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BESCRIPTION

METHOD FOR EXTRACTION AND PURIFICATION OF #Ga

The present apphication claims the priority benefit of United States provisional application
number 62/714,190, filed August 3, 2018, the entire contents of which are incorporated herein by
reference.

BACKGROUXND
i. Field of the Invention

The present mvention relates generally to the fields of chemistry and biological imaging.
4 > h 4 A
More particularly, it concerns methods for preparing purified %Ga, systems for preparing purified

88Ga, compositions comprising purified **Ga, and methods of use thereof.
i Description of Related Arxt

The noticeable increase in PET imaging with *®Ga-labeled tracers over recent years has
been marginally supported by the increased accessibility of **Ge/**Ga generators (Prata, 2012).
Gallium~68 conveniently possesses two desirable properties, a short half-life (ti2: 68 min) and a
high branching ratio for posttron emission {f+%: 89%;). To date, **Ga has been widely applied into
various pre-clinical and clinical imaging studies. For instance, **Ga-labeled somatostatin analogs
have already demonstrated their value in imaging patients diagnosed with neurcendocrine tumors
{Ambrosini and Fanti, 2014; Shamim et al., 2015, Virgolini et al., 2016). Recent reports indicate
#8Ga-PSMA is superior to V'C/¥F-Choline in detecting more prostate cancer lesions, especially at
lower prostate-specific antigen {PSA) levels in biochemically recurrent patients (Lindenberg et al |
2016, Schwenck et al, 2017). Given these results, the clinical promise of “*Ga-labeled
radiopharmaceuticals clearly warrants the need to increase the availability of ®*Ga for PET imaging
applications.

Although current ®Ge/**Ga generators can nominally deliver up to 1.85 GBq (30 mCi) of
%8(Ga per elution, nonetheless **Ga activity decreases over time due to the decay of the parent
nuclide ®*Ge (tin: 271 d). Furthermore, elution efficiencies around 80% of present activity are
typical. In addition, the potential breakthrough of ®Ge with ehited **Ga remains a concern (Belosi
et al., 2013). Therefore, cyclotron production of ®*Ga not only can provide an alternative way to
meet the increasing demand for ®°Ga, but also eliminates the possibility of ®Ge breakthrough.

Jensen and Clark reported the first attempt to produce %*Ga using a cyclotron with a hiquid
target filled with a ®*ZnCl solution (Jensen and Clark, 2011). Since then, Engle et al. have used a
solid natZn target to produce ““**Ga (Engle et al., 2012). The thermal diffusion method

66/

{Tolmachev and Lundgvist, 1996) to recover *%Ga from natural Zn foils presents advantages in
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processing time when thin (< 0.1 mm) foils arc considered (Stikanen, 2013). Pandey et al. tricd to
optimize ®Ga production through liquid targetry (Pandey et al., 2014). However, due to lengthy
88Ga separation steps reported by Engle et al. along with the relatively low production vields of
#%Ga observed using liquid targetry, available *8Ga at end of processing is not significantly higher
than generator produced isotope. Recently, medical cyclotron production of %Ga from a ®8Zn solid
target has been shown to produce Curie quantities of **Ga with low levels of ©*Ge breakthrough.
Despite the improvement in methods to produce %Ga, present methods for the purification
of “®*Ga produced by liguid or solid targetry require lengthy processing times due to the need for
multiple purification steps. Due to the short half-life of ®Ga, there is a need for single-step
purification protocols that can expediently deliver higher quantities of purified **Ga for medical

imaging applications.
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SUMMARY OF THE INVENTION

The present disclosure provides methods for the purification of radionaclide solutions,
including **Ga solutions, and imaging agents prepared by these methods.
In some embodiments, the present disclosure provides methods of preparing a purified,

carrier-free ®Ga solution comprising:

a) obtaining a *%Ga solution to be purified comprising **Ga;
b} contacting the **Ga solution with an anion-exchange resin; and
c) eluting the ®Ga from the anion-exchange resin to obtain the purified, carrier-free

583 solution.

In some aspects, the method comprises contacting the %®Ga solution to be purified with a
single anion-exchange resin. In some aspects, the method does not comprise contacting the ®Ga
solution to be purified or the purified, carrier-free %®Ga solution with another ion-exchange resin.
In some aspects, the ®®Ga in the ®*Ga solution to be purified is prepared by synthesizing the °®*Ga
in the ®Ga solution. In further aspects, a cyclotron is used to synthesize the ®*Ga. In further
aspects, the cvclotron comprises a metal sample m the form of a hqwd target. In stll further
aspects, the metal sample comprises ®Zn”". In other aspects, the cyclotron comprises a metal
sample in the form of a solid target. In further aspects, the metal sample comprises ®Zn. In some
aspects, the ®Ga solution to be purified comprises an acid. In further aspects, the acid has a
concentration of greater than about 2 N, In still further aspects, the acid has a concentration of
from about 3 N to about 10 N, such as about 6 N. In some aspects, the acid s HCl or s derived
from the dissociation of HCl In some aspects, the ®*Ga solution to be purified is an agueous

solution.

In some aspects, the anion-exchange resin comprises a phosphonate or a substituted
phosphonate. In some aspects the anion-exchange resin comprises a phosphonate, such as dipentyi
pentylphosphonate. In some aspects, the methods further comprise washing the anion-exchange
resin with a washing solution. In some aspects, the washing step occurs before the eluting step.
In some aspects, the washing solution comprises an acid. In some aspects, the acid has a
concentration of greater than about 1 N. In further aspects, the acid has a concentration of from
about 2 N to about 8 N, such as about 4 N. In some aspects, the acid is HCI or is derived from the
dissociation of HCL In some aspects, the washing solution 1s an aqueous solution.

In some aspects, ehiting comprises contacting the anion-exchange resin with an eluting
solution. In some aspects, the eluting solation comprises as acid. In some aspects, the acid has a

concentration of from about 0.003 N to about 2 N. In further aspects, the acid has a concentration

(7S]
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from about 0.01 N to about 1 N, such as about 0.05 N. In some aspects, the acid 1s HCl or is

derived from the dissociation of HCL. In some aspects, the eluting solution 1s an aqueous solution.

in some aspects, the purified, carrier-free ®®*Ga solution has an activity of from about 37
MBq to about 370 GBq. In further aspects, the purified. carder-free *Ga solution has an activity
of from about 370 MBg to about 370 GBq. In still further aspects, the purified, carrier-free ®Ga
solution has an activity of from about 3.7 GBq to about 370 GBg. In some aspects, the purified,
carrier-free %®Ga solution comprises less than about 1 ug/GBq of zinc. In further aspects, the
purified, carier-free “Ga solution comprises less than about 0.1 ug/GBg of zine. In still further
aspects, the purified, carrier-free %*Ga solution comprises less than about 0.01 pg/GBq of zine. In
some aspects, the purified, carrier-free *%Ga solution comprises less than about 10 ug/GBq of iron.
In further aspects, the purified, carrier-free %*Ga solution comprises less than about 1 pg/GBq of
tron. In still further aspects, the purified, carmier-free %Ga solution comprises less than about 0.5
weg/GBqg of iron. In some aspects, the purified, carrier-free **Ga solution comprises less than about
1 ug/GBq of germanium. In further aspects, the purified, carrier-frec ®*Ga solution comprises less
than about 0.01 pg/GBq of germanium. In still further aspects, the purified, carrier-free **Ga

solution comprises less than about 0.0001 pg/GBq of germanium.

{n some aspects, the purified, carrier-free *%Ga solution has a specific activity of greater
than about 25 GBg/ug. In further aspects, the purified, carrier-free ®°Ga solution has a specific
activity of from about 25 GBg/ug to about 100,000 GBg/pg. In further aspects, the purified,
carrier-free ®%Ga solution has a specific activity of from about 100 GBg/ug to about 100,000
GBg/ug. In further aspects, the purified, carrier-free *Ga solution has a specific activity of from
about 1,000 GBg/ug to about 100,000 GBg/ug. In further aspects, the purified, carrier-free **Ga
solution has a specific activity of from about 10,600 GBg/ug to about 80,600 GBqg/ug. In further
aspects, the purified, carricr-frec %Ga solution has a specific activity of from about 25,000 GBqg/ug
to about 50,000 GBg/ug. In still further aspects, the purified, carrier-free %Ga solution has a
specific activity of from about 31,000 GBg/ug to about 36,000 GBg/pg. In some embodiments,
the present disclosure provides purified, carrier-free °*Ga solations prepared according to methods

disclosed heremn.

In some embodiments, the present disclosure provides systems for preparing a purified,

carrier-free “*Ga solution comprising;

a) a solid target comprising *Zn;
b} a cyclotron, wherein the solid target is irradiated using the cyclotron; and
c) an anton-cxchange resin.
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In some aspects, the system comprises a single anion-exchange resin. In some aspects, the
system does not comprise another 1on-exchange resin. In some aspects, the amon-exchange resin
comprises a phosphonate or a substituted phosphonate. In some aspects, the amon-exchange resin
comprises a phosphonate, such as dipentyl pentylphosphonate. In some aspects, the purified,
carrier-frec ®Ga solution has a specific activity of from about 23 GBg/ug to about 100,000
GBqg/ug. In further aspects, the purified, carrier-free **Ga solution has a specific activity of from
about 100 GBg/ug to about 100,000 GBg/ug. In further aspects, the purified, carrier-free %Ga
solution has a specific activity of from about 1,000 GBg/ug to about 100,000 GBg/ug. In further
aspects, the purified, carrier-free ®Ga solution has a specific activity of from about 10,000 GBq/pg
to about 85,000 GBg/ug. In further aspects, the purified, carrier-free Ga solution has a specific
activity of from abowt 25,000 GBg/pg to about 50,000 GBg/pg. o still further aspects, the
purified, carrier-free %%Ga solution has a specific activity of from about 31,000 GBg/ug to about

36,000 GBg/pe.

In some embodiments, the present disclosure provides compositions comprising the
purified, carder-free %Ga solutions disclosed herein. In some aspects, the compositions further
comprise a carrier molecule, wherein the carrier molecule is radiolabeled with the %Ga of the
purified, carrier-free **Ga solution. In further aspects, the carrier molecule is an antibody or a
fragment thereof. In other aspects, the carrier molecule 1s a peptide or a fragment thereof. In other
aspects, the carner molecule 1s prostate-specific membrane antigen (PSMA), 1,4,7-
triazacyclononane-N N’ N -triacetic acid (NOTA),
1,4.7 10-tetraazacyclododecane-1,4,7, 10-tetraacetic acid (DOTA), disthvlene triamine pentaacetic
acid (DTPA)}, desferrioxamine, DOTA-Tyr(3)-octrectide (DOTATOC), DOTA-Tyvr(3)3-Tvr(8)-
octreotide (DOTATATE), DOTA-1-naphtvl-alanine (DOTANGOC), DOTA-benzothienyi-alanine
(DOTA-BQC), DOTA-bombesin, DOTA-arginine-glycine-aspartic acid-bombesin
{(DOTA-RGD-~bombesin}, NOTA-RGD,
3,6,9,1 5+tetraazabicyclof9.3 1jpentadeca-1{15)-, 11, 1 3-triene-3,6,9-triacetic acid-RGD
(PCTA-RGD), DOTA-albumin, DOTA-human epidermal growth factor,
1.4.7-nazacyclononane-1-fmethvi{2-carboxvethyphosphinic
acid}-4,7-bisimethyl{(Z-bydroxymethvphosphinic acid-integrn alpha(iiblbeta(3)-specific cyclic
hexapeptide (NOPO-RGDIE), 1,4,7-tnazacyclononane-1,4-bis{acetic acid)-7-(2-glutaric acid}
(NODAGA), NOPO-Nal(3}-octreotide conjugate (NOPO-NOC),
1,4, 7-triazacvelononane-1,4,7-tns|{2-carboxvethylimethylenephosphinic acid] (TRAP(RGD);),
or citrate. In further aspects, the carrier molecule 15 PSMA, DOTATATE, DOTATOC,
DOTANOC, or citrate.  In some aspects, the carner molecule is PSMA. In other aspects, the
carrier molecule is DOTATATE. o stili other aspects, the carnier molecule is citrate. In some

5
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aspects, the carrier molecule targets a human tissue. In some aspects, the human tissue 15 selected
from the following: thyroid, brain, gastrointestinal, pancreas, spieen, kidnev, neuroendocrine
tumors, renal cell carcimoma, lung cancer, breast cancer, prostate cancer, and malignant

Ivmphoma.

In some embodiments, the present disclosure provides methods of imaging comprising
administering a composition disclosed herein to a patient. In some aspects, the patient 15 a
mammal. In forther aspects, the mammal is a human. In some aspects, the composition ig
adnunistered more than once. In other aspects, the composition is adnunistered once. In some
aspects, the composition s formulated for administration intraarterially, iotraarticularly,
mtracranially, intrapericardially, intrapentoneally, intratwmorally, intravenously, intravesicularily,
parenterally, via mjection, via local delivery, or via localized perfusion. In some aspects, the
composition 1s formulated for admumistration intravenously. In some aspects, the composition is
formulated as a unit dose. In some aspects, the methods further comprise imaging a tumor. In
some aspects, the fumor is a neuroendocrnine tumor. In some aspects, the tumor expresses elevated
levels of PSMA. In further aspects, the tumor 1s a pancreatic tumor, g prostate tumor, or a hing
tumor. In some aspects, the tumor is a pancreatic tumor. In other aspects, the tumor 1s a prostate

tanor. In still other aspects, the tumor is a lung tanor.

In other embodiments, the present disclosure provides methods of preparing a punified,

carrier-free **Ga solution having a specific activity of greater than about 25 GBq/ug comprising:

a) obtaining a **Ga solution to be purified comprising “*Ga;

b) contacting the **Ga solution with an ion-exchange resin; and

) cluting the 8Ga from the ion-exchange resin to obtain the purified, carrier-free %Ga
solution.

In some aspects, the method comprises a single ion-exchange resin. In some aspects, the

method does not comprise another ion-exchange resin.

in still other embodiments, the present disclosure provides methods of preparing a purified,

carrier-free “*Ga solution having a specific activity of greater than about 25 GBq/ug comprising:

a) obtaining a %*Ga solution to be purified comprising **Ga;
b} contacting the **Ga solution with an anion-exchange resin; and
c) eluting the %Ga from the anion-exchange resin to obtain the purified, carrier-free

%8C3a solution.
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In some aspects, the method comprises a single anion-cxchange resin. In some aspects,
the method does not comprise another ton-exchange resin,
In still other embodiments, the present disclosure provides systems for preparing a purified,

carrier-free “Ga solution having a specific activity of greater than about 25 GBg/ug comprising:

3 a) a solid target comprising *Zn;
b} a cyclotron, wheremn the solid target is irradiated using the cyclotron; and
c an ion-exchange resin,

In some aspects, the system comprises a single ion-exchange resin. In some aspects, the
system does not comprise another ion-exchange resin.
16 In still other embodiments, the present disclosure provides systems for preparing a purificd,

carrier-free ®Ga solution having a specific activity of greater than about 25 GBg/pg comprising:

aj a solid target comprising %8Zn;
b} a cyclotron, wherein the solid target 1s irradiated using the cyclotron; and
<) a single anjon-gxchange resim.
15 In some aspects, the svstem comprises a single anton-exchange resin. In some aspects, the

system does not comprise another won-exchange resin.

Other objects, features, and advantages of the present disclosure will become apparent from
the following detailed description. It should be understood, however, that the detailed description
and the specific examples, while indicating specific embodiments of the invention, are given by

20 way of illustration only, since various changes and modifications within the spirit and scope of the

mvention will become apparent to those skilled in the art from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present disclosure. The disclosure may be better understood by
reference to one or more of these drawings in combination with the detailed description of specitic

embodiments presented herein.

FIGS, 1A-1C show HPLC traces of DOTA-Oct labeling tests with cyclotron-produced
#Ga {conditions: pH 4.5, 95 °C for 10 minutes). FIG. 1A shows labeling test with 100 pg of
DOTA-Oct and 100 mCi of ®*Ga (radiochemical vield = 98.4%, radiochemical purity = 94.2%).
FIG. 1B shows labeling test with 50 pg of DOTA-Oct and 100 m{i of %Ga (radiochemical vield
= 99.2%, radiochenucal purity = 96.7%). FIG. 1C shows labeling test with 25 ug of DOTA-Oct
and 100 mCi of ®*Ga (radiochemical vicld = 96.5%, radiochemical purity = 88.1%}.

FIGS. 2A-2C show HPLC traces of PSMA-11 labeling tests with cvclotron-produced **Ga
{conditions: pH 4, 95 °C for 10 munutes). FIG. 2A shows labeling test with 100 ug of PSMA-11
and 100 mCi of %Ga (radiochemical vield = 100%, radiochemical purity = >99%). FIG. 2B shows
labeling test with 50 ug of PSMA-11 and 100 mCi of *®Ga (radiochemical yield = 100%,
radiochemical purity = >99%;). FIG. 2C shows labeling tost with 25 pg of PSMA-11 and 100 m{
of ®Ga (radiochemical vield = 100%, radiochemical purity = >99%).

FIGS. 3A-3C show HPLC traces of PSMA-11 labeling tests with cvelotron-produced ®Ga
(conditions: pH 4, 95 °C for 10 minutes}. FIG. 3A shows labeling test with 10 ug of PSMA-11
and 100 m{i of ®*Ga (radiochemical vield = 100%. radiochemical purity = >99%;). FIG. 3B shows
labeling test with 5 pg of PSMA-11 and 100 mCi of ®*Ga (radiochemical vield = 100%,
radiochemical purity = >99%;). FIG. 3C shows labeling test with 1 pug of PSMA-11 and 100 m{i
of ®Ga (radiochemical vield = 74%, radiochemical purity = 38.1%).

FIGK. 44 & 48 show HPLC traces of large-scale labeling tests with DOTA-Gct with
cyclotron-produced **Ga (conditions: 1 Ci%Ga, 500 ug DOTA-Oct, pH 4.5, 95 °C for 10 minutes).
FIG. 4A shows radiochemical yield = 87 4% and radiochemical purity = 62.9% at 0 h; FIG. 4B
shows radiochemical purity = 17% at 3 h.

FIGS, 5A-5C show HPLC traces of large-scale labeling tests with PSMA-1L with
cyelotron-produced **Ga (conditions: 0.5 Ci %Ga, 125 ug PSMA-11, pH 4, 95 °C for 10 minutes).
FiG. 5A shows labeling test at 0 h: radiochemical vield = 100%., radiochemical purity = >99%;
FIG. 5B shows labeling test at 1 h: radiochemucal purity = ~66.6%; FIG. 5C shows labeling test at

3 h: radiochemical purity = ~47.9%.
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FIGS, 6A-6C show HPLC traces of DOTA-Oct labeling tests with cyclotron-produced
%3Ga {conditions: 0.5 Ci ¥Ga, 250 ug DOTA-Oct, 200 mg L-ascorbic acid, pH 4.5, 95 °C for 10
minutes) after 0 h (radiochemical purity = >99%, FIG. 6A), 1 h {radiochemical purity = >89%,
FiG. 6B}, and 4 h (radicchemical purity = >99%, FIG. 6C).

FIGS. 7A-7C show HPLC traces of PSMA-11 labeling tests with cvclotron-produced %¥Ga
{conditions: 0.5 Ci %¥Ga, 125 ug PSMA-11, 200 mg L-ascorbic acid, pH 4, 95 °C for 10 minutes)
after 0 b (radiochemical purity = >99%, FIG. 7A}, 1 h {radiochemical punty = >99%, FIG. 7B},
and 4 h {radicchemical purity = >99%, FIG. 7C).

FIGS. 8A & 8B show HPLC traces of PSMA-11 labeling tests with gencrator-produced
10 ®Ga. FIG. 8A shows the HPLC trace of a standard of ®*Ga-PSMA-11. FIG. 8B shows the HPLC

trace of PSMA-11 with generator-produced **Ga (conditions: 0.5 18 mCi #¥Ga, 50 ug PSMA-11,

(o

H 4, 95 °C for 10 munutes) and shows radiochenucal vield = 100% and radiochenuical purity =
P ; purity

>09%.

o
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

i. Introduction

Disclosed herein are methods and svstems for the rapid purification of %Ga solutions,
compositions comprising ®Ga solutions prepared using said methods and systems, as well as
methods of using said conmpositions to image biological tissues, such as tumors. The methods of
purification comprise contacting a solution of **Ga to be purified with a single anion-exchange
resin,

Galliur-68 is a positron-emitting radicisotope that can be produced from a Ge/*Ga
generator or from proton beam bombardment of ©%Zn m a cyclotron. **Ga-labeled peptides are a
valuable class of radiopharmaceuticals exhibiting fast target localization and blood clearance.
BGa-DOTATOC, ®Ga-DOTATATE, %Ga-DOTANOC, are the most prominent
radiopharmaccuticals currently i use for imaging and dufferentiating lesions of various
somatostatin receptor subtypes, overgxpressed in many nguroendocring tumors, The number of
clinical trials with %%Ga has increased dramatically, imcluding within the United States.

As demand for ®Ga increases for use i radiopharmaceuticals, the need for improved
methods for the synthesis and subsequent processing of **Ga has grown significantly. Current
methods for processing *®*Ga require multiple purification steps (i.e. passing the crude %Ga
solution through more than one ion-exchange resin) and/or additional concentration and
reconstitution steps in order to achieve a purity level and concentration sufficient to radiolabel
carrier molecules for administration to patients. Such additional processing steps take time and
leads to a lower specific activity of the purified *®*Ga as a result of the short half-life of ®%Ga (~68
minutes). As such, there is a need for methods that can produce purified “*Ga quickly while
removing unwanted impurnitics such as zinc, wron, and/or germanium.

This mvention is based, in part, on the discovery of a fully defined process of preparing
purified **Ga using a single anion-exchange resin which rapidly and directly provides the purified
%8(Ga in a solution sufficient such that no further processing is required prior to use in radiclabeling.
As shown in the Examples, there is provided a method to prepare a puntied, carner-free solution

of ®8Ga with very high specific activity.

[ER Definitions

(T3]

The use of the word “a” or “an,” when used in conjunction with the term “comprising” in
the claims and/or the specification may mean “one,” but 1t 1s also consistent with the meanmg of

“one or more,” “at least one.” and “one or more than ong.”
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Throughout this application, the term “about” 1s used to mdicate that a value includes the
mherent vanation of error for the device employed to determine the value, the method being
emploved to determine the value, or the vartation that exists among the study subjects or patients.

The terms “comprise,” “have” and “inchude” are open-ended linking verbs. Any forms or

2

tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,” “having,”
“meludes” and “mncluding,” are also open-ended. For example, any method that “comprises,”
“has” or “inchudes” one or more steps 1s not limited to possessing only those one or more steps
and also covers other unlisted steps.

When used in the context of a chencal group: “hydrogen™ means —H; “hydroxy” means
—(H; “oxo” means =0, “carbonyl” means —~C{=0)—; “carboxy” means ~C{=0)}OH {(also written
as ~COOH or ~COxH); “halo™ means independently —F, ~CL ~Br or —| “amino” means ~NH;;
“hydroxyamino” means ~NHOH; “nitro” means —NOz; imimo means =NH; “cyano” means —CN;
“socvanyl” means —N=C=0; “azido” means —Ns; in a monovalent context “phosphate” means
~OP(O}OH): or a deprotonated form thercof, in a divalent context “phosphate” means
~OP{OYOH)YO~ or a deprotonated form thereof, “mercapto” means —SH; and “thic” means =5,
“sulfonyl” means —S{(O):—; and “sulfinvl” means —5(0)—.

Unless specified otherwise, any chemical group or compound class listed in a claim set has
a carbon atom limit of less than or equal to twelve.

g ey

in the context of chemical formulas, the symbol means a single bond, “=" means a
double bond, and “=" means triple bond. The symbol “----7 represents an optional bond, whic

if present is either single or double. The symbol “==z=” represents a single bond or a double bond.

. . Ry
Thus, the formula covers, for example, C, O © @ and U2 And itis

understood that no one such ring atom forms part of more than one double bond. Furthermore, it

is noted that the covalent bond symbol “=7, when connecting one or two stereogenic atoms, does
not indicate any preferred stercochemistry. Instead, 1t covers all stercoisomers as well as mixtures
thereof. The symbol “ VW~ when drawn perpendicularty across abond (e.g., }—CH3 for methyi)
mdicates a point of attachment of the group. [t is noted that the point of attachment 1s typically
only identified in this manner for larger groups i order to assist the reader m unambiguously
wentifving a point of attachment. The symbol “ > means a single bond where the group
attached to the thick end of the wedge is “out of the page.” The symbol “*#” means a single
bond where the group attached to the thick end of the wedge is “mto the page”. The symbol
SV T means a single bond where the geometry arcund a double bond (e.g., etther & or Z) is
undefined. Both options, as well as combinations thereof are therefore intended. Any undefined

valency on an atom of a structure shown i this application implicitly represents a hvdrogen atom

i1
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bonded to that atom. A bold dot on a carbon atom mdicates that the hvdrogen attached to that
carbon is oriented out of the plane of the paper.
When a variable 1s depicted as a “floating group™ on a ning system, for example, the groap

“R” in the formula;

”~
[N ‘%T
R
/
then the vanable may replace any hydrogen atom attached to any of the ring atoms, including a
depicted, implied, or expressly defined hvdrogen, so long as a stable structure 15 formed. When a
variable 1s depicted as a “floating group” on a fused ning svsiem, as for exampie the group “R” in

the formula:

SIS g

N X
H

N

then the variable may replace any hydrogen attached to any of the ring atoms of either of the fused
rings unless specified otherwise. Replaceable hvdrogens include depicted hydrogens {e.g., the
hydrogen attached to the nitrogen in the formula above), imphied hydrogens {e.g., a hydrogen of
the formula above that is not shown but understood to be present), expressly defined hvdrogens,
and optional hvdrogens whose presence depends on the identity of a ning atom {e.g., a hvdrogen
attached to group X, when X equals ~CH-}, so long as a stable structure is formed. In the example
depicted, R may reside on erther the S-membered o1 the 6-membered ring of the fused ring system.
In the formula above, the subscript letier “v” immediately following the R enclosed i parentheses,
represents a numeric vanable, Unless specified otherwise, this vanable can be 0, 1, 2, or any
miteger greater than 2, only limited by the maximum number of replaccable hydrogen atoms of the
ring o ring sysiem.

The term “saturated” when used to modify a compound or chemical group means the
compound or chemical group has no carbon-carbon double and no carbon-carbon triple bonds,
exeept as noted below. When the term is used to modify an atom, it means that the atom is not
part of any double or triple bond. In the case of substituted versions of saturated groups, one or
more carbon oxygen double bond or a carbon nitrogen double bond may be present. And when
such a bond 1s present, then carbon-carbon double bonds that may occur as part of keto-enol
tavtomerism or imine/enamine fagtomerism are not precluded. When the term “saturated™ 15 used
to modify a solution of a substance, it means that no more of that substance can dissolve m that

solution.
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The term “aliphatic” significs that the compound or chemical group so modified is an
acvelic or cvclic, but non-aromatic compound or group. In aliphatic compounds/groups, the
carbon atoms can be joined together in straight chains, branched chains, or non-aromatic rings
{alicyclic). Abiphatic compounds/groups can be saturated, that is joined by single carbon-carbon
bonds {alkanes/alkyl), or unsaturated, with one or more carbon-carbon doublc bonds
(alkenes/alkenyl) or with one or more carbon-carbon triple bonds (alkvnes/alkynyl).

The term “aromatic” signifies that the compound or chemical group so modified has a
planar unsaturated ring of atoms with 4n +2 clectrons in a fully conjugated cyclic @ system.

The term “alkvl” when used without the “substituted” modifier refers to a monovalent
saturated aliphatic group with a carbon atom as the pomnt of attachment, a ingar or branched acyclic
structure, and no atoms other than carbon and hydrogen. The groups —~CH; (Me), ~CHCH; (Et),
—CHxCH2CH3 (-Pr or propyl). “CH(CH:s): (-Pr. Pr or isopropyl), ~CH:CHCH:CHs (n-Buy,
—CH(CH3)YCH2CH; (sec-butvl), —CH:CH{CHs )2 Gsobutvl), —C{CHa)s {fers-butyl, t-butvl, -Bu or
‘Bu), and ~CHoC(CHz)s (neo-pentyl} are non-limiting examples of alkyvl groups. The term
“alkanedivl” when used without the “substituted” modifier refers to a divalent saturated aliphatic
group, with one or two saturated carbon atom(s) as the point{s) of attachment, a linear or branched
acvelic structure, no carbon-carbon double or triple bonds, and no atoms other than carbon and
hydrogen. The groups ~CHe— {methylene), ~CHoCHo—, ~CHC(CH3 3 CHo—~, and ~CH2CH2CH~
arc non-lumiting cxamples ot alkanedivl groups. The term “alkylidene” when used without the
“substituted” modifier refers to the divalent group =CRR’ m which R and R’ are independently
hydrogen or alkyl. Non-limiting examples of alkylidene groups meclude: =CHa, =CH{CH2(Hs),
and =C{{CHs}. An “alkane” refers to the class of compounds having the formula H-R, wherein R
1s alkyl as this term 1s defined above. When any of these terms is used with the “substituted”
modifier, one or more hvdrogen atom has been independently replaced by —OH, —F, —Cl, ~Br, -1,
~NHz, ~NOz, ~COH, ~C0CHs, ~CN, -SH, ~OCH;, ~OCHCHs, ~C(O)CHs, ~NHCH;,
-NHCH:CHs, —N(CHzp, ~CONH,, —-CONHCHs, —CON(CHsp, —OCO)CH:,
—NHC{G)CH:z, —S(OROH, or —5(0OkpNH:. The following groups are non-himiting examples of
substituted alkyl groups: ~CHOH, ~CHCL ~CFa, ~CHON, ~CH2C(OYOH, ~CHC{OYOCH;,
~CHC(O)NH:, ~CHC(O)CHs, ~CHROCH;3, ~CH.OC(O)CHs, ~CHaNH:, ~CHN(CH: ), and
~CHCHuClL

The term “arvl” when used without the “substituted” moditier refers to a monovalent
unsaturated aromatic group with an aromatic carbon atom as the point of attachment, said carbon
atom forming part of a one or more aromatic ring structures, each with six ring atoms that are all
carbon, and wherein the group consists of no atoms other than carbon and hydrogen. I more than

one ring is present, the rings may be fused orunfused. Unfused rings are connected with a covalent
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bond. As used herein, the term arvl does not preclude the presence of one or more alkvi groups
{carbon number imitation permitting) attached to the first aromatic ring or any additional aromatic
ring present.  Non-hmiting oxamples of aryl groups include phenyvl (Ph), methyiphenyl,
{dimethyDphenyl, ~CsHsCH2CH; {(ethylphenyl), naphthyl, and a monovalent group derived from

490

biphenyl {e.g.. 4-phenyiphenyi). The term “arenedivl” when used without the “substituied”
modifier refers to a divalent aromatic group with two aromatic carbon atoms as pomnis of
attachment, said carbon atoms forming part of one or more six-membered aromatic ring structures,
cach with six ring atoms that are all carbon, and wherein the divalent group consists of no atoms
other than carbon and hydrogen. Asused herein, the term arenedivi does not preclude the presence
of one or more alkyl groups {carbon munber hmitation permitting) attached to the first aromatic
ring or any additional aromatic ring present. If more than one ring is present, the rings may be
fused or unfused. Unfused rings are connected with a covalent bond. Non-limiting examples of

arenedivi groups inciude:

B X YA
mg@gm ) w§ | OO : —EE‘, and
5 Wi

The term “aralkyl” when used without the “substituted” modifier refers to the monovalent
group —alkanedivi—arvl, in which the terms alkanedivl and aryl are cach used in a manner
consistent with the definitions provided above. Non-linuting examples are: phenylmethyi (benzvl,
Bn) and 2-phenvi-ethyl. When the term aralkyl 1s used with the “substituted” moditicr one or
more hydrogen atom from the alkanedivl and/or the aryl group has been independently replaced
by —OH, —F, —CL, —Br, —f, ~NHz, -NO», ~COH, —~CO:CHs, —CN, ~8H, ~0CH:, ~OCH2(CHs,
—C{O)CHs, —NHCH:, —~NHCHCHs, —N{CHzap, —C(ONH:, —C(ONHCH:, —C{O)N(CH»)2,
=OC(0YCH;, ~NHC(OWCH:, —S(OR0OH, or ~S(ORNH,. Non-limiting examples of substituted
aralkyls are: (3-chlorophenyl}-methvl, and 2-chloro-2-phenyl-cth-1-yi.

The term “phosphonate” when used without the “substituted” modifier refers to a
compound with the formula R-P(OWORWOR"), in which R, R’, and R” can be the same or
different alkvl, arvl, or aralkyl groups, as those terms are defined above, or R and R" can be taken
together to represent an alkanedivi.  Non-limiting examples of phosphonate mclude:
Et—P{OWOMcHOBn) and C:Hu—P(ONOC:Hux, When any of these terms is used with the
“substituted” modifier, one or more hydrogen atom has been independently replaced by —OH, ~F,

~CL, —Br, ~L, -NH, -NO2, -COH, ~COxCHs, ~CN. —-S8H, ~OCH;, ~OCHCHs, ~C(O)CH;,
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~NHCH3, -NHCH:CHs, —N(CHz)e, —C{ONHz, —C{ONHCH:, —~CION(CHs)z, —OC(0)CHs,
—NHC(OYCHs, —S{(OROH, or —S{(OpNH:.
In the present specification reference 13 made to specific isotopes of elements, ¢.g. gallium-

68. Isotopes are designated either with a superscripted mass nuomber prefix or a hyphenated, non-

(o

superscripted suffix, ¢.g. gallium-68 or “*Ga. Isotopes as disclosed herein should not necessanily

be taken to refer to the neutral elements but may refer o 1ons of these 1sotopes or to complexes

thereof. Thus, for example “*Ga” should be taken to refer to a **Ga species, e.g. ®Ga’" or a ¥Ga
complex, for example a citrate complex. Such complexes may themselves be neutral or may be
clectrically charged.

10 An “excipient” is a pharmaceutically acceptable substance formulated along with the active
mgredient{s} of a medication, pharmaceutical composition, formelation, or drug delivery system.
Excipients may be used, for cxample, to stabilize the composition, to bulk up the composition
{thus often referred to as “bulking agents,” “fillers,” or “diluents” when used for this purpose), or
to confer a therapeutic enhancement on the active ingredient 1n the final dosage form, such as

15 facihtating drug absorption, reducing viscosity, or enhancing solubility. Excipients inciude
pharmaceutically acceptable versions of antiadhercnts, binders, coatings, colors, disintegrants,
flavors, glidants, lubricants, preservatives, sorbents, sweeteners, and vehicles. The main excipient
that serves as a medium for conveving the active ngredient i1s usvally called the vehicle,
Excipienis may also be used in the manufacturing process, for example, to aid m the handling of

20 the active substance, such as by facilitating powder flowability or non-stick properties, in addition

to arding in vitro stability such as prevention of denaturation or aggregation over the expected shelf

life. The switability of an excipient will typically vary depending on the route of administration,
the dosage form, the active ingredient, as well as other factors.

Ag used herein, the term “patient” or “subject” refers to a living mammalian organism,

N
(4

such as a human, monkey, cow, sheep, goat, dog, cat, mouse, rat, guinea pig, or ransgenis species
thereof. In certain embodiments, the patient or subject is a primate. Non-limiting examples of
human patients are adulis, juveniles, mfants and fetuses.

An “active ingredient” (AQ) or active pharmaceutical ingredient (APE (also referred to as
an active compound, active substance, active agent, pharmaceutical agent, radiclogical agent,
30 imaging agent, biologically active molecule, or a therapeutic compound} is the ingredient in a
pharmaceutical drug that is biologically or radiologically active.

As gencrally used herein “pharmaccutically acceptable”™ refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical

judgment, suitable for use in contact with the tissues, organs, and/or bodily fluids of human beings
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and amimals without excessive toxicity, imtation, allergic response, or other problems or
complications commensurate with a reasonable benefit/risk ratio.

A “pharmaceutically acceptable camer,” “drug carrier,” or simply “carrier” is a
pharmaceutically acceptable substance formulated along with the active ingredient that is involved
mn carrying, delivering and/or transporting a chemical agent. Carriers may be used to improve the
delivery and the effectiveness of drugs, including for example, controlled-release technology to
modulate drug bicavailability, decrease drug metabolism, and/or reduce drug toxicity. Some
carriers may increase the effectiveness of drug delivery to the specific target sites. Some carriers
may target specific tissues such as thyroid, brain, gastrointestinal, pancreas, spleen, kidney,
neuroendocrine tumors, renal cell carcinoma, lung cancer, breast cancer, prostate cancer, and
malignant lymphoma. Non-hinuting examples of carners include: peptides, small molecules,
antthodies, or antthody-dmag conjugates, or fragments thercot. Further non-limiting examples of
carricr  molecules  include  prostate-specific  membrane  antigen  (PSMA),  1,4,7-
triazacyclononane-N N’ N"-triacetic acid (NOTA),
1,4.7, 10-tetraazacyclododecane-1,4,7, 1 0-tetraacetic acid (DOTA), dicthvlene triamine pentaacetic
acid (DTPA)}, desferrioxamine, DOTA-Tyr(3)-octrectide (DOTATOC), DOTA-Tyvr(3)3-Tvr(8)-
octreotide (DOTATATE), DOTA-1-naphtvl-alanine (DOTANGOC), DOTA-benzothienyi-alanine
(DOTA-BOC), DOTA-bombesin, DOTA-arginine-glycine-aspartic acid-bombesin
(DOTA-RGD-bombesin), NOTA-RGD,
3,6,9,1 5+tetraazabicyclof9.3 1jpentadeca-1{15)-, 11, 1 3-triene-3,6,9-triacetic acid-RGD
(PCTA-RGD), DOTA-albumin, DOTA-human epidermal growth factor,
1,4, 7-triazacyclononane-1-fmethyvl{2-carboxyethyDphosphinic
acid}-4,7-bisimethyl{(Z-bydroxymethvphosphinic acid-integrn alpha(iiblbeta(3)-specific cyclic
hexapeptide (NOPO-RGDIK), 1,4,7-tnazacyclononane-1,4-bis{acetic acid)-7-(2-glutaric acid}
(NODAGA), NOPO-Nal(3)-octreotide conjugate {(NOPO-NOC),
1,4, 7-triazacvelononane-1,4,7-tns|{2-carboxvethylimethylenephosphinic acid] (TRAP(RGD);),
or citrate.

A “pharmaceutical drug” {also referred to as a pharmaceutical, pharmaceutical preparation,
pharmaceutical composition, pharmaceutical formulation, pharmaceutical product, medicinal
product, medicine, medication, medicament, or sumply a drug, agent, or proparation) 15 a
composition used o diagnose, image, cure, treat, or prevent disease, which comprises an active
pharmaceutical mgredient (AP (defined above) and optionally contains one or more inactive
ingredients, which are also referred to as excipients {defined above).

“Prevention” or “preventing” includes: (1) mhibiting the onset of a disease in a subject or

patient which may be at risk and/or predisposed to the discase but does not vet experience or
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display any or ali of the pathology or symptomatology of the disease, and/or (2) slowing the onset
of the pathology or symptomatology of a disease in a subject or patient which may be at risk and/or
predisposed to the discase but does not vet experience or display any or all of the pathology or
symptomatology of the disease.

“Treatment” or “treating” includes (1) inhibiting a disease in a subject or patient
experiencing or displaving the pathology or symptomatology of the disease {(e.g., arresting further
development of the pathology and/or symptomatology), (2} ameliorating a disease 1n a subject or
patient that is experiencing or displaying the pathology or symptomatology of the discase {(e.g.,
reversing the pathology and/or symptomatology), and/or (3) effecting any measurable decrease in
a disease or symptom thereof in a subject or patient that is experiencing or displaying the pathology
or svinptomatology of the disease.

The term “unit dose” refers to a formulation of the compound or composition such that the
formulation is prepared in a manner sufficient to provide a single therapeutically effective dose of
the active mgredient to a patient in a single admimstration. Such unit dose formulations that may
be used include but are not Hmited to a single tablet, capsule, or other oral formulations, or a single
vial with a syringeable liquid or other injectable formulations.

The above defimitions supersede any conflicting definition i any reference that is
meorporated by reference herein. The fact that certain terms are defined, however, should not be
considered as indicative that anv term that 1s undefined 1s indefinite. Rather, all terms used are
behieved to describe the invention 1o terms such that one of ordinary skill can appreciate the scope

and practice the present invention.

HI.  Production of Gallium-68 to be Purified

In the first step of the method provided herein for preparing a purified, carrier-free *Ga
solution, a ®*Ga solution comprising *%Ga to be purified is obtained. The ®Ga solution comprising
#Ga to be purified may be prepared through, or a byproduct of, the synthesis of ®*Ga. The %Ga
to be purified may be synthesized using a cyclotron. A cyclotron is understood to be an apparatus
i which charged atomic and subatomic particles are accelerated by an alternating ¢lectric field
while following an outward spiral or circular path i a magnetic ficld. Without wishing to be
bound by any theory, the ®*Ga to be purified is synthesized via irradiation of a metal sample
comprising *Zn, which upon irradiation is converted into %*Ga. The metal sample may be in the
form of a liquid target or in the form of a solid target, ¢.g. a solution of ZnNGO; or solid **7Zn. When
a liquid target 1s emploved, the **Zn is dissolved and the liquid target may further comprise an
acidic solution. When a sohid target is employed, the solid target may be suspended i an acidic

solution or an acidic sohstion may be added upon or after irradiation. The acidic solution may
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comprise HCT or an acid derived from the dissociation of HCL Such acids are understood to be
the protonated form of a solvent, ¢.g. HaO™ in the case of water as a solvent or CHaOHz™ n the
s ]

case of methanol as a solvent. The acid may have a concentration of about 0.1, 0.5, 1, 2, 3,4 5,

6.7. 8,9, or 10 N. The *®*Ga solution comprising %Ga to be purified may be an aquecus solution.

iv. Purification of Gallium-68

In another step, the %*Ga solution comprising Ga to be purified is contacted with an anion-
exchange resin.  The anion-exchange resin may be treated with an acidic solution prior to
contacting the resin with the %*Ga solution comprising **Ga to be purified. The anion-exchange
resin should have a higher affinity for %*Ga than for zinc. iron, germanium or other impurities so
that the impurities are cluted from the anion-exchange resin while the majority, preferably
substantially all, of the %®Ga is retained on the anion-exchange resin under an initial set of
conditions. The anion-exchange resin should have an affinity for #*Ga that can be modulated so
as to allow for the **Ga to be eluted from the resin under a second set of conditions. The anion-
exchange resin may comprise an aming group or phosphonate, ¢.g. phosphonate, such as the
UTEVA® resin. The resin should be resistant to radiation. The methods and systems disclosed
herein employ a single anion-exchange resin. Whereas other methods employ a single cation-
exchange resin or a combmation of two differcnt lon-exchange resins, the methods disclosed
herein comprise a single anion-exchange resin. Use of a single anion-exchange resin reduces the
amount of time required to purify *®Ga and provides %®*Ga with a higher specific activity.
Commonly, the amon-cxchange resins arc in particulate form, so that a resin column contains a
packed bed of the particulate resin. The resin may be porous, €.8. MICTOPOTOUS, MESOPOTOUS,
nanoporous etc. A typical resin column may contain from about 0.01 g to about 2 g of resin, ¢.g.
about 0.01, 0.05,0.1,0.15,0.2,03,04,05, 1,15 0r2¢g.

Afier contacting the anion-exchange resin with the %®Ga solution comprising “*Ga to be
purified, the resin may be optionally washed with a washing solution. The washing solution may
comprise an acid, mcloding but not himited to HC, or an acid derived from the dissociation of the
acid, e.g. Hs0" The acid of the washing solution may have a concentration of greater than 1 N,
suchas fromabout 2 Nio 8N, ¢ g. 2N, 3N, 4N, 5N, 6N, 7N, or § N. The washing solution
may be an aqueous solution.

Following the optional washing step, **Ga is eluted from the anion-exchange resin by
contacting the anion-exchange resin with an eluting solution. Without wishing to be bound by
theory, the eluting solution modulates the affinity of the anion-exchange resin for ®Ga. The
cluting solution may comprise an acid, meluding but not imited to HCL, or an acid denived from

the dissociation of the acid, e.g. H3O". The acid of the cluting solution may have a concentration
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of trom about 0.005 Ntoabout 2 N, ¢.g. G.005 N, 0.0I N, 0.02 N, 0.03 N, 0.04 N, .05 N, 0.06 N,
007N, 0.08 N, .09 N, 0.1 M, 05N, I N, or 2 N. The eluting solution may be an agueous solution.

The resulting purified, carrier-free **Ga solution has a specific activity of greater than about
25 GBg/ug. The specific activity may be from about 25 GBg/ug to about 100,000 GBg/ug, e.g.
25, 100, 300, 1000, 10,000, 15,000, 20,000, 25,000, 30,000, 31.000, 32,000, 33,000, 33,100,
33,200, 33,300, 33,400, 33,500, 33,600, 33,700, 33,800, 33,900, 34,000, 35,000, 36,000, 37,000,
38,000, 39,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000, or 100,000 GBq/ug. Specific
activity values present in this disclosuare are correlated to the End of Bombardment {EOB} valess
explicitly noted otherwise.

The present disclosure also provides systems for preparing a purified, carrier-free %Ga
solution. These systems comprise a solid target comprising %Zn. a cyclotron, wherein the solid
target is trradiated using the cyclotron, and a single anion-cxchange resin. The system may be

portable or may be fixed n a specific location.
V. Compositions of Gallinm-68 for Imaging

The present disclosure also provides compositions comprising the purified, carrier-free
solution of **Ga.  Compositions may further comprise a carrier molecule.  The compositions
disclosed hersin may be useful for biclogical imaging, ¢.g. PET imaging. Compositions may be
prepared by the addition of the purified, carrier-free solution of %*Ga to a carrier molecule or a
solution comprising a carrier molecule. Further processing of the composition may be performed
prior 1o admuinistration to a patient. Such processing may mclude punfication, concentration, or
dilution. Compositions of the present disclosure may also comprise pharmaceutically acceptable
CXeipients.

¢ composttions disclosed herein may be formulated for adnmunistration miraartenally,
mtraarticolarly, intracranially, intrapericardially, mtraperitoneally, intratumorally, intravenously,
mitravesicularlly, parenterally, via imjection, via local deliverv, or via localized perfusion. The
compositions may be administered once or more than once. The compositions may be used to
mmage tissue, such as a tumor, ¢.8. a prosiate, pancreatic, lung, or neuroendocrine fumor. The

compositions may be used to image a tumor that exlubits elevated levels of PSMA.

¥i. Examples

The following examples are included to demounstrate preferred embodiments of the
mvention. It should be appreciated by those of skill in the art that the technigues disclosed in the
gxamples which follow represent techniques discovered by the inventor to function well m the

practice of the invention, and thus can be considered to constitute preferred modes for its practice.
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However, those of skill in the art should, in light of the prosent disclosure, appreciate that many
changes can be made m the specific embodiments which are disclosed and still obtain a like or

similar result without departing from the spirit and scope of the invention.

Example 1: Synthesis, Purification, and Analysis of ®*Ga

All reagents and solvents were purchased from commercial vendors and used direetly
unless otherwise noted.  Enriched ®*Zn metal powder (99+% purity) was purchased from
ISOFLEX USA (San Francisco, CAY. Milli-Q water (18 M£{2ecm) was obtained from a Millipore
Milli-Q Integral 5 water purification system (Billerica, MA). The ITG **Ge/**Ga Generator
(GMP} was obtained from RadicMedix (Houston, TX). UTEVA® resin (30-100 wm) was
purchased from Eichrom (Lisie, IL}. Hydrochloric acid (33% min., 99.999999% metal basis) was
obtained from Alfa Aesar (Pittsburgh, PA) and was diluted to 10N, 4 N, and 0.05 N with Milli-Q
water. 14,7 10-Tetraazacyclododecane-1.4,7 10-tetraacetic acid {BOTA)Y was purchased from
Sigma-Aldrich (5t. Louis, MO). Instant thin-layer chromatography paper G TLC-84) was acquired
from Fisher Scientific (Hampton, NH}. The labeling efficiency of ®Ga-DOTA was determined
using radio-TLC with the mobile phase composed of 10% ammonium acetate and methanol in
one-to-one raiio. The radio-TLC plates were scanned using a Bioscan AR-2000 radio-TLC
scanner (Washington, DC).

The Cyclotron Radiochemistry Facility (CRF) is equipped with a 16.5 MeV proton energy
cvelotron (PETrace, GE Healthcare, Waukesha, Wi). Pror to irradiation, a 7 mm diameter of
cnriched **7Zn {60-120 mg) was clectrodeposited on a platinum disc using a solution comprised of
7nCl and 0.05 N HCI (concentration of ¥Zn: 25-30 mg/mlL) and a cwrrent density of 25
mA/em?®. The target was then transferred and mounted in the PETtrace cyclotron through the
Comecer EDS/PTS module (Castel Bolognese RA| Italyy. The target was irradiated af an incident
proton-beam energy of 14.5 MeV with beam currents of 15-40 pA. Afier irradiation, the target
was pneumatically retrieved. Chemical separation of ®Ga was performed and Jabeling procedures
were conducted using the Comecer EDS and GE Healthcare TRACERIab FX modules.

Gallium-68 was separated from *Zn using a column containing 100 mg of UTEVA® resin,
m which the resin was pre-conditioned with 10 mL of 6 N HCl. Upon retrnieving the urradiated
¥87n target from the cyclotron into the Comecer EDS module, the target was completely dissolved
with 10 mb of 6 N HCI under 10 min. The crude Ga/%®*Zn solution was passed through the
coluwrnn containing the UTEVA® resin. Afier rinsing the transfer lines in the EDS module with 5
ml of 6 N HCI, the HCI rinse was also passed through the colummn followed by 40 mL of 4 N H(

to remove residual ®Zn and any additional metal contaminants. The [**Ga}GaCls was desorbed
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from the resin with 2 ml of 0.05 N HCl and readily available to be used in a labeling reaction
without any further processing,

The effective specific activity (GBg/umol} of [*GalGaCls was determined through a series
of labeling reactions with a chelating solution. Since DOTA is one of the chelators that is often
conjugated to a biomolecule for labeling with ®®Ga, multiple dilutions of DOTA sclution
(248 x 1077 - 2,48 x 1 uM) in 0.5 M acetate buffer (pH 4 3) were used for the study. A volume
of 5 ul (~74 MBq} of [**Ga]GaCls was first diluted with 1 mL of 0.05 M HC1 as a stock solation.
The study was performed by adding 50 ub of [**Ga]GaCls stock solution into 200 uL of DOTA
solution. The reactions were allowed to precede at 95 °C for 20 min. After incubation was
completed, the effective specific activity was determined by measuring labeling efficiency using
radio-TLC analysis (mobile phase: 10% ammonium acetate/methano, 11 (v/v))

Samples containing activities of 0.5-1.0 uCi (18.5-37 KBq) of [*®*GalGaCls in 2 mL
microcenirifuge tubes were diluted with Milh-Q water to bring the final volume to 1 mi.. The
radionuchidic purity was then determined by gamma-ray spectroscopy using a crvogemcally
cooled germanium (HPGe) detector (ORTEC, Oak Ridge, TN}, Samples were counted for 1 h
starting imumediately after End of Synthesis (EOS) and the measurement was repeated after 24 h.
The radionuclidic purity of ®*Ga was based on the analysis of the regions of inferest (ROT) at EOS
and of decaved samples.

{CP-MS analysis of the ®*Ga samples, after decay, were conducted at the University of
Missoun Research Reactor (MURR). All samples were analvzed on a PerkinElmer NexION 300X
ICP-MS operated 1 kinetic encrgy discrimination (KED) mode with two different helium cell gas
flows at 2.5 and 4.5 mi/min. The amount of gallium, germaniuwm, iron, and zinc in cach sample

were determined.

Example 2: Evaluation of Cyclotron Irvadiated ®®*Zn Targets and ®*Ga Separation
and FCP-MS Analysis

Dae to the unique characteristics and availability of %Ge/*Ga generators, several efforts
have been made to translate **Ga-labeled compounds from preclinical evaluations into routing
chinical practice {(Amor-Coarasa et al, 2016; Velikyan, 2015; Visetal,, 2015}, In order to satisty
the increasing demand for ®3Ga in preclinical and clinical applications, an approach to reliably
produce *®Ga via ®Zn{p n)®®Ga reaction in significantly large quantities was investigated. The
methods deseribed herein have been used suceessfully for the cyelotron production and chemical

separation of ®Ga. See Table 1 for a comparison of ®®Ga production at various facilities.
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Table 1. Comparison of ®*Ga Production at Various Facilitics

PCT/US2019/044938

University of

z MDACC! Mayo Clinic/GE? ,
‘ Coimbra/IBA®
Target forms Sohid Liguid Liguad
Amount of %Zn 80 mg 200 mg 200 mg
Beam energy 14.5 MeV 14 MeV 14.2 MeV

Production yield at

272+ 008 GBg/ugh i 0.9+0.01 GBy/pgh 0.3 GBg/ugh

EOB
Optimized ¥Ga Yes (1 column N Yes (3 column
NQ
processing processing) processing )

"Linetal, 2018; *Pandey et al., 2014; Alvesa et al, 2017

Due to the relatively low melting point of Zn metal (4195 °C), mitial tests with natZn
targets were conducted for short time mtervals (5 nmun) at an meident proton-beam encrgy of 14.5
MceV while mcreasing beam cwrrents from 15 to 40 gA. No significant heat cffects on the
clectrodeposited natZn were observed throughout the tests mdicating efficient heat removal from
the target by the EDS/PTS module cooling svstem. To ensure production reliability during long
wradiations targets were tested with beam currents up to 40 pA. No visible heat effects or loss of
vield was observed. All subsequent measurements reported here were conducted at a beam current
of 30 pA. To optimize target thickness for maxinmim vield, targets with a diameter of 7 mm and
a mass of ®*Zn between 60 and 120 mg were bombarded for 20-90 min. The ®Ga activity at End
of Bombardment (EOB) correlated well with irradiation time and amount of ®Zn metal present.
Targets containing (104.14£2.7) mg *Zn (n = 3) irradiated for 1 h at a beam current of 30 pA
resulted in 60.9+1 8 GBq (1643+31 mCi) of **Ga at EOB. The production yield was found to be
2.72+0.08 GBg/pAsh (73.5+£2 3 mCi/uA<h). Sadeghi et al. reported production of ®Ga using a 6°
grazing meidence target geometry with a proton-beam cnergy of 15.0 MeV and a beam current of
150 pA (Sadeghi et al., 2009). They report a production vield for a target mass of 434 mg of 5.03
GBg/uAch (136 mCi/uAch) at EOB for a short 15 min trradiation. Their result is not far from the
calculated value of 5.81 GBg/uAch (157 mCi/pA-h} presented by Szelecsényi et al. derived from
cross section measurements {Szelecsényi et al, 2012} These results compare well with these
reported values taking into account the lower incident proton-encrgy employed herein to minimize
“7Ga impurities and a reduced target density of (4.8+04) g/om’ based on target thickness
MEASUFCICHLS.

During initial development the time required to dissolve the irradiated *®Zn target was
The completion of the

mvestigated. The target was dissolved using 10 ml of 10 N HCL
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dissolution process was monitored using the flow meter integrated into the system. At the
beginming of the dissolution process hydrogen gas was released partially interrupting the overall
flow rate of circulating HCI solution. Once the target was completely dissolved and no more
hydrogen gas was being released, the flow rate was re-stabilized. Based on these observations
{and posterior verification) we found the total dissolution time required was less than 5 min. High
zine and HC1 acid contents in the final ®®Ga solution are two potential challenges for cyclotron-
produced **Ga. Although previous reports indicate that most **Zn can be removed by using the
AG® 50W cation resin alone (Engle et al., 2012; Pandey et al., 2014), lower specific activity is
obtained as it takes a relatively long time (i.e.. usually more than an hour) to evaporate the *Ga
sohution and reconstitute it with a low concentration of H} for radiolabeling use. McAlister and
Horwitz have established a two-column system which utilizes AG® 30W cation resin and
UTEVAY anion resin to minimize **Ge breakthrough from a %%Ge/%®*Ga generator (McAlister and
Philip Horwitz, 2009). However, the two-column system again results i lower specific activity
due to processing times. By adapting this concept for processing “*Ga from an irradiated **Zn
target, over 75% of ®*Ga produced activity (decay corrected) can be recovered while the cyclotron-
produced %*Ga solution results in lower (p<0.01) zinc content (0.004+0.002 ng/GBq) when
compared to that of generator-produced *Ga (0.37+0.09 ug/GBq) after ICP-MS analysis. In
addition, low iron content was observed in both cyclotron and generator-produced ®*Ga. The
germanium was below detection limits for cyclotron-produced *®*Ga (See Table 2). It was found
that the UTEVA® anion-exchange resin could be used to generate “Ga solutions with high purity
and very high specific activity without the need for additional processing. All of these data suggest
that the method presented herein not only minimizes zine and other metal mpunties, but also
allows the reconstitution of the final ®*Ga solution in a low concentration of HCl as well. The
whole separation process only takes less than 10 min, which is especially important for ®Ga

production.
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Table 2. Comparison of Generator- vs. Cyclotron-Produced ©*Ga

Generator-produced

Cyelotron-produced

G&’Gaa ﬁSGab
Aiiiﬁ;i‘(’éii‘j;ﬁii) 706+ 161 6.74 = 0.83
e | | s
%E;g‘;‘gg;‘; 0.37 + 609 0.004 = 0.002
Fe residue (pg/GByg) 0.12 % 0.03 011+ 007

(e residue
(ng/GBg)

0.0013 £ 0.0001

Less than 0.0001

Isotope Impurities

SGe (Tin: 271 d).
fess than 0.005%

“Ga (T 3.3 d), less
than 0.3%

Activity Acquired

Up to 40-45

~1.0 Ci at EOB with

mCi/elution I h wrradiation
a Processing
Time After N/A Less than 30 mun
Irradiation
) ) Less than 200
N 2
Cost 60,000 L‘SD/L USD/batch without
month

8870 recovery

the target was irradiated up to 90 min with 14.5 MeV protons.

aGenerator-produced **Ga was purified via two-column method, employing AGY 50W and
UTEVA® columns; *Cyclotron-produced %*Ga was purified with a single UTEVA®Y
column. “Correlated to End of Synthesis. "Value correlated to End of Bombardment is

~33,500 GBg/ug.

The effective specific activity of cvclotron and generator-produced “®*Ga was determined
by DOTA titration using radio-TLC. While the ®*Ga-DOTA radio-peak nugrates to the solvent
front, the unreacted [**GajGaCls remains at the origin. In all experiments (n = 3 for each study),
the effective specific activity of cvclotron and generator-produced [#3GalGaCls was found to be
6.7+0.8 and 7.1+1.6 GBg/umol, respectively. No statistically significant difference (p = 0.775)
was found in the effective specific activity between cyclotron and generator-produced *Ga. To
confirm the radionuclidic purity of the **Ga solution produced via the **Zn{p.n)*®Ga reaction,

gamma-ray spectroscopy was performed. A small fraction (< 0.2%) of 9'Ga was observed when

A S A 2 A A A
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All of the compounds, systerns, compositions, and methods disclosed and claimed herein
can be made and executed without undue experimentation in light of the present disclosure. While
the disclosure may have focused on several embodiments or may have been deseribed m terms of
preferred embodiments, 1t will be apparent to those of skill in the art that vanations and
modifications may be applied to the compounds, compositions, and methods without departing
from the spirit, scope, and concept of the invention. All variations and modifications apparent to
those skilled m the art are deemed to be within the spint, scope, and concept of the mvention as

defined by the appended claims.
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CLAIMS

WHAT IS CLAIMED 1S:

12.

13.

A method of preparing a purificd, carrier-free ®*Ga solution comprising;

a) obtaining a %*Ga solution to be purified comprising **Ga,
b} contacting the ®*Ga solution with an anion-exchange resin; and
c) cluting the %Ga from the anion-exchange resin to obtain the purified, carrier-free

5833 solution.

The method of claim 1, wherein the method comprises contacting the %Ga solution to be

purified with a single anion-exchange resin.

The method of claim 1 or claim 2, wherein the method does not comprise contacting the
%8Ga solution to be purified or the purified, carrier-free **Ga solution with another ion-

exchange resin.

The method of claim I, wherein the **Ga m the **Ga solution to be purified is prepared by

synthesizing the *®*Ga in the *Ga solution.
The method of claim 4, wherein a cvclotron is used to synthesize the ¥Ga.

The method of claim 3, wherein the cyclotron comprises a metal sample in the form of 3

Ligud target.
The method of claim 6, wherein the metal sample comprises *%Zn”"

The method of claim 5, wherein the cvclotron comprises a metal sample in the form of a

solid target.
The method of claim 8, wherein the metal sample comprises **7n.

The method according to any onc of claims 1-9, wherein the %%Ga sohstion to be parified
Y s

COMprises an acid.
The method of claim 10, wherein the acid has a concentration of greater than about 2 N,

The method of claim 11, wherein the acid has a concentration of from about 3 N to about

0N,
The method of claim 12, wherein the acid has a concentration of about 6 N.

The method according to anv one of claims 10-13, wherem the acid 1s HCl or is derived

from the dissociation of HCL
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15.

16.

17.

18.

19.

]
[

26.

The method according to any onc of claims 1-14, wherein the %Ga solution to be purified

is an agueous solution,

The method according to any one of claims 1-15, wherein the anion-exchange resin

comprises a phosphonate or a substituted phosphonate.
The method of claim 16, wherein the anion-exchange resin comprises a phosphonate.

The method of claim 17, wherein the anionm-exchange resin comprises dipentyl

pentylphosphonate.

The method according to any one of claims 1-1%, wherein the method further comprises

washing the anion-exchange resin with a washing solution.

The method of claim 19, wherein the washing step occurs before the ehuting step.

The method of claim 19, wheren the washing solution comprises an acid.

The method of claim 21, wherein the acid has a concentration of greater than about 1 N.

The method of claim 22, wherein the acid has a concentration of from about 2 N to about

S N.
The method of claim 23, wherein the acid has a concentration of about 4 N.

The method according to any one of claims 21-24, whercin the acid 1s HC or is derived

from the dissociation of HCL

The method of according to anv one of claims 19 and 21-25. wherein the washing solution

18 an agueous solution,

The methed according to any one of claims 1-26, wherein eluting comprises contacting the

anion-exchange resin with an eluting solution.
The method of claim 27, wherein the eluting solution comprises as acid.

The method of claim 28, wherein the acid has a concentration of from about 0.005 N 1o

about 2 N.

The method of claim 29, wherein the acid has a concentration from about 6.01 N to about

IN
The method of claim 30, wherein the acid has a concentration of about (.05 N,

The method according to anv one of claims 28-31, wherem the acid 1s HCl or is derived

from the dissociation of HCL
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(]

36.

44,

41.

44,

45.

47.

The method according to any ong of claims 27-32, wherein the cluting solution 15 an

agueous solution.

The method according to any one of claims [-33, wherein the purified, carrier-free Ga
-~ o 2 -

solution has an activity of from about 37 MBq to about 370 GBq.

The method of claim 34, wherein the purified, carrier-free 5Ga solution has an activity of

from about 370 MBq to about 370 GBy.

The method of claim 33, wherein the purified, carrier-free **Ga solution has an activity of

from about 3.7 GBq to about 370 GByg.

The method according to any one of claims [-36, wherein the purified, carrier-free #Ga

solution comprises less than about 1 pg/GBq of zinc.

The method of claim 37. wherein the purified, carrier-free *Ga solution comprises less

than about 0.1 ug/GBg of zminc.

The method of claim 38, wherein the purified, carrier-free ®Ga solution comprises less

than about 0.01 pug/GBqg of zine,

The method according to any one of claims 1-39, wherein the purified, carrier-free %Ga

solution comprises less than about 10 ug/GBqg of iron,

The method of claim 40, wherein the purified, carrier-free *Ga solution comprises less

than about 1 pug/GBq of wron.

The method of claim 41, wherein the purified, carrier-free ®*Ga solution comprises less

than about 0.5 ug/GBqg of iron.

The method according to any one of claims 1-42, wherein the purified, carmer-free ®Ga

solution comprises less than about 1 ug/GByg of germanium.

The method of claim 43, wherein the purified, carrier-free ®Ga solution comprises less

than about 0.01 pug/GBqg of germanium.

The method of claim 44, wherein the purified, carrier-frec **Ga solution comprises less

than about 0.0001 ug/GBq of germanium.

The method according to any onc of claims 1-43, wherein the purified, carrier-free ®Ga

solution has a specific activity of greater than about 25 GBg/ug.

The method of claim 46, wherein the purified, carrier-free **Ga solution has a specific

activity of from about 25 GBg/ug to about 100,000 GBg/pg.
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43.

49.

54.

61.

The method of claim 47, wherein the purified, carrier-free **Ga solution has a specific

activity of from about 100 GBg/ug to about 100,000 GBqg/ug.

The method of claim 48, wherein the purified, carrier-free ®Ga sohution has a specific

activity of from about 1,000 GBg/ug to about 100,000 GBg/pg.

The method of claim 49, wherein the purified, carrier-free **Ga solution has a specific

activity of from about 10,000 GBg/ug to about 80,000 GBg/ug.

The method of claim 50, wherein the purified, carrier-frec %Ga solution has a specific

activity of from about 25,000 GBg/ug to about 50,000 GBg/pg.

The method of claim 31, wherein the purified, carrier-free ®Ga solution has a specific

activity of from about 31,000 GBq/ug to about 36,000 GBg/ug.
A purified, carrier-free ®*Ga solution prepared according to any one of claims 1-32.

A system for preparing a purified, carrier-free ®*Ga solution comprising:

a) a solid target comprising *Zn;
b} a cyclotron, wherein the solid target is irradiated using the cyclotron; and
) an anton-exchange resin.

The system of claim 54, wherein the system comprises a single anion-exchange resin.

The system of claim 54 or claim 33, wherein the system does not comprise another ion-

exchange resin.

The system of claim 54, wherein the anion-exchange resin comprises a phosphonate or a

substituted phosphonate.
The system of claim 54, wherein the anion-exchange resin comprises a phosphonate.

The system of claim 58, whercin the anion-exchange resin comprises dipentyl

pentylphosphonate.

The system according to any one of claims 54-39, wherein the purified, cartier-free ®Ga

solution has a specitic activity of from about 25 GBqg/ug to about 100,000 GBg/ug.

The system of claim 60, wherein the purified, carrer-free *®Ga solution has a specific

activity of from about 100 GBg/ug to about 100,000 GBg/ug.

The svstem of claim 61, wherein the purified, carrier-free *°Ga solution has a specific

activity of from about 1,000 GBag/ug to about 100,000 GBg/pg.
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63.

64.

66.

67.

63,

69.

70.

71

72

The svstem of claim 62, wherein the purified, carder-free %%Ga solution has a specific

activity of from about 10,000 GBg/ug to about 85,000 GBg/ug.

The system of claim 63, wherein the purified, carrier-free *®Ga solution has a specific

activity of from about 25,000 GBg/ug to about 50,000 GBg/pg.

The method of claim 64, wherein the purified, carrier-free **Ga solution has a specific

activity of from about 31,000 GBg/ug to about 36,000 GBg/ug.
A composition comprising the purified, carrier-free **Ga sohution of claim 53,

The composition of clamm 66, wherein the composition further comprnses a carrer
molecule, wherein the carrier molecule is radiolabeled with the 3Ga of the purified, carrier-

free %%Ga solution.

The composition of claum 67, wherein the cammer molecule 1s an antibody or a fragment
>

thereof,

The composition of claim 67, wheremn the carrier molecule is a peptide or a fragment

thereof.

The composition of claim 67, wherein the camier molecule is prostate-specific membrane
antigen (PSMA), 1.4, 7-triazacyclononane-N N’ N"-triacetic acid {(NOTA),
1,47 10-tetraazacyclododecane~-1,4,7, [ O-tetraacetic acid (BOTA), dicthylene triamine
pentaacetic acid {(DTPA), desfornoxamine, DOTA-Tyr(3)-octreotide (BUOTATOC),
DOTA-Tvi(3)-Tye(8)-octreotide (DOTATATE), DOTA-I-naphtyl-alanine (DOTANOC),
DOTA-benzothienyl-alaning {BOTA-BGO), DOTA-bombesin,
DOTA-arginine-glycine-aspartic acid-bombesin (DOTA-RGB-bombesin), NOTA-RGD,
3,6.9,15-tetraazabicyclo]9 3 pentadeca-1(15)-,11,13trene-3,6,9-triacetic  acid-RGD
(PCTA-RGD), DOTA-glbummm, DOTA-human  epidermal  growth  facior,
1,4, 7-triazacyclononane-1-[methyl{2-carboxyethylphosphinic

acid}-4,7-bismethyl{2-hydroxymethylphosphinic acid-mtegrin alpha(lib}beta(3)-specific
cyelic hexapeptide (NOPO-RGDIK), 1.4, 7-triazacyclononane-1.4-bis{acetic
acid)~7-(Z-glutaric acid} (NODAGA), NOPO-Nal(3)-octreotide conjugate (NOPO-NOC),
1.4, 7-trazacvclononanc-1,4,7-tris{ (2-carboxyethyhmethylenephosphinic acid]

{TRAP(RGD)3), or citrate.

The composttion of claim 70, wherein the carrier molecule 1s PSMA, DOTATATE,
DOTATOC, BOTANGC, or citrate.

The composition of claim 71, whercin the carrier molecule is PSMA.
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The composition of claim 71, whercm the carrer molecule is DOTATATE.
The composition of clamm 71, wherein the carrier molecule is citrate.

The composttion according to any one of clauns 67-74, wherein the carmrier molecuie tarzets
i k2 &

a human tissue.

The composition of claim 75, wherein the human tissuc is selected from the following:
thvroid, brain, gastromtestinal, pancreas, spleen, kidney, neuroendocring tumors, renal cell

carcinoma, lung cancer, breast cancer, prostate cancer, and malignant lymphoma.

A method of imaging comprising administering a composition according to any ong of

claims 66-76 to a patient.
The method of claim 77, wherein the patient is a mammal.
The method of claim 78, wherein the manmumal 1s a human.

The method according to any one of clamms 77-79, wherem the compostiion 1s admunistered
¥

more than once.

The method according to any one of claims 77-79, wherein the composition is administered

once.

The method according to any one of claims 77-81, wherein the composttion is formulated
for administration imtraarterially, intraarticularly, mmiracranially, mntrapericardially,
miraperitoneally, intratumorally, intravenocusly, mtravesicularily, parenterally, via

njection, via local delivery, or via localized perfusion.

The method of claim 82, wherein the composition is formulated for administration

mtravenously.

The method according to any one of claims 77-83, wherein the composition is formulated

as a umt dose.

The method according to any one of claims 77-84, wherein the method further comprises

1naging a tumor.
The method of claim &5, wherein the tumor is a neurcendocrine tomor.
The method of claim 35, wherein the tumor expresses clevated lovels of PSMA.

The method according to any one of claims 85-87, wherein the tumor is a pancreatic tumor,

a prostate tumor, or a lung tumor.

The method of claim &8, wherem the tumor 15 a pancreatic tumor,
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94). The method of claim 88, wherein the tumor 15 a prostate tumor.

o1 The method of claim 88, wherein the tumor is a lung tumor.
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X US 2018/0158559 A1 (NCM USA Bronx LLC) 7 June 2018 (07.06.2018) Abstract, para [0005)- | 1-5, 8-9
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when the document is taken alone

“Y”" document of particular relevance; the claimed invention cannot
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

1. D Claims Nos.:

2. D Claims Nos.:

3. X Claims Nos.: 10-53, 60-91

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

because they relate to subject matter not required to be searched by this Authority, namely:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

***See Supplemental Page***

claims.

additional fees.

1-9

payment of a protest fee.

This International Searching Authority found multiple inventions in this international application, as follows:

1. EI As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
2. I::l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Lack of Unity Box Ill:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-9, directed to a method of preparing a 68Ga solution.

Group |l: Claims 54-59, directed to a system for preparing a 68Ga solution.

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | requires the special technical feature of a method of preparing a 68Ga solution comprising: obtaining a 68Ga solution to be
purified comprising 68Ga; contacting the 68Ga solution with an anion-exchange resin; and eluting the 68Ga from the anion-exchange
resin to obtain the purified, carrier-free 68Ga solution, not required by group II.

Group 1l requires the special technical feature of a system for preparing a 68Ga solution comprising a solid target comprising 68Zn; a
cyclotron, wherein the solid target is irradiated using the cyclotron, not require by group 1.

Common technical features:

Groups |-l share the technical feature of a method or system of preparing a purified, carrier-free 68Ga solution comprising: contacting a
68Ga solution with an anion-exchange resin.

These shared technical features, however, do not provide a contribution over the prior art, as being anticipated by US 2018/0158559 A1
to NCM USA Bronx LLC (hereinafter NCM). NCM teaches a method or system of preparing a purified, carrier-free 68Ga solution
(Abstract, In a system and a method for making carrier-free radioactive isotopic Gallium-68... Gallium-68 is then further purified to
remove the impurities resulting in a Gallium-68 composition with high purity; and para [0012], Methods of purifying the carrier free
radioactive isotope Ga-68 made according to any one of the above methods and further including purifying the produced Ga-68...
Preferably, the Ga-68 is recovered from the ion exchange column using an elution solution and, more preferably, the elution solution is
about 0.05 to about 3.0 M hydrochloric acid or equivalents thereof; and para [0015], The carrier molecule is selected from the group
consisting of... PSMA... NOTA... DOTA... DTPA; See Instant Specification, pg 5 In 18-22, In other aspects, the carrier molecule is...
PSMA... NOTA... DOTA... DTPA; and pg 18 In 6-30, 68Ga solution comprising 68Ga to be purified is contacted with an anion-exchange
resin... treated with an acidic solution prior to contacting the resin... 68Ga is eluted from the anion-exchange resin) comprising:
contacting a 68Ga solution with an anion-exchange resin (para [0012)], Example embodiments of the present invention also provide
methods of purifying the carrier free radioactive isotope Ga-68 made according to any one of the above methods and further including
purifying the produced Ga-68 by dissolving the irradiated solid target in a dissolving acid, isolating Ga-68 from the dissolved solid target,
washing with at [east one washing solution, and recovering purified Ga-68... the Ga-68 is isolated using an ion exchange column and
more preferably, the ion exchange column contains an anion exchange resin. Preferably, the ion exchange column containing isolated
Ga-68 is washed with at least one washing solution more than once... Preferably, the Ga-68 is recovered from the ion exchange column
using an elution solution).

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups I-1l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Item 4 (contd.): Claims 10-53 and 60-91 are dependent claims and are not drafted in accordance with the second and third sentences of
Rule 6.4(a).
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