Optionally, the brachytherapy source releases alpha-emitting
radionuclides at a rate of less than 25% of the alpha-emitting radionuclides on the source when
inserted to the tumor, per day. Optionally, the brachytherapy source comprises a Radium source.
Optionally, treating the tumor with alpha-emitter radiotherapy is performed only after completing
the administering of the substance. Optionally, administering the substance comprises
administering with nanoghosts, which direct the substance to the tumor. Optionally, administering
the substance comprises administering one or more substances in at least two separate sessions
separated from each other by at least 12 hours. Optionally, administering the one or more
substances comprises administering in at least three separate sessions separated from each other
by at least 20 hours. Optionally, the method includes identifying a primary tumor in the patient
and wherein administering the substance comprises administering the substance to the identified
primary tumor. Optionally, treating the tumor with alpha-emitter radiotherapy comprises treating
with alpha-emitter radiotherapy less than 80 hours after administering a last dose of the substance.
Optionally, treating the tumor with alpha-emitter radiotherapy comprises treating with alpha-

emitter radiotherapy less than 60 hours after administering a last dose of the substance. Optionally,
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treating the tumor with alpha-emitter radiotherapy comprises treating with alpha-emitter
radiotherapy at least 12 hours or 24 hours after administering a last dose of the substance.

Optionally, the method includes additionally administering to the patient a supportive
treatment which counters accelerated tissue repair induced by the alpha-emitter radiotherapy, such
as a supportive treatment which downregulates inflammation and/or a supportive treatment which
downregulates checkpoint expression. In some embodiments, the supportive treatment includes
cyclophosphamide. pomalidomide and/or berzosertib. Alternatively or additionally, the supportive
treatment includes a checkpoint blockade. Optionally, the supportive treatment includes anti-PD-
1, anti-PD-L1 and/or anti-CTLA4. In some embodiments, the supportive treatment includes one
or more TLR agonists, one or more MSDCs inhibitors, one or more Tregs inhibitors, one or more
DNA repair inhibitors and/or one or more Antiangiogenic factors. In some embodiments, the
method includes performing surgery to remove the tumor, at least a week after beginning treating
the tumor with alpha-emitter radiotherapy. Optionally, treating the tumor with intra-tumoral alpha-
emitter radiotherapy comprises treating the tumor with intra-tumoral alpha-emitter radiotherapy
less than a week after administering the substance which activates cytoplasmatic sensors for
intracellular pathogen in the tumor.

There is further provided in accordance with an embodiment of the present invention, a kit
for treatment of a patient, comprising at least one source for being at least partially introduced into
a body of a subject, having alpha-emitting atoms mounted thereon, at least one substance which
activates cytoplasmatic sensors for intracellular pathogen; and a sterile package containing the at
least one source and the at least one substance.

Optionally, the alpha-emitting atoms are mounted on the source in a manner which allows
controllable release of the alpha-emitting atoms or their daughter radionuclides from the source.
Optionally, the alpha-emitting atoms comprise radium atoms. Optionally, the at least one
substance comprises a DNA methyltransferase (DNMT) inhibitor. Optionally, the DNA
methyltransferase (DNMT) inhibitor comprises Decitabine. Optionally, the at least one substance
further comprises a pathogen mimic with a delivery agent suitable for cytoplasmic delivery of the
pathogen mimic. Optionally, the at least one substance comprises a pathogen mimic with a delivery
agent suitable for cytoplasmic delivery of the pathogen mimic. Optionally, the kit includes in the
sterile package, a supportive treatment drug which counters accelerated tissue repair induced by
the alpha-emitter radiotherapy. Optionally, the supportive treatment drug comprises a drug which
downregulates inflammation.

There is further provided in accordance with embodiments of the present invention, use of

polyICPEL in the production of a medicament for administering to a tumor of a patient wherein the
4
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administration pattern of the medicament comprises administering a therapeutically effective
amount of polyIC*! to the tumor, in one or more sessions, followed by treating the tumor with
intra-tumoral alpha-emitter radiotherapy less than a week after administering the polyICPEL

There is further provided in accordance with embodiments of the present invention, use of
a DNA methyltransferase (DNMT) inhibitor in the production of a medicament for administering
to a tumor of a patient wherein the administration pattern of the medicament comprises
administering a therapeutically effective amount of the DNMT inhibitor.

The various options and alternatives listed above may be used in the alternative or together

in any suitable combination, except where the options are specifically contradictory.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a flowchart of a therapy method, in accordance with an embodiment of the
invention;
Fig. 2 is a schematic illustration of a kit for combined alpha-emitter radiation and ACSIP,
in accordance with an embodiment of the invention; and
Fig. 3 is a graph showing results of an experiment testing an effect of a combined alpha-
emitter radiation and ACSIP treatment on breast cancer tumor development, in accordance with

an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

An aspect of some embodiments of the invention relates to a combined tumor treatment
including activation of cytoplasmatic sensors for intracellular pathogens (ACSIP) in a tumor in a
patient and applying alpha-emitter radiation to the tumor 12-90 hours after a treatment inducing
ACSIP. Applicant has found that the combination of the specific immunotherapy of inducing
ACSIP followed by the specific tumor ablation of applying alpha-emitter radiation has a
substantially greater therapeutic effect than each of the treatments separately.

It is believed by applicant that ACSIP, which increases the expression of MHC1 molecules
on tumor cells, also increases the probability of the presentation of yet-unpresented tumor antigens
by tumor cells prior to the cell death induced by intra-tumoral alpha-emitter radiation. The
induction of tumor cell death by alpha-emitter radiation following the presentation of a wider range
of tumor antigens, in its turn, will promote the recruitment and activation of antigen presenting
cells, by releasing Damage-associated molecular patterns (DAMP) signals. Since antigen
presenting cells activate specific T-cell responses, more antigen-specific T cells would be activated
to recognize a wider range of tumor antigens, leading to a stronger and long lasting systemic- and

specific- adaptive immune response against a wider range of tumor antigens. In addition, the
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killing of tumor cells containing factors, which induce ACSIP will also lead to the release of
pathogen-associated molecular patterns (PAMPs), and cytokines to enhance the recruitment and
activation of the immune response. Together, the alpha-emitter radiation and ACSIP induction
may generate a snowball effect which increases the killing of tumor cells, which increases the
immune response, which still further increases the killing of tumor cells and so on. It is possible
that the positive results of combining alpha-emitter radiotherapy with ACSIP is due to the slow
release of the alpha-emitting atoms, which distributes the effect of the radiotherapy over time and
achieves the synergy with the ACSIP. The ACSIP provided before the radiotherapy may
decondense the DNA of the tumor cells and cause the tumor cells to be more sensitive to the
radiotherapy. Thus, the combined alpha-emitter radiation and inducement of ACSIP leads to a
significant local and systemic tumor killing, at a minimal period with minimal adverse effects and
increased efficiency.

The induction of ACSIP is performed, in some embodiments, by administering a pathogen
mimic into the cytoplasm of the tumor cells using a delivery agent suitable for cytoplasmatic
delivery. Alternatively to cytoplasmatic administration of a pathogen mimic, the ACSIP induction
is achieved by stimulating an endogenous intracellular pathogen and/or by activating promoters of
cytoplasmatic pathogen sensors of the cells of the tumor, for example by administering a DNA
methyltransferase (DNMT) inhibitor, such as Decitabine.

Treatment method

Fig. 1 is a flowchart of a therapy method 100, in accordance with an embodiment of the
invention. Further to identification (102) of a tumor in a patient, therapy method 100 begins with
inducing (104) ACSIP in the patient in one or more sessions. A limited time period (106) after the
ACSIP induction (104), an alpha-emitter radiation treatment (referred to herein also as alpha-
emitter radiotherapy) of the tumor is initiated (108).

In some embodiments, one or more supportive immuno-modulatory treatments, are
provided (114) before and/or during induction of ACSIP, while the alpha-emitter radiation
treatment is provided and/or after the alpha-emitter radiation treatment is completed. In some
embodiments, after the alpha-emitter radiation treatment is completed, the effect of the treatment
is evaluated (110). In some embodiments, following evaluation, a surgery (112) to remove the
residual primary tumor is employed. In some embodiments, the surgery is carried out at least a
week or even at least 14 days following the beginning or completion of the radiation treatment.
While surgery to remove a cancerous tumor is generally performed as soon as possible, applicant
has found that after applying a combined ACSIP and radiotherapy treatment it is better to wait in

order to allow the treatment to take effect and only then to remove the tumor. Alternatively surgery
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is performed at any other suitable time or is not performed at all, when deemed unnecessary or
unfeasible. Further alternatively or additionally, the evaluation is not performed.
Tumor types

Therapy method 100 may be used in treatment of any tumor type, including cancerous
tumors, benign neoplasms, in situ neoplasms (pre malignant), malignant neoplasms (cancer), and
neoplasms of uncertain or unknown behavior. In some embodiments, the method of Fig. 1 is used
to treat relatively solid tumors, such as breast, kidney, pancreatic, skin, head and neck, colon,
ovarian, bladder, and prostate cancer. In other embodiments, the method of Fig. 1 is used to treat
non-solid tumors. The method of Fig. 1 may be used for both primary and secondary growths.

Exemplary tumors that can be treated by the method of Fig. 1 include tumors of the
gastrointestinal tract (colon carcinoma, rectal carcinoma, colorectal carcinoma, colorectal cancer,
colorectal adenoma, hereditary nonpolyposis type 1, hereditary nonpolyposis type 2, hereditary
nonpolyposis type 3, hereditary nonpolyposis type 6; colorectal cancer, hereditary nonpolyposis
type 7, small and/or large bowel carcinoma, esophageal carcinoma, tylosis with esophageal cancer,
stomach carcinoma, pancreatic carcinoma, pancreatic endocrine tumors), endometrial carcinoma,
dermatofibrosarcoma protuberans, gallbladder carcinoma, Biliary tract tumors, prostate cancer,
prostate adenocarcinoma, renal cancer (e.g., Wilms’ tumor type 2 or type 1), liver cancer (e.g.,
hepatoblastoma, hepatocellular carcinoma, hepatocellular cancer), bladder cancer, embryonal
rhabdomyosarcoma, germ cell tumor, trophoblastic tumor, testicular germ cells tumor, immature
teratoma of ovary, uterine, epithelial ovarian, sacrococcygeal tumor, choriocarcinoma, placental
site trophoblastic tumor, epithelial adult tumor, ovarian carcinoma, serous ovarian cancer, ovarian
sex cord tumors, cervical carcinoma, uterine cervix carcinoma, small-cell and non-small cell lung
carcinoma, nasopharyngeal, breast carcinoma (e.g., ductal breast cancer, invasive intraductal
breast cancer; breast cancer, susceptibility to breast cancer, type 4 breast cancer, breast cancer-1,
breast cancer-3; breast-ovarian cancer), squamous cell carcinoma (e.g., in head and neck),
neurogenic tumor, astrocytoma, ganglioblastoma, neuroblastoma, gliomas, adenocarcinoma,
adrenal tumor, hereditary adrenocortical carcinoma, brain malignancy (tumor), various other
carcinomas (e.g., bronchogenic large cell, ductal, Ehrlich-Lettre ascites, epidermoid, large cell,
Lewis lung, medullary, mucoepidermoid, oat cell, small cell, spindle cell, spinocellular,
transitional cell, undifferentiated, carcinosarcoma, choriocarcinoma, cystadenocarcinoma),
ependimoblastoma, epithelioma, erythroleukemia (e.g., Friend, lymphoblast), fibrosarcoma, giant
cell tumor, glial tumor, glioblastoma (e.g., multiforme, astrocytoma), glioma hepatoma,
heterohybridoma, heteromyeloma, histiocytoma, hybridoma (e.g., B cell), hypernephroma,

insulinoma, islet tumor, keratoma, leiomyoblastoma, leiomyosarcoma, lymphosarcoma,
7
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melanoma, mammary tumor, mastocytoma, medulloblastoma, mesothelioma, metastatic tumor,
monocyte tumor, multiple myeloma, myelodysplastic syndrome, myeloma, nephroblastoma,
nervous tissue glial tumor, nervous tissue neuronal tumor, neurinoma, neuroblastoma,
oligodendroglioma, ostecochondroma, osteomyeloma, osteosarcoma (e.g., Ewing's), papilloma,
transitional cell, pheochromocytoma, pituitary tumor (invasive), plasmacytoma, retinoblastoma,
rhabdomyosarcoma, sarcoma (e.g., Ewing's, histiocytic cell, Jensen, osteogenic, reticulum cell),
schwannoma, subcutaneous tumor, teratocarcinoma (e.g., pluripotent), teratoma, testicular tumor,
thymoma and trichoepithelioma, gastric cancer, fibrosarcoma, glioblastoma multiforme; multiple
glomus tumors, Li-Fraumeni syndrome, liposarcoma, lynch cancer family syndrome II, male germ
cell tumor, medullary thyroid, multiple meningioma, endocrine neoplasia myxosarcoma,
paraganglioma, familial nonchromaffin, pilomatricoma, papillary, familial and sporadic, rhabdoid
predisposition syndrome, familial, thabdoid tumors, soft tissue sarcoma, and Turcot syndrome
with glioblastoma.

In some embodiments, the method of Fig. 1 is applied to a tumor known to be affected
substantially by alpha-emitter radiation on its own. In other embodiments, the method of Fig. 1 is
applied to a tumor of a type which is not affected substantially by alpha-emitter radiation on its
own, for example does not reduce in size at all or does not reduce in size by more than 5% or 10%.
Experiments performed by applicant indicate that even tumors that are not affected substantially
by alpha-emitter radiation or ACSIP on their own reduce dramatically in size when targeted by the
combination of ACSIP and alpha-emitter radiation in accordance with the method of Fig. 1.
Pathogen mimic

In some embodiments, induction of ACSIP (104) is performed by delivering a pathogen
mimic to the tumor cells. The delivered pathogen mimic includes, in some embodiments, a viral
mimic. In other embodiments, an intracellular bacterial mimic is delivered into the tumor cells,
instead of, or in addition to, a viral mimic. In some embodiments, the pathogen mimic comprises
an intracellular pathogen mimic that is recognized by intracellular receptors as non-self.

In embodiments in which the pathogen mimic comprises a viral mimic, the viral mimic
may include a DNA viral mimic or an RNA viral mimic, such as an ssRNA viral mimic or a
dsRNA viral mimic. The dsRNA optionally includes a RIG-I-like Receptor (RLR) agonists, such
as a Polyinosinicipolyeytidyiic acid (polyIC) molecule, for example as described in PCT
publication WO 2017/085228, titled: “Novel Pharmaceutical Composition Comprising Particles
Comprising A Complex Of A Double-Stranded Polyribonucleotide And A Polyalkyleneimine”.

In some embodiments, the polyIC has a high molecular weight (HMW), for example a

molecular weight above 1.2 kb, above 1.5 kb, above 2.5 kb or even above 4 kb. It is noted however,
8
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that the polyIC viral mimic may also include a low molecular weight (LMW) polylC, of a
molecular weight below 1 kb or even below 0.8 kb. Optionally, the molecular weight of the polylC
is selected according to the type of the tumor.

Alternatively, any of the other viral mimics described in PCT publication WO
2017/085228, which is incorporated herein by reference, may be used. In other embodiments, the
delivered viral mimic comprises any other suitable viral mimic, such as one or more of 5’
triphosphate double stranded RNA (5’ ppp-dsRNA), 5 triphosphate hairpin RNA (3p-hpRNA)
and/or Poly(dA:dT), poly-ICLC, poly(A:U), and/or CpG rich RNA.

In other embodiments, a DNA viral mimic comprising CDS or STING ligands, for example

any of those listed in https://www.invivogen.com/dsdna and/or

https://www.invivogen.com/cyclic-dinucleotide, which are incorporated herein by reference, are

used. In one embodiment, a CpG ODN viral mimic is used.

Use of an RNA mimic has the advantage of having the ACSIP induction (104) operate
through a different pathway than the alpha-emitter radiotherapy, which generally targets the DNA
of cells.

Alternatively or additionally to using a pathogen mimic to induce ACSIP, an oncolytic
virus is used for ACSIP induction.

Route of administration

In some embodiments, identification (102) of the tumor comprises identification of one or
more main tumors, for example a primary cancerous tumor and/or one or more secondary and/or
metastases. The delivery (104) is performed in sifu, by direct intra-tumoral injection to the one or
more identified tumors.

In other embodiments, the delivery to the tumor and/or to metastases is done by systemic
administration, using any suitable method of targeted delivery, for example using delivery by
nanoghosts, such as described in US patent publication 2017/0224618 to Machluf et al., titled:
“Liposomal Compositions and uses of same”, which is incorporated herein by reference.
Optionally, the pathogen mimic is delivered with a specific tumor marker which targets the tumor,
so that the tumor marker together with the mimic, attaches to the tumor cells. The targeting is
performed, for example as described in US patent publication 2018/0346596, titled: “Chimeric
Proteins for targeting DSRNA” or in Alexander Levitzki, “Targeting The Immune System To
Fight Cancer Using Chemical Receptor Homing Vectors Carrying Polyinosine/Cytosine
(PolyIC)”, frontiers in Oncology, 2012, the disclosures of which are incorporated herein by

reference.
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Optionally, before administering the pathogen mimic to a patient, a size of the tumor,
tumors and/or metastases is estimated and accordingly an amount of the pathogen mimic to be
administered is selected.

Delivery

In some embodiments, the pathogen mimic is administered to the patient along with a
delivery agent (e.g., a reagent) which leads the pathogen mimic into the cells of the tumor.
Optionally, the delivery agent is one that is able to by-pass membranal and/or endosomal receptors,
such as the endosome/TL3 receptor. Optionally, the pathogen mimic and the delivery agent are
administered as a single dose together. Optionally, the delivery agent encapsulates and/or is
complexed with the pathogen mimic. For example, in one specific embodiment, a high molecular
weight polylC pathogen mimic is incubated with Polyethylenimine (PEI) in a ratio of Nucleic
acid/Polymer between 6 and 8, to form a complex, hereafter termed polyICPEL In another
embodiment, BO-112 as described in PCT publication WO 2017/085228, is used. This complex
is injected intratumorally in a dose of 20-70 mg polylC (depending on tumor volume).

Optionally, the delivery agent comprises Polyethylenimine (PEI). Alternatively, the
delivery agent is lipid-based, polymer-based or based on any other suitable nanoparticles, for
example as described in Lee, Hung-Yen, Kamal A. Mohammed, and Najmunnisa Nasreen.
"Nanoparticle-based targeted gene therapy for lung cancer." American journal of cancer
research 6.5 (2016): 1118, the disclosure of which is incorporated herein by reference. In some
embodiments, the delivery agent comprises a cationic polymer complex or a cationic lipid.
Alternatively or additionally, the delivery agent comprises a liposome, a lipoplex, a dendrimer or
a polymeric micelles. Further alternatively or additionally, the delivery agent comprises a solid
nanoparticle, such as a solid lipid nanoparticle or a solid polymeric nanoparticle. In some
embodiments, the delivery agent comprises a metal-based nanoparticle system.

The delivery is performed using any suitable method known in the art, such as any of the
methods described in Langut, Yael, et al. "PSMA-homing dsRNA chimeric protein vector Kills
prostate cancer cells and activates anti-tumor bystander responses.” Oncotarget 8.15 (2017):
24046 and/or in Duewell, P., et al. "RIG-I-like helicases induce immunogenic cell death of
pancreatic cancer cells and sensitize tumors toward killing by CD8+ T cells.” Cell death and
differentiation 21.12 (2014): 1825, the disclosures of which are incorporated herein by reference.

Stimulation of endogenous pathogens

In some embodiments, the ACSIP is induced (104) by stimulating in the tumor cells
epigenetic changes, for example by stimulating an endogenous pathogen, such as endogenous

retroviruses and/or by stimulating the activation of cytoplasmatic pathogen sensors by epigenetic
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changes, which activates the promoters of these sensors. The epigenetic changes are induced by
an cpigenetic agent. In some embodiments, the epigenetic agent comprises a DNA
methyltransferase (DNMT) inhibitor, such as Decitabine, azacytidine and/or Guadecitabine. The
stimulation is performed using any suitable method known in the art, such as any of the methods
described in Chiappinelli et al., “Inhibiting DNA Methylation Causes an Interferon Response in
Cancer via dsRNA Including Endogenous Retroviruses”, Cell, Volume 162, Issue 5, August 27,

2015, available from htips:/Swww cell. comfcell/ fulliext/SO092-R674(15848-X, the disclosure

of which is incorporated herein by reference in its entirety. In other embodiments, the epigenetic
agent comprises a histone deacetylase (HDAC) inhibitor, such as Entinostat or vorinostat,

Optionally, the epigenetic agent is administered systemically. In other embodiments, the
epigenetic agent is administered using targeted delivery, for example using nanoghosts, which
directs the epigenetic agent to the tumor and possibly also to metastases. Further alternatively, the
epigenetic agent is delivered locally by direct injection into a targeted tumot.

Multiple treatment sessions

In some embodiments, the ACSIP induction (104) is performed once before the alpha-
emitter radiotherapy, in a single session. Alternatively, the ACSIP induction (104) is performed in
multiple sessions, possibly at least two, at least three or even at least four sessions, separated by at
least 24 hours. The limited time period (106) after the ACSIP induction (104) is counted, in
accordance with this alternative, from the last ACSIP induction session. The multiple sessions
optionally use the same ACSIP induction method. Alternatively, different sessions use different
ACSIP induction methods. In still other embodiments, two or more ACSIP induction are
performed in a same session concurrently or within less than an hour from each other.

One embodiment found to provide particularly promising results included a first ACSIP
induction session of stimulating in the tumor cells epigenetic changes, a second session, 24 hours
later, of both stimulating in the tumor cells epigenetic changes and delivering a pathogen mimic,
a third session, 24 hours after the second session, including stimulating in the tumor cells
epigenetic changes, and a fourth session, 24 hours after the third session, of both stimulating in the
tumor cells epigenetic changes and delivering a pathogen mimic.

In one particular implementation of this embodiment, the ACSIP induction (104) includes
4 sessions based on Decitabine, every 24 hours, prior to alpha-emitter radiation, in combination
with 2 doses of PolylC with or without PEI, 72 and 24 hours prior to alpha-emitter radiation with
one of the above listed delivery agents. The alpha-emitter radiation is optionally activated 1 day

after the last session.
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Alpha-enidtter radiation

The alpha-emitter radiation treatment optionally includes brachytherapy, by insertion of
seeds carrying alpha emitting atoms, such as Radium-224 or Radium-223, into the tumor.
Optionally, the alpha emitting atoms are attached to the seed in a manner that the atoms do not
leave the seed, but upon radionuclide decay resulting daughter radionuclides leave the seed. The
brachytherapy seed optionally emits daughter radionuclide atoms at a rate of at least 0.1%, 0.5%
or even at least 1% of the number of radionuclide atoms coupled to the seed when originally
employed, per 24 hours. In some embodiments, the daughter radionuclide atoms are slowly
released from the seed, at a rate of less than 25%, less than 10%, less than 5% or even less than
3% of the radionuclide atoms coupled to the seed, per 24 hours.

Alternatively to attaching the alpha emitting atoms to the seed in a manner that the atoms
do not leave the seed without radionuclide decay, the alpha emitting atoms are attached to the seed
in a manner that the atoms controllably leave the seed at a rate of at least 0.1% per 24 hours, in
methods other than radionuclide decay, as described, for example in PCT publication WO
2019/193464, titled “controlled release of radionuclides”, which is incorporated herein by
reference.

In some embodiments, the alpha-emitter radiation comprises diffusing alpha-emitter
radiation therapy (DaRT). The alpha-emitter radiotherapy is optionally carried out using any of
the methods and/or devices described in US patent 8,834,837, US patent publication
2009/0136422, US provisional application 62/913,184, filed October 10, 2019, and/or PCT
publication WO 2018/207105, which are incorporated herein by reference.

The alpha-emitter radiation treatment is optionally initiated (108) by inserting one or more
brachytherapy seeds comprising alpha emitting atoms on an outer surface of the seeds, into the
tumor. Alternatively, the alpha-emitter radiotherapy is initiated by activating previously inserted
seeds, carrying alpha emitting atoms. Optionally, in accordance with this alternative, the seeds are
inserted into the patient with a bio-absorbable coating, which prevents alpha-radiation and/or the
daughter radionuclides from leaving the seeds. The bio-absorbable coating optionally comprises
polylactide (PLA), polyglycolide (PGA) or co-polymers of PLA and PGA, tailored to achieve a
desired resorption rate of the coating. Alternatively or additionally, the coating comprises co-poly
lactic acid/glycolic acid (PLGA). The polymers of the coating optionally have molecular weights
ranging from 5,000 to 100,000. The material of the coating dissolves in the patient through any of
the methods known in the art, such as one or more of ultrasonic energy, reaction with body
temperature and/or reaction with body fluids. Additional discussion of bio-absorbable polymers

which may be used in accordance with embodiments of the present invention after adjustment for
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the desired resorption rate are described in US patent 8,821,364 and US patent publication
2002/0055667, which are incorporated herein by reference. In some embodiments, the initiation
(108) includes applying a stimulus which dissolves the coating and thus allows the alpha radiation
and/or the daughter radionuclides to leave the seed. In other embodiments, the initiation (108) is
achieved by the dissolving of the coating due to contact with tissue of the tumor, without further
physician initiation.

The alpha-emitter radiotherapy is optionally applied to the patient for at least 24 hours, at
least 5 days or even at least 10 days. In some embodiments, the brachytherapy seed is removed
from the patient after a designated treatment duration. For example, the seed is optionally removed
during surgery for removal of the tumor. Alternatively, the seed is not removed. In some
embodiments, the seed comprises a biodegradable material.

The alpha-emitter radiotherapy is optionally initiated only after completion of inducing the
ACSIP. During the operation of the alpha-emitter radiotherapy, substances which induce ACSIP
are optionally not provided to the patient. In some embodiments, substances which induce ACSIP
are not provided to the patient at least 24 hours or even at least a week after completion of the
alpha-emitter radiotherapy, for example after removal of the brachytherapy source or sources used.
In other embodiments, one or more ACSIP inducing substances are provided while the alpha-
emitter radiotherapy is being carried out.

The limited time period (106) between the ACSIP induction (104) and initiating (108) the
alpha-emitter radiotherapy, is selected to allow the ACSIP induction to take effect. For example,
when the ACSIP is induced by an intracellular viral mimic, the limited time period (106) is selected
to serve as a buffering period suitable to allow upregulation of MHC1 expression on the tumor
cells” membrane, due to the pathogen mimicry. Alternatively or additionally, the length of the time
period (106) is selected as sufficient in order to allow time for the tumor cells to respond to the
delivered mimic.

The time period (106) is optionally at least 6 hours, at least 9 hours, at least 12 hours, at
least 24 hours or even at least 36 hours, so that the activation of intracellular pathogen recognition
begins to take effect before the alpha-emitter radiotherapy is applied. Optionally, the limited time
period (106) is shorter than two weeks, shorter than 10 days, shorter than a week, shorter than 120
hours, shorter than 96 hours, shorter than 72 hours or even shorter than 48 hours, so that the effects
of the activation of intracellular pathogen recognition are still in effect when the alpha-emitter
radiotherapy is applied. In some embodiments, the limited time period (106) is shorter than 30
hours or even shorter than 20 hours, for example in tumors having large numbers of blood vessels

or otherwise react more quickly to the ACSIP. When the ACSIP is provided in a plurality of
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separate sessions, the time period (106) is optionally selected to allow maximal effect of the ACSIP
treatment on the patient during the radiotherapy. Optionally, the time span of the ACSIP treatment
is less than 10 days, less than a week or even not more than five days, so that the time span from
the first ACSIP treatment session is not longer than a desired maximal wait time (e.g., 10 days)
between the first ACSIP treatment session and the radiotherapy, and the time between the last
ACSIP treatment session and the radiotherapy is not shorter than a minimal desired wait time (e.g.,
12 hours).

While the above description relates to applying the alpha-emitter radiotherapy after the
ACSIP treatment, in some embodiments of the invention the alpha-emitter radiotherapy is
provided substantially concurrently with the ACSIP treatment or even before the ACSIP treatment.
The alpha-emitter radiotherapy, is provided to the patient within a given time (e.g., two weeks)
before or after the ACSIP treatment, where the given time is selected according to the expected
time frame of effect of the treatments.

In some embodiments, after activation of intracellular pathogen recognition, one or more
parameters of the tumor are monitored in order to determine a time point most suitable for applying
the alpha-emitter radiotherapy. The monitoring optionally includes imaging the tumor, using a
suitable modality (e.g., X-ray, ultrasound, PET-CT, MRI, CT) to identify when the tumor begins
to change due to the activation of intracellular pathogen recognition. Alternatively, the monitoring
includes performing a blood test to identify levels of an attribute. It is noted, however, that in some
embodiments the DaRT radiation is applied before the affect of the ACSIP is detectable.
Additional treatment

Providing (114) the supportive treatment comprises, in some embodiments, providing one
or more treatments which counter undesired side effects of the radiotherapy and/or of the ATKIP
induction (104). Optionally, the supportive treatment comprises one or more treatments that
counter accelerated tissue repair induced by the alpha-emitter radiotherapy, as such accelerated
tissue repair will support residual tumor cells and promote tumor recurrence. Alternatively or
additionally, the supportive treatment comprises one or more anti-inflammation treatments which
downregulate inflammation following tissue damage caused by the radiotherapy and/or the
ALSIP. Further aliernatively or additionally, the supportive treatment comprises one or more
treatments which downregulate checkpoint expression (e.g. PD-L1 expression) caused by the
radiotherapy and/or the ACSIP. In some embodiments, the supportive treatment comprises one or
more treatments which prevent DNA repair, so as to interfere with attempts of the body of the

patient to repair DNA of tumor cells damaged by the radiotherapy. In other embodiments, the
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supportive treatment comprises one or more treatments which stimulate a viral attack of the
ALSIP.

in some embodiment, the supportive treatment includes a treatment which has two or even
three of the above listed effects. For example, providing a supportive treatment of administering
pomalidomide, has the effect of countering tissue repair, downregulating inflammation and
downregulating PD-L1 expression. Berzosertib is another example of a drug which can be used to
both prevent DNA repair and to downregulate PD-L1 expression.

In other embodiments, the supportive treatment includes a plurality of different treatments,
for example a checkpoint blockade (e.g., Anti-PD-1 and/or CTLA4) together with a TLR3 agonist,
which stimulates the ACSIF from outside the tumor cells.

In some embodiments, the supportive treatment comprises a supportive immuno-
modulation, for example, any of the treatments known in the art for inhibition of immuno-
suppressor cells, such as myeloid-derived suppressor cells (MDSCs) and/or Tregs inhibitors (e.g.,
Cyclophosphamide) and/or activation of TLR pathway (TLR agonists). The MDSCs inhibitors
include, for example, indoleamine 2,3-dioxygenase 1 (IDO1) inhibitors, such as Epacadodtat,
TGFb inhibitors, such as Galunisertib, PDES inhibitors, such as Sildenafil and/or Cox 2 inhibitors,
such as etodolac.

Alternatively or additionally, providing (114) the additional treatment comprises providing
an immuno-therapy treatment. The immuno-therapy treatment optionally includes administering a
checkpoint blockade, such as one or more of Anti PD-1, anti PD-L1, anti CTLA4, anti TIGIT, anti
LAG-3, anti TIM-3, anti CD134 and/or anti CD137. Alternatively or additionally, the immuno-
therapy treatment comprises administering one or more pattern recognition receptors and/or
agonists, such as TLR7,8 (e.g., MEDI9197, Imiquimode), TLRO (e.g., MGN1703, SD-101, TLR4,
GSK1795091, G100, GLA-SE), TLR3 (e.g., Poly-ICLC) and/or STING (e.g., MIWS815).

Alternatively or additionally, the additional treatment comprises administering DNA repair
inhibitors of a type found to increase, not to affect or to only minimally impede the immune
responses induced by alpha-emitter radiotherapy. In some embodiments, the administered DNA
repair inhibitors include ATR inhibitors, for example berzosertib, AZD6738, and/or NU6027.
Alternatively or additionally, the DNA repair inhibitors include ATM/ATR inhibitors, such as KU-
55933, KU-60019 and/or EPT-46464, DNA-PK inhibitors (e.g., 6-Nitroveratraldehyde, NU7441),
Weel inhibitors (e.g., adavosertib), Hsp90 inhibitors (e.g., Tanespimycin) and/or PARP inhibitors
(e.g., Olaparib, Talazoparib).

Alternatively or additionally, the additional treatment comprises anti-angiogenic factors of

a type found to increase, not to affect or to only minimally impede the immune responses induced
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by alpha-emitter radiotherapy and/or the ACSIP. In some embodiments, the additional treatment
comprises iMiDs for example Pomalidomide. Thalidomide, Lenalidomide and/or Apremilast.

Further alternatively or additionally, the additional treatment comprises local or systemic
chemotherapy treatment, of a type found not to interfere with the alpha radiation and/or the
immune responses to ACSIP and/or the DaR'T radiation. Optionally, the chemotherapy treatment
comprises one or more of CUyclophosphamide (CP), doxorubicin, mitoxantrone, gemcitabine,
oxaliplatin and/or cisplatin.

In some embodiments, the additional treatment comprises checkpoint inhibition by one or
more agents or drugs which downregulate the expression of checkpoint molecules, for example
pomalidomide (IMiDs), and/or berzosertib (ATR inhibitor).

In some embodiments, the additional treatment comprises alternatively or additionally,
anti-inflammatory drugs, such as NSAIDs, e.g., Cox? inhibitors,

Further alternatively or additionally, the additional treatment comprises administering one
or more epigenetic drugs, such as DNMT inhibitors (e.g., Decitabine, Azacytidine, Guadecitabine)
and/or HDAC inhibitors (e.g., Entinostat, vorinostat}).

In some embodiments, the additional treatment is provided (114) while the alpha-emitter
radiation is provided. In other embodiments, the additional treatment is provided (114) after the
alpha-emitter radiotherapy is completed, for example after the majority of the radionuclides in the
brachytherapy seeds underwent a nuclear reaction, and/or after the brachytherapy seeds are
removed from the patient. In still other embodiments, the additional treatment is provided (114)
before the alpha-emitter radiotherapy.

In some embodiments, the supportive treatment is provided within less than 72 hours, less
than 48 hours or even less than 32 hours from one of the ACSIP sessions and/or the radiotherapy
treatment.

The timing of providing the additional treatment is optionally selected according to the
specific type of the additional treatment. For example, checkpoint inhibitors, when provided, are
administered during or after the alpha-emitter radiotherapy, possibly even 3 days or even a week
after beginning the alpha-emitter radiotherapy and/or after completion of the alpha-emitter
radiotherapy.

Optionally, the additional treatment is provided (114) responsively to the tumor type.
Treatment kit

Fig. 2 is a schematic illustration of a kit 200 for treatment of a patient in accordance with

the method of Fig. 1. Kit 200 comprises a sterile package 202 including one or more alpha-emitter
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radiotherapy seeds 204, for insertion into a tumor, and one or more doses 216 of an agent for
ACSIP induction (204).

Optionally, the seeds 204 are provided within a vial or other casing 206 which prevents
radiation from exiting the casing. In some embodiments, the casing is filled with a viscous liquid,
such as glycerine, which prevents radiation from escaping the casing 206, such as described in
PCT application PCT/IB2019/051834, titled “Radiotherapy Seeds and Applicators”, the disclosure
of which is incorporated herein by reference. In some embodiments, kit 200 further includes a seed
applicator 208, which is used to introduce seeds 204 into the patient, as described in PCT
application PCT/IB2019/051834. Optionally, applicator 208 is provided preloaded with one or
more seeds 204 therein. In accordance with this option, separate seeds 204 in casings 206 are
supplied for cases in which more than the number of preloaded seeds is required. Alternatively,
seeds 204 in casings 206 are not provided in kit 200 and only seeds within applicator 208 are
included in the kit 200.

As shown, the doses 216 of the ACSIP are provided preloaded in one or more needles 210.
In other embodiments, the doses 216 are provided in one or more containers or vials and the
needles are provided separately within sterile package 202 or are not provided in kit 200, at all.

In some embodiments, kit 200 further includes one or more drugs 220 required for the
supportive immuno-modulatory treatments (114).

In some embodiments, kit 200 includes a plurality of separate compartments, separated by
suitable insulation, for substances which require storage at different temperatures. For example, a
first compartment may include dry ice which keeps the substances in the first compartment at
about -20°C, while a second compartment includes ice which keeps the substances in the second
compartment at about 4°C.

Experiments

Fig. 3 shows the results of an experiment applicant performed to test the method of Fig. 1.
In the experiment, high molecular weight (HMW) PolylC dsRNA viral mimic (20pg/40ul,) was
delivered into the cytoplasm of primary tumor cells in situ, using the delivery agent PEI, in mice
bearing 4T1 triple negative breast cancer tumors having a volume of ~40 mm?. PolyIC was
complexed with PEI in a ratio of Nucleic acid / Polymer = 6. The viral mimic delivery was
performed twice, with the second delivery performed 48 hours after the first delivery. The wait
time (106) between the second mimic delivery and the initiation of an alpha-emitter radiation
treatment by brachytherapy was 24 hours. The alpha-emitter radiation treatment was performed
by a 70 kBq (kilo-Becquerel) seed of Radium-224, having a length of 8§ mm. A control group of

mice received an inert source without Radium-224.
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Fig. 3 shows the average tumor volume of the mice 29 days post treatment start on the y-
axis, as a function of number of days after the treatment on the X-axis. As can be seen in Fig. 3,
the intracellular viral mimic delivery reduces the tumor size by up to about 20%. Alpha-emitter
radiation treatment on its own reduces the tumor size by up to about 34%. The combination of
alpha-emitter treatment with a naked viral mimic not provided with a delivery reagent, reduces the
tumor size by up to about 64%. The combination of alpha-emitter radiotherapy and intracellular
viral mimic delivery reduces the tumor size by over 82% which is substantially more than expected
for each of the treatments separately.

The following table shows the effect of the method of Fig. 1 on the percent of mice bearing

lung metastases using two methods of imaging.

DaRT+PBS | DaRT+PolyIC | Inert+PBS | DaRT+polyICE! | Inert+polyICPE!
CT 62 55 75 23 57
Fluorescence | 77 55 75 23 57
imaging

The table summarizes the results in the mice participating in the experiment described in
Fig. 3, as measured by CT or M-Cherry fluorescent imaging, 29 days after the first viral mimic
delivery. The numbers in the table indicate the percentage of mice that were positive for lung
metastases. A significantly greater number of mice was negative for lung metastases in the group
receiving the combined alpha-emitter radiation and intracellular viral mimic delivery treatment
(77% metastases-free), relative to those receiving separate treatments, or PolylC without PEI in
combination with DaRT.

Another experiment was performed to test the effect of the method of Fig. 1 on long term
immune response. Mice bearing 4T1 tumors (30 mm?*) were treated with the combined alpha-
emitter radiotherapy and intracellular viral mimic delivery treatment (same treatment protocol as
described in Fig. 3, seed data: 7mm, 80 kBq; 20 pg/40 pl polyICPE). Residual tumors were
resected 24 days following tumor cell inoculation and animals were observed for long term
survival (metastases related death), and investigated for long term immune memory. Twenty five
percent (4 out of 16) of the mice survived for 9 months since inoculation, indicating metastases
clearance. Whereas, 100% of mice inoculated with the same number of tumor cells that were
treated with an inert seed and intratumoral PBS, and their tumor was resected prior to this timepoint
(day 17) already developed lung metastases. The spleens of surviving (cured) mice were harvested
and splenocytes were mixed with tumor cells in a ratio of 100:1 (splenocytes: tumor cells). The

mixed suspension was inoculated to naive mice. Splenocytes of naive mice served as control.
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Splenocytes of mice treated with DaRT and polyICP®! significantly retarded tumor development
compared to splenocytes of naive mice. Tumor retardation by up to 48%, lasted up to 19 days since
co-inoculation of splenocytes with tumor cells, demonstrating that the treatment induced a long-
term immune memory that is efficient even following 9 months.

In a further experiment, applicant tested the method of Fig. 1 combined with an additional
immunomodulatory treatment, which inhibit T-regulatory cells, by using low dose
Cyclophosphamide (100 mg/kg, one day prior the treatment start, i.e., first polyIC*®! injection).
The experiment was performed on mice bearing 4T1 tumors (25 mm?) with DaRT seeds of 6.5
mm and 65 kBg, and ACSIP of 30 pg/60 ul polyICPEL Adding T-regulatory cell inhibition further
retard tumor development compared to the DaRT with polyIC™! treatment by up to 43%.
Moreover, following tumor resection (24 days after tumor inoculation), the additional treatment
by CP did not reduce long-term survival rates, which were 71% in both groups at the end of the
experiment (180 days post-DaRT). However, it extended the survival period by 30%, so that for
example during the period between 85 and 145 days post-DaRT, 100% of the mice were alive in
the group treated with DaRT, polyIC*™ and CP, compared with 71% in the group treated with
DaRT and polyICPEL In addition, both the treatment by DaRT+polyICPE! and the treatment by
DaRT+polyIC*®! combined with an additional dose of Cyclophosphamide induced long term
immune memory and delayed tumor re-challenge development in treated (cured) mice compared
to naive mice. Furthermore, the applicant performed an additional experiment to test the method
of Fig. 1 combined with Cyclophosphamide under neoadjuvant settings which enables the
comparison of long-term survival rates following the combined treatment to those of its separate
components: DaRT alone and immunomodulation by CP and polyIC*®! alone. Mice bearing 4T1
tumors (23 mm?) were treated with CP followed by two doses of 30 pg/60 ul polylC as described
above, and an insertion of a 6.5 mm, 85 Kbq DaRT seed. Residual tumors were excised 14 days
after DaRT (24 days since tumor inoculation). Inert seeds and vehicle injections served as controls.
The treatment of Fig. 1, when used as a neoadjuvant treatment, combined with Cyclophosphamide
prevented metastases formation and cured mice in 75% of mice whereas only 33% were cured
using DaRT alone, 25% were cured using polylC*E4+CP+inert seed, and 12% using an inert seed
and vehicle injections. Cure of mice was defined as survival more than 155 days since inoculation.

Additionally, an experiment was performed by applicant to test the method of Fig. 1 by the
induction of ACSIP via stimulation of an endogenous pathogen using low-dose Decitabine, and to
compare the effect of this treatment on tumor development to the effect of the viral mimic delivery
polyICPEL SQ2 (squamous cell carcinoma) — bearing mice were treated with 85 Kbq DaRT seeds

and 25 pg /50 pl polyICPE! 72 and 24 hours prior to the DaRT or Decitabine in the dose of 1 mg/kg
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i.p. for 4 days prior to DaRT, daily. Alpha-emitter radiation treatment combined with Decitabine
retarded tumor development similarly to alpha-emitter radiation treatment combined with
polyICPE! delivery, both treatments retarded tumor development in about 66% compared to DaRT
alone. In addition, the treatment preserved the ability to induce long term immune memory as
demonstrated in improved retardation of re-challenge tumor development of about 82% in treated
and tumor-resected mice, compared to naive mice inoculated with the same number of tumor cells.

Two additional experiments were performed by applicant to test the method of Fig. 1 by
the induction of ACSIP via stimulation of endogenous pathogen using low-dose Decitabine in 4T1
breast cancer mice model (large tumors). Mice were treated with a 75 kBq DaRT seed and 30
ug/60 pul polyICPEL 72 hours prior to DaRT and 50 pg/100 pl polyICPE! 24 hours prior DaRT or
Decitabine in a dose of 1 mg/kg i.p. at 4 days prior to DaRT, daily. Alpha-emitter radiation
treatment combined with Decitabine retards tumor development similarly to polyIC* also in 4T1
breast mice model by 64%, compared to DaRT alone. Moreover, it showed that when DaRT was
combined with both Decitabine and polyICtEL the effect was doubled compared to the same
treatment with a non-radioactive seed, and was 4-fold compared to DaRT alone. Furthermore, it
shows that in this cancer model, activating TLR3 pathway by the TLR3 agonist “naked” polylC
(without PEI), in addition to Decitabine and DaRT, improves the outcome in 41% relative to
activating the same RIG-1 pathway by combining Decitabine and polyIC** and DaRT.

Finally, an experiment testing the method of Fig. 1, in the murine pancreatic tumor model
Panc02 was performed by the applicant. In addition, the treatment was tested in combination with
iMiD drug Pomalidomide (POM) in this model.

Eleven days following inoculation, tumors with a volume of 22 mm?, received a first
intratumoral injection of polyIC**! at a dose of 30 pg/60 pl, followed by a second dose 48 hours
later. A DaRT seed (6.5 mm 75 kBq) was inserted to the tumor 24 hours after the last polyIC™!
injection. Four days later 25 mg/kg POM were injected i.p. in a volume of 300 pl every other day
for 5 days, beginning on the 4th day after DaRT.

Alpha-emitter radiation treatment combined with polyIC*E! eliminated the pancreatic
tumors in 30% of the mice. Adding the iMiD drug Pomalidomide increased rejection rate to 50%,
whereas no tumor rejection was observed in groups treated by DaRT alone or DaRT+
Pomalidomide or inert seed + Pomalidomide + polyICPEL
Conclusion

It will be appreciated that the above described methods and apparatus are to be interpreted
as including apparatus for carrying out the methods and methods of using the apparatus. It should

be understood that features and/or steps described with respect to one embodiment may sometimes
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be used with other embodiments and that not all embodiments of the invention have all of the
features and/or steps shown in a particular figure or described with respect to one of the specific
embodiments. Tasks are not necessarily performed in the exact order described.

It is noted that some of the above described embodiments may include structure, acts or
details of structures and acts that may not be essential to the invention and which are described as
examples. Structure and acts described herein are replaceable by equivalents which perform the
same function, even if the structure or acts are different, as known in the art. The embodiments
described above are cited by way of example, and the present invention is not limited to what has
been particularly shown and described hereinabove. Rather, the scope of the present invention
includes both combinations and subcombinations of the various features described hereinabove,
as well as variations and modifications thercof which would occur to persons skilled in the art
upon reading the foregoing description and which are not disclosed in the prior art. Therefore, the
scope of the invention is limited only by the elements and limitations as used in the claims, wherein

the terms "comprise,” "include," "have" and their conjugates, shall mean, when used in the claims,

"including but not necessarily limited to."
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CLAIMS

1. A method of treating a patient with a tumor, comprising:

administering, to the patient, a substance which activates cytoplasmatic sensors for
intracellular pathogen in the tumor; and

treating the tumor with intra-tumoral alpha-emitter radiotherapy within two weeks of
administering the substance which activates cytoplasmatic sensors for intracellular pathogen in the

tumor.

2. The method of claim 1, wherein administering the substance comprises administering an
agent which induces production within the cell of molecules, which stimulate cytoplasmatic

sensors for an intracellular pathogen.

3. The method of claim 2, wherein administering the agent comprises administering a DNA

methyltransferase (DNMT) inhibitor.

4. The method of claim 3, wherein administering the DNA methyltransferase (DNMT)

inhibitor comprises administering Decitabine.

5. The method of claim 3, wherein administering the DNA methyltransferase (DNMT)

inhibitor comprises administering Azacytidine.

6. The method of claim 3, wherein administering the DNA methyltransferase (DNMT)

inhibitor comprises administering Guadecitabine.

7. The method of claim 2, wherein administering the agent comprises administering a histone

deacetylase (HDAC) inhibitor.

8. The method of claim 7, wherein administering the histone deacetylase (HDAC) inhibitor

comprises administering Entinostat.

9. The method of claim 7, wherein administering the histone deacetylase (HDAC) inhibitor
comprises administering vorinostat.
10. The method of claim 1, wherein administering the substance comprises administering a

pathogen mimic with a delivery agent suitable for cytoplasmic delivery of the pathogen mimic.

11. The method of claim 10, wherein administering the pathogen mimic together with a
delivery agent comprises administering a single dose of the intracellular pathogen mimic in a

single session.
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12. The method of claim 10, wherein administering the pathogen mimic together with a
delivery agent comprises administering at least three doses of the intracellular pathogen mimic in

respective separate sessions.

13. The method of any of claims 1-12, wherein administering the substance comprises

administering the substance with a delivery agent suitable for targeted delivery.

14. The method of claim 13, wherein the delivery agent comprises a lipid based delivery agent.
15. The method of claim 13, wherein the delivery agent comprises a polymer based delivery
agent.

16. The method of claim 13, wherein the delivery agent comprises a cationic polymer complex

or a cationic lipid.

17. The method of claim 13, wherein the delivery agent comprises a liposome or a lipoplex.
18. The method of claim 13, wherein the delivery agent comprises a polymeric micelles.

19. The method of claim 13, wherein the delivery agent comprises a dendrimer.

20. The method of claim 13, wherein the delivery agent comprises a solid nanoparticle.

21. The method of claim 20, wherein the delivery agent comprises a solid lipid nanoparticle or

a solid polymeric nanoparticle.

22. The method of claim 13, wherein the delivery agent comprises a metal-based nanoparticle

system.
23. The method of claim 13, wherein the delivery agent comprises polyethylenimine (PEI).

24. The method of claim 13, wherein administering the pathogen mimic comprises

administering a bacteria mimic.

25. The method of claim 13, wherein administering the pathogen mimic comprises

administering a viral mimic.

26. The method of claim 25, wherein administering the viral mimic comprises administering

double stranded RNA (dsRNA).

27. The method of claim 26, wherein administering the dsRNA comprises administering

polylC.

28. The method of claim 27, wherein the delivery agent comprises polyethylenimine (PEI).
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29. The method of claim 28, wherein administering the viral mimic comprises administering
BG-112.

30. The method of claim 26, wherein administering the dsRNA comprises administering 5’
ppp-dsRNA.

31. The method of claim 26, wherein administering the dSRNA comprises administering 3p-
hpRNA.

32. The method of claim 26, wherein administering the dsRNA comprises administering
Poly(dA:dT).

33. The method of claim 26, wherein administering the dsRNA comprises administering poly-
ICLC.

34. The method of claim 26, wherein administering the dsRNA comprises administering
poly(A:U).

35. The method of claim 26, wherein administering the dsSRNA comprises administering CpG
rich RNA.

36. The method of claim 13, wherein administering the pathogen mimic comprises

administering a pathogen mimic that is recognized by intracellular receptors as non-self.

37. The method of any of claims 1-12, wherein administering the substance which activates
cytoplasmatic sensors for intracellular pathogen comprises administering a plurality of different

substances which activate cytoplasmatic sensors for intracellular pathogen.

38. The method of claim 37, wherein administering a plurality of different substances which
activate cytoplasmatic sensors for intracellular pathogen comprises administering a first agent
which induces production within the cell of molecules, which stimulate cytoplasmatic sensors for
an intracellular pathogen and a second agent comprising a pathogen mimic with a delivery agent

suitable for cytoplasmic delivery of the pathogen mimic.

39. The method of claim 38, further comprising additionally administering to the patient a

supportive treatment of cyclophosphamide.

40. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter
radiotherapy comprises inserting a brachytherapy source carrying alpha-emitting radionuclides

into the tumor.
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41. The method of claim 40, wherein the brachytherapy source releases alpha-emitting
radionuclides at a rate of less than 25% of the alpha-emitting radionuclides on the source when

inserted to the tumor, per day.
42. The method of claim 40, wherein the brachytherapy source comprises a Radium source.

43. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter

radiotherapy is performed only after completing the administering of the substance.

44. The method of any of claims 1-12, wherein administering the substance comprises

administering with nanoghosts, which direct the substance to the tumor.

45. The method of any of claims 1-12, wherein administering the substance comprises
administering one or more substances in at least two separate sessions separated from each other

by at least 12 hours.

46. The method of claim 45, wherein administering the one or more substances comprises

administering in at least three separate sessions separated from each other by at least 20 hours.

47. The method of any of claims 1-12, and comprising identifying a primary tumor in the
patient and wherein administering the substance comprises administering the substance to the

identified primary tumor.

48. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter
radiotherapy comprises treating with alpha-emitter radiotherapy less than 80 hours after

administering a last dose of the substance.

49. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter
radiotherapy comprises treating with alpha-emitter radiotherapy less than 60 hours after

administering a last dose of the substance.

50. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter
radiotherapy comprises treating with alpha-emitter radiotherapy at least 12 hours after

administering a last dose of the substance.

51. The method of any of claims 1-12, wherein treating the tumor with alpha-emitter
radiotherapy comprises treating with alpha-emitter radiotherapy at least 24 hours after

administering a last dose of the substance.

52. The method of any of claims 1-12 further comprising additionally administering to the
patient a supportive treatment which counters accelerated tissue repair induced by the alpha-

emitter radiotherapy.
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53. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment which downregulates inflammation.

54. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment which downregulates checkpoint expression.

55. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment of cyclophosphamide.

56. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment of pomalidomide.

57. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment of berzosertib.

58. The method of any of claims 1-12 further comprising additionally administering to the

patient a supportive treatment of a checkpoint blockade.

59. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of anti PD-1.

60. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of anti-PD-L1.

61. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of anti-CTLA4.

62. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of one or more TLR agonists.

63. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of one or more MSDCs inhibitors.

64. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of one or more Tregs inhibitors.

65. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of one or more DNA repair inhibitors.

66. The method of claim 58, further comprising additionally administering to the patient a

supportive treatment of one or more Antiangiogenic factors.

67. The method of any of claims 1-12, further comprising performing surgery to remove the

tumor, at least a week after beginning treating the tumor with alpha-emitter radiotherapy.
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68. The method of any of claims 1-12, wherein treating the tumor with intra-tumoral alpha-
emitter radiotherapy comprises treating the tumor with intra-tumoral alpha-emitter radiotherapy
less than a week after administering the substance which activates cytoplasmatic sensors for

intracellular pathogen in the tumor.

69. A kit for treatment of a patient, comprising:

at least one source for being at least partially introduced into a body of a subject, having
alpha-emitting atoms mounted thereon;

at least one substance which activates cytoplasmatic sensors for intracellular pathogen; and

a sterile package containing the at least one source and the at least one substance.

70. The kit of claim 69, wherein the alpha-emitting atoms are mounted on the source in a
manner which allows controllable release of the alpha-emitting atoms or their daughter

radionuclides from the source.
71. The kit of claim 69, wherein the alpha-emitting atoms comprise radium atoms.

72. The kit of any of claims 69-71, wherein the at least one substance comprises a DNA

methyltransferase (DNMT) inhibitor.

73. The kit of claim 72, wherein the DNA methyltransferase (DNMT) inhibitor comprises

Decitabine.

74. The kit of claim 72, wherein the at least one substance further comprises a pathogen mimic

with a delivery agent suitable for cytoplasmic delivery of the pathogen mimic.

75. The kit of any of claims 69-71, wherein the at least one substance comprises a pathogen

mimic with a delivery agent suitable for cytoplasmic delivery of the pathogen mimic.

76. The kit of any of claims 69-71, further comprising in the sterile package, a supportive

treatment drug which counters accelerated tissue repair induced by the alpha-emitter radiotherapy.

7. The kit of claim 76, wherein the supportive treatment drug comprises a drug which

downregulates inflammation.

78. The use of polyICP! in the production of a medicament for administering to a tumor of a
patient wherein the administration pattern of the medicament comprises administering a
therapeutically effective amount of polyIC*! to the tumor, in one or more sessions, followed by
treating the tumor with intra-tumoral alpha-emitter radiotherapy less than a week after

administering the polyICPEL
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79. The use of a DNA methyltransferase (DNMT) inhibitor in the production of a medicament
for administering to a tumor of a patient wherein the administration pattern of the medicament

comprises administering a therapeutically effective amount of the DNMT inhibitor.

28



CA 03114299 2021-03-25

WO 2020/089819 PCT/IB2019/059331
172
100\ Identify tumor L7102
Y
ACSIP 1704
S ﬂ A4
upportive . : ‘
immunomodulation | Wait period 706
114 - —
initiate alpha radiation treatment L7108
Evaluate treatment L1170
¥
surgery 7112
FIG. 1
200
N 202
216 210 ()
{ {

208
1 | a—
S a—
204 204

FIG. 2



CA 03114299 2021-03-25

WO 2020/089819 PCT/IB2019/059331

212

Implemented scenario - results

Mean tumor volume
P00 [— DaRT+vehicle, n=13
§ = = = DaRT+naked polylC, n=11
~~~~~~~ - Inert+polyIC(PED, n=12
8004 —ee- DART-+polylC(PE), n=13

Inert+vehicle, n=8

Tumor Volume [mm?]

Days post treatment start

FIG. 3



dentify tumor 702

Supportive
immunomodulation

5

114

ACSIP 1704

A

Wait period L7106

3

4

initiate alpha radiation treatment

108

FIG. 1

A

A

Evaluate

freatment

110

¥

4

surgery 7112




	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - REPRESENTATIVE_DRAWING

