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(57) ABSTRACT 
A method of treating a malignant solid tumor in a subject is 
disclosed herein. The method includes the steps of admin­
istering to the subject an immunomodulatory dose of a 
radiohalogenated compound that is differentially taken up by 
and retained within malignant solid tumor tissue, and per­
forming in situ tumor vaccination in the subject by intratu­
morally injecting into (or treating via a separate method) at 
least one of the malignant solid tumors a composition that 
includes one or more agents capable of stimulating specific 
immune cells within the tumor microenvironment. In certain 
exemplary embodiments, the radiohalogenated compound 
has the formula: 

0 

-0- II 
R1 (CH2)nOIOCH2CH2-R2, 

o-

wherein R1 is a radioactive halogen isotope, n is 18 and R2 

is -W(CH3 )y 

4 Claims, 27 Drawing Sheets 
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RADIOHALOGENATED AGENTS FOR IN 
SITU IMMUNE MODULATED CANCER 

VACCINATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. provisional 
Application No. 62/363,608 filed on Jul. 18, 2016, which is 
incorporated by reference herein in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

2 
infiltrating lymphocytes (TIL) and drive a systemic anti­
tumor immune response directed against "unvaccinated," 
disseminated tumors. In in situ vaccination, a malignant 
solid tumor is injected with (or treated with) one or more 

5 agents that facilitate the release of tumor antigens while 
simultaneously providing pro-inflammatory signals to 
reverse the immune-tolerizing microenvironment of the 
tumor [Pierce et al, Human Vaccines & immunotherapeutics 
11(8): 1901-1909, 2015; Marabelle et al, Clin. Cancer Res. 

10 20(7):1747-56, 2014; Morris et al, Cancer Research, e-pub 
ahead of print, 2016]. Although recent data from clinical 
trials and pre-clinical models illustrate the potential of such 
an approach, there is a great need in the art for in-situr 
vaccination methods exhibiting improved systemic efficacy. 

This invention was made with govermnent support under 15 

CAI 97078 awarded by the National Institutes of Health. The 
govermnent has certain rights in the invention. 

Radiation hormesis is a decades-old hypothesis that low 
doses of ionizing RT can be beneficial by stimulating the 
activation of natural protective repair mechanisms that are 
not activated in the absence of ionizing RT [Cameron and 
Moulder, Med. Phys. 25:1407, 1998]. The reserve repair FIELD OF THE DISCLOSURE 

This disclosure relates generally to methods of treating 
cancer. In particular, the disclosure is directed to methods of 
treating a cancer comprising one or more malignant solid 
tumors in a subject by (a) systemically administering to the 
subject an immunomodulatory dose of a radioiodinated 
compound that is differentially taken up by and retained 
within solid tumor tissue, and (b) performing in situ tumor 
vaccination in the subject at one of the malignant solid 
tumors using one or more treatments capable of stimulating 
specific immune cells within the tumor microenvironment. 

20 mechanisms are hypothesized to be sufficiently effective 
when stimulated as to not only cancel the detrimental effects 
of ionizing RT but also inhibit disease not related to RT 
exposure. Perhaps related, the abscopal effect is a phenom­
enon reported in the 1950's, whereby, xRT treatment of one 

25 tumor actually causes shrinkage of another tumor outside the 
RT treatment area. Although rare, this phenomenon is 
thought to be dependent on activation of the immune system. 
Together, hormesis and the abscopal effect support the 
potential interaction and stimulation of the immune system 

BACKGROUND 

30 by low dosage (immune stimulatory but non-cytotoxic) RT, 
which may then be combined with other immunologic 
approaches, such as in situ vaccination. 

We have previously published that the combination of 
local xRT +in situ vaccination are potently synergistic in Current cancer treatment typically involves systemic che­

motherapy whereby non-targeted small molecule or anti­
body directed cytotoxic agents preferentially enter, or bind 
to (in the case of antibody directed agents) and kill cancer 
cells by a variety of mechanisms. External beam radiation 
therapy (xRT), which is often combined with chemotherapy, 
kills cancer cells by inducing nuclear DNA double strand 
breaks resulting in cell-cycle death. Unlike systemic che­
motherapy, xRT depends on the ability to accurately deter­
mine the anatomic location of the tumor. Surgical resection 

35 treating large established tumors in mice, when there is a 
single tumor present [Morris et al, Cancer Research, e-pub 
ahead of print, 2016]. We have surprisingly discovered ( and 
disclose herein) that the combination of in situ vaccination 
and xRT does not result in inhibited tumor growth in the 

40 presence of a second, non-radiated tumor. Apparently, the 
non-radiated tumor exhibits a dampening effect (which we 
have designated as "concomitant immune tolerance") on the 
immunomodulatory effect of the xRT and in situ vaccine on 

of tumors also depends on the ability to see the tumor and 
on complete removal, since residual tumor cells will quickly 45 

reestablish the tumor following surgery. Surgery and xRT 
are generally limited to the local treatment of malignant 
tumors and thus are limited in treating disseminated or 
metastatic disease, which is why chemotherapy is often used 

the radiated tumor. This concomitant immune tolerance can 
be overcome, enabling efficacy of in situ vaccination, when 
xRT is given to all areas of tumor. However, xRT cannot be 
effectively used in combination with in situ vaccination 
methods in the presence of multiple tumors, particularly if 
the tumors are not few in number, or if the location of one 
or more of the tumors is not precisely known, or if it is not 
feasible to deliver xRT to all sites of tumor. Accordingly, in 
combination with in situ vaccination, there is a need for 
improved methods of delivering an immunomodulatory 
dose of RT to all tumors within a subject, regardless of their 

in conjunction with these treatment modalities. Although 50 

systemic chemotherapy is capable of reaching many distant 
metastatic sites, with the possible exception of brain metas­
tases, for all too many patients, responses are typically 
short-lived (months to several years) and ultimately result in 
tumor recurrence. 55 number and anatomic location. 

Because the body's natural immune system is also 
capable of destroying cancer cells following their recogni­
tion, immunologic approaches are rapidly becoming more 
prevalent in cancer treatment paradigms. However, some 
cancer cells, and to a greater extent cancer stem cells, 60 

manage to initially avoid immune-surveillance and actually 
acquire the ability to evolve and ultimately survive by 
remaining relatively immune invisible [Gaipi et al, Immu­
notherapy 6:597-610, 2014]. 

One specific immunologic approach that is being increas- 65 

ingly investigated is "in situ vaccination," a strategy that 
seeks to enhance tumor immunogenicity, generate tumor 

BRIEF SUMMARY 

We have previously shown that certain alkylphosphocho­
line analogs are preferentially taken up and retained by 
malignant solid tumor cells. In U.S. Patent Publication No. 
2014/0030187, which is incorporated by reference herein in 
its entirety, Weichert et al. disclose using analogs of the base 
compound 18-(p-iodophenyl)octadecyl phosphocholine 
(NM404; see FIG. 1) for detecting and locating, as well as 
for treating, a variety of malignant solid tumors. If the iodo 
moiety is an imaging-optimized radionuclide, such as 
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iodine-124 ([1 24I]-NM404), the analog can be used in posi­
tron emission tomography-computed tomography (PET/CT) 
or single-photon emission computed tomography (SPECT) 
imaging of solid tumors. Alternatively, if the iodo moiety is 
a radionuclide optimized for delivering therapeutic doses of 5 

RT to the solid tumors cells in which the analog is taken up, 
such as iodine-125 or iodine-131 ([ 125I]-NM404 or [131 I]­
NM404), the analog can be used to treat the solid tumors. 

Such analogs not only target a wide variety of solid tumor 
types in vivo, but also undergo prolonged selective retention 10 

in tumor cells, thus affording high potential as radiotherapy 
agents. Moreover, tumor uptake is limited to malignant 
cancer and not premalignant or benign lesions. Thus, such 
agents are well suited for delivering a sub-cytotoxic but 
immunomodulatory dose of ionizing RT to all malignant 15 

tumors present within a subject, regardless of whether their 
number and locations are known. 

Accordingly, in a first aspect, the disclosure encompasses 

4 
limiting examples of such TLRs TLR include TLR-1, TLR-
2, TLR-3, TLR-4, TLR-5, TLR-6, TLR-7, TLR-8, TLR-9, or 
TLR-10. 

In some embodiments, the radiohalogenated compound is 
metaiodobenzylguanidine (MIBG), wherein the iodine atom 
is a radioactive iodine isotope. In some embodiments, the 
radioactive iodine isotope is 1231, 1241, 1251 or 131I. 

In some embodiments, the radiohalogenated compound 
has the formula: 

0 

~ II 
R1~ (CH2JnCOCH2CHYCH2)mOIOCH2CH2- R2 

o-

or a salt thereof. R1 is or includes a radioactive halogenated 
isotope, a is O or 1, n is an integer from 12 to 30, mis O or 

20 1, Y is -H, -OH, -COOH, ----COOX, -OX, or 
---OCOX, wherein X is an alkyl or an arylalkyl, and R2 is 

a method of treating a cancer comprising one or more 
malignant solid tumors in a subject. The method includes the 
steps of: (a) administering to the subject an immunomodu­
latory dose of a radiohalogenated compound that is differ­
entially taken up by and retained within malignant solid 
tumor tissue; and (b) performing in situ tumor vaccination in 
the subject at one or more of the malignant solid tumors 
using one or more treatments capable of stimulating specific 
immune cells within the tumor microenvironment. An 
"immunomodulatory dose" is a low or sub-cytotoxic RT 
dose of the targeted radiotherapy agent. Although NM404 is 
used in the examples below, the targeted radiotherapy agent 30 

could be any targeted radiohalogenated therapy agent that 
include alpha, beta, auger, and/or gamma emitters, includ­
ing, without limitation, radioiodinated metaiodobenzyl­
guanidine (MIBG). The key feature is that targeted radio­
therapy agent emits low or sub-cytotoxic RT doses that are 
not lethal to either the cancer cells or the relevant immune 
cells. 

In some embodiments, the one or more treatments capable 

-N+H3 , -N+H2Z, -N+Hz2 , or-N+z3 , wherein each Z is 
independently an alkyl or an aryl. 

In some embodiments, the radioactive halogen isotope is 
25 a radioactive isotope of iodine, bromine, or astatine. In some 

such embodiments, the radioactive halogen isotope is 211 I, 
1231, 1241, 1251 or 1311. In some such embodiments, the 
radioactive halogen isotope is 1251 or 131 I. In some such 
embodiments, the radioactive halogen isotope is 131 I. 

In some embodiments, a is 1 and m is 0. In some 
embodiments, n is 18. In some embodiments, R2 is -N+H3 . 

In some embodiments, a is 1, m is 0, n is 18, and R2 is 
-N+Hy In some such embodiments, the radioactive halo­
gen isotope is 211 As, 1231, 1241, 1251, or 131 I (the compound 

35 is [211As]-NM404, [123I]-NM404, [124I]-NM404, [125I]­
NM404 or [131 I]-NM404). 

In some embodiments, the radio-halogenated compound 
is administered intravenously. 

In some embodiments, the subject is a human. 
In some embodiments, the method optionally includes the 

step of exposing one of the malignant solid tumors to xRT. 
In some embodiments, the method optionally includes the 

step of determining the immunomodulatory dose of the 
radiohalogenated compound. In some such embodiments, 

of stimulating specific immune cells can include xRT. In 
some embodiments, the one or more treatments capable of 40 

stimulating specific immune cells include intratumorally 
injecting into at least one of the malignant solid tumors a 
composition that includes one or more agents capable of 
stimulating specific immune cells within the tumor microen­
vironment. In some embodiments, the one or more agents 
capable of stimulating specific immune cells can include an 
immunostimulatory monoclonal antibody (mAb ), a pattern 
recogmt10n receptor agonist, an immunostimulatory 
cytokine, an immune stimulatory nanoparticle, an oncolytic 
virus, or any combinations thereof. Non-limiting examples 

45 this step is performed by administering to the subject a 
detection-facilitating dose of the radiohalogenated com­
pound, and subsequently detecting signals originating from 
the one or more malignant solid tumors within the subject 
that are characteristic of the radioactive halogen isotope 

50 within the radiohalogenated compound. In some such 
embodiments, the radioactive halogen isotope contained in 
the radiohalogenated compound used in the detection-facili­
tating dose is 211As, 1231, 1241, 1251, or 131 1. Anon-limiting 
exemplary radiohalogenated compound that could be used is 

of immunostimulatory monoclonal antibodies that could be 
used include anti-GD2 antibodies, anti-CTLA-4 antibodies, 
anti-CD137 antibodies, anti-CD134 antibodies, anti-PD-I 
antibodies, anti-KIR antibodies, anti-LAG-3 antibodies, 
anti-PD-LI antibodies, anti-CD40 antibodies, or combina­
tions thereof. In some embodiments, the immunostimulatory 
mAb is an antibody to a tumor-specific antigen. In some 
embodiments, the composition that includes one or more 
immunostimulatory monoclonal antibodies may also include 
interleukin-2 (IL-2). In some embodiments, the anti-GD2 
mAb that is used may include hu14.18, and optionally, may 
further include IL-2 (i.e., a fusion protein of the two). 

In some embodiments, the immunostimulatory cytokine is 
IL-2, interleukin-12 (IL-12), interleukin-15 (IL-15), inter­
leukin-21 (IL-21), or an interferon (IFN). 

In some embodiments, the pattern recognition receptor 
agonist is an agonist of a toll-like receptor (TLR). Non-

55 [1 24I]-NM404. In some such embodiments, the immuno­
modulatory dose of the radiohalogenated compound is cal­
culated from the strength of the signals originating from the 
one or more malignant solid tumors within the subject. 
Optionally, the step of detecting signals characteristic of the 

60 radioactive halogen isotope is performed by positron emis­
sion tomography (PET) imaging or single-photon emission 
computed tomography (SPECT) imaging. 

Non-limiting examples of the cancers presenting as 
malignant solid tumors that could treated using the disclosed 

65 method include melanoma, neuroblastoma, lung cancer, 
adrenal cancer, colon cancer, colorectal cancer, ovarian 
cancer, prostate cancer, liver cancer, subcutaneous cancer, 
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squamous cell of the skin or head and neck, intestinal cancer, 
cervical cancer, glioma, breast cancer, pancreatic cancer, 
soft tissue sarcomas, Ewings sarcoma, rhabdomyosarcoma, 
osteosarcoma, retinoblastoma, Wilms' tumor, and pediatric 
brain tumors. 

Other objects, features and advantages of the present 
invention will become apparent after review of the specifi­
cation, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the chemical structure of the base com-
pound 18-(p-iodophenyl)octadecyl phosphocholine 
(NM404). 

FIGS. 2A, 2B and 2C are a series of graphs showing that 
xRT+IT-IC elicits in situ tumor vaccination. 2A) Tumor 
growth curves and 2B) Kaplan-Meier survival curves show 
synergy between xRT and IT-hu14.18-IL2. 71% (22/31) of 
mice treated with xRT+IT-IC are rendered disease-free. 2C) 
90% of these reject subsequent engraftment with B78 mela­
noma. 

FIG. 3 is a graph demonstrating concomitant immune 
tolerance. Primary tumor response is shown. A distant 
un-treated tumor suppresses response to xRT +IT-IC in a 
2-tumor B78 melanoma model, and this suppression can be 
overcome be radiating the second tumor. 

FIG. 4 is a graph showing that concomitant immune 
tolerance is due to Tregs. Primary tumor response is shown. 
A distant un-treated tumor suppresses response to xRT+IT­
IC in a 2-tumor B78 melanoma model and this suppression 
can be overcome by depleting Tregs (using transgenic 
DEREG mice that express diphtheria toxin receptors on their 
Tregs, and thus depleting Tregs by administering diphtheria 
toxin). 

FIG. 5 is an image showing selective uptake of 124I­
NM404 by B78 melanoma. A mouse bearing a -200 mm3 

B78 tumor received IV 124INM404 and had serial PET/CT 
scans done. This image at 71 h shows selective uptake by the 
tumor with some residual background uptake by the heart 
and liver. 

FIG. 6 is a graph demonstrating that in situ vaccination 
can be elicited in the presence of residual levels of molecular 
targeted radiation therapy (TRT). Treatment with combined 
xRT+IT-IC is equally effective in the presence or absence of 
3 µCi 131I-NM404. This approximates the residual activity 
of TRT that will be present when we deliver xRT (d0) 
followed by IT-IC (d6-10), as described in Example 4. 

6 
7C) In mice bearing a primary Panc02-GD2+ pancreatic 
tumor, with or without a secondary Panc02-GD2- tumor on 
the opposite flank, the presence of an untreated Panc02 
secondary tumor suppressed the response of a primary 

5 Panc02-GD2+ tumor to RT+IT-IC. 7D) In mice bearing a 
primary B78 melanoma tumor, a secondary B78 tumor 
suppressed primary tumor response to RT+IT-IC but a 
secondary Panc02-GD2+ pancreatic tumor did not exert this 
effect. 7E) In mice bearing a primary Panc02-GD2+ tumor 

10 a secondary Panc02-GD2- tumor suppressed primary tumor 
response to combined xRT and IT-hu14.18-IL2, while a B78 
secondary tumor did not. n=number of mice per group. 
NS=non-significant, ***p<0.001. 

FIGS. SA, SB and SC include immunohistochemistry 
15 images and graphs showing that concomitant immune tol­

erance is circumvented by specific depletion of regulator T 
cells (Tregs ). SA). Immunohistochemistry for the Treg 
marker, FoxP3 (representative 400x images are shown) for 
tumors evaluated on day 6 after xRT in mice with one (Al 

20 and A2) or two (A3 and A4) tumors. Mice received no xRT, 
or xRT only to the primary tumor. The primary tumor is 
shown in Al-A3 and the secondary is shown in A4. Small 
arrows point out some of the FoxP3+ cells (brown 
nuclei=FoxP3+, blue=hematoxylin counterstain). The 

25 graphs on the right display blinded quantification ofFoxP3+ 
cells per 200x field, corresponding to the conditions shown 
in Al, A2, A3 and A4, respectively. SB and SC) DEREG 
mice express diphtheria toxin receptor under control of the 
Treg-specific FoxP3 promoter, enabling specific depletion of 

30 Tregs upon IP injection of diphtheria toxin. DEREG mice 
bearing primary and secondary B78 melanoma tumors were 
treated with xRT + IT-IC to the primary tumor and IP injec­
tion of either diphtheria toxin or PBS (the first of replicate 
experiments are shown). Concomitant immune tolerance is 

35 eliminated following depletion of Tregs in these mice, 
resulting in improved SB) primary and SC) secondary tumor 
response. n=number of mice per group. **p<0.01, 
***p<0.001. 

FIGS. 9A and 9B are graphs showing that concomitant 
40 immune tolerance is overcome by delivering xRT to both 

tumor sites. In mice bearing primary and secondary B78 
tumors, the secondary tumor suppresses primary tumor 
response to primary tumor treatment with xRT + IT-IC. This 
is overcome by delivering 12 Gy xRT to both the primary 

45 and secondary tumors and IT-IC to the primary tumor, 
resulting in improved 9A) primary tumor response (the first 
of replicate experiments is shown) and 9B) aggregate animal 
survival from replicate experiments. n=number of mice per FIGS. 7A, 7B, 7C, 7D and 7E are a series of graphs 

showing tumor-specific inhibition of primary tumor 
response to the combination of local RT+ IT-IC by a distant 50 

untreated tumor in murine melanoma and pancreatic tumor 
models. C57BL/6 mice bearing a syngeneic, disialoganglio­
side-expressing (GD2+ ), primary flank tumor +/-a second­
ary tumor on the contralateral flank were treated to the 
primary tumor only, as indicated, with xRT on day "1" and 55 

intra-tumor (IT) injection of 50 mcg of the anti-GD2 immu­
nocytokine (IC), hu14.18-IL2 (a fusion of anti-GD2 mAb 
and IL2), on day 6-10. Mean primary tumor volumes are 
displayed in FIGS. 7A and 7C-7E. 7A). In mice bearing a 
primary B78 melanoma tumor, the presence of an untreated 60 

secondary B78 tumor antagonized primary tumor response 

group. **p<0.01, ***p<0.001. 
FIGS. lOA, lOB and lOC are a series of graphs showing 

that low dose xRT alone does not elicit in situ vaccination 
but does overcome concomitant immune tolerance when 
delivered to distant tumor sites together with 12 Gy+IT-IC 
treatment of an in situ vaccine site. lOA) In mice bearing a 
primary B78 tumor only, 12 Gy+IT-IC elicits in situ vacci­
nation (as shown previously) and results in complete tumor 
regression in most mice ( 4/6 in this experiment) and a 
memory immune response (Morris, Cancer Res, 2016). On 
the other hand no animals exhibit complete tumor regression 
following either IT-IC alone or low dose (2 Gy) xRT + IT-IC 
(0/6 in both groups) p<0.05. lOB) In mice bearing a primary 

to RT+ IT-IC. We describe this effect as "concomitant 
immune tolerance"-an antagonistic effect of a non-treated 
distant tumor on the local response of a treated tumor to 
xRT+IT-IC. 7B) Kaplan-Meier survival curves are shown 
for mice in panel A plus replicate experiments. Nearly all 
mice were euthanized due to primary tumor progression. 

and secondary B78 melanoma tumor, low dose xRT (2 Gy 
or 5 Gy) delivered to the secondary tumor is comparable to 
12 Gy in its capacity to overcome concomitant immune 

65 tolerance at the primary tumor. lOC) In these same animals, 
it is apparent that overcoming concomitant immune toler­
ance by delivery of low dose xRT to the secondary tumor 
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rescues a systemic response to IT-IC immunotherapy. In this 
context, when xRT is delivered to all tumor sites then IT-IC 
injection of the primary tumor triggers a systemic anti-tumor 
effect that renders secondary tumor response to 2 Gy or 5 Gy 
greater than the response to 12 Gy xRT in absence of 5 

primary tumor IT-IC injection. 
FIGS. llA, 11B, llC and llD is a PET image (llA) and 

a series of bar graphs (11B, llC and llD) showing that low 
dose TRT with 131I-NM404 effectively depletes tumor infil­
trating FoxP3+ Tregs without systemic leukopenia or deple- 10 

tion of tumor infiltrating CDS+ effector T cells. In most 
clinical scenarios, it is not feasible to deliver external beam, 
even low dose, to all tumor sites without eliciting marked 
bone marrow depletion and leukopenia that would result in 
immunosuppression. Here we tested whether TRT could be 15 

administered systemically to specifically deplete tumor infil­
trating suppressive immune cells (Tregs), without triggering 
systemic immune cell depletion and leukopenia. llA) 
Dosimetry studies in this B78 melanoma tumor model using 
positron-emitting 124I-NM404 confirm tumor-selective 20 

uptake ofNM404. C57BL/6 mice bearing B78 tumors were 
treated with 60 µCi 131I-NM404. This activity approximates 
the amount of 131 I-NM404 necessary to deliver -2 Gy TRT 
to a B78 tumor. Peripheral blood and tumor samples were 
collected in untreated control mice (C) and at 8 day intervals 25 

(Tl=d8, T2=d16, T3=d24, T4=d32) thereafter. 11B) This 
dose of TRT did not result in any significant systemic 
leukopenia and llC) did not significantly affect the level of 
tumor infiltrating CDS+ effector T cells (ANOVA p=0.25). 
llD) However, tumor infiltrating FoxP3+ Tregs were sig- 30 

nificantly depleted by this dose ofTRT (ANOVA p=0.03; * 
p<0.05). 

FIGS. 12A and 12B are graphs showing that low dose 
TRT with 131 I-NM404 effectively overcomes concomitant 
immune tolerance and rescues the systemic anti-tumor effect 35 

of in situ vaccination. Given the capacity of low dose 
131 I-NM404 TRT to deplete tumor-infiltrating Tregs without 
rendering a mouse leukopenic, we tested whether low dose 
131 I-NM404 might effectively overcome concomitant 
immune tolerance. C57BL/6 mice bearing two B78 tumors 40 

were treated with 60-mcCi 131 I-NM404 on day 1 (NM404), 
as indicated. After one half-life (day 8), animals received 12 
Gy xRT or no xRT to the primary tumor (in situ vaccine site). 
Control mice receiving no 131 I-NM404 were treated to the 
secondary tumor as indicated (0, 2, or 12 Gy). Mice received 45 

daily IT injections ofIC to the primary tumor (in situ vaccine 
site), as indicated, on days 13-17. 12A) Primary tumor and 
12B) secondary tumor response is shown and demonstrates 
that administration of low dose TRT effectively overcomes 
concomitant immune tolerance and rescues the systemic 50 

anti-tumor effect of in situ vaccination. 

DETAILED DESCRIPTION 

8 
interchangeably herein. The terms "comprising" and varia­
tions thereof do not have a limiting meaning where these 
terms appear in the description and claims. Accordingly, the 
terms "comprising", "including", and "having" can be used 
interchangeably. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are now described. All 
publications and patents specifically mentioned herein are 
incorporated by reference for all purposes including describ­
ing and disclosing the chemicals, instruments, statistical 
analysis and methodologies which are reported in the pub-
lications which might be used in connection with the inven­
tion. All references cited in this specification are to be taken 
as indicative of the level of skill in the art. 

The terminology as set forth herein is for description of 
the embodiments only and should not be construed as 
limiting of the invention as a whole. Unless otherwise 
specified, "a," "an," "the," and "at least one" are used 
interchangeably and mean one or more than one. 

The disclosure is inclusive of the compounds described 
herein (including intermediates) in any of their pharmaceu­
tically acceptable forms, including isomers (e.g., diaste­
reomers and enantiomers), tautomers, salts, solvates, poly­
morphs, prodrugs, and the like. In particular, if a compound 
is optically active, the invention specifically includes each of 
the compound's enantiomers as well as racemic mixtures of 
the enantiomers. It should be understood that the term 
"compound" includes any or all of such forms, whether 
explicitly stated or not (although at times, "salts" are explic­
itly stated). 

"Pharmaceutically acceptable" as used herein means that 
the compound or composition or carrier is suitable for 
administration to a subject to achieve the treatments 
described herein, without unduly deleterious side effects in 
light of the necessity of the treatment. 

The term "effective amount," as used herein, refers to the 
amount of the compounds or dosages that will elicit the 
biological or medical response of a subject, tissue or cell that 
is being sought by the researcher, veterinarian, medical 
doctor or other clinician. 

As used herein, "pharmaceutically-acceptable carrier" 
includes any and all dry powder, solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic agents, 
absorption delaying agents, and the like. Pharmaceutically­
acceptable carriers are materials, useful for the purpose of 
administering the compounds in the method of the present 
invention, which are preferably non-toxic, and may be solid, 
liquid, or gaseous materials, which are otherwise inert and 
pharmaceutically acceptable, and are compatible with the 

I. In General 

It is understood that this disclosure is not limited to the 
particular methodology, protocols, materials, and reagents 
described, as these may vary. The terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to limit the scope of the present inven­
tion, which will be limited only by any later-filed nonpro­
visional applications. 

55 compounds of the present invention. Examples of such 
carriers include, without limitation, various lactose, manni­
tol, oils such as corn oil, buffers such as PBS, saline, 
polyethylene glycol, glycerin, polypropylene glycol, dim­
ethylsulfoxide, an amide such as dimethylacetamide, a pro-

As used herein and in the appended claims, the singular 
forms "a", "an", and "the" include plural reference unless 
the context clearly dictates otherwise. As well, the terms "a" 
( or "an"), "one or more" and "at least one" can be used 

60 tein such as albumin, and a detergent such as Tween 80, 
mono- and oligopolysaccharides such as glucose, lactose, 
cyclodextrins and starch. 

The term "administering" or "administration," as used 
herein, refers to providing the compound or pharmaceutical 

65 composition of the invention to a subject suffering from or 
at risk of the diseases or conditions to be treated or pre­
vented. 
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due to transfection with GD2 synthase; PLE, Phospho-lipid 
Ether; RT, Radiation therapy; TRT, Targeted radiotherapy; 
W, week; 9464D-GD2, A neuroblastoma syngeneic to 
C57Bl/6 mice, expressing GD2, due to transfection with 

5 GD2 synthase. 

A route of administration in pharmacology is the path by 
which a drug is taken into the body. Routes of administration 
may be generally classified by the location at which the 
substance is applied. Common examples may include oral 
and intravenous administration. Routes can also be classified 
based on where the target of action is. Action may be topical 
(local), enteral (system-wide effect, but delivered through 
the gastrointestinal tract), or parenteral (systemic action, but 
delivered by routes other than the GI tract), via lung by 
inhalation. One form of local administration refered to in 10 

this submission is intratumoral (IT), whereby an agent is 
injected directly into, or adjacent to, a known tumor site. 

II. The Invention 

This disclosure is directed to methods of treating any 
cancer that presents as one or malignant solid tumors. The 
disclosed methods combine two treatment steps, with an 
unexpected synergy resulting in a much improved in situ 
vaccination effect against the malignant solid tumors. Spe­
cifically, an immunomodulatory dose of a radiohalogenated 

A topical administration emphasizes local effect, and 
substance is applied directly where its action is desired. 
Sometimes, however, the term topical may be defined as 
applied to a localized area of the body or to the surface of 
a body part, without necessarily involving target effect of the 
substance, making the classification rather a variant of the 
classification based on application location. In an enteral 
administration, the desired effect is systemic (non-local), 
substance is given via the digestive tract. In a parenteral 
administration, the desired effect is systemic, and substance 

15 compound that is differentially taken up by and retained 
within malignant solid tumor tissue is administered to the 
patient, and in situ tumor vaccination is performed by 
intratumorally injecting into ( or applying to) at least one of 
the malignant solid tumors a composition that includes one 

is given by routes other than the digestive tract. 
Non-limiting examples for topical administrations may 

include epicutaneous (application onto the skin), e.g., 
allergy testing or typical local anesthesia, inhalational, e.g. 
asthma medications, enema, e.g., contrast media for imaging 

20 or more agents capable of stimulating specific immune cells 
within the tumor microenvironment, either with or without 
additional xRT to at least one of the malignant solid tumors 
being treated with immune-stimulating agents. The immu­
nomodulatory dose of the radiohalogenated compound 

25 likely reduces Treg levels (and other immune-suppressive 
elements) and prevents the immune system dampening 
( concomitant immune tolerance) that occurs when xRT is 
used against a tumor and one or more additional tumors are 
not radiated. 

of the bowel, eye drops (onto the conjunctiva), e.g., antibi­
otics for conjunctivitis, ear drops, such as antibiotics and 
corticosteroids for otitis extema, and those through mucous 30 

membranes in the body. 
Enteral administration may be administration that 

involves any part of the gastrointestinal tract and has sys­
temic effects. The examples may include those by mouth 
(orally), many drugs as tablets, capsules, or drops, those by 35 

gastric feeding tube, duodenal feeding tube, or gastrostomy, 
many drugs and enteral nutrition, and those rectally, various 
drugs in suppository. 

Examples of parenteral administrations may include intra­
venous (into a vein), e.g. many drugs, total parenteral 40 

nutrition intra-arterial (into an artery), e.g., vasodilator drugs 
in the treatment of vasospasm and thrombolytic drugs for 
treatment of embolism, intraosseous infusion (into the bone 
marrow), intra-muscular, intracerebral (into the brain paren­
chyma), intracerebroventricular (into cerebral ventricular 45 

system), intrathecal (an injection into the spinal canal), and 
subcutaneous (under the skin). Among them, intraosseous 
infusion is, in effect, an indirect intravenous access because 
the bone marrow drains directly into the venous system. 
Intraosseous infusion may be occasionally used for drugs 50 

and fluids in emergency medicine and pediatrics when 
intravenous access is difficult. 

The following abbreviations are used in this disclosure: 
ADCC, Antibody dependent cell-mediated cytotoxicity; 
B16, A melanoma syngeneic to C57Bl/6 mice; B78, A 55 

variant of B 16 that expresses GD2, due to transfection with 
GD2 synthase; D, day; Hu14.18-IL2, The primary immu­
nocytokine (reacts against GD2) used in the studies dis­
closed in the examples; IC, Immunocytoline (a fusion pro­
tein of a tumor-reactive mAb linked to IL2); IL2, Interleukin 60 

2; IT, Intratumoral; IV, Intravenous; mAb, Monoclonal 
antibody; MAHA, Mouse anti-human antibody; NM404, 
used to designate the phospholipid ether shown in FIG. 1, 
which is selectively taken up by most tumors and used for 
TRT in the studies disclosed in the examples; NXS2, A 65 

neuroblastoma syngeneic to AJ mice; Panc02-GD2, A pan­
creatic cancer syngeneic to C57Bl/6 mice, expressing GD2, 

A. Intratumoral Immunization-In Situ Vaccination 
Compositions used for intratumoral immunization may 

include, without limitation, one or more cytokines, immune 
checkpoint inhibitors, pattern recognition agaonists, and/or 
immunostimulatory monoclonal antibodies, including anti-
bodies against tumor-specific antigens. For a review of 
intratumoral immunization/in situ vaccination strategies that 
are among those that could be used, see Pierce et al, Human 
Vaccines & lmmunotherapoeutics 11(8): 1901-1909, 2015; 
and Marabelle et al, Clin. Cancer Res. 20(7): 1747-56, 2014; 
and Morris et al, Cancer Res., e-pub ahead of print, 2016; all 
of which are incorporated by reference herein. In the non-
limiting examples disclosed herein, imtratumoral immuni­
zation was performed by injecting a fusion protein of an 
anti-GD2 mAb and interleukin 2 (hu14.18-IL2). However, 
the disclosed methods are not in any way limited by these 
examples. 

B. Immunomodulatory Dose of a Radiohalogenated Com­
pound 

The radiohalogenated compound used must selectively 
target a wide range of solid tumor cell types, such that the 
RT emitted by the radiohalogenated compound is directed to 
malignant solid tumor tissue without substantially exposing 
other tissue types to the emitted RT. Radiohalogenated 
compounds having such characteristics include MIBG or the 
phospholipid ether analogs disclosed herein. The radioactive 
halogenated isotope included in the radiohalogenated com-
pound may be any radioactive halogen isotope known to 
emit ionizing RT in a form that would result in immunos­
timulation of the cells that take up the compounds. In one 
non-limiting example, the incorporated radioactive halogen 
isotope is a radioactive iodine isotope, such as iodine-131. 

The immunomodulatory RT dose (as opposed to injected 
dose) of the radiohalogenated compound is much less than 
the dose that would be used for conventional RT therapy 
against malignant solid tumors. Specifically, the dose must 
be sufficient to stimulate a response in immune cells within 
the tumor microenvironment (likely by reducing immune-
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supressing Treg levels and other innnunosuppressive cells or 
molecules), while not ablating the desired innnune cells that 
are responsible for the in situ vaccine effect. 

As noted in the examples, the proper innnunomodulatory 
dose can be calculated from imaging data obtained after 5 

administering a "detection-facilitating" dose of a radiohalo­
genated compound. The detection-facilitating dose may be 
quite different than the innnunomodulatory dose, and the 
radioactive halogen isotope that is incorporated into the 
radiohalogenated compound may be different (although the 10 

rest of the compound structure should be the same). The 
radioactive halogen isotope used in the detection step and 
dosimetry calculations may be any radioactive halogen 
isotope known to emit RT in a form that is readily detectable 15 
by conventional imaging means. Non-limiting examples of 
"conventional imaging means" include gannna ray detec­
tion, PET scanning, and SPECT scamiing. Non-limiting 
examples of radioactive halogen isotopes that could be used 
include astatine-211, iodine-123, iodine-124, iodine-125, 20 

and iodine-131. 
C. Methods of Synthesizing the Disclosed Analogs and 

Compositions 

12 
We have previously demonstrated good tumor uptake and 

growth inhibition with the disclosed compounds in a wide 
range of tumor types, including both highly radiosensitive 
tumors like lymphoma and also in highly RT resistant 
tumors like glioma, breast, pancreatic or colorectal tumors. 
Thus, quantitative imaging and dosimetry can be used 
without undue experimentation to quantify the RT dose 
necessary to stimulate the innnune system in a wide variety 
of solid tumor types. 

E. Dosage Forms and Administration Methods 
In situ vaccination can be performed by intratumoral 

injection, but other administration can apply (topical or 
systemic). For the synergistic targeted RT, any route of 
administration may be suitable. In one embodiment, the 
disclosed alkylphosphocholine analogs may be administered 
to the subject via intravenous injection. In another embodi-
ment, the disclosed alkylphosphocholine analogs may be 
administered to the subject via any other suitable systemic 
deliveries, such as parenteral, intranasal, sublingual, rectal, 
or transdermal administrations. 

In another embodiment, the disclosed alkylphosphocho­
line analogs may be administered to the subject via nasal 
systems or mouth through, e.g., inhalation. 

The alkylphosphocholine analogs used in the disclosed 
methods are known in the art, as are methods of synthesizing 
such analogs. For details regarding synthetic materials and 
methods, see, e.g., U.S. Patent Publication Nos. 2010/ 
0284929, 2010/0316567, 2012/0128596, 2014/0030187, 
and 2014/0023587, each of which is incorporated by refer­
ence herein in its entirety. Similarly, methods and compo­
sitions used in in situ vaccination/intratumoral innnuniza­
tion cancer therapies are known in the art. 

In another embodiment, the disclosed alkylphosphocho-
25 line analogs may be administered to the subject via intrap­

eritoneal injection or IP injection. 

D. Application to a Wide Range of Adult and Pediatric 
Solid Tumors 

As noted above, we have previously demonstrated that the 
alkylphosphocholine analogs used in the disclosed methods 
are selectively taken up in a wide range of adult and 
pediatric solid tumors, as confirmed by both in vivo imaging 
and tumor growth inhibition studies. 

In certain embodiments, the disclosed alkylphosphocho­
line analogs may be provided as pharmaceutically accept­
able salts. Other salts may, however, be useful in the 

30 preparation of the alkylphosphocholine analogs or of their 
pharmaceutically acceptable salts. Suitable pharmaceuti­
cally acceptable salts include, without limitation, acid addi­
tion salts which may, for example, be formed by mixing a 
solution of the alkylphosphocholine analog with a solution 

35 of a pharmaceutically acceptable acid such as hydrochloric 
acid, sulphuric acid, methanesulphonic acid, fumaric acid, 
maleic acid, succinic acid, acetic acid, benzoic acid, oxalic 
acid, citric acid, tartaric acid, carbonic acid or phosphoric 
acid. 

Where the disclosed alkylphosphocholine analogs have at 
least one asynnnetric center, they may accordingly exist as 
enantiomers. Where the disclosed alkylphosphocholine ana­
logs possess two or more asynnnetric centers, they may 
additionally exist as diastereoisomers. It is to be understood 

It is well-known in the art that the relative radiosensitivity 40 

of solid tumor cancer cell phenotypes ranges from those that 
have very low RT sensitivities ( e.g., pancreas, colorectal, 
glioma and breast) to those with high RT sensitivities (e.g., 
lymphomas). A tumor with low radiosensitivity is consid­
ered to be highly radioresistant and a highly radiosensitive 
tumor is considered to have low radioresistance. Relative 
radiosensitivity of cancer cells is connnonly presented as the 
fraction that survives 2-Gy of in vitro RT exposure (SF2). 
Cancers can be categorized or ranked by their relative 
radiosensitivity, and Table 1 provides non-limiting examples 

45 that all such isomers and mixtures thereof in any proportion 
are encompassed within the scope of the present disclosure. 

The disclosure also includes methods of using pharma­
ceutical compositions comprising one or more of the dis­
closed alkylphosphocholine analogs in association with a 

50 pharmaceutically acceptable carrier. Preferably these com­
positions are in unit dosage forms such as tablets, pills, 
capsules, powders, granules, sterile parenteral solutions or 
suspensions, metered aerosol or liquid sprays, drops, 
ampoules, auto-injector devices or suppositories; for paren-

of known SF2 values for some connnon solid tumors. 

TABLE 1 

Relative Radiosensitivity of Select Cancer Cell Types 

Tumor Type Cell Line SF2 value 

Breast MDA-MB-231 0.82 
Pancreatic Mia-Paca 0.80 
Colorectal HCT-29 0.75 
Melanoma B-78 0.65 
Glioma (brain) U-87 0.63 
Lung (NSCLC) A-549 0.61 
Prostate PC-3 0.55 
Lymphoma EL-4 0.30 

SF2 = surviving fraction following exposure to 2 Gy of in vitro RT exposure 

* Several cell lines 

55 teral, intranasal, sublingual or rectal administration, or for 
administration by inhalation or insufl.lation. 

60 

For preparing solid compositions such as tablets, the 
principal active ingredient is mixed with a pharmaceutically 
acceptable carrier, e.g. conventional tableting ingredients 
such as corn starch, lactose, sucrose, sorbitol, talc, stearic 
acid, magnesium stearate, di calcium phosphate or gums, and 
other pharmaceutical diluents, e.g. water, to form a solid 
preformulation composition containing a homogeneous 
mixture for a compound of the present invention, or a 

65 pharmaceutically acceptable salt thereof. When referring to 
these preformulation compositions as homogeneous, it is 
meant that the active ingredient is dispersed evenly through-
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whereby the medicinal agents intended for the suspension 
are prepared by lyophilization. Solution injection involves a 
liquid preparation containing one or more drug substances 
dissolved in a suitable solvent or mixture of mutually 

out the composition so that the composition may be easily 
subdivided into equally effective unit dosage forms such as 
tablets, pills and capsules. This solid pre-formulation com­
position is then subdivided into unit dosage forms of the type 
described above containing from 0.1 to about 500 mg of the 
active ingredient of the present invention. Typical unit 
dosage forms contain from 1 to 100 mg, for example, 1, 2, 

5 miscible solvents that is suitable for injection. 

5, 10, 25, 50 or 100 mg, of the active ingredient. The tablets 

Solution concentrate injection involves a sterile prepara­
tion for parenteral use that, upon addition of suitable sol­
vents, yields a solution conforming in all respects to the 
requirements for injections. Suspension injection involves a or pills of the novel composition can be coated or otherwise 

compounded to provide a dosage affording the advantage of 
prolonged action. For example, the tablet or pill can com­
prise an inner dosage and an outer dosage component, the 
latter being in the form of an envelope over the former. The 
two components can be separated by an enteric layer which, 
serves to resist disintegration in the stomach and permits the 
inner component to pass intact into the duodenum or to be 
delayed in release. A variety of materials can be used for 
such enteric layers or coatings, such materials including a 
number of polymeric acids and mixtures of polymeric acids 
with such materials as shellac, cetyl alcohol and cellulose 
acetate. 

10 liquid preparation (suitable for injection) containing solid 
particles dispersed throughout a liquid phase, whereby the 
particles are insoluble, and whereby an oil phase is dispersed 
throughout an aqueous phase or vice-versa. Suspension 
liposomal injection is a liquid preparation (suitable for 

15 injection) having an oil phase dispersed throughout an 
aqueous phase in such a manner that liposomes (a lipid 
bilayer vesicle usually containing phospholipids used to 
encapsulate an active drug substance either within a lipid 
bilayer or in an aqueous space) are formed. Suspension 

The liquid forms in which the alkylphosphocholine ana­
logs may be incorporated for administration orally or by 
injection include aqueous solutions, suitably flavored syr­
ups, aqueous or oil suspensions, and flavored emulsions with 
edible oils such as cottonseed oil, sesame oil, coconut oil or 
peanut oil, as well as elixirs and similar pharmaceutical 
vehicles. Suitable dispersing or suspending agents for aque­
ous suspensions include synthetic and natural gums such as 
tragacanth, acacia, alginate, dextran, sodium caboxymeth­
ylcellulose, methylcellulose, polyvinylpyrrolidone or gela­
tin. 

20 sonicated injection is a liquid preparation (suitable for 
injection) containing solid particles dispersed throughout a 
liquid phase, whereby the particles are insoluble. In addi­
tion, the product may be sonicated as a gas is bubbled 
through the suspension resulting in the formation of micro-

25 spheres by the solid particles. 
The parenteral carrier system includes one or more phar­

maceutically suitable excipients, such as solvents and co­
solvents, solubilizing agents, wetting agents, suspending 
agents, thickening agents, emulsifying agents, chelating 

30 agents, buffers, pH adjusters, antioxidants, reducing agents, 
antimicrobial preservatives, bulking agents, protectants, 
tonicity adjusters, and special additives. 

The following examples are offered for illustrative pur­
poses only, and are not intended to limit the scope of the 

35 present invention in any way. Indeed, various modifications 
of the invention in addition to those shown and described 

The disclosed alkylphosphocholine analogs are particu­
larly useful when formulated in the form of a pharmaceutical 
injectable dosage, including in combination with an inject­
able carrier system. As used herein, injectable and infusion 
dosage forms (i.e., parenteral dosage forms) include, but are 
not limited to, liposomal injectables or a lipid bilayer vesicle 
having phospholipids that encapsulate an active drug sub­
stance. Injection includes a sterile preparation intended for 40 

parenteral use. 
Five distinct classes of injections exist as defined by the 

USP: emulsions, lipids, powders, solutions and suspensions. 
Emulsion injection includes an emulsion comprising a ster­
ile, pyrogen-free preparation intended to be administered 45 

parenterally. Lipid complex and powder for solution injec­
tion are sterile preparations intended for reconstitution to 
form a solution for parenteral use. Powder for suspension 
injection is a sterile preparation intended for reconstitution 
to form a suspension for parenteral use. Powder lyophilized 50 

for liposomal suspension injection is a sterile freeze dried 
preparation intended for reconstitution for parenteral use 
that is formulated in a manner allowing incorporation of 
liposomes, such as a lipid bilayer vesicle having phospho­
lipids used to encapsulate an active drug substance within a 55 

lipid bilayer or in an aqueous space, whereby the formula­
tion may be formed upon reconstitution. Powder lyophilized 
for solution injection is a dosage form intended for the 
solution prepared by lyophilization ("freeze drying"), 
whereby the process involves removing water from products 60 

in a frozen state at extremely low pressures, and whereby 
subsequent addition of liquid creates a solution that con­
forms in all respects to the requirements for injections. 
Powder lyophilized for suspension injection is a liquid 
preparation intended for parenteral use that contains solids 65 

suspended in a suitable fluid medium, and it conforms in all 
respects to the requirements for Sterile Suspensions, 

herein will become apparent to those skilled in the art from 
the foregoing description and the following examples and 
fall within the scope of the appended claims. 

III. Examples 

Introduction to the Examples 

These examples demonstrate the potential of bringing 
together two very distinct cutting-edge disciplines in cancer 
treatment research, capitalizing on an unexpected and very 
potent synergy. These disciplines are: 1) systemically 
administered TRT and 2) locally-directed, antibody-medi­
ated, cancer immunotherapy. The data presented herein 
suggest that powerful synergy results from combining these 
approaches. Together, these two strategies can be used to 
destroy visible macroscopic tumor in a way that enables the 
destroyed cancer cells to function as a potent in situ vaccine 
that creates tumor-specific T cell immunity able to eradicate 
persistent residual metastatic disease, for any type of solid 
tumor in any location. 

Our ongoing preclinical work has shown that combination 
of tumor-specific mAb with IL2 (to activate innate immune 
cells) results in augmented antibody-dependent cell-medi­
ated cytotoxicity (ADCC) [1,2]; a process that has already 
been translated into clinical benefit for children with neu­
roblastoma [3]. Recent preclinical data demonstrate more 
potent antitumor efficacy when the mAb-IL2 fusion protein 
is injected intratumorally (IT) [ 4,5]. Remarkably, large 
tumors that do not respond to these mAb/IL2 injections and 
continue growing if treated only with local xRT, can be 
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completely eradicated if the xRT is combined with the 
mAb/IL2 treatment. Most mice are cured and develop T cell 
memory that rejects re-challenge with similar tumor cells 

16 
malignant solid tumors and to prevent tumor recurrence. The 
three key concepts underlying this approach are that (A) 
local xRT+IT mAb/IL2 eradicates an existing single tumor 
and generates T-cell memory (an in situ vaccine); (B) unless [ 6]; demonstrating that the combined xRT +mAb/IL2 is 

acting as a potent "in situ" anti-cancer vaccine. 
A key limitation is that if there is another macroscopic 

tumor present in these animals when they receive xRT + 
mAb/IL2 treatment to the primary (first) tumor, the second 
tumor will continue to grow and, to our surprise, suppress 
the immune response, preventing any shrinkage of the 1st 

treated tumor. This "concomitant immune tolerance" results, 
in part, from suppressive regulatory T cells (Tregs) in the 2nd 

tumor. Delivering RT alone to both tumors has minimal 
anti-tumor effect, but does deplete these Tregs. Thus, when 
first tumors are treated with xRT +mAb/IL2, the addition of 
RT to the second tumor circumvents this immune tolerance, 
enabling eradication of both tumors [7]. These observations 
indicate a limitation of in situ tumor vaccination in the 
metastatic setting, but also suggest a robust capacity of RT 
to overcome this limitation. 

5 irradiated, distant tumors cause concomitant immune toler­
ance, preventing in situ vaccine efficacy; and (C) unlike 
whole body RT, TRT can localize to all tumors, without 
severe systemic RT-induced immune suppression. These 
concepts, together with our data, lead to the conclusion that 

10 xRT+IT mAb/IL2 to a mouse's primary tumor, plus TRT to 
eliminate tolerance caused by metastases, will enable effec­
tive in situ vaccination to eradicate all malignant solid 
tumor-based cancers (primary and metastatic sites). 

In Example 1, we present background data from our B78 
15 GD2+ model in support of the claimed method. 

20 

xRT cannot typically be delivered to all metastatic sites 
without prohibitive normal tissue toxicity and immune sup­
pression. Yet not delivering xRT to all sites of macroscopic 
disease may leave inhibitory immune lineages intact, which 
are capable of suppressing the immunologic response to our 25 

local xRT +mAb/IL2 immunotherapy. What is needed, there­
fore, is a means to deliver RT to all tumor sites in a cancer 
patient in a targeted manner. 

We have developed TRT vehicles capable of targeting 
systemically administered RT to both primary and metastatic 30 

cancers. One such TRT agent, 131I-NM404, An intrave­
nously (IV) administered phospholipid ether (PLE) analog, 
has shown nearly universal tumor targeting properties in 
over 60 in vivo cancer and cancer stem cell models. This 
agent is currently being evaluated clinically in multiple 35 

imaging and therapy trials [8,9]. A systemic injection of 
131 I-NM404 localizes in all tumors regardless of anatomic 
location and internally provide sufficient RT to ablate intra­
tumoral immunosuppressive pathways that can prevent 
development of an effective, tumor-eradicating, immune 40 

response. The unique attributes of this approach are the near 
universal tumor targeting capability of NM404, as well as 
the ability to deliver immunomodulatory sub-lethal doses of 
RT to all tumor sites, something that is not typically feasible 
with xRT. What is new about this is that our TRT Agents 45 

may immuno-modulate all tumors regardless of anatomic 
location, overcoming concomitant tolerance, which will 
result in a long-term in situ tumor vaccination effect fol­
lowing local xRT followed by injection of a tumor specific 
mAb+IL2. As an increasing number of tumor specific mAbs 50 

are becoming approved for clinical use, this combination 
strategy could be readily expanded to clinical application for 
any tumor type that can be targeted by a tumor-reactive 
mAb. Furthermore, the approach can be readily generalized 

In Example 2, we provide guidance for determining the 
dose of xRT needed for optimal in situ vaccine effect to a 
primary tumor, and the lowest dose of xRT to a distant tumor 
needed to prevent concomitant immune tolerance. 

In Example 3, we provide guidance for determining the 
131 I-NM404 dosing that approximates the required dosing of 
xRT to metastases, as determined in Example 2, and sub­
sequently evaluating the effects of that 131I-NM404 dose on 
in vivo immune function. 

In Example 4, we provide guidance for using data from 
Examples 2 and 3 to design/test/develop a regimen of 
131 I-NM404+local xRT +IT-mAb/IL2 in mice bearing two or 
more tumors in order to destroy the locally treated tumors 
and induce T-cell mediated eradication of all distant tumors. 
Critical issues ofTRT and xRT dose and time are optimized 
for antitumor efficacy. 

In Examples 5, 6, 7 and 8, we provide information and 
specific data from experimental studies performed in accor­
dance with the guidance of Examples 1-4. 

Example 1: Background Supporting Data 

The Sandel lab has shown that tumor-specific mAb+IL2 
activates innate immune cells to mediate ADCC in mice [2], 
with clinical benefit for children with neuroblastoma [3]. In 
mice, IV administration of the hu14.18-IL2 IC is more 
potent than IV administration of anti-GD2 mAb+ IL2 [2, 1 OJ. 
This can provide dramatic antitumor effects against very 
small recently established GD2+ tumors or very small 
microscopic metastases, potentially accounting for the clini­
cal use of this approach in patients in remission but at great 
risk for relapse [3]. More potent antitumor efficacy against 
measurable, macroscopic tumors [i.e. -50 mm3 GD2+ 
tumors] can be achieved when the IC is injected intratumor­
ally (IT-IC) rather than IV [ 4,5]. 

We are now focusing on ways to provide benefit in the 
setting of much larger, macroscopic tumors. Mice bearing a 
moderately large (200 mm3

) B78 melanoma tumor, estab­
lished five weeks earlier, show no response to IV-IC, and are 

to all in situ tumor vaccination strategies. 
In these examples, we describe how to assess the ability 

55 slowed in their growth by IT-IC, but the tumors continue to 
grow. These same 200 mm3 tumors also grow after 12 Gy of 
xRT. In contrast, when the IT-IC and xRT are combined, 
73% of the animals become tumor-free and appear cured of 

of 131 I-NM404 and related analogs to initiate the systemic 
immunomodulatory response necessary to enable local com­
bined xRT +mAb/IL2 treatment to induce a potent radioim­
mune-facilitated in situ cancer vaccine. A similar assessment 60 

could be done for combined PLE analog-delivered TRT with 
other in situ cancer vaccine methods. 

In sum, we disclose herein the first effort to combine two 
different methods from seemingly disconnected cancer 
therapy discliplines into a single unified treatment. The data 
presented in these examples indicate that the two methods 
can be synergistically combined to effectively eliminate 

their disease (FIGS. 2A and 2B). These mice then show 
T-cell mediated rejection of rechallenge with the same tumor 
(FIG. 2C). Thus IT-IC+xRT synergize, inducing the tumor to 
become an "in situ tumor vaccine" [6]. 

In order to simulate clinical metastases, we inoculate mice 
with B78 in one flank on d-1, and the other flank at week 2. 

65 At week 5, the first tumor is 200 mm3
, and the second is 50 

mm3
• We anticipated that xRT +IT-IC would destroy the first 

tumor and that the resultant T cell response would then 
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destroy the second. However, adding IT-IC to the xRT had 
virtually no effect on either the 50 mm3 tumor or the 200 
mm3 tumor (FIG. 3). This demonstrated a key limitation to 
the therapy we delivered; namely, if there is another tumor 
present when these mace receive xRT + IT-IC to the first 5 

tumor, the second tumor will cause a systemic tumor­
specific concomitant immune tolerance effect, preventing 
any shrinkage of either tumor. Importantly, we have found 
that local xRT (12 Gy) to the first and second tumor 
simultaneously, abrogates this tolerance effect, allowing 10 

IT-IC to the first tumor to induce an immune response that 
eradicates both tumors in most mice (FIG. 4) [7]. Recent 
data, using a Treg depleting mAb (not shown) or transgenic 
mice that allow selective Treg depletion (FIG. 4) [7], dem­
onstrate that this immune tolerance is mediated, in part, by 15 

regulatory T cells (Tregs ); RT to the first and second tumors 
partially deplete these Tregs, potentially explaining how 
irradiating both tumors circumvents the tolerance effect [7]. 

While local xRT to both the first and second tumors 
circumvents tolerance, clinical metastatic disease is often in 20 

several locations. All macroscopic metastatic disease must 
receive RT to block immune tolerance and enable xRT+IT-
IC to effectively eradicate all tumor sites. However, delivery 

18 
second tumor [ such as Tregs and possibly myeloid derived 
suppressor cells (MDSC)]; this tolerance can be circum­
vented by depletion of Tregs (FIG. 4) or irradiating the 
second tumor (FIG. 3); ( 4) the dose of RT needed at the 
second tumor to circumvent tolerance might be much lower 
than the xRT dose needed for the first tumor to become an 
"in situ vaccine" [14]. 

Optimizing xRT Dose for the Primary ("In Situ Vaccine") 
Tumor Site. 

Our in vivo studies of xRT+IT-IC have focused on one 
dose of 12 Gy to the first tumor. This is based on our data 
showing that in vitro RT induces a dose-dependent func­
tional upregulation of Fas on B78 tumor cells (nearing peak 
at > 12 Gy ), coupled to our in vivo data demonstrating our in 
situ vaccine effect of xRT + IT-IC requires mice with func­
tional Fas-L (6). We conducted in vivo pilot studies prior to 
selecting the 12 Gy dose, which showed higher dose (16 Gy) 
or increased fractionation flank RT had toxicity ( dermatitis, 
ulceration, and late limb edema) and no improvement in 
tumor response. While we chose a 12 Gy single fraction of 
xRT for our in vivo studies, as we move towards clinical 
translation, it will be beneficial to better understand the 
mechanism of the local xRT effect and its dose requirements, 
in order to safely and effectively induce the in situ vaccine of 12 Gy xRT to all sites of disease may be akin to "total 

body RT" with major dose-dependent (potentially lethal) 
toxicity and profound systemic immune suppression. 

25 effect. 

Previously, the Weichert lab has pioneered the develop­
ment of TRT, in order to deliver RT to all systemic tumor 
sites, while mimimizing "off-target" RT to normal tissue 
(especially marrow and immune tissue). 

Based on the finding that tumor cells contain an over­
abundance of phospholipid ethers (PLE) [11], we synthe­
sized over thirty radioiodinated PLE analogs in hopes of 
identifying analogs that would selectively target tumors 
[12]. One of these, NM404, not only displayed near univer­

Our mouse data (FIGS. 2A, 2B and 2C) show that we can 
induce a potent vaccine effect with 12 Gy xRT+IT-IC, even 
though 12 Gy of xRT alone causes no shrinkage of the 
tumor; it merely slows the progressive growth. We might see 

30 just as potent an in situ vaccine effect using lower doses of 
RT. To test this, we will evaluate a range ofxRT doses (from 
4-16 Gy) as a single fraction in mice bearing a -200 mm3 

B78 tumor, followed by our standard IT-IC regimen (50 
mcg/d on days 6-10). We will determine which xRT doses 

35 give optimal tumor eradication and T-cell memory, when 
combined with IT-IC. If doses lower than 12 Gy are less 
toxic and show comparable efficacy, such lower doses would 
be better targets for our xRT dose to the "in situ vaccine" site 

sal tumor uptake in all but three of over 70 in vivo models 
examined regardless of anatomic location, including brain 
metastases and cancer stem cells, but also underwent pro­
longed selective retention once it enetered tumor cells [8]. 
These diapeutic PLE analogs are unique in that they avoid 40 

premalignant and inflammatory lesions. Surface membrane 
lipid rafts, which are overexpressed on cancer cells relative 

in Examples 3 and 4. 
Optimizing xRT Dose at a Distant Tumor to Prevent 

Tolerance from Blocking "In Situ Vaccination." 
Treating both the first and second tumors with 12 Gy 

(FIG. 3) enables IT-IC to the first tumor to induce a potent 
response that eradicates both tumors. Our goal is to be able 

to normal cells, serve as portals of entry for PLE's, including 
NM404, into cancer and cancer stem cells [8]. Radioiodi­
nated NM404 (I-124 and I-131), which has now been 
evaluated in five phase 1 and 2 PET imaging trials and three 
phase 1 TRT radiotherapy trials, respectively, affords similar 
tumor uptake and retention properties in over a dozen human 
cancer types [8]. Excellent tumor uptake in the cancer 
models relevant to these examples (the B78 GD2+ murine 
melanoma) have been confirmed with 124I-NM404 PET 
imaging (FIG. 5). 

Example 2: Determining Dosages of xRT 

45 to accomplish this same in situ vaccine effect by providing 
xRT+IT-IC to a single tumor while using the minimal RT 
dose necessary at metastatic sites to circumvent tolerance. 
We recognize that xRT itself, especially if widespread, can 
be myelo/immunosuppressive. This is why we are pursuing 

50 TRT in Examples 3 and 4. Even though it is targeted, TRT 
does have some systemic delivery of RT. In order to mini­
mize the systemic immune suppression from TRT, we wish 
to give as low of a dose of TRT as is needed to effectively 
inhibit the tumor-induced immune tolerance, while not caus-

55 ing systemic RT-induced global immune suppression. There­
fore, we will determine how low of a dose of xRT needs to 
be delivered to the distant tumor in order to enable a higher 
xRT dose to the first tumor to function as an in situ vaccine 
when combined with IT-IC to the first tumor. 

Our data suggest these four hypotheses: (1) the dose of 
xRT we have used to treat a single tumor causes modest 
direct in vivo tumor death and increases susceptibility to 
immune mediated death (via both ADCC and T cells); (2) 
the strong T-cell response provided by the addition ofIT-IC, 60 

but not IT mAb, suggests that mAb binding to radiated 
tumor cells, in the presence of IL2, facilitates antigen 
presentation and augmented induction of adaptive immu­
nity; (3) the presence of a second tumor prevents the 
xRT+IT-IC to the first tumor from causing virtually any 
anti-tumor effect, due to tolerance caused largely by the 
systemic actions of immunosuppressive cells present in the 

Mice bearing a 200 mm3 first B78 tumot and a -50 mm3 

second B78 tumor will receive 12 Gy of xRT to the first 
tumor on day-0 (-5 weeks after implantation of the first B78 
tumor). This will be followed by our standard regimen of 
IT-IC on days 6-10. Separate groups of mice will receive 

65 varying doses of xRT to the second tumor. Based on data 
from the lab of B. Johnson demonstrating that a total body 
xRT of 3 Gy can prevent an immunosuppressive effect in a 



US 10,736,949 B2 
19 

myeloma model (15), we will evaluate doses of 0, 1, 5 and 
8 Gy (in addition to the 12 Gy dose we know is effective). 
We will see if doses substantially less than 12 Gy to the 
second tumor can be as effective as the full 12 Gy dose at 
eliminating the immune tolerance. 

Once we have clarified the critical dose ofxRT where we 
lose the beneficial effect, we will perform subsequent analy­
ses to better identify the critical dose. For example, if 5 Gy 
is as effective as 12 Gy, but 1 Gy is not much better than 0 
Gy, we would then compare 2, 3, and 4 Gy to identify the 
critical lowest effective RT dose needed to eliminate toler­
ance and obtain efficacy in this two tumor model, receiving 
12 Gy+IT-IC to the first tumor. 

Repeat studies would then be done to confirm if this 
lowest effective dose to the second tumor still enables an 
effective in situ vaccine when the dose to the first is the 
lowest effective dose in the I-tumor model (tested in 
Example 2, above) rather than the 12 Gy dose. In summary, 
the studies of Example 2 will determine what the lowest xRT 
doses are for the first and second tumors, without losing the 
efficacy we have demonstrated with 12 Gy to both. 

Initiating Studies of Required xRT Dose to First and 
Second Tumors in Mice Bearing Tumors Other than B78. 

20 
Using the dosimetry calculations from our preliminary 

data, we estimated that a dose of 3 µCi of 131I-NM404, 
should deliver an equivalent of -0.2 Gy to the tumor site, a 
dose that we hypothesized should not be immunosuppres-

5 sive and should not prevent lymphocyte-mediated tumor 
destruction. As noted above, this is the dose we estimated 
would remain yet to be delivered 28 days after an initial 
131 I-NM404 dose of 60 µCi. We thus evaluated groups of 
mice bearing a single 200 mm3 B78 tumor. On day 0, all 

10 mice got 12 Gy xRT to their tumor, and on days 6-10, all got 
50 mcg/d ofIT-IC. One group also got 3 µCi of1 31 I-NM404 
on d-0 (-0.2 Gy). FIG. 6 shows that the group receiving the 
131 I-NM404 had the same degree of tumor eradication as the 

15 
group without 131 I-NM404, demonstrating that this low dose 
of "residual" TRT in the tumor does not block immune 
mediated destruction by the RT+IT-IC in situ vaccine. We 
thus hypothesize that if we would use an initial dose of 60 
µCi of 131I-NM404 TRT on day-22, it would effectively 

20 block the tolerogenic effect of distant tumors, yet enable 
xRT on day O and IT-IC on days 6-10 (28 dafter the TRT) 
to the first tumor to function as an in situ vaccine, inducing 
an adaptive response that then eradicates all tumors. 

The experiments outlined in this example will evaluate 
25 the dose relationships tested in FIG. 6. In our I-tumor B78 

model, we will test a range of doses of 131 I-NM404 TRT to 
determine what TRT dose would result in enough unwanted 
systemic immune suppression to interfere with the desired in 
situ vaccine effect (and thereby slow or prevent eradication 

To allow our mouse studies to suggest more clinical 
generalizability, we will initiate analyses of RT+ IT-IC in 
additional models of GD2+ tumors. We have published on 
IT-IC with hu14.18-IL2 IC in AJ mice bearing the GD2+ 
NXS2 neuroblastoma [5]. We are also evaluating IT-IC with 
this same IC in C57BL/6 mice bearing the GD2+9464D­
GD2 neuroblastoma, and the Panc02-GD2 pancreatic cancer 
that express GD2 via our insertion of the gene for GD2 
synthase. As for Example 2, for each model we will deter­
mine the lowest effective xRT dose needed to the primary 
and the secondary tumors to retain the in situ vaccine effect. 35 

30 of the first tumor). This is important to Example 4, as it will 
allow us to make sure the residual radioactivity of the TRT 
has decayed to less than this value at the time we initiate 
IT-IC to the first tumor in mice with distant disease. We will 
also evaluate the kinetics of the TRT response after varying 
TRT doses to determine how long we must wait after the 
"tolerance-preventing TRT dose" is given to animals with 

Example 3 

Determining Dosage of 31I-NM404 and Evaluating Effects 
on Immune Function 

Dosimetry with TRT and Immunesuppression from TRT 
in C57BL/6 Mice. 

131I-NM404 has shown selective uptake in vitro in >95% 

40 

multiple tumors to allow the RT+ IT-IC treatment of the first 
tumor to still induce the in situ vaccine effect and eradicate 
the primary as well as distant tumors. 

Related studies will also look at what dose of TRT, given 
as single agent treatment, would be required to cause slow­
ing, versus shrinkage, versus eradication of a single B78 
tumor. The dose ofTRT that will be needed to eliminate the 
tumor-induced immune tolerance will be substantially less 
than the TRT dose needed to actually induce complete tumor 
destruction (from the TRT alone). 

Finally, once the effects of various doses of TRT are 
determined in the I-tumor model, we will evaluate the subtle 
immune-suppressive effects ofTRT, by evaluating sera from 

of tumor lines (human and mouse), with poor uptake by 
non-malignant cells, and with similar tumor specificity seen 45 

in vivo. This includes selective uptake in vivo with the B78 
tumor (FIG. 5). In our preliminary dosimetry study, we gave 
124I-NM404 to C57BL/6 mice and characterized the time 
course of TRT exposure by serial PET/CT imaging (as in 
FIG. 5). Monte Carlo dosimetry calculations [16-18] based 50 these mice for their immune response to the human IgG 

component of the IC. We have shown that immunocompe­
tent mice generate a readily quantified level of Mouse 
Anti-Human Antibody (MAHA) following treatment with 
these humanized ICs (19). We will use this as a means of 

on this study indicated that -60 µCi of 131I-NM404 would 
be needed to deliver -3 Gy to an established B78 tumor over 
a four week period of decay. After those four weeks, the 
remaining TRT dose to the B78 tumor would be less than 
0.25 Gy. We will replicate the data we obtained in our 
2-tumor model using xRT (FIG. 3), but use the lowest 
possible dose of targeted 131I-NM404 TRT to enable effec­
tive elimination of tumor-induced tolerance at all sites of 
distant disease. However, unlike xRT, which delivers all 
dose in minutes and is then done, TRT deposits dose over 
time, depending upon both the biological and physical 
half-life of the targeted isotope (8 day tl/2 for 1311). We want 
an initial TRT effect at the distant tumor sites to eradicate 

55 determining at what dose we are seeing the TRT cause a 
detectible dose-dependent decrease in the strength of the 
murine immune response, to gauge the overall immunosup­
pressive effects from the systemic doses of RT these mice 
will receive from this TRT. The low TRT dose that we will 

60 need to block the tumor-induced immune tolerance will 
cause minimal systemic immune suppression. 

Dosimetry with TRT and Immunesuppression from TRT 
inA/J Mice. 

immune tolerance; however we want the immunosuppres- As in Example 2, once we are nearing completion of the 
sive TRT effect to then be minimal when we give the IT-IC 65 studies outlined above, we will begin initiating selective 
to induce ADCC and the in situ vaccine anti-tumor effects. replicate studies in A/J mice bearing the NXS2 neuroblas-
This is essential to allow full tumor destruction at all sites. toma. 
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Example 4: Developing a Regimen of 
131 I-NM404+Local xRT+IT-mAb/IL2 in Mice 

Bearing Two or More Tumors 

Testing the Efficacy ofTRT+xRT+IT-IC in the 2-Tumor 5 

B78 Model. 
The dose and timing information learned from the studies 

outlined in Examples 2 and 3 will provide the information 
we need to estimate TRT dosing and timing required for 
efficacy in our 2-tumor model. C57BL/6 mice will be 10 

inoculated with B78 in the left (L) and right (R) flanks 
simultaneously. Each tumor should be -50 mm3 after two 
weeks and-200 mm3 after five weeks. Ifwe assume that our 
dosimetry calculations in Example 3 suggest that we need to 
deliver 60 µCi ofTRT to approximate 3 Gy RT to the second 15 

tumor (to block the immune tolerance), our xRT studies 
predict that this dose should have minimal slowing effect on 
tumor growth. We would plan to treat different groups of 
mice with 30, 60 or 90 µCi at the 2 w time point (when the 
tumors are -50 mm3

). Three weeks later the tumors should 20 

be -200 mm3
; at that time we will give xRT (dose deter­

mined as outlined in Example 2) followed six days later (-28 
dafter the TRT) by five daily injections ofIT-IC to the tumor 
in the L flank, to induce the in situ vaccine effect. Control 
mice would get no TRT, and only the xRT and IT-IC to the 25 

L flank, anticipating no in situ vaccine due to tolerance from 
the distant tumor. A separate group would get local xRT to 
both tumors and IT-IC to the L flank, anticipating eradication 
of both tumors via the in situ vaccine effect. Another group 
would get TRT +IT-IC, but without local xRT, anticipating an 30 

incomplete vaccine effect. 
Follow-up experiments would further evaluate varying 

doses of TRT and variations in the timing between the TRT 
and the local xRT+IT-IC to the primary tumor (L flank). The 
readouts will be: (A) eradication of the primary tumor; (B) 35 

eradication of the secondary tumor; and (C) systemic 
immune suppression, via ELISA analyses of the MAHA 
response. Our goal is to identify TRT dose and timing, to add 
to the local xRT + IT-IC regimen that can eradicate both 
tumors in most mice, while minimizing systemic immuno- 40 

supression (as measured by MAHA response). We anticipate 
that we will find conditions for TRT administration and 
timing that can be combined with local xRT+IT-IC to the 
primary tumor that are as effective as our regimen of IT-IC 
to the primary tumor following xRT to both tumors (FIG. 3). 45 

Testing the Efficacy ofTRT+xRT+IT-IC in Mice Bearing 
More than Two B78 Tumors. 

22 
the clinic for patients with multiple distant metastases, that 
could not all be irradiated via external beam, but could be 
irradiated via TRT, when combined with local xRT + IT-IC to 
the "in situ vaccine" site. 

Initiating Studies ofTRT +xRT and IT-IC in Mice Bearing 
NXS2, 9464D-GD2 or Panc02-GD2 in Two or More Sites. 

As in Examples 2 and 3, once the studies outlined in the 
previous sections of Example 4 are progressing, we will 
initiate similar studies in mice bearing NXS2, 9464D-GD2 
or Panc02-GD2 in two or more sites. 

Example 5: Experiments Determining the Dose of 
xRT Needed for Optimal In Situ Vaccine Effect to 

a Primary Tumor, and the Lowest Dose of xRT to a 
Distant Tumor Needed to Prevent Concomitant 

Immune Tolerance 

Dose titration experiments, evaluating a variety of xRT 
doses, to mice with 1 or 2 tumors have been performed. The 
first goal has been to test the dose of xRT needed in mice 
with one tumor to facilitate synergy and an "in situ vaccine" 
with IT-IC, tumor-reactive mAb linked to IL2. Initial experi­
ments have confirmed our prior observation that 12 Gy RT 
alone does not eradicate or even regress the growth of 
established B78 melanoma tumors (0% complete regres-
sion), whereas 12 Gy+IT-IC results in complete regression 
of most B78 tumors ( 66%) in mice bearing a single tumor. 
On the other hand, 2 Gy+IT-IC slows tumor progression 
compared to IT-IC alone (mean tumor size day 32=472 mm3 

vs 1214 mm3
, respectively) but did not render any mice 

disease free (0% complete regression). 
In our "2-tumor model", we have previously shown that 

treatment of one "primary" tumor with xRT+IT-IC is not 
effective in treating either the treated primary tumor or the 
untreated "secondary" tumor. In fact, in this 2-tumor model 
we have observed that the presence of the second tumor 
eliminates the efficacy ofIT-IC injection following xRT. We 
have designated this phenomenon as "concomitant immune 
tolerance" (CIT), and demonstrated that this results, at least 
in part, from T regulatory cells (Tregs) in the distant 
(non-irradiated) secondary tumor, which circulate systemi­
cally and repopulate the xRT-treated/IT-IC injected primary 
tumor. These Tregs that return to the primary tumor appear 
to interfere with the desired "in situ vaccine" effect. 

We have now confirmed our prior observation that CIT 
can be overcome by delivering 12 Gy xRT to both the 
primary and the secondary tumor. Importantly, given that 

This section of Example 4 is most analogous to the 
relevant clinical setting; namely, patients with an injectable 
tumor that could be used as an in situ vaccine site, but with 
multiple distant metastases that could each be causing 
tumor-induced immune tolerance. These studies will repli­
cate the conditions found to be most effective in the first part 
of Example 4 (above). The important difference is that these 
mice will each have four separate tumors, in L and R flanks, 
and Land R para-scapular regions. The TRT would be given 
at the dose and timing found most effective in the studies 
outlined in the first section of Example 4, with xRT + IT-IC 
subsequently given only to the L-flank lesion. The goal here 
is to test TRT dose and timing issues to enable an effective 
in situ vaccine to function, because the TRT would effec­
tively eliminate the tumor-induced immune tolerance caused 

50 Tregs are quite sensitive to RT, we hypothesized that a lower 
dose of RT could be delivered to the secondary tumor in 
order to overcome CIT and rescue response to in situ 
vaccination at the primary tumor (primary tumor treated 
with 12 Gy+IT-IC). We have now tested this and observed 

55 that xRT doses of 2 Gy or 5 Gy to the secondary tumor are 
comparable to 12 Gy in their capacity to blunt CIT and 
rescue response to primary tumor treatment with 12 Gy+IT­
IC. These important experiments have been repeated in 
duplicate, and suggest (as hypothesized) that the dose of 

60 xRT that must be given to distant tumors to prevent CIT is 
much less than the dose needed at the IT-IC injected primary 
tumor site for the purpose of generating an in situ vaccine 
effect. by the three sites not getting xRT. The measure of efficacy 

would be elimination of all four tumors in most mice. 
Modifications in TRT dose and timing will be studied in 65 

order to generate a regimen that is most effective. Such a 
regimen could then be considered for future translation to 

This supports our overarching hypothesis in this disclo­
sure, and suggests that in animals bearing multiple tumors 
we will be able to deliver a relatively low dose of RT to all 
sites of disease using the targeted radiotherapeutic (TRT) 
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NM404, and thereby overcome CIT when this is combined 
with local xRT and IT-IC injection ofa single tumor site (the 
in situ vaccine site). 

Example 6: Experiments Determining the 
131I-NM404 Dosing that Approximates the 
Required Dosing of xRT to Metastases, as 

Determined Above, and then Evaluating the Effects 
of that 131I-NM404 Dose on In Vivo Immune 

Function 10 

24 
latter showing a clear time course of decreased expression 
followed by rebound over-expression. 

Example 7: Experiments Using Data from 
Examples 5 and 6 to Develop a Regimen of 

131I-NM404+Local xRT+IT-mAb/IL2 in Mice 
Bearing Two or More Tumors and Induce T-Cell 

Mediated Eradication of all Distant Tumors 

This Example illustrates treating animals bearing tumors 
in at least 2 locations. Our strategy involves using xRT and 
local IT-IC at the in situ vaccine site, in combination with 
TRT systemically to inhibit CIT, in order to obtain enhanced 
anti-tumor immune activity at all tumor sites. Critical issues 

Based on the preliminary data described above, studies 
have been done to move these concepts into in vivo testing 
using TRT. Dosimetry studies have been performed on mice 
bearing 1 or 2 B78 tumors (the tumor model that we have 
used to demonstrate best our in situ vaccine approach and 
the hurdle of CIT). This was done in order to estimate the 
amount of 131 I-NM404 that would be needed to approximate 

15 of TRT and xRT dose and timing will be optimized for 
antitumor efficacy. 

Using the data summarized in Examples 5 and 6, a study 
was done in mice bearing 2 separate B78 tumors. Mice 
received the estimated required systemic 131I-NM404 dose 

-2 Gy ofxRT. 
In order to then determine if a -2 Gy equivalent dose of 

20 followed by xRT and local immunotherapy to the in situ 
vaccine site. With appropriate controls, this dose of 131I­
NM404 did appear to attenuate CIT, as desired in mice with 
2 tumors. In addition, in mice with one tumor, this TRT dose 
did not appear to interfere with the local in situ vaccine 

131 I-NM404 would have the desired effects against intratu­
mor lymphoid cells (particularly Tregs), 2 separate 
approaches have been pursued. First, we administered this 
dose of 131 I-NM404 to mice bearing a radiosensitive lym­
phoma tumor, which exhibits comparable NM404 uptake to 
B78 tumors. Following this we have documented potent 
lymphoid tumor shrinkage/dose-dependent inhibition under 
conditions that did not cause either substantial shrinkage/ 
slowing of the B78 tumor or any evident depletion of 
circulating lymphoid cells (as gauged by peripheral com­
plete blood counts). These data are consistent with the fact 
that lymphoid cells are much more sensitive to low-dose RT 
than are typical solid tumor cells, and suggest that selective 
uptake of TRT in tumor may enable intratumor lymphoid 35 

cell depletion without systemic lymphopenia. These studies 
also suggest that such a lymphoid tumor could serve as an 
in vivo biological "dosimeter" for identifying and monitor­
ing the effect of TRT on intratumor lymphoid cells. 

25 effect (as hypothesized and desired). Further testing, and 
modification of some of the experimental variables, is under­
way in order to try to maximize the desired effect of 
blocking CIT without suppressing the in situ vaccine effect. 
More details regarding these experiments are disclosed in 

30 Example 8 below. 

Example 8: Data from Mice Bearing Two or More 
Tumors 

Tumor-Specific Inhibition of Primary Tumor Response to 
the Combination of Local xRT +IT-IC by a Distant Untreated 
Tumor in Murine Melanoma and Pancreatic Tumor Models. 

A second approach involved treating mice with B78 40 

tumors with these same doses of 131I-NM404. These animals 
were then sacrificed at half-life (8 d) intervals, and after 
sufficient delay for radioactive decay, the tumors were 
stained for the presence of effector T cells and Tregs by 
immunohistochemistry Intriguingly, the animals receiving 45 
131 I-NM404 in this initial experiment showed no systemic 
lymphopenia at any time point (by peripheral complete 
blood count) but did show a decrease in intratumor FoxP3+ 
Tregs at 2 half-lifes following TRT administration. At this 
2-half-life time point, we also observed a decrease in intra- 50 

tumor effector CDS+ T cells. Importantly, however at sub­
sequent 3 and 4 half-life time points we observed an increase 

C57BL/6 mice bearing a syngeneic, GD2+ primary flank 
tumor+/-a secondary tumor on the contralateral flank were 
treated to the primary tumor only, as indicated, with xRT on 
day "1" and IT injection of 50 mcg of the anti-GD2 IC, 
hu14.18-IL2 on day 6-10. 

In mice bearing a primary B78 melanoma tumor, the 
presence of an untreated secondary B78 tumor antagonized 
primary tumor response to xRT+IT-IC (FIG. 7A). We 
describe this effect as "concomitant immune tolerance"-an 
antagonistic effect of a non-treated distant tumor on the local 
response of a treated tumor to xRT+IT-IC. Kaplan-Meier 
survival curves were obtained for these mice plus replicate 
experiments (FIG. 7B). Nearly all mice were euthanized due 
to primary tumor progression. 

In mice bearing a primary Panc02-GD2+ pancreatic 
tumor, with or without a secondary Panc02-GD2- tumor on 
the opposite flank, the presence of an untreated Panc02 

in intratumor CDS+ effector T cells but a further decline in 
the levels of intratumor Tregs, both compared to untreated 
baseline and rd half-life levels. This observation again 
supports our hypothesis that it will be feasible to use TRT to 
overcome Treg-mediated CIT in order to rescue an in situ 
vaccine effect in animals bearing multiple tumors. 

Finally, to characterizing the immunological effects of 
TRT on the immune cells within tumors, we have treated 
B78 bearing mice with 131 I-NM404 and collected tumor 
tissue at pretreatment and at half-life (8 d) intervals there­
after. These tissues were then analyzed by RT-PCR for gene 
expression of a panel of immune signatures. The results 
indicate that TRT treatment alone causes striking changes in 
expression of tumor cell markers of immunsusceptibility and 
in genes normally expressed only by immune cells, with the 

55 secondary tumor suppressed the response of a primary 
Panc02-GD2+ tumor to xRT+IT-IC (FIG. 7C). In mice 
bearing a primary B78 melanoma tumor, a secondary B78 
tumor suppressed primary tumor response to xRT + IT-IC but 
a secondary Panc02-GD2+ pancreatic tumor did not exert 

60 this effect (FIG. 7D). In mice bearing a primary Panc02-
GD2+ tumor a secondary Panc02-GD2- tumor suppressed 
primary tumor response to combined xRT and IT-hu14.18-
IL2, while a B78 secondary tumor did not FIG. 7E). 

Concomitant Immune Tolerance is Circumvented by Spe-
65 cific Depletion of Regulator T Cells (Tregs). 

Immunohistochemistry images were obtained for the Treg 
marker, FoxP3 for tumors evaluated on day 6 after xRT in 
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CDS+ effector T cells (FIG. llC). However, tumor infiltrat­
ing FoxP3+ Tregs were significantly depleted by this dose of 
TRT (FIG. llD). 

Low Dose TRT with 131 I-NM404 Effectively Overcomes 
Concomitant Immune Tolerance and Rescues the Systemic 
Anti-Tumor Effect of In Situ Vaccination. 

mice with one or two tumors (FIG. SA). Mice received no 
xRT, or xRT only to the primary tumor. DEREG mice 
express diphtheria toxin receptor under control of the Treg­
specific FoxP3 promoter, enabling specific depletion of 
Tregs upon IP injection of diphtheria toxin (FIGS. SB and 5 

SC). DEREG mice bearing primary and secondary B78 
melanoma tumors were treated with xRT+IT-IC to the 
primary tumor and IP injection of either diphtheria toxin or 
PBS. Concomitant immune tolerance is eliminated follow­
ing depletion of Tregs in these mice, resulting in improved 
primary (FIG. SB) and secondary (FIG. SC) tumor response. 

Given the capacity of low dose 131I-NM404 TRT to 
deplete tumor-infiltrating Tregs without rendering a mouse 
leukopenic, we tested whether low dose 131 I-NM404 might 

10 effectively overcome concomitant immune tolerance. 

Concomitant Immune Tolerance is Overcome by Deliv­
ering xRT to Both Tumor Sites. 

C57BL/6 mice bearing two B78 tumors were treated with 
60-µCi 131 I-NM404 on day 1 (NM404), as indicated. After 
one half-life (day 8), animals received 12 Gy xRT or no xRT 

In mice bearing primary and secondary B78 tumors, the 
secondary tumor suppresses primary tumor response to 
primary tumor treatment with xRT + IT-IC. This is overcome 
by delivering 12 Gy xRT to both the primary and secondary 
tumors and IT-IC to the primary tumor, resulting in 
improved primary tumor response (FIG. 9A) and aggregate 
animal survival (FIG. 9B) from replicate experiments. 

15 
to the primary tumor (in situ vaccine site). Control mice 
receiving no 131 I-NM404 were treated to the secondary 
tumor as indicated (0, 2, or 12 Gy). Mice received daily IT 
injections of IC to the primary tumor (in situ vaccine site), 
as indicated, on days 13-17. Primary tumor (FIG. 12A) and 

Low Dose xRT Alone does not Elicit In Situ Vaccination 
but does Overcome Concomitant Immune Tolerance when 
Delivered to Distant Tumor Sites Together with 12 Gy+IT­
IC Treatment of an In Situ Vaccine Site. 

20 secondary tumor (FIG. 12B) response demonstrates that 
administration of low dose TRT effectively overcomes con­
comitant immune tolerance and rescues the systemic anti­
tumor effect of in situ vaccination. 

In mice bearing a primary B78 tumor only, 12 Gy+IT-IC 
elicits in situ vaccination (as shown previously) and results 
in complete tumor regression in most mice (FIG. lOA) and 

25 

a memory immune response (Morris, Cancer Res, 2016). On 
the other hand no animals exhibit complete tumor regression 30 

following either IT-IC alone or low dose (2 Gy) xRT + IT-IC 
(0/6 in both groups) p<0.05. 

In mice bearing a primary and secondary B78 melanoma 
tumor, low dose xRT (2 Gy or 5 Gy) delivered to the 
secondary tumor is comparable to 12 Gy in its capacity to 35 

overcome concomitant immune tolerance at the primary 
tumor (FIG. lOB). In these same animals, it is apparent that 
overcoming concomitant immune tolerance by delivery of 
low dose xRT to the secondary tumor rescues a systemic 
response to IT-IC immunotherapy (FIG. lOC). In this con- 40 

text, when RT is delivered to all tumor sites then IT-IC 
injection of the primary tumor triggers a systemic anti-tumor 
effect that renders secondary tumor response to 2 Gy or 5 Gy 
greater than the response to 12 Gy RT in absence of primary 
tumor IT-IC injection. 45 

Low Dose TRT with 131I-NM404 Effectively Depletes 
Tumor Infiltrating FoxP3+ Tregs without Systemic Leuko­
penia or Depletion of Tumor Infiltrating CDS+ Effector T 
Cells. 

Conclusion to the Examples 

These examples illustrate a novel, never before tested or 
considered, anti-cancer strategy, based on the synergistic 
and widely applicable combination of two known therapeu­
tic methods: (1) targeted systemic delivery of radiotherapy 
(J. Weichert and colleagues), and (2) local delivery of 
combined immunotherapy to induce an in situ cancer vac­
cine (P. Sandel and colleagues). As 131 I-NM404 can target 
cancers of virtually any histology, and the local administra­
tion of anti-tumor mAb+IL2 could potentially be used for 
virtually any cancer type (since tumor reactive mAbs are 
approved or in clinical testing for nearly all cancer histo­
logical types), the clinical translation of the combined strat­
egy will potentially result in clinically effective therapy for 
virtually all high risk cancers. 
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(A) determining an immunomodulatory dose of the radio­
halogenated compound having of formula I 

0 

~ II 
R J ~ (CH2)n(OCH2CHYCH2)mOIOCH2CH2- R2 

o-

or a salt thereof, wherein: 
R1 comprises a therapeutic radioactive halogen isotope; 
a is O or 1; 
n is an integer from 12 to 30; 
mis O or 1; 
Y is selected from the group consisting of -H, -OH, 

-COOR, ----COOX, -OX, and ---OCOX, wherein X 
is an alkyl or an arylalkyl; and 

R2 is selected from the group consisting of N+H3 , 

-N+H2 Z, -N+Hz2 , and -N+z3 , wherein each Z is 
independently an alkyl or an aryl, wherein the deter­
mination of the immunomodulatory dose comprises 
(i) administering to the subject a detection-facilitating 

dose of formula I wherein the radiohalogen isotope 
is 1241, 

(ii) detecting signals originating from the one or more 
metastatic solid tumors within the subject that are 
characteristic of the 124

1 of formula 1, and 
(iii) calculating an immunomodulatory dose of radio­

halogenated formula 1 for delivery to the metastatic 
tumors based on the strength of the signals detected 
in (ii), wherein the radiohalogen of formula 1 is a 
therapeutic radiohalogen; 

(B) administering to the subject the calculated immuno­
modulatory dose of radiohalogenated formula I that is 
differentially taken up by and retained within malignant 
solid tumor tissue; and 
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(C) performing in situ tumor vaccination in the subject at 
the primary malignant solid tumor comprising contact­
ing the primary malignant solid tumor with a compo­
sition comprising one or more agent capable of stimu­
lating specific immune cells within the tumor 5 
microenvironment whereby the concomitant immune 
tolerance caused by the metastatic tumors is prevented 
and the metastatic cancer is treated. 

2. The method of claim 1, wherein the detection facili­
tating dose administered to the subject comprises NM404 

10 
having the formula of claim 1 wherein R1 is 124

1, a is 1, n is 
18, mis O and R2 is N+(CH3 ) 3 . 

3. A method of treating a metastatic cancer in a subject, 
wherein the metastatic cancer comprises a primary malig­
nant solid tumor and one or more metastatic tumors capable 
of causing concomitant immune tolerance, the method com- 15 

prising the steps of: 
(A) determining an immunomodulatory dose of radioio­

dinated MIBG, wherein the radioiodine of MIBG is a 
therapeutic isotope, 

wherein the determination of the immunomodulatory 20 

dose comprises 
(i) administering to the subject a detection-facilitating 

dose of MIBG wherein the radioiodine isotope is 
1241, 

30 
(ii) detecting signals originating from the one or more 

metastatic solid tumors within the subject that are 
characteristic of the 124

1 of MIBG, and 
(iii) calculating an immunomodulatory dose of radioio­

dinated MIBG for delivery to the metastatic tumors 
based on the strength of the signals detected in (ii), 
wherein the radioiodine is a therapeutic isotope; 

(B) administering to the subject the calculated immuno­
modulatory dose of radioiodinated MIBG that is dif­
ferentially taken up by and retained within malignant 
solid tumor tissue; and 

(C) performing in situ tumor vaccination in the subject at 
the primary malignant solid tumor comprising contact­
ing the primary malignant solid tumor with a compo­
sition comprising one or more agent capable of stimu­
lating specific immune cells within the tumor 
microenvironment whereby the concomitant immune 
tolerance caused by the metastatic tumors is prevented 
and the metastatic cancer is treated. 

4. The method of claim 3, wherein the radioiodine isotope 
of the immunomodulatory dose is selected from the group 
consisting of 123

1, 
125

1 and 1311. 

* * * * * 




