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Il. [*8F]FMISO PRODUCT AGENT DESCRIPTION
1. AGENT DESCRIPTION

Fluorine-18 labeled misonidazole, 1H-1-(3-['8F]-fluoro-2-hydroxy-propyl)-2-nitro-
imidazole, or [*F]JFMISO, is a radiolabeled imaging agent that has been used for
investigating tumor hypoxia with positron emission tomography (PET). The University of
Washington pioneered the development and biodistribution evaluation of [*F]FMISO.
An ideal hypoxia-imaging agent should distribute independently of blood flow, which is
best achieved when the partition coefficient of the tracer is e to unity. Under these
circumstances, imaging can be done at a time when the i llular tracer distribution
has equilibrated with the tracer in plasma near the cel FMISO is an azomycin-
based hypoxic cell sensitizer that has a nearly ideal fficient and, when
reduced by hypoxia, binds covalently to cellular that are inversely

biochemical interactions.?
2. CHEMICAL STRUCTURE

[*8F]FMISO has not been marketed it i to the best of our
knowledge, there has been no marketihg i drug in other countries.
ingredient and it is
dissolved in a solutio i ethanol (v:v). The drug
gray butyl septum sealed, sterile,

of 12 hours. The injectable dose of

Ive. The amount of injected drug is < 15 ug
MISO is administered to subjects by intravenous

Figure 1. The chemical structure of ['8F]-fluoromisonidazole

1H-1-(3-[*®F]-fluoro-2-hydroxy-propyl)-2-nitro-imidazole
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3. FINAL PRODUCT SPECIFICATIONS

The product components are listed in Table 1, the impurities in Table 2, and the final

product specifications in Table 3.

Table 1. Final Product Components per single injected dose

COMPONENTS

Characterization

Amount in Injectate

[*8F]JFMISO, 1H-1-(3-[*®F]-fluoro-2-hydroxy-

propyl)-2-nitro-imidazole [*°F]F <10 mCi
[*°F]FMISO, 1H-1-(3-[*F]-fluoro-2-hydroxy-

propyl)-2-nitro-imidazole <15yug
Ethanol, absolute 5% by volume

Saline for injection

0.15M

Table 2. Final Product Impurities per single inj do
A
IMPURITIES Acceptance Highest Values in 9
Criteria Qualification Runs

Kryptofix® [2.2.2]

None detected

Acetonitrile
Acetone
Other UV absork

<50 ppm

<313 ppm

4.9 ug (1 hr post synthesis)
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Table 3. Final Product Specifications

TEST SPECIFICATION

Chemical Purity (particulates) Clear and Colorless

pH 4.5-8

Residual Kryptofix® [2.2.2] < 50 pg/ mL Kryptofix®

Radiochemical Purity (HPLC) >95%

Chemical Purity (HPLC) FMISO < 15 pg/dose Other compounds
<35ug/dose

Radiochemical Purity (TLC) Rf >0.5 Purit

Residual Solvent Levels Acetone £ ppm Acetonitrile £410 ppm

Radionuclidic Purity ife 100-120 minutes

Bacterial Endotoxin Levels <175

Sterility ust also pass filter

The drug solution is stored at room

temperature in a septum sealed, sterile,
pyrogen-free glass vial with an expi
time of 12 hours

nitrile. The purity

a concentration limit of 410 ppm. Acetone is a
class 3 solve * imi 5000 ppm, so no specification change is needed for them.

2. FDA approved I3 two very similar radiopharmaceuticals, F-18 FDG and NaF
F18, has both drugs speeified at pH 4.5-8. To be consistent with these drugs, we have
changed the F-18 FMISO specification to 4.5-8.1.
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lll. INTRODUCTION

[*8F]-fluoromisonidazole ([*8F]FMISO) is a radiolabeled imaging agent that has been used
for investigating tumor hypoxia with positron emission tomography (PET). ['8F] decays
by positron emission. FMISO binds covalently to cellular molecules at rates that are
inversely proportional to intracellular oxygen concentration. In hypoxic cells, FMISO is
trapped, which is the basis for the use of this tracer to measure hypoxia. Because tissue
oxygenation may serve as a marker of perfusion, response togadiotherapy and
chemotherapy, tumor grade, and prognosis, developmen ET imaging agent for
tumor hypoxia is a potentially valuable avenue of inves

Positron emission tomography (PET) is a quantit imaging technique,
which produces cross-sectional images that ar, elements
(voxels). In PET images, the signal intensity i on the
concentration of the radionuclide within the r) volume
To obtain PET imaging data, the patient is place or array

Patients undergo two separate imagin ET imaging procedure. One
is a transmission scan via a germani se of PET-CT, by CT
imaging of the body region(s) of intere t of the study is the
emission scan which i filoMover a specific area of
interest, or multiplg e body. The typical PET study takes 20
minutes to 2 hours t€ n the nature of the acquisitions and the

IV. PHARMACOLOGY
1. PHYSICAL CHARACTERISTICS

Fluoromisonidazole is a small, water-soluble molecule with a molecular weight of 189.14
Daltons. It has an octanol: water partition coefficient of 0.41, so that it would be expected
to reflect plasma flow as an inert, freely-diffusible tracer immediately after injection, but
later images should reflect its tissue partition coefficient in normoxic tissues.
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2. MECHANISM OF ACTION

[*8F]FMISO is an azomycin-based hypoxic cell sensitizer that has a nearly ideal partition
coefficient and, when reduced by hypoxia, binds covalently to cellular molecules at rates
that are inversely proportional to intracellular oxygen concentration, rather than by any
downstream biochemical interactions®. The covalent binding of nitroimidazoles is due to
bioreductive alkylation based on reduction of the molecule through a series of 1-electron
steps in the absence of oxygen?. Products of the hydroxylamine, the 2-electron reduction
product, bind stably in cells to macromolecules such as DNA, RNA, and proteins. In the
presence of oxygen, a futile cycle results in which the first 1.electron reduction product,
the nitro radical anion, is re-oxidized to the parent nitr, azole, with simultaneous
production of an oxygen radical anion. FMISO is not in necrotic tissue because
mitochondrial electron transport is absent. The nor elimination for FMISO is
renal. A small fraction of [*F]JFMISO is glucuroni through the kidneys
as the conjugate.

1. MECHANISM OF ACTION FOR

Therapeutic Implications of Hypoxia® from that of normal tissue
in several significant ways. Circumstang i an result in hypoxia when
i ands of accelerated cellular
proliferation excee ions. Because hypoxia increases tumor
atients whose disease poses this risk for

the gerbil"stroke model”8, pig livers®'9, rat liversil12
numerous cancer studies in cell cultures, animals and

ISO is common to all nitroimidazoles and is based on the
chemical reductio es place in hypoxic tissue, covalently binding the chemical to
macromolecules in thatitissue. The specificity of the reaction is enhanced by the fact that
both the reduction and the binding occur within the same cell*’*'8, The reduction reaction,
depicted in Figure 2, is reversible at the first step, depending upon the oxygenation status
of the tissue, so that some FMISO eventually returns to the circulation and is excreted?®.
The reduction of the nitro group on the imidazole ring is accomplished by tissue
nitroreductases that appear to be plentiful and therefore do not represent a rate-limiting
factor!. The 1-electron reduction product (labeled as “II” in Figure 2) may be further
reduced to “llI” or it may competitively transfer its extra electron to O; and thus reform
“1.” This binding takes place at a rate that is inversely related to cellular oxygen
concentration®.
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ic cancer tissUe is relatively radioresistant??. These
possibility of clinically imaging hypoxic tissue in vivo.

has several properties that make it a potentially useful

he prototype molecule, misonidazole, FMISO can be
labeled at the end O yl side chain with *8F, a positron emitter with a 110 minute
half-life?*2%. Fluorine-carbon bonds are highly stable and so the radioactive *¥F would be
expected to remain on the molecule of interest.

MISO and fluoromisonidazole (FMISO) are 2-nitroimidazoles with nearly identical
octanol: water partition coefficients, making them sufficiently lipophilic that they readily
diffuse across cell membranes and into tissues®®, yet maintain a volume of distribution
essentially equal to total body water?®. They are less than 5% protein bound, allowing
efficient transport from blood into tissues!’. The distribution kinetics of 2-
nitroimidazoles fit a linear two-compartment open model, except that high plasma
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concentrations after therapeutic level (gram) injections appear to saturate elimination
processes in both mice and humans and proceed to non-linear kinetics.

Metabolism and Elimination. /n vitro, MISO can be reduced using zinc, iron in HCI,
xanthine oxidase and NADH!. In HeLa and CHO (hamster ovary) cells, reduction appears
only under hypoxic conditions. Comparison with MISO indicates that the reduction
reaction is similar, but slightly slower for FMISO®. FMISO achieves higher tumor: blood
and tumor: muscle concentration ratios than MISO in murine tumors?’.

In vivo, under normal oxygen tension, MISO is metabolized primarily in the liver to its
demethylated form but FMISO is not a substrate for this re n. Additionally, ~7% (in
humans) to ~14% (in mice) is conjugated to glucuronide small amounts (<5%) are
converted to aminoimidazole. Substantial amounts o e recoverable in feces.

urine2%:30,31,

ve used different transplanted
e only normal organs with

significant uptake were those assoc metabolism and excretion,
i.e. liver and kidney. Mice bearing a va t sizes received a single
injection of [2H]FMISO 3 ; esults are shown in Table 4.
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Table 4. Biodistribution of [*H]fluoromisonidazole in C3H mice3?

Tumor: Tumor Estimated hypoxic
Tumor Drug dose . 3% L
Blood ratios volumes. mm fraction
KHT 5 mmol/kg 241 175+ 16 7-12%
KHT 5 mmol/kg 2.29 110+ 25
KHT 20 mmol/kg 2.76 159 +39
KHT 20 mmol/kg 2.86 123 +£37
KHT 5 mmol/kg 5.58 >30%
KHT 5 mmol/kg 8.34
RIF1 5 mmol/kg 1.69 ~1.5%
RIF1 20 mmol/kg 1.76
RIF1 20 mmol/kg
C3HBA 5 mmol/kg 3-12%
C3HBA 5 mmol/kg
* Tumor volumes are mean + standar, jati /group. Animals sacrificed at 4 hr.
+ Hypoxic fractions are taken from Mo 33 for tumors of comparable

size.

ascribed above provided useful information about
ion at a single time post-injection and demonstrated T:B
g. Tumor bearing rats have also been imaged dynamically

time-activity data for tumors and blood up to 2 hr after FMISO injection. These studies
showed that tumors steadily accumulated [2H]JFMISO activity that exceeded levels in
blood after ~20 min.

Dogs with spontaneous osteosarcomas, a tumor that is frequently radio-resistant, have
also been imaged after injection of [*F]FMISO. These images allowed the investigator to
draw regions of interest around tumor and normal tissue in each imaging plane. Timed
blood samples were also drawn and plasma was counted in a gamma well so that, after
decay correction, imaging and blood data could be converted to units of uCi/g. Blood

10
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time-activity curves for dogs were similar when presented in comparable units32. Time-
activity curves for blood, muscle and for a region from a forelimb osteosarcoma in one
dog are shown in Figure 3.

200000 200000
.
1 150000 . muscle
150000 . o plasma
s £ .
E 100000 & 100000 '.
E
i & ‘..-
1 : S ML . - . .
o T
-2% e so 100 150 150

Time post injection, minutes

Figure 3. FMISO blood and tissue clearanc

Muscle equilibrated with blood after 60 min,
to accumulate FMISO above blood levels. The
five dogs, was 284120 min for the dog studies showed marked

with dogs confirmed the

ells and rodent fibroblasts measured the O,-dependency

2 course of uptake at O3 levels approaching anoxia. Uptake
of FMISO by cells g monolayer cultures depended strongly on oxygen
concentration, with me um uptake under anoxic conditions and a decrease to 50% of
maximum binding at levels between 700 to 2300 ppm in several different cell lines
(Table 4a). The O,-dependency of binding was a mirror image of the curve for
sensitization to radiation by O, an advantageous characteristic for a hypoxia tracer
intended to assess radiobiologically significant levels of hypoxia.

11
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Table 5. Inhibition of [2H]JFMISO Binding by Oxygen in vitro3®
02 concentration to inhibit

Cell Line binding by 50% (ppm)
RIF1 720
V79 1400
EMT6 1500
CaOsl 2300

Uptake of FMISO by multi-cellular spheroids provided visual and quantitative measures
of hypoxia. Autoradiographs of 0.8 mm V79 spheroids after incubation with
[*H]FMISO revealed heavily labeled cells in an intermedi ne between the well
oxygenated periphery and the necrotic center. Uptak ic spheroids matched that
in anoxic monolayer cultures; oxygenated spheroid mulate tracer, and
hypoxic spheroids had intermediate uptake.

hydroxylamine derivatives formed anly under hy ditions and were capable of
effects of radiation. These
products have been further characte re differently distributed
depending upon the species. In huma cule never exceeds 10%
of the total MISO, and the i racellular fluid3!. The

for MISO and FMISO are 0.43 and 0.41, respectively;
the LD i or MISO and FMISO are 1.8 mg/g (1.3-2.6) and 0.9
mg/g, re ~ ves of orally administered MISO and FMISO in
2.92) and 2.0 hrs (range 1.79-2.24), respectively. A

C 21 to 32 g, nine-month old, female C3H/HeJ mice gave
toxicities of 0.62 t6 g for FMISO. The long component of the plasma half-life
of FMISO in humans ilar to MISO (8-17 hrs). FMISO is cleared primarily through the
kidneys. Its volume of distribution is large, approximating that of total body water.
Favorable tumor-to-normal tissue ratios for imaging are obtained at low doses of
administered drug. These ratios were obtained in 15 kg dogs with a dose of 1 mg/kg.

After oral dosing that exceeds a schedule-dependent cumulative threshold,
misonidazole induces a peripheral neuropathy in humans, although such dosing far
exceeds the PET imaging dose requirements. Because FMISO will be administered
intravenously, the neurotoxicity of intravenous administration was evaluated in rats
using a battery of routine clinical, neurofunctional, biochemical, and histopathologic

12
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screening methods*®. Male Sprague-Dawley rats were administered intravenous doses
of misonidazole at 0 (vehicle control), 100, 200, 300, or 400 mg/kg daily for 5 days per
week for 2 weeks. Animals were evaluated for functional and pathological changes
following termination of treatment and at the end of 4 weeks. During the dosing phase,
hypoactivity, salivation, rhinorrhea, chromodacryorrhea, rough pelage and ataxia were
observed at 400 mg/kg and body weight gain of the 300 and 400 mg/kg groups was
significantly decreased relative to the vehicle controls (24% and 49% respectively) and
related to reductions in food consumption of 8% and 23%. Although most 400 mg/kg
animals appeared normal immediately after the dosing regimen, rotorod testing
precipitated a number of clinical signs including: ataxia, impaibed righting reflex,
excessive rearing, tremors, vocalization, circling, head jer excessive sniffing and
hyperactivity. All animals recovered and appeared nor ough study termination.

rotorod performance, forelimb group strength, flexes, tibial nerve
beta-glucuronidase activity or tail nerve con ity. scopic changes
were detected in peripheral nerves. Necros cerebellum

regions was observed in the 300 and 400 mg/kg a month after dosing. These
results show that intravenous ad i i zole to rats causes dose-
limiting central nervous system tox eripheral nervous tissue.

4. HUMAN TOXICITY ST

the 1970's when several nitroimidazole
derivatives were testedia g i i linical research trials involving tumors

\ oxicity of radiotherapy. These human studies, no longer in
progress, have9ee i 44 There have been no reported harmful effects until
cumulative doses'€ a few grams, which is approximately 5 to 6 orders of
magnitude greater tf e dosing required for PET imaging.

Gray reported preliminary human pharmacokinetic measurements using six healthy
volunteers®. Subjects received single oral doses ranging from 1 g to 4 g. The peak serum
level at 2 hours was 65 pg/mL and the drug serum half-life was 13.1 + 4.0 hrs. A linear
relationship was demonstrated between administered dose and serum level. Based on
animal studies, a serum level of 100 pg/mL was considered necessary for effective
radiosensitization and the oral dose calculated to achieve that serum level was 6.5 g.
Single oral doses of 4-10 g were administered to 8 patients with advanced cancer and a
life expectancy limited to 12 months. All patients experienced some degree of nausea,
vomiting and anorexia for 24 hours. One of the eight had insomnia. At 10 g the nausea

13
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and vomiting were extreme, and the anorexia lasted for a week. Peak serum levels were
obtained between 1 and 3 hrs. The serum half-life ranged from 9-17 hrs with the
median at 14 hrs.

Clinical studies employing multiple dosing of MISO have also been reported and
peripheral neuropathy (PN) was the manifestation of toxicity that became dose limiting
with daily doses of 3-5 g/m2. The results of a sequential dose reduction study*® are
shown in Table 6:

Table 6. Clinical toxicity of misonidazole

Dose Affected
(g/m?) Doses/wk. Weeks Patients

% Pts. with peripheral
neuropathy

3-5 5 3 75
2 2 3 33
0.4-0.8 3-5 3-6 16

7

ity during

peutic doses has been
observed with weekly g ; -2g/m? for 6 weeks*” and 0
y due to the fact that the drug, which has
: etely from the body. Dische had a similar
experience, noting tha ea produce the most consistent
correlatio C he maximum recommended safe dose

: convulsions: One patient received 51g in 6 fractions over
17 days, and the received 16g in 2 doses over 3 days.

The above data suppo he conclusion that FMISO’s primary toxicity is likely to be
peripheral neuropathy, which is dependent upon frequency and dose level. There is no
evidence to suggest that FMISO poses a risk for PN when administered as an imaging
agent for PET as described herein. The risk for PN in fact appears to be minimized or
absent even at therapeutic doses that far exceed those necessary for PET imaging.

5. [**F]JFMISO HUMAN TOXICITY

A search for recent articles dealing with the human toxicity of fluoromisonidazole
(FMISO) yields no results. Therefore, this assessment relies on animal studies and

14
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similarities among related chemical entities. The octanol/water partition coefficients for
MISO and FMISO are 0.43 and 0.41, respectively; the LD50's in adult male Balb/C mice
for MISO and FMISO are 1.8 mg/g (1.3-2.6) and 0.9 mg/g, respectively3® and in CH3
mice the LD50 is 0.6 mg/g for FMISO3°. Using the relative toxicity factors from Paget
(1962)>! of 1.0 for mice and 9.8 for humans, the projected LDsp values are:

LDsg values Misonidazole Fluoromisonidazole

Concentration for human 0.184 g/kg 0.06-0.09 g/kg
Dose for 70 kg subject 12.86 g 6.43 g

The MISO values by this calculation are conservativ ared with the findings
in early human trials (see Section 7, MISO Hum e serum half-lives
of orally administered MISO and FMISO in mi 7-2.92) and 2.0
hrs (range 1.79-2.24), respectively. The lon If-life of FMISO

in humans is similar to MISO (8-17 hrs). FMIS i he kidneys.

s studied with tracer doses of
tion 9).

human toxicity cha ation and conclusions. The radiation dose associated with
[*8F]FMISO is discussed®Separated in Part VI.

7. MISO HUMAN SAFETY STUDIES

Misonidazole for Therapy. In addition to their role as imaging agents, nitroimidazoles
have been studied as therapeutic radiosensitizers (oxygen mimetics). These studies of
over 7000 patients in 50 randomized trials have been reviewed**. Oral MISO was the
agent in 40 of the trials involving about 5400 patients. The maximum doses used were 4
g/m?in a single dose and 12 g/m? as a total dose. The most common serious/dose
limiting side effect was peripheral neuropathy with a latency period of several weeks.

15
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The neuropathy was prolonged and, in some cases, irreversible. Nausea, vomiting, skin
rashes, ototoxicity, flushing and malaise have also been reported at therapeutic dosing
levels that vastly exceed imaging dose requirements. While these molecules are no
longer used as clinical radiosensitizers, the results show the range of human experience
with nitroimidazoles, and, in particular, support a reliable trend towards safety at
imaging range dosing.

A 1978 study of oral misonidazole (MISO) as a radiosensitizing agent in human
astrocytoma found good absorption, peak plasma levels between 1 and 4 hours and a
half-life between 4.3 and 12.5 hours. Doses limited to 12 g/ roduced some nausea
and vomiting but no serious side effects*®. In an earlier st ray found a wide
variation in tumor/plasma distribution ratios in six cas vanced human metastatic
breast cancers and soft tissue sarcomas*®. The maxi in this study was 10 g,
which caused a week of anorexia. Patients receivi g tolerated the drug
well.

8. [*FJFMISO HUMAN SAFETY STUDIES

human studies of [*°F]FMISO
with the [*8F]FMISO human

We are unaware of, nor did a liter
safety in humans beyond the carrie
studies described below.

[*8F]FMISO is a radio : has been used for investigating tumor
hypoxia with PET. It is compos > oromisonidazole labeled with < 10 mCi
5 at the time of injection. The drug is the
ulated in'< 10 mL of 5% ethanol in saline for

pical purity of the [*8F]FMISO is >95%.

d in several recent publications??°2°354,
armaceutical useful in obtaining images to quantify

57 1t is the most commonly used agent for PET imaging of

Positron emission scanning with 8F-FMISO has been studied over the past ten years in
Australia, Switzerland, Denmark, Germany, China, and the United States under RDRC
approval or its equivalent. Several published studies from the United States are from the
University of Washington in Seattle and were conducted under an IND. Since 1994 up to
4 injections of FMISO, each followed by a PET scan, have been performed in Seattle
alone on approximately 300 patients; data have been published on over 133 of these.
[*8F]FMISO has been used to image ischemic stroke, myocardial ischemia and a wide
variety of malignancies. Although, if totaled, the papers in Table 8 would list
approximately 700 patients, we have taken a more conservative approach to reduce

16
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possible duplication from multiple papers using the same patient data. Nonetheless as
many as four 8F-FMISO injections and PET scans have been performed in over 600
different patients represented in the published papers as listed in Part VII, “Previous
Human Experience.” Administered doses ranged from approximately 3 to 30 mCi (100-
1100 MBq). As would be expected based upon the above safety assessment of the agent
when dosed and used for imaging, no adverse events have been attributed to ¥F-FMISO
in any of these reports.

10. FMISO GENOTOXICITY AND MUTAGENICITY

sonidazole and related
ell line (mouse embryo

Multiple studies have found genetic transformations due
nitroimidazoles using in vitro assays. The murine C3H/

fibroblast) has a normal spontaneous transformatio of <10 but these cells
undergo oncogenic transformation in vitro whe cal and physical
agents. The frequency of transformants with drug was 2.27+
0.38 x 10 for FMISO and 4.55 + 0.95 x 10 these values
are about three to five times the background e would
require about 10 grams of drug in a human. Ima s will inject < 15 ug, or about
0.00015%.

FMISO and MISO were mutagenic w ved b rotocol using specific
Salmonella typhimurium ins. a3sing growth of revertants from

3 SO showed fewer revertants, ~1,000 at
100 pg drug per plate ants at 10 ug per plate®. In other cell lines,

the frequency of unsché used as an index of genotoxicity. In
this assa ts of dpm/ug of DNA is used to quantify
DNA's is. alm of FMISO, the rate was 54 + 6 for hepatocytes, 187 + 14
for BLE f 7 + 11 for JB1 (transformed) cells®*, with very
similar v F on, the control rate of DNA synthesis was 54 + 4,
179 £ 15 an® tively for the three cell lines. This work concluded that in
hypoxic cells nite@imi @s rfeact much more with thiols than with DNA. While each of
these three tests dete level alterations to DNA, exposure was both several
orders of magnitude'g er than, and of longer duration than that required in PET

imaging with [*8F]FMISO. Drug exposure for imaging studies is below the levels where
any genotoxicity was observed.

11. ADVERSE EVENTS AND MONITORING FOR TOXICITY
No adverse events have been attributed to PET imaging/diagnostic administration of
['8F] FMISO at the levels described herein in well over 1,000 injections, based upon up

to 4 injections administered to each of over 600 patients. Thus no adverse effects are
expected as a result of the IV administration of [*®F]FMISO for typical PET imaging
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applications such as tumor hypoxia. The proposed [8F]FMISO imaging dose is less than
0.001% of the recommended safe intravenous dose.

For purposes of informed consent regarding reasonably foreseeable risks to subjects in
trials utilizing [*®F]FMISO, the following potential adverse effects are considered
extremely rare:

= Risks related to allergic reaction that may be life threatening

= |njection related risks that may include infection, or extravasation of the dose that
may lead to discomfort, localized pain, temporary loss of lecal function, and self
limited tissue damage,

trained and

ent. The subject

ies. Emergency

al standards for

These risks are minimized by the requirement that
licensed/certified personnel prepare, deliver an
should be monitored per institutional standar
equipment, procedures, and personnel sho
imaging performed with intravenous contrast:

PET imaging
e in place per instit

Radiation from 8F carries an assog d risk to the t. The organ and total body

doses associated with FMISO PET i o or lower than those
associated with other widely used cli cedures and are well

i al radiopharmaceuticals
by the FDA.
12. SAFETY AND TO IPONENTS OF THE FINAL ['8F]FMISO

DRUG PRODUCT

uent of 5% ethanol, USP. The injected dose
aximum of 0.5 mL of ethanol. This is less than 5%
n the Registry of Toxic Effects of Chemical

g. Based upon widespread and routine use of ethanol in
injectates, in cont i and quantities similar to that specified herein, there is no
reason to suspect thg dual ethanol from [*8F]FMISO purification would pose any
danger of toxicity when used in imaging studies.

The other components of the final product solution are USP grade sterile water for
injection and sterile saline. These are all nontoxic for USP grade injectables at the
concentrations used. The final product is at pH 7 and the final injection volume is <10
mL.

The potential contaminants in the final [*®F]FMISO drug product are: acetone,
acetonitrile, Kryptofix® [2.2.2], other reaction products and if they are not required for
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the system in use, they are not measured. Residual solvents in the final product are
limited to 5,000 ppm (ug/mL) of acetone and 410 ppm of acetonitrile. Acetone is used
to clean the TRACERLab FXrn and other related systems but not all new cassette based
systems do. Acetonitrile is used to dissolve the Kryptofix® [2.2.2] and is the solvent for
the reaction. The permissible level of acetonitrile in the final product is <400 ppm, the
USP permissible level of acetonitrile in 2-[*3F]FDG. The allowable level for acetone is
<5,000 ppm. Acetone is a Class three solvent. This class of solvents includes no solvent
known as a human health hazard at levels normally accepted in pharmaceuticals.
Therefore, this limit is based upon the FDA’s Guidance for Industry ICH Q3C-Tables and
List (November 2003 Revision 1), page 7, where it considers 58000 ppm in 10 mL, 50 mg
or less per day, of Class 3 residual solvents as an accepta it without additional
justification.

The toxicity for Kryptofix® [2.2.2] has not been r ber Kryptofix®
[2.2.2] MP4750000) although this reagent ha herapeutic in
mice for chelation therapy after strontium ed a maximum
permissible level of 50ug/mL of Kryptofix® [2. is maximum

trace impurity is 1-(2,3-dihydroxy)pro Lroim ther impurities are
possible. For this reason i S otal of other materials in

at 254, 280 or 327 nm. The 35 ug is
determined by assu compounds have the same molar

18F js a p@ of 110 minutes. Intravenously injected [*8F]-
FMISO dist the total body water space, crossing cell membranes,
ier, by passive diffusion. [*¥F]JFMISO is bound and retained

radiation absorbed dose associated with the imaging procedure. Dosimetry studies were
performed at the University of Washington and have been published in the peer-
reviewed Journal of Nuclear Medicine®>.

Sixty men and women were subjects in the study. Of these, 54 had cancer, three had a
history of myocardial ischemia, two were paraplegic and one had rheumatoid arthritis.
After injecting 3.7 MBq/kg (0.1 mCi/kg), urine and normal tissues distant from each
subject’s primary pathology were imaged repeatedly to develop time-activity curves for
target tissues. All tissues demonstrated a rapid uptake phase and first-order near-
logarithmic clearance curves. All tissues receive a similar radiation dose, reflecting the
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similarity of biodistribution to that of water. Total tissue uptake data were normalized
for a 1.0 MBq injection into a 70 kg man. The organ curves are shown in Figure 4 and

Figure 5°°:
R e — i S
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injected dose.
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Table 7. Radiation Absorbed Dose to Organs

Mean Mean Total / 7 mCi
Tissue (mGy/MBq) (mrad/mCi) (mrad)
adrenals 0.0166 61.4 430
Brain 0.0086 31.8 223
Breasts 0.0123 455 319
gall bladder wall 0.0148 54.8 383
lower large intestine 0.0143 52.9 370
small intestine 0.0132 48.8 342
stomach 0.0126 46.6 326
upper large intestine 0.0140 363
heart wall 0.0185 479
kidneys 0.0157 407
Liver 0.0183
Lungs 0.0099
Muscle 0.0142 . 368
Ovaries 0176 456
pancreas 464
red marrow 282
bone surface 199
Skin 124
Spleen 422
Testes 54.0 378
Thymus 57.4 401
Thyroid 55.9 391
77.7 544
67.7 474
57.0 399
46.6 325

a 70 kg man injected with 3.7 MBq/kg was 0.013
mGy/MBgq; for a 5 an it was 0.016 mGy/MBq. Effective dose equivalents were
0.013 mSv/MBq for and 0.014 mSv/MBq for women. Ninety-seven percent of the
injected radiation was homogenously distributed in the body, leaving only 3% for
urinary excretion. Doses to smaller organs not directly determined by visualization, such
as the lens, were calculated assuming average total-body concentrations. The absence
of tracer visualized in images of those organs indicated that accumulation there was not
increased.

Calculated tota

The radiation exposure from [*8F]FMISO is equal to or lower than that of other widely
used nuclear medicine studies. Increasing the frequency of voiding can reduce radiation
dose to the normal organ receiving the highest radiation absorbed dose, the bladder
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wall. Potential radiation risks associated with a typical PET study utilizing this agent are
within generally accepted limits.

Additional radiation exposure will occur with any PET study but is site and procedure
specific. Attenuation correction is required, from either a germanium rod transmission
or a low dose CT scan. The radiation dose is larger with CT attenuation correction and
larger for body compared to head, but will depend on the exact equipment and
scanning protocol used. Each trial site will need to address this with their local
information.

VII. [*8F]FMISO PREVIOUS HUMAN EXPERIENCE ESSMENT OF CLINICAL

[*8F]FMISO is a radiolabeled imaging agent th stigating tumor
hypoxia with PET. A hypoxia-imaging agent od flow, which
is achieved when the partition coefficient of t i imaging is

done at a time when the tracer distribution has d with its entry‘into the cells.
[*8F]FMISO is an azomycin-based ic cell sensiti at has a nearly ideal partition
coefficient and binds covalently to re inversely proportional to
intracellular O, concentration, rathe biochemistry. It is
composed of < 15 pg of fluoromisonida Ci of radioactive ®F at a
s the only active ingredient,

gen, Poy, and hypoxia in the time interval after the
inistered.

Positron emission sca 5 with [18F]FMISO has been studied over the past ten years in
Australia, Switzerland, Denmark, Germany and in the United States under RDRC
approval or its equivalent. Several published studies from the United States are from the
University of Washington in Seattle and were conducted under IND 32,353. Since 1994,
approximately 300 patients have undergone FMISO PET scans in Seattle, at least 133 of
whom are included in Table 8 of published studies. [*¥F]FMISO has been used to image
ischemic stroke, myocardial ischemia, and a wide variety of malignancies.

Based upon published papers we know, over 4,240 unique patients have undergone up
to 4 injections of the agent as described herein. Administered doses ranged from
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approximately 3 to 30 mCi (100 - 1100 MBq). No adverse events were noted in any of
these papers, which are summarized in Table 8. Representative recent papers from key
groups in [F-18]FMISO PET imaging are summarized below.

In a paper published by Mortensen in 2010% 18 F-FMISO PET was compared to
polarographic oxygen-sensitive electrodes. The aim of this study was to examine the
association between measures of hypoxia defined by functional imaging and Eppendorf
pO 2 electrodes. Nine patients with squamous cell carcinoma of the head and neck and
nine with soft tissue tumors were included. The tumor volume was defined by CT, MRI,
18 FDG-PET or by clinical examination. The oxygenation statu§of the tumors was
assessed using 18 F-FMISO PET imaging followed by Eppe pO2 electrode
measurements. Data were compared in a virtual voxe Iting in individual
histograms from each tumor. For 18 F-FMISO PET t ranged from 0.70 to

2.38 (median 1.13). Analyzing the virtual voxel h could be categorized
in three groups: Well oxygenated tumors wit ance between the
18 F-FMISO data and the Eppendorf measu ise with
concordance between the two assays, and inc ordance
between the assays. The conclusion was that the pectrum of hypoxia among
tumors that can be detected by b . correlation was observed, and

in general, tumors were more hypo O 2 measurements as
compared to 18 F-FMISO PET.

In a paper published tients with glioblastoma who
underwent T1Gd, T ither prior to surgical resection or biopsy,
after surgery but pric i fter radiation therapy. Abnormal regions

Bs greater than 1.2, and the maximum T/B
(T/Bmax) wa he voxel with the greatest T/B value. They found that the

) straddling the outer edge of the T1Gd abnormality and
into the T2. A sig elation between HV and the volume of the T1Gd
abnormality that relie the existence of a large outlier was observed. There was
consistent correlation between surface areas of all MRI-defined regions and the surface
area of the HV. The T/Bmakx, typically located within the T1Gd region, was independent
of the MRI-defined tumor size. Univariate survival analysis found the most significant
predictors of survival to be HV, surface area of HV, surface area of T1Gd, and T/Bmax.
They concluded that hypoxia may drive the peripheral growth of glioblastomas#’.

In a 2008 paper by Lin, seven patients with head and neck cancers were imaged twice

with FMISO PET, separated by 3 days, before radiotherapy. Intensity-modulated
radiotherapy plans were designed on the basis of the first FMISO scan, to deliver a boost
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dose of 14 Gy to the hypoxic volume, in addition to the 70-Gy prescription dose. The
same plans were then applied to hypoxic volumes from the second FMISO scan, and the
efficacy of dose painting evaluated by assessing coverage of the hypoxic volumes using
Dmax, Dmin, Dmean, D95, and equivalent uniform dose (EUD). The authors found
similar hypoxic volumes in the serial scans for 3 patients but dissimilar ones for the
other 4. There was reduced coverage of hypoxic volumes of the second FMISO scan
relative to that of the first scan. The decrease was dependent on the similarity of the
hypoxic volumes of the two scans. They concluded that the changes in spatial
distribution of tumor hypoxia, as detected in serial FMISO PET imaging, compromised
the coverage of hypoxic tumor volumes achievable by dose-painting IMRT. However,

resectable rectal cancer. They concluded that
functional characteristics that chang
good spatial correspondence, whi
FMISO uptake in normoxic tissue a
FLT-PET/CT imaging seem most appra
cancer?1,

Nehmeh et al. repa
these, 6 were exclude

neck cancer patients in a 2008 paper. Of
hnical reasons. All patients underwent

ing causes of changes in intratumor distribution
before single i -FMISO PET images can be used as the basis of hypoxia-
targeting inten radiotherapy?®.

In a 2008 paper Lee re ed on a study that examined the feasibility of ((18)F-FMISO
PET/CT)-guided IMRT with the goal of maximally escalating the dose to radioresistant
hypoxic zones in a cohort of head and neck cancer (HNC) patients. (18)F-FMISO was
administered intravenously for PET imaging. The CT simulation, fluorodeoxyglucose
PET/CT, and (18)F-FMISO PET/CT scans were co-registered using the same
immobilization methods. The tumor boundaries were defined by clinical examination
and available imaging studies, including fluorodeoxyglucose PET/CT. Regions of elevated
(18)F-FMISO uptake within the fluorodeoxyglucose PET/CT GTV were targeted for an
IMRT boost. Additional targets and/or normal structures were contoured or transferred
to treatment planning to generate (18)F-FMISO PET/CT-guided IMRT plans. The authors
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found that the heterogeneous distribution of (18)F-FMISO within the GTV demonstrated
variable levels of hypoxia within the tumor. Plans directed at performing (18)F-FMISO
PET/CT-guided IMRT for 10 HNC patients achieved 84 Gy to the GTV(h) and 70 Gy to the
GTV, without exceeding the normal tissue tolerance. An attempt to deliver 105 Gy to
the GTV(h) for 2 patients was successful in 1, with normal tissue sparing. The conclusion
was that it was feasible to dose escalate the GTV(h) to 84 Gy in all 10 patients and in 1
patient to 105 Gy without exceeding the normal tissue tolerance. This information has
provided important data for subsequent hypoxia guided IMRT trials with the goal of
further improving locoregional control in HNC patients??’.

Thorwarth et al. published a 2008 paper on a dose painti
hypoxia-induced radiation resistance. 15 HNC patients
and dynamic 18F-FMISO PET before the start of a 7

ategy to overcome
xamined with 18F-FDG
rapy. After approx. 20

Gy, a second dynamic 18F-FMISO scan was perf: sed 18F-FMISO PET
data were analyzed with a kinetic model, whi ination of local
tumor parameters for hypoxia and tissue p sis showed
that only a combination of these two parame me. They
concluded that a translation of the imaging data able dose prescription can

tional parameters. A model
was calibrated using the outcome data s ts. This model mapping of
locally varying dose escalation factors py planning. A planning
study showed that hypoxi igher burden for the
organs at risk?%,
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Table 8. Published manuscripts reporting 18F-FMISO human imaging studies

Year Clinical Condition N mCi injected MBq injected Reference
66
2023 | Glioma 35 14.9 mCi 350-550 MBg | Vo8
apan
( 2023)
Suzuki®”
2023 Glioma 7
(Japan 2023)
. Sommat®®
2023 | Head & Neck 9 0.1 mCi
(Singapore 2023)
0.2 mGi Inada®
apan
2023 Lung 15 0 2023)
Head & Neck / Gouel™
0.11 4 MBq/kg
2023 (SI(::'J;I::;Z Cell 16 itzerland 2023
Carmona-Bozo”*
2023 Breast (United Kingdon

2023

2023)

Non-small-ce

Bourigault”?
(United Kingdon
2023)

Bourigault”

2022 (United Kingdon
2022)
Rihle”
2022 370 (Germany 2022)
Shah’®
2022 370 (USA 2022)
Uchinomura’®
2022 3.7 MBa/ke (Japan 2022))
. Welz””
2022 Head and 39 9.4 mCi 346.7 MBq. (Germany 2022)
Adenocarcinoma . Yoon”®
2021 (Biliary tract cancer) 20 15 md 235 MBq (Korea 2021)
Head and Neck Ro h7?
. gasc
2021 Squamous Cell 8 0.1 mCi 3.7 MBa/ke), (Germany 2021)
Carcinomas
) y Thureau®
0.12 mCi/kg 4 MBa/kg
2021 | Lung 20 (France 2021)
Suzuki®?
5021 | Glioma 87 7.1+15mCi 262 £54.3 MBq

(Japan 2021)
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Riihle®
2021 Head-and Neck 39 (Germany 2021)
Head and Neck Paudyal®
10.5 £ 0.4 mCi1l 390 + 16 MBq
2021 Squa.mous Cell 23 (USA 2021)
Carcinomas
e ek
10.5 mCi 387.8 MBq
2021 20 (USA 2021)
cell
Lépez-Vega®
2021 Breast 70 (Spain 2021)
Lee®
; 10 mCi
2021 colorectal carcinoma 15 (Australia 2021)
Lee®’
2021 Colorectal Carcinoma 40 (Australia 2021)
Head & Neck
2021 Squamous Cell 28
Carcinoma den 2021)
Huang®
2021 Glioblastoma 33 (USA 2021)
2021 Glioblastoma Collet®°
(France 2021)
Carmona-Bozo®!
mCi 306 = 14 MBq
2021 Breast (UK 2021)
2021 head and neck Zschaeck®?
(Germany 2021)
Carles®
2021 0.12 mCi/kg 4 MBqg/kg
(Germany 2021)
Socarras
2020 6.7 - 12 mCi 250-444MBA | Fernandeza®
(Germany 2020)
/ / Leimgruber®®
; 0.05 mCi/KG 1.85 MBa/kg
2020 Glioblastoma 10 (Australia 2020)
0.1 mCI/kg Nicolay®
Y
2020 Head and Neck 49 3.7 MBg/kg to a
Squamous Cell (Germany 2020)
Riihle®”
5020 | Headand Neck 49 0.1 mCi/KG 3.7 MBa/kg
Squamous Cell (Germany 2020)
2020 oral squamous 18 Shima®®

(Japan 2020)
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head and neck 0.12 £0.03 .. 99
squamous cell mCi/kg 4.4 +1.0 MBg/k Sorensen
2020 _ 29 Ve (Germany 2020)
carcinoma
2020 Non-small-cell Lung 79 0.12 mCi/ke 4.5 MBa/kg Thureaul®
(France 2020)
5.6-9.0 mCi Wiedenmann10!
2020 head and neck 21 209-332 MBq (Germany 2020)
2020 head and neck 102 Zschaeck?!®?
(Germany 2020)
' Andrzejewskil®3
2019 Breast 9 0.08 mCi (USA 2019)
2019 Head & Neck 45 Bandurska-Luque%
EQSZT:;: cell (Germany 2019)
2019 Head & Neck 36
(Poland 2019)
2019 Myocardium 26 Jagtap10®
(India 2019)
2019 Head-and-Neck Kroenke%’
(Japan 2019)
2019 | Head and nee 250-300MBa 1 5 0
zgr?:e” (Germany 2019)
2019 370 MBq McGowan 1%
(United Kingdom
| 2019)
2019 0.1 mCike 5 MBa/ke Shimizu 10
(Japan 2019)
2019 0.08 mCi/kg 3 MBq/kg Supiot!!
(France 2019)
2019 Head & Neck 25 Thorwarth12
(Germany 2019)
2019 Non Small Cell Lung 54 Vera!?
(France 2019
2019 Non Small Cell Lung 32 10.8 mCi 400 MBq Watanabe!*

(Japan 2019)
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2019 Pancreatic 25 0.2 mCike 7:4 MBa/ke Yamane!?®
Adenocarcinoma (Japan 2019)
2019 | Gliomas 9 0.1 mCi/ke 3.7 MBa/ke Abdo 6
(France 2019)
2019 | Brain 23 10.7:mCi 395.0 MBq Kobayashi''?
(Japan 2019)
2018 non-small cell lung Lj118
> (China 2018)
2018 Non-small Cell Lung Lite
29 0.13 mCi/kg (China 2018)
2018 Non-Small Cell Lung Thureau?®
(France 2018)
Head & Neck
2018 Squamous Cell
Carcinoma
. Tachibana'??
2018 Radiotherapy (Japan 2018)
Supiot!?
2018 Prostate (France 2018)
124
5018 OraI.Squam Sato
Carcinoma (Jaban 2018)

Ratail?®
2018 3.7 MBq/kg (USA 2018)
Nehmeh?%®
2018 388-407 (USA 2018)
McGowan'?’
2018 | ell Lung ? 10 370 (UK 2018)
Non—Small . Lit2®
2018 Cell Lung Cancer 29 0.13 mCi/ke 4.81 MBa/ke (China 2018)
Non—Small Lit?®
2018 Cell Lung Cancer > (China 2018)
2018 ? ef:nf‘oﬂf EII;II 75 Crispin-Ortuzar®®
qua (USA 2018)
Carcinoma
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Head & Neck Chatteriee3!
2018 | Squamous Cell 18 0.095 mCi/kg 3.5 MBq/kg e
. (India 2018)
Carcinoma
Asano!*?
2018 Breast 44 0.2 mCi/kg 7.4 MBq/kg (Japan 2018)
Head & Neck
Schwartz?!33
2017 Squa.mous Cell 16 6.5-10.3 242-382 (USA 2017)
Carcinoma
Locally Advanced
134
2017 Squa.mous Cell 25 Welz
Carcinomas of the (Germany 2017)
Head and Neck
Ueda®3®
2017 Breast 28 0.2 mCi/kg (Japan 2017)
i Toyonaga®®
+
2017 Glioblastoma 32 413.94£28.2 Japan 2017)
Head & Neck
Simoncic!®’
2017 Squa.mous Cell 6 (Germany 2017)
Carcinoma
Oral Squamous Cell Sato!3®
2017 Carcinoma 23 (Japan 2017)
nasopharynge Qiul*
2017 cancer (China 2017)
Puril40
Rectal 333-397 (UK 2017)
Preibisch#!
+ +
5.2+ 0.95 194.6 £ 35.0 (Germany 2017)
Nishikawa#?
108 400 (Japan 2017)
Head & Ne : 143
2017 | Squamous 25 8.5-12 315-444 Monnich
. (Germany 2017)
Carcinoma
Non-Small McGowan#*
2017 Cell Lung Cancer 9 10 370 (UK 2017)
Head & Neck Lock145
2017 Squamous Cell 25 6.8-8.1 250-300
. (Germany 2017)
Carcinoma
Non-Small Kelada'4®
2017 Cell Lung Cancer 6 5 185 (USA 2017)
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2017 | Glioblastoma a1 11.9+2.7 439.6£99.9 5222;02217)

2017 ?(:Tj:rr%oll:lse f:kell 120 | ocioa 389£15 (GJIS(ZVZSS':;
Carcinoma

2017 ;'sj:n%o':: Cclfan 72 L0 £ 04 390 + 14 EJ:Z\';'S;;;
Carcinoma

2017 | Cervical 13 54-95 (GUe;ptgzlgoﬂ)

2017 Cervical 10 0.08 mCi/kg I(Jza:)nlisli:stria)

2017 Glioblastoma 23 0.14 ?Far:::;ezi;)

2017 Glioma 13

2017 ?qej:rr%otlse fike” (BGo:rI:::y 2017)
Carcinoma

2017 Glioma ?F?rl;ii:js)ﬂ)

2016 | Lung 4.81 MBa/kg 2/(\:/:?::: 2016)

2016 267 +15.3 (%l;i:i;elzac;ig?dmom

2016 296-370 (szfszom)

2016 Cell Lung 10 9.6-11 326-407 (GL::ZVZS;I;;

2016 ;Ic?j:r:olt\:se CCI;II 16 0.1 mCi/kg 3.7 MBa/kg ?ét:ri;l:; 2016)
Carcinoma

2016 Glioma 4 7 259 ?S;Zjazsoli;)

2015 ggsz?gagancer 1 4.9 181 (ZSSe:gzl(jZlS)

33




Investigator’s Brochure: [18F]FMISO

Non-Small Sachpekidis'®3
2015 Cell Lung Cancer 13 6.8 250 (Germany 2015)
. Barajas?'®
2015 Glioma 1 7 259 (USA 2015)
Non-Small Arvold1®
2015 Cell Lung Cancer 2 9.5-10.5 352-389 (USA 2015)
Ueda?6®
2014 Breast 7 0.2 mCi/kg 7.4 MBg/kg (UK 2014)
167
2014 OraI.Squamous Cell 2 Sato
Carcinoma 10.8 (Japan 2014)
. Rockne?68
2014 Glioblastoma 1 (USA 2014)
2014 Stroke 19 15 ea 2014)
Head & Neck
de Figueiredo!”®
2014 Squa.mous Cell 10 Ba/kg (France 2014)
Carcinoma
Non-Small Thereau!”?
2013 Cell Lung Canc MBa/ke (France 2013)
. Tachibanal”?
2013 Various 7.4 MBq/kg (Japan 2013)
Segard!”?
2013 0.19 mCi/kg 7 MBa/ke (Australia 2013)
al Squamous Ce Sato!7*
2013 10.8 400 (Japan 2013)
Okamoto?”
+
2013 . 11 11.2+0.7 414+26 (Japan 2013)
Carcinoma
Head & Neck
Norikane’®
2013 Squa.mous Cell 39 0.1 mCi/kg 3.7 MBqg/kg (Japan 2013)
Carcinoma
Head & Neck
de Figueiredo'””
2013 Squa.mous Cell 15 0.1 mCi/kg 3.7 MBqg/kg (France 2013)
Carcinoma
Head & Neck
Chang?'’®
2013 Squa.mous Cell 8 10 370 (China 2013)
Carcinoma
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Head & Neck Bittnerl?
2013 Squamous Cell 16 . 3.7 MBqg/kg Hner
Carcinoma 0.1 mCi/kg (USA 2013)
Alawneh?&
2013 Stroke 3 . 1.85 MBq/k
0.05mCi/kg a/ke (UK 2013)
H 181
2012 | Glioma 2 12.2 450 Narita
(Japan 2012)
- 182
2012 Head & Neck Cancer 7 10 370 Toma. dasu
(Belgium 2012)
: 183
2012 | Glioma 23 10.8 Hirata
(Japan 2012)
0.1 mCi/kg 184
2012 | Glioma 30 Yamamoto
Max 7 (Japan 2012)
185
2012 Skull Base Chordoma 7 0.14 Mammar
rance 2012)
186
2012 Head & Neck Cancer 40 da
(Japan 2012)
Chen'®
2012 Head & Neck Cancer 12 +1.7 MBa/kg
(USA 2012)
H 188
2012 Head & Neck Cancer Zips
(Germany 2012)
MBa/kg 189
2012 Various ca McKeage
<370 (New Zealand 2012)
»o11 197-348 Kawail%°
Median = 308 (Japan 2011)
191
2011 0.05 mCi/kg 2.0 MBg/kg | Ver@
(France 2011)
192
2011 7 259 Eary
(USA 2011)
2011 13.7-19.4 510-718 Kikuchil®3
Carcinoma Mean 16 Median=592 (Japan 2011)
0.1 mCi/kg 3.7 MBqg/kg : 194
2011 Head & Neck Cancer 10 Hendrickson
Max 7 Max 370 (USA 2011)
195
2011 | Glioma 1 8.3 307 De Clermont
(France 2011)
196
2011 Renal Cell Carcinoma | 53 0.14 mCi/kg 5 MBg/kg Hugonnet
(France 2011)
:197
2011 Head and Neck Cancer | 23 6.9 256 +37 Abolmaal
(Germany 2011)
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Head & Neck 13.7-19.4 510-718 Yamanel%8
2011 Squamous Cell 13 M 16 Median= 592 (Japan 2010)
Carcinoma ean edian= P
Choi'*®
20 740
2010 Head & Neck Cancer 8 (Korea 2010)
Head & Neck
Wang2®
1 370
2010 Squa.mous Cell 9 0 (USA 2010)
Carcinoma
10.8 400 65
. Mortensen
2010 Soft Tissue & H & N 18 59-125 (Denmark 2010)
] 0.1 mCi/k Szeto20!
2009 Brain Cancer 11 7 mCi (USA 2009)
) Swanson?®®
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2009 Head & Neck Cancer 28 2009)
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2008 Brain Cancer 22 (USA 2008)
LinZOS
2008 Head & Neck Cancer (USA 2008)
Thorwarth?%¢
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2008 Head & Ne p (Germany 2008)
K 344-407 Lee?
2008 Head & Neck Ca (USA, 2008)
208
2008 ~400 Thorwarth
ermany,
(G 2008)
Nehmeh?% (USA
344-407 ’
2008 2008)
210
2008 330-398 Roels
(Belgium 2008)
211
2007 Advanced He 14 9.4-12.2 350-450 Eschmann
Neck Cancer (Germany 2007)
- 212
2007 Advanced Non-Small 4 7 259 Spence
Cell Lung Cancer (USA, 2007)
Gagel?®3
9.6 356
2007 Head & Neck Cancer 38 (2007 Germany)
Thorwarth?!4
10.8 400
2007 Head & Neck Cancer 13 (Germany 2007)
Zimny?®
9.7+0.7 360 + 25
2006 Head & Neck 24 + ht (Germany 2006)
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Non-small cell lung Cherk?®
10 370
2006 cancer 21 (Australia 2006)
2006 | Head and Neck Cancer | 45 Not Reported Not Reported Rischin?”
(Australia 2006)
Nominally 7.0 Nominally 260 Rai 218
jendran
2006 Head and Neck Cancer | 73
Max 10 Max 370 (USA 2006)
- 219
2006 Non-Small Cell Lung 3 8.9+0.10 329+ 36 Gagel
Cancer (Germany, 2006)
. Cher??°
i 0.05 mCi/k 18.5 k
2006 | Glioma 17 /kg /kg (Australia 2006)
Head & Neck cancer 26 Esch 0
2005 9.4-12.2 schmann
Non-Small Cell Lung 14 (Germany 2005)+
Cancer
3.3-1 123-421 o 221
. . Bruehlmeier
2004 Various brain tumors 11 A witzerland 2004)
. Rajendran®
2004 Various cancers 49 (USA 2004)
Gagel???
ermany
2004 Head & Neck cancer G 2004)
. Markus??
ustralia,
2003 Ischemic Stro (A lia, 2003)
218-418 224
Bentzen
2003 Soft tissue tu
Average= 400 (Denmark 2003)
5003 3.7 MBqg/kg Rajendran?
nom 260 (USA 2003)
Read??¢
nom 3.5 nom 130
ustralia
2000 (A lia 2000)
1696 0.1 mCi/kg 3.7 MBqg/kg Rasey??’
nom 7 nom 260 (USA 1996)
1995 Non-Small Ce . 0.1 mCi/kg 3.7 MBq/kg Koh53
Cancer nom 7 nom 260 (USA 1995)
1992 Various cancers 8 0.1 mCi/kg 3.7 MBa/kg Koh?#*
(USA 1992)
Valk®?
i ~10 ~370
1992 Glioma 3 (USA 1992)
Total No. Subjects 4,240%

*|t is possible that some patients are represented more than once.
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The overall conclusion, based upon the studies summarized above, is that [*®F]FMISO
PET identifies hypoxic tissue that is heterogeneously distributed within human
tumors!®. It promises to help facilitate image-guided radiotherapy and to also guide the
use of hypoxia-selective cytotoxins. These are two ways, out of several, that this agent
might potentially help circumvent the cure-limiting effects of tumor hypoxia. In

addition, [*8F]FMISO has identified a discrepancy between perfusion, blood-brain barrier
disruption, and hypoxia in brain tumors'’® and a lack of correlation between FDG
metabolism and hypoxia in several types of malignancies!®. Hypoxic tissue also does not
correlate either with tumor volume or vascular endothelial growth factor (VEGF)
expression?2°4,

[*8F]FMISO PET was able to identify post-radiotherapy t
uptake of tracer. The standardized uptake value (SUV,

recurrence by differential
tween recurrent tumor

and muscle was >1.6, while that between tumor a iastinum was >2.0%.
One study concluded that [*¥F]FMISO was not f ion of tumor
hypoxia in human soft tissue tumors'8. In is was able to
identify the areas of brain tissue into which addition to

. A 2001 study from Finland
aluate 8 patients with head

evaluated as imaging agents in sing
used ['8F]-fluoroerythro-nitroimida

of their higher lipop jvati ore hydrophilic than FMISO, [*8F]-

] been recommended for further study?3?

ISO and by immunohistochemical staining for both
hydrase 1X%32 (Dubois 2004).

Taken together, the g studies show that [*®F]FMISO is able to identify hypoxia, a
unique feature of maligpant and endangered tissues, thereby adding to the
armamentarium of specific markers used to image tumors and potentially impact
treatment for the benefit of individual patients. Low oxygenation status is often
phenotypic of tumors that demonstrate a poor response to therapy, which justifies
extensive investigation of the utility of agents like [*8F]FMISO to improve specific
treatment regimens directed at hypoxic tumors.

The rationale for using a T:B ratio of 1.2 to separate normoxia from hypoxia is based on
human and animal data. The initial animal results showed that normoxic myocardium
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ratios were near unity over a wide range of flows. In numerous other organs of normal
mice, rats, rabbits and dogs, the mean of the distribution histogram was 1.035, median
0.96, for 1342 samples?®3. Therefore, a cut-off of 1.2 was selected, with confidence that
any T:B ratio above that value was indicative of hypoxic tissue. This conclusion is further
justified by the human study presented in Figure 7. In this patient with a primary brain
tumor, the FDG image was co-registered with the FMISO image (left panel). In brain
regions far from the right frontal tumor, the T:B values for FMISO were uniformly less
than 1.2, as depicted by the blue dots in the right panel, even though FDG SUV spanned
a range from about 3 to 13. In the tumor area, a substantial fraction of the pixels were
still in the normal range, but many values exceeded the cut- s shown by the colored
pixels in the FMISO image. A distribution histogram of th data points shows a
continuous distribution, reflecting the fact that the lev, ygenation is a continuum
from normoxic to hypoxic. One consequence of this cale is that FMISO
images exhibit only modest contrast. However, i take is independent
d about, provides
confidence that FMISO images uniquely ide lly significant
levels of hypoxia.

39



Investigator’s Brochure: [18F]FMISO

3.0 4

Hypoxic

2.4

FDG SUV

- Tumor
- Brain
0.0 : : : ‘

FDG SUV

FMISOT: B

40



Investigator’s Brochure: [18F]FMISO

Figure 7. Right-frontal glioma post surgery.

A

41



Investigator’s Brochure: [18F]FMISO

VIIl. REFERENCES

1, Prekeges JL, Rasey JS, Grunbaum Z, Krohn KH. Reduction of fluoromisonidazole, a new
imaging agent for hypoxia. Biochem Pharmacol. 1991; 42 (12):2387-2395.

2. McClelland RA. Molecular interactions and biological effects of the products of
reduction of nitroimidazoles. In: Adams GE, Breccia A, FiedlemEN, and Wardoman P,

Shaw DW, Krohn KA. Binding of the hypoxia tracer
chemia. Stroke. 1987; 18:168-176.

9. Piert M, Machullz er G, Aldinger P, Winter E, Bares R. Dependency of the
[*8F]fluoromisonidazol@tiptake on oxygen delivery and tissue oxygenation in the porcine
liver. Nucl Med Biol. 2000; 27:693-700.

10. Piert M, Machulla HJ, Becker G, et al. Introducing fluorine-18 fluoromisonidazole
positron emission tomography for the localisation and quantification of pig liver

hypoxia. Eur J Nucl Med. 1999; 26:95-109.

11. Smith BR, Born JL. Metabolism and excretion of [>*H]misonidazole by hypoxic rat
liver. Int J Radiat Oncol Biol Phys. 1984; 10:1365-1370.

42



Investigator’s Brochure: [18F]FMISO

12. RiedI CC, Brader P, Zanzonico P, et al. Tumor hypoxia imaging in orthotopic liver
tumors and peritoneal metastasis: A comparative study featuring dynamic *¥F-MISO and
1241_1AZG PET in the same study cohort. EurJ Nucl Med Mol Imaging. 2008; 35:39-46.

13. Shelton ME, Dence CS, Hwang DR, Herrero P, Welch MJ, Bergmann SR. In vivo
delineation of myocardial hypoxia during coronary occlusion using fluorine-18
fluoromisonidazole and positron emission tomography: a potential approach for
identification of jeopardized myocardium. J Am Coll Cardiol. 1990; 16 (2):477-485.

14. Caldwell JH, Revenaugh JR, Martin GV, Johnson PM,
of fluorine-18-fluorodeoxyglucose and tritiated fluoro
flow ischemia. J Nucl Med. 1995; 36:1633-1638.

S, Krohn KA. Comparison
idazole uptake during low-

15. Krohn KA, Link JM, Mason RP. Molecular
49:129S5-148S.

ng of Hypoxia. cl Med. 2008;

16. Vallabhajosula S. 8F-Labeled Positron Emissi raphic Radiopharmaceuticals
in Oncology: An overview of radio istry and me isms of tumor

17. Wiebe LI, Stypinski D._P i diopharmaceuticals for imaging

18. Chapman JD, Fra inJ. for hypoxic cells in tumours with
potential clinical applica er. 1981;343:546-550.

19.N itroimidazoles and imaging hypoxia. Eur J Nucl Med.
1995;

20. Franko A d other hypoxia markers: Metabolism and applications.
Int J Radiat On

21. Wong KH, Walle Wheeler KT. Biodistribution of misonidazole and 1,3-bis(2-
chloroethyl)-1-nitrosourea (BCNU) in rats bearing unclamped and clamped 9L
subcutaneous tumors. Int J Radiat Oncol Biol Phys. 1989; 17:135-143.

22. Rajendran JG Krohn KA. Imaging hypoxia and angiogenesis in tumors. Radiol Clin
North Am. 2005; 43:169-187.

23. Jerabek PA, Patrick TB, Kilbourn MR, Dischino DD, Welch MJ. Synthesis and

biodistribution of 8F-labeled fluoronitroimidazoles: Potential in vivo markers of hypoxic
tissue. Int J Rad Appl Instrum [A]. 1986; 37(7):599-605.

43



Investigator’s Brochure: [18F]FMISO

24. Grierson JR, Link JM, Mathis CA, Rasey JS, Krohn KA. Radiosynthesis of fluorine-18
fluoromisonidazole. J Nucl Med. 1989;30:343-350.

25. Grunbaum Z, Freauff SJ, Krohn KA, Wilbur DS, Magee S, Rasey JS. Synthesis and
characterization of congeners of misonidazole for imaging hypoxia. J Nucl Med. 1987,
28:68-75.

26. Workman P. Pharmacokinetics of hypoxic cell radiosensitizers: a review. Cancer Clin
Trials. 1980; 3:237-251.

27. Rasey JS, Grunbaum Z, Magee S, et al. Characteriz radiolabeled

rmacokinetic and
azole. Xenobiotica. 1978b;

S, Ruane RJ, Troup D. Some aspects of

31. Flockhart IR, Malco
i ppl 1ll. 1978c; 37:264-267.

the metak 1

unbaum Z, and Krohn KA. Radiolabeled
t for tumor hypoxia. Int J Radiat Oncol Biol Phys.

33. Moulder JE, RC
methods of analysis,
10:695-712.

lypoxic fractions of solid tumors: experimental techniques,
a survey of existing data. Int J Radiat Oncol Biol Phys. 1984;

34 Spence AM, Graham MM, Muzi M, et al. Deoxyglucose lumped constant estimated in
a transplanted rat astrocytic glioma by the hexose utilization index. J Cereb Blood Flow
Metab. 1990; 10:190-198.

35. Casciari JJ, Rasey JS. Determination of the radiobiologically hypoxic fraction in

multicellular spheroids from data on the uptake of [*H]fluoromisonidazole. Radiat Res.
1995; 141:28-36.

44



Investigator’s Brochure: [18F]FMISO

36. Koh W-J, Griffin TW, Rasey JS, Laramore GE. Positron emission tomography. A new
tool for characterization of malignant disease and selection of therapy. Acta Oncol.1994;
33(3):323-327.

37. Whitmore GF, Gulyas S, Varghese AlJ. Sensitizing and toxicity properties of
misonidazole and its derivatives. BrJ Cancer. 1978; 37(Suppl 111):115-119.

38. Brown JM, Workman P. Partition coefficient as a guide to the development of
radiosensitizers which are less toxic than misonidazole. RadiataRes. 1980; 82:171-190.

39. Stone HB, Sinesi MS. Testing of new hypoxic cell s s in vivo. Radiat Res.

1982; 91: 186-198.

40. Graziano MJ, Henck JW, Meierhenry EF a
misonidazole in rats following intravenous . 1996; 33(6):
307-318.

41. Dische S. Hypoxic cell sensitize adi . Radiat Oncol Biol Phys. 1978;
4:157-160.

Radiol. 1976; 27:

46. Saunders Ml, Dische S, Anderson P, and Flockhart IR. The neurotoxicity of
misonidazole and its relationship to dose, half-life and concentration in the serum. BrJ
Cancer.1978; 37(Suppl 111):268-270.

47. Wasserman TH, Phillips TL, Johnson RJ, et al. Initial united states clinical and
pharmacologic evaluation of misonidazole (Ro-07-0582), an hypoxic cell radiosensitizer.

Int J Radiat Oncol Biol Phys. 1979; 5:775-786.

48. Wiltshire CR, Workman P, Watson JV, and Bleehen NM. Clinical studies with
misonidazole. Br J Cancer. 1978; 37(Suppl 111):286-9.

45



Investigator’s Brochure: [18F]FMISO

49 Dische S. Misonidazole in the clinic at Mount Vernon. Cancer Clin Trials. 1980; 3:175-
178.

50. Dische S, Saunders Ml, Flockhart IR, Lee ME, Anderson P. Misonidazole-a drug for
trial in radiotherapy and oncology. Int J Radiat Oncol Biol Phys. 1979; 5:851-860.

51. Paget GE. Toxicity tests: A guide for clinicians. J New Drugs. 1962; 2(2):78-83.

52. Rasey JS, Martin, GV, Krohn, KA. Quantifying hypoxia with@sadiolabeled
fluoromisonidazole: Pre-clinical and clinical studies. In: M a HJ, ed. Imaging of
Hypoxia: Tracer Developments. Dordrecht, The Nether, luwer Academic
Publishers,;1999:85-117.

53. Koh W-J, Bergman KS, Rasey JS, et al. Eval
fractionated radiotherapy in human nonsm

18]fluoromisonidazole positron emission tom
33(2):391-398.

| Phys. 1995;

54. Rajendran JG, Mankoff DA, O'S
malignant tumors: evaluation by ['8F
positron emission tomography imaging 2004%10:2245-2252.

55. Graham MM, P
dosimetry in imaging

uorine-18-fluoromisonidazole radiation
; 38(10):1631-1636.

1999; 80:1697-

58. Rischin D, Peters | s R, et al. Phase | trial of concurrent tirapazamine, cisplatin,
and radiotherapy in patients with advanced head and neck cancer. J Clin Oncol. 2001;
19(2):535-542.

59. Valk PE, Mathis CA, Prados MD, Gilbert JC, and Budinger TF. Hypoxia in human
gliomas: Demonstration by PET with fluorine-18-fluoromisonidazole. J Nucl/ Med. 1992;
33:2133-2137.

60. Eschmann S-M, Paulsen F, Reimold M, et al. Prognostic impact of hypoxia imaging
with 8f-misonidazole PET in non-small cell lung cancer and head and neck cancer before

radiotherapy. J Nuc/ Med. 2005; 46:253-260.

46



Investigator’s Brochure: [18F]FMISO

61. Read SJ, Hirano T, Abbott DF, et al. Identifying hypoxic tissue after acute ischemic
stroke using PET and *¥F-fluoromisonidazole. Neurology. 1998; 51(6):1617-1621.

62. Miller RC, Hall EJ. Oncogenic transformations in vitro produced by misonidazole.
Cancer Clin Trials. 1980; 3:85-90.

63. Chin JB, Sheinin DMK, Rauth AM. Screening for the mutagenicity of nitro-group
containing hypoxic cell radiosensitizers using salmonella typhimurium strains TA 100
and TA 98. Mutat Res. 1978; 58:1-10.

65 Mortensen, LS; Buus, S; Nordsmark, M; Be ; ; Keidi ,
J. Identifying Hypoxia in Human Tumors: A Corre dy between 18 F-FMISO PET
: ologica, 2010; 49: 934-940

carcinoma. Asia-Pac Oncol. 2023; 1-9.

% Inada M, Nishimura Y, Hanaoka K, et al. Visualization of tumor hypoxia and re-
oxygenation after stereotactic body radiation therapy in early peripheral lung cancer: A
prospective study. Radiotherapy and Oncology. 2023; 180:109491.

70 Gouel P, Callonnec F, Obongo-Anga F, et al. Quantitative MRI to Characterize
Hypoxic Tumors in Comparison to FMISO PET/CT for Radiotherapy in Oropharynx
Cancers. Cancers. 2023; 15:1918.

47



Investigator’s Brochure: [18F]FMISO

/L Carmona-Bozo J, Manavaki R, Miller J, et al. PET/MRI of hypoxia and vascular
function in ER-positive breast cancer: correlations with immunohistochemistry.
European Radiology. 2023; 33:6168—-6178.

2 Bourigault P, Skwarski M, Macpherson R, Higgins G, and McGowan. Timing of
hypoxia PET/CT imaging after 18F-fluoromisonidazole injection in non-small cell lung
cancer patients. Scientific Reports. 2022; 12

definitive chemoradiation—results from a pro
Nuclear Medicine and Molecular |

’> Shah R, Laeseke P, Shin L, et a 18Fluoromisonidazole in
Assessing Treatment-induced Tissue € 3 r Arterial Embolization

’6 Uchinomura S, al. Distinguishing between primary
central ng toma using [18F]fluoromisonidazole and
[18F]FB

7 We nenberg C, et al. Dose escalation to hypoxic subvolumes
in head and : domized phase Il study using dynamic [18F]FMISO

8 Yoon J, Kang S, Lee K, et al. Targeting Hypoxia Using Evofosfamide and Companion
Hypoxia Imaging of FMISO-PET in Advanced Biliary Tract Cancer. Cancer Res Treat. 2021;
53(2):471-479.

% Rogasch J, Beck M, Stromberger C, et al. PET measured hypoxia and MRI parameters
in re-irradiated head and neck squamous cell carcinomas: findings of a prospective pilot
study [version 1; peer review: 1 approved, 1 approved with reservations]. Mathematical
Biosciences and Engineering. 2021.

48



Investigator’s Brochure: [18F]FMISO

8 Thureau S, Piton N, Gouel P, et al. First Comparison between [18f]-FMISO and [18f]-
Faza for Preoperative Pet Imaging of Hypoxia in Lung Cancer. Cancers. August 14, 2021.

81 Suzuki K, Kawai N, Ogawa T, et al. Hypoxia and glucose metabolism assessed by FMISO
and FDG PET for predicting IDH1 mutation and 1p/19q codeletion status in newly
diagnosed malignant gliomas. EINMMI Research. 2021; 11:67.

82 Riihle A, Grosu A, Wiedenmann N, et al. Immunohistoche
immune prognostic classifier for head-and-neck cancer p
chemoradiation — Post-hoc analysis from a prospectived

Oncology. 2021; 159:75-81.

istry-based hypoxia-
s undergoing
ing trial. Radiotherapy and

8 Nehmeh S, Moussa M, Lee N, et 3
distributions in head and neck squa
11:(38).

8 Lopez-Vega J, Al
Neoadjuvant Bevaciz

: ut N, et al. Prevalence of hypoxia and correlation with
glycolytic metal ziogenic biomarkers in metastatic colorectal carcinoma.
European Journal Medicine and Molecular Imaging. 2021; 48.

88 | azzeroni M, Ureba A, Wiedenmann N, et al. Evolution of the hypoxic compartment
on sequential oxygen partial pressure maps during radiochemotherapy in advanced
head and neck cancer. Physics and Imaging in Radiation Oncology. 2021; 17:100-105.

8 Huang S, Michalek J, Reardon D, et al. Assessment of tumor hypoxia and perfusion in
recurrent glioblastoma following bevacizumab failure using MRI and *¥F-FMISO PET.
Scientific reports. 2021; 11:7632.

% Collet S, Guillamo J, Berro D, et al. Simultaneous Mapping of Vasculature, Hypoxia,
and Proliferation Using Dynamic Susceptibility Contrast MRI, 8F-FMISO PET, and 8F-FLT

49



Investigator’s Brochure: [18F]FMISO

PET in Relation to Contrast Enhancement in Newly Diagnosed Glioblastoma. Journal of
Nuclear Medicine. 2021; 62:1349-1356.

91 Carmona-Bozo J, Manavaki R, Woitek R, et al. Hypoxia and perfusion in breast cancer:
simultaneous assessment using PET/MR imaging. European Radiology. 2021; 31:333-
344,

92 7schaeck S, Zophel K, Seidlitz A, et al. Generation of biological hypotheses by functional
imaging links tumor hypoxia to radiation induced tissue inflagmamation/glucose uptake in
head and neck cancer. Radiotherapy and Oncology. 2021, :204-211.

stratification by computed tomogra iomi oxia positron emission
tomography in head-and-neck ca i ics and Imaging in Radiation
Oncology. 2020; 15:52-59.

ann N, et al. Hypoxia dynamics on FMISO-PET in
combination with P expression has an impact on the clinical outcome of
patients with Head Squamous Cell Carcinoma undergoing Chemoradiation.
Theranostics. 2020;

% Shima T, Fujima N, Yamano S, et al. Evaluation of non-Gaussian model-based
diffusion-weighted imaging in oral squamous cell carcinoma: Comparison with tumour
functional information derived from positronemission tomography. Clinical Radiology.
2020; 75:397.e15e397.e21.

9 Sdrensen A, Carles M, Bunea H, et al. Textural features of hypoxia PET predict survival

in head and neck cancer during chemoradiotherapy. European Journal of Nuclear
Medicine and Molecular Imaging. 2020; 47:1056—-1064.

50



Investigator’s Brochure: [18F]FMISO

100 Thureau S, Modzelewski R, Bohn P, et al. Comparison of Hypermetabolic and Hypoxic
Volumes Delineated on [*®F]FDG and [*®F]Fluoromisonidazole PET/CT in Non-small-cell
Lung Cancer Patients. Mol Imaging Biol. 2020; 22:764-771.

101 wiedenmann N, Grosu A, Buchert M, et al. The utility of multiparametric MRI to
characterize hypoxic tumor subvolumes in comparison to FMISO PET/CT. Consequences
for diagnosis and chemoradiation treatment planning in head and neck cancer.
Radiotherapy and Oncology. 2020; 150:128-135.

102 7schaeck S, Lock S, Hofheinz F, et al. Individual patient
and FAZA hypoxia PET scans from head and neck canc
radiochemotherapy. Radiotherapy and Oncology. 2

meta-analysis of FMISO
nts undergoing definitive

104 Bandurska-Luque A, Lock S, Ha based lymph node hypoxia
adds to the prognostic value of tum iai patients. Radiotherapy and
Oncology. 2019; 130:97-103.

ography in relation to normal, hibernating, and
infarct myocardium. rnal of Nuclear Medicine. 2019.

107 Kroenke M, Hira
18F-FDG and 18F-FM
28, 2019.

a A, et al. Voxel based comparison and texture analysis of
PET of patients with head-and-neck cancer. PLOSONE. February

108 Lock S, Linge A, Seidlitz A, at al. Repeat FMISO-PET imaging weakly correlates with
hypoxia-associated gene expressions for locally advanced HNSCC treated by primary
Radiochemotherapy. Radiotherapy and Oncology. 2019; 135:43-50.

109 McGowan D, Skwarski M, Bradley K, et al. Buparlisib with thoracic radiotherapy and
its effect on tumour hypoxia: A phase | study in patients with advanced non-small cell
lung carcinoma. European Journal of Cancer. 2019; 113:87-95.

51



Investigator’s Brochure: [18F]FMISO

110 Shimizu Y, Kudo K, Kameda H, et al. Prediction of Hypoxia in Brain Tumors Using a
Multivariate Model Built from MR Imaging and *3F-Fluorodeoxyglucose Accumulation
Data. Magnetic Resonance in Medical Sciences. 2020; 19(13):227-234.

111 Supiot S, Rousseau C, Dore M, et al. Reoxygenation during radiotherapy in
intermediate-risk prostate cancer. Radiotherapy and Oncology. 2019; 133:16-19.

uation of a Tumor
r Head and Neck Cancer

112 Thorwarth D, Welz Stefan, Monnich D, et al. Prospective
Control Probability Model Based on Dynamic *¥F-FMISO
Radiotherapy. Journal Nuclear Medicine. 2019; 60:16

114 \Watanabe S, Inoue T, Okamoto inati FDG-PET and FMISO-PET as a
treatment strategy for patients und
EJINMMI Research. 2019; 9:104.

115 Yamane T, Aika
prognostic factor i

T as a preoperative
ncer. EINMMI Research. 2019; 9:39.

a M. Analysis of hypoxia in human
PET imaging. Australasian Physical &
2019; 42:981-993.

assessing hypoxia, i misonidazole PET: 2 vs. 4 h. European Journal of Nuclear
Medicine and ing. 2020; 47:1833-1842.

118 i H, Xu D, Han X, et'al. Dosimetry study of 8F-FMISO + PET/CT hypoxia imaging
guidance on intensity-modulated radiation therapy for non-small cell lung cancer.
Clinical and Translational Oncology. 2018; 20:1329-1336.

191jL, WeiY, Huang Y, et al. To Explore a Representative Hypoxic Parameter to Predict

the Treatment Response and Prognosis Obtained by [18F]FMISO-PET in Patients with
Non-small Cell Lung Cancer. Molecular Imaging Biology. 2018; 20:1061-1067.

52



Investigator’s Brochure: [18F]FMISO

120 Thureau S, Dubray B, Modzelewski R, et al. FDG and FMISO PET-guided dose
escalation with intensity-modulated radiotherapy in lung cancer. Radiation Oncology.
2018; 13:208.

121 Wiedenmann N, Bunea H, Rischke H, et al. Effect of radiochemotherapy on T2* MRI
in HNSCC and its relation to FMISO PET derived hypoxia and FDG PET. Wiedenmann et
al. Radiation Oncology. 2018; 13:159.

122 Tachibana I, Nishimura Y, Hanaoka K, et al. Tumor Hypoxi
fluoromisonidazole Positron Emission Tomography (FMIS
Indicator of Radiotherapy (RT). Anticancer Research.

etected by 18F-
) as a Prognostic
:1775-1781.

radiotherapy in intermediate-risk prostate idazole PET/CT:
a pilot study. Oncotarget. 2018; 9(11).

fluoromisonidazole positron emiss
factor in patients with oral squamou
Maxillofac Surg. 2018; 47: 553-560.

84: Multicenter, phase Il assessment
of tumor hypoxia in ma using magnetic resonance

spectroscopy. PLOS O

. Inter-operator variability in compartmental
azole dynamic PET. Clin Imaging. 2018; 49: 121-

Papiez B, et al. Whole tumor kinetics analysis of
ic PET scans of non-small cell lung cancer patients, and
correlations with pe CT blood flow. McGowan et al. EJINMMI Research (2018)

8:73.

128 i L, Wei Y, Huang, et al. To Explore a Representative Hypoxic Parameter
to Predict the Treatment Response and Prognosis Obtained by [18F]FMISO-PET in
Patients with Non-Small Cell Lung Cancer. Mol Imaging Biol. 2018.

129 Li H, Xu D, Han X, et al. Dosimetry study of 18F-FMISO + PET/CT hypoxia imaging

guidance on intensity-modulated radiation therapy for non-small cell lung cancer.
Clinical and Translational Oncology (2018) 20:1329-1336.

53



Investigator’s Brochure: [18F]FMISO

130, Crispin-Ortuzar M, Apte A, Grkovski M, et al. Predicting hypoxia status using a
combination of contrast-enhanced computed tomography and [18F]-
Fluorodeoxyglucose positron emission tomography radiomics features. Radiotherapy
and Oncology 127 (2018) 36—-42.

131 Chatterjee A, Gupta T, Rangarajan V, et al. Optimal timing of fluorine-18-
fluoromisonidazole positron emission tomography/computed tomography for
assessment of tumor hypoxia in patients with head and neck squamous cell carcinoma.
Nuclear Medicine Communications 2018, 39:859-864.

132 Asano A, Ueda S, Kuji |, et al. Intracellular hypoxia

head and neck cancer: Results from a‘pla
hypoxia-image guided dosesescalation and Oncology. 2017; 124: 526-

136, Toyohag ira et al. Hypoxic glucose metabolism in
glioblasto ic (iC factor. Eur J Nucl Med Mol Imaging. 2017; 44:
611-619.

137 Simoncic U, Le t
and FMISO-PET uptake
2017; 44 (6).

Schmidt N, et al. Comparison of DCE-MRI kinetic parameters
arameters in head and neck cancer patients. Med. Phys. June

138 Sato J, Kitagawa Y, Watanabe S, et al. 8F-Fluoromisonidazole positron emission
tomography (FMISO-PET) may reflect hypoxia and cell proliferation activity in oral
squamous cell carcinoma. Oral and Maxillofacial Pathology. September 2017; 124:3.

139, Qiju J, Lv B, Fu M, et al. *¥F-Fluoromisonidazole positron emission tomography/CT-

guided volumetric-modulated arc therapy-based dose escalation for hypoxic subvolume
in nasopharyngeal carcinomas: A feasibility study. Head & Neck. 2017; 39:2519-2527.

54



Investigator’s Brochure: [18F]FMISO

140 Puri T, Greenhalgh T, Wilson J, et al. [*8F]Fluoromisonidazole PET in rectal Cancer.
EJINMMI Research. 2017; 7:78.

141 preibisch C, Shi K, Kluge A, et al. Characterizing hypoxia in human glioma: A
simultaneous multimodal MRI and PET study. NMR in Biomedicine. 2017; 30: e3775.

142 Nishikawa Y, Yasuda K, Okamoto S, et al. Local relapse of nasopharyngeal cancer and
Voxel-based analysis of FMISO uptake using PET with semiconductor detectors.
Radiation Oncology. 2017; 12:148.

143 Ménnich D, Thorwarth D, Leibfarth S, et al. Overla
hypoxic tumor subvolumes in patients with head an
2017; VOL. 56, NO. 11, 1577-1582.

ly FDG-avid and FMISO
r. ACTA ONCOLOGICA.

144 'McGowan D, Macpherson R, Hackett S, isoni take in
advanced stage non-small cell lung cancer: Av
Phys. 2017; 44 (9).

145 Léck S, Perrin R, Seidlitz A, et al. ia in head-and-neck cancer
repeat FMISO-PET imaging i DY 3 017; 124: 533-540.
146 Kelada O, Deck . Hi ole Doses of Radiation May Induce

all Cell Lung Cancer Tumors. Int J
Ae183, 2017.

149 Grkovski M, Lee N, Schéder H, et al. Monitoring early response to
chemoradiotherapy with 8F-FMISO dynamic PET in head and neck cancer. Eur J Nucl
Med Mol Imaging. 2017; 44: 1682-1691.

150 Georg P, Andrzejewski P, Baltzer P, et al. Changes in Tumor Biology During

Chemoradiation of Cervix Cancer Assessed by Multiparametric MRl and Hypoxia PET.
Mol Imaging Biol. 2017.

55



Investigator’s Brochure: [18F]FMISO

151 Daniel M, Andrzejewski P, Sturdza A, et al. Impact of hybrid PET/MR technology on
multiparametric imaging and treatment response assessment of cervix cancer.
Radiotherapy and Oncology 125 (2017) 420-425.

152 da Ponte K, Berro D, Collet S, et al. In Vivo Relationship Between Hypoxia and
Angiogenesis in Human Glioblastoma: A Multimodal Imaging Study. J Nucl Med 2017;
58:1574-1579.

153 Chakhoyan A, Guillamo J, Collet S, et al. FMISO-PET-deriy,
maps: application to glioblastoma and less aggressive gli
2017 [Epub ahead of print].

154 Boeke S, Thorwarth D, Ménnich D, et al. Geome

brain oxygen tension
. Sci Report. August 31,

trategy of Using Intratreatment Hypoxia Imaging
> Radiation Dose De-escalation Concurrent with
ally Advanced Human Papillomaviruse-Related
adiation Oncology Int J Oncol boil phys. April 2016. 96: 1, 9-

159 Grkovski M, Schwartz J, Rimner A, et al. Reproducibility of ¥F-fluoromisonidazole
intratumour distribution in non-small cell lung cancer. EJNMMI Research. (2016); 6:79.
160, Bittner M, Wiedenmann N, Bucher S, et al. Analysis of relation between hypoxia PET

imaging and tissue-based biomarkers during head and neck radiochemotherapy. ACTA
ONCOLOGICA, 2016; 55: 11, 1299-1304.

56


https://www.ncbi.nlm.nih.gov/pubmed/?term=Quintela-Fandino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27587436
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lluch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27587436
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manso%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=27587436

Investigator’s Brochure: [18F]FMISO

161 Barajas Jr. R, Krohn K, Link J, et al. Glioma FMISO PET/MR Imaging Concurrent with
Antiangiogenic Therapy: Molecular Imaging as a Clinical Tool in the Burgeoning Era of
Personalized Medicine. Biomedicines. 2016; 4: 24.

162 Zheng M, Collier L, Bois F, et al. Synthesis of [*¥F]FMISO in a Flow-Through
Microfluidic Reactor: Development and Clinical Application. Nucl Med and Biol. 2015;
42:578-584.

of 18F-FDG and 18F-
nned for Radiotherapy: A

163 Sachpekidis, C, Thieke C, Askoxylakis V, et al. Combined
FMISO in Unresectable Non-Small Cell Lung Cancer Patie

Bevacizumab Using 8F-Fluoromisonidazole P, t with Recurrent

Anaplastic Astrocytoma. Hindawi. February

R Imaging in a

165 Arvold N, Heidari P, Kunawudhi A, et al. Tumo
Therapy in EGFR-Mutant Non-Smd
Technology in Cancer Research & T

a Response After Targeted
of of Concept for FMISO-PET.

166, Ueda, S, Kuiji I, Shigekaw . ) oring Tumor
i : gent Bevacizumab followed by
Cytotoxic Chemot ents. PLoS ONE. 2014; 9(6).

, et alWA Patient-Specific Computational Model of
Resistance in Glioblastoma Using ¥F-FMISO-PET. The
mber 2014.

Hypoxia-Mo
Royal Society

169 Lee G, Kim J, Oh S g D, Kim J, Kwon S. *8F-fluoromisonidazole (FMISO) Positron
Emission Tomography (PET) Predicts Early Infarct Growth in Patients with Acute
Ischemic Stroke. J Neuroimaging. 2014; 1-4.

170, de Figueiredo B, Zacharatou C, Galland-Girodet S, et al. Hypoxia imaging with [18F]-
FMISO-PET for guided dose escalation with intensity-modulated radiotherapy in head-
andneck cancers. Strahlenther Onkol. Epub Sept 23, 2014.

71 Thureau S, Chaumet-Riffaud P, Modzelewski R, et al. Interobserver Agreement of
Qualitative Analysis and Tumor Delineation of 8F-Fluoromisonidazole and 39-Deoxy-39-

57



Investigator’s Brochure: [18F]FMISO

18F_Fluorothymidine PET Images in Lung Cancer. ) Nucl Med. 2013; 54:1543-1550. Epub
Aug 5, 20

172 Tachibana I, Nishimura Y, Shibata T, et al. A prospective clinical trial of tumor
hypoxia imaging with '8F-fluoromisonidazole positron emission tomography and
computed tomography (F-MISO PET/CT) before and during radiation therapy. J Rad Res.
2013; 54, 1078-1084. Epub Mar 22, 2013.

ith '8F-
Pancreatic Cancer. Clin

173 Segard T, Robins P, Yusoff lan, et al. Detection of Hypoxi
Fluoromisonidazole (*¥F-FMISO) PET/CT in Suspected or P
Nucl Med. 2013;38: 1-6. Epub Aug 22, 2012.

174 Sato J, Kitagawa Y, Yamazaki Y, et al. 18F-Flu isonidazo Uptake Is

Evaluated by 8F-Fluoromisonidaz ck Cancer. J Nucl Med. 2013;
54:201-207. Epub Jan 15, 2013.

176 Norikane T, Yamamote -fluoromisonidazole PET

» )n, N, et al. Hypoxia-targeted radiotherapy dose painting
for head and ne g 18F-FMISO PET: A biological modeling study. Acta
Oncologica. 2013; 729. Epub Dec 11, 2012.

179 Bittner M, Wiedenmann N, Bucher S, et al. Exploratory geographical analysis of
hypoxic subvolumes using 18F-MISO-PET imaging in patients with head and neck cancer
in the course of primary chemoradiotherapy. Radiotherapy and Oncology. 2013;
(108):511-516.

180 Alawneh J, Moustafa R, Marrapu S, et al. Diffusion and perfusion correlates of the

1BE-MISO PET lesion in acute stroke: pilot study. Eur J Nucl Med Mol Imaging. Epub Oct
15.

58



Investigator’s Brochure: [18F]FMISO

181 Narita T, Aoyama H, Hirata K, et al. Reoxygenation of glioblastoma multiforme
treated with fractionated radiotherapy concomitant with temozolomide: changes
defined by 18F fluoromisonidazole positron emission tomography: two case reports. Jpn
J Clin Oncol, 2012;42(2):120-3. Epub Dec 23, 2011.

182 Toma-Dasu |, Uhrdin J, Antonovic L, et al. Dose prescription and treatment planning
based on FMISO-PET hypoxia. Acta Oncol, 2012;51(2):222-30. Epub Aug 28, 2011.

183 Hirata K, Terasaka S, Shiga T, Et Al. "®F-Fluoromisonidazo
tomography may differentiate glioblastoma multiforme f
J Nucl Med Mol Imaging, 2012;39(5):760-70. Epub Feb

ositron emission
ss malignant gliomas. Eur

184 Yamamoto Y, Maeda Y, Kawai N, et al. Hyp luoromisonidazole
positron emission tomography in newly dia
2012;33(6):621-5.

185 Mammar H, Kerrou K, Nataf V, E n tomography/computed
tomography imaging of residual s re radiotherapy using
fluoromisonidazole and fluorodeoxysg o i uences for dose painting.

system with semico
modulated radiation t

2012 May

187 C ¢, Zhang J, Guan Y. "®F-Hx4 hypoxia imaging with
PET/C parison with F-Fmiso. Nucl Med Commun,
2012;33(10

PET imaging during re emotherapy in patients with locally advanced head-and-neck
cancer. Radiotherp Oncol, 2012;105(1):21-8. Epub Sep 27, 2012.

189 Mckeage Mj, Jameson Mb, Ramanathan Rk, Et Al. Pr-104 A bioreductive pre-prodrug
combined with gemcitabine or docetaxel in a phase Ib study of patients with advanced
solid tumours. Bmc Cancer, 2012;12:496.

190 Kawai N, Maeda Y, Kudomi N, et al. Correlation of biological aggressiveness assessed
by 11C-methionine PET and hypoxic burden assessed by 18F-fluoromisonidazole PET in
newly diagnosed glioblastoma. Eur J Nucl Med Mol Imaging, 2011;38(3):441-50. Epub
Nov 12, 2010.

59


http://www.ncbi.nlm.nih.gov/pubmed?term=Narita%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Aoyama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/22198964
http://www.ncbi.nlm.nih.gov/pubmed/22198964
http://www.ncbi.nlm.nih.gov/pubmed/22198964
http://www.ncbi.nlm.nih.gov/pubmed?term=Toma-Dasu%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Uhrdin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Antonovic%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21871003
http://www.ncbi.nlm.nih.gov/pubmed/21871003
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamamoto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Maeda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/22422099
http://www.ncbi.nlm.nih.gov/pubmed/22422099
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Mammar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/22391104
http://www.ncbi.nlm.nih.gov/pubmed?term=Yasuda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Onimaru%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Okamoto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Zips%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Z%C3%B6phel%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Abolmaali%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/23022173
http://www.ncbi.nlm.nih.gov/pubmed/23022173
http://www.ncbi.nlm.nih.gov/pubmed/23022173
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=McKeage%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Maeda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kudomi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21072512
http://www.ncbi.nlm.nih.gov/pubmed/21072512
http://www.ncbi.nlm.nih.gov/pubmed/21072512

Investigator’s Brochure: [18F]FMISO

191 Vera P, Bohn P, Edet-Sanson A, et al. Simultaneous positron emission tomography
(PET) assessment of metabolism with "®F-fluoro-2-deoxy-d-glucose (FDG), proliferation
with "®F-fluoro-thymidine (FLT), and hypoxia with ®fluoro-misonidazole (F-miso) before
and during radiotherapy in patients with non-small-cell lung cancer (NSCLC): a pilot
study. Radiother Oncol, 2011;98(1):109-16. Epub Nov 4, 2010.

192 Eary Jf, Link Jm, Muzi M, Et Al. Multiagent pet for risk ch
Nucl Med, 2011;52(4):541-6. Epub Mar 18, 2011.

cterization in sarcoma. J

prognosis in patients with head and neck s > Nucl Med,
2011;25(9):625-33. Epub Jul 1, 2011.

194 Hendrickson K, Phillips M, Smi aging with [F-18] FMISO-PET in
head and neck cancer: potential forRguie ated radiation therapy in
overcoming hypoxia-induced treatme i Oncol, 2011;101(3):369-

75. Epub Aug 27, 2011.

195 De Clermont H, , iiere A, Fernandez P. Lack of concordance
between the F-18 fluo isonidaz e F-18 FDG PET in human glioblastoma.
Clin Nucl Med g

Epub Jun 16,

197 Abolmaali N, Haa och A, et al. Two or four hour ["®F]FMISO-PET in HNSCC.
When is the contrast best? Nuklearmedizin, 2011;50(1):22-7. Epub Dec 17, 2010.

198 Yamane T, Kikuchi M, Shinohara S, Senda M. Reduction of [(18)F]fluoromisonidazole
uptake after neoadjuvant chemotherapy for head and neck squamous cell carcinoma.
Mol Imaging Biol, 2011;13(2):227-31.

19 Choi W, Lee SW, Park SH, et al. Planning study for available dose of hypoxic tumor
volume using fluorine-18-labeled fluoromisonidazole positron emission tomography for

60


http://www.ncbi.nlm.nih.gov/pubmed?term=Vera%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Bohn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21056487
http://www.ncbi.nlm.nih.gov/pubmed/21056487
http://www.ncbi.nlm.nih.gov/pubmed/21056487
http://www.ncbi.nlm.nih.gov/pubmed/21056487
http://www.ncbi.nlm.nih.gov/pubmed/21056487
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Eary%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kikuchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamane%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Shinohara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21720778
http://www.ncbi.nlm.nih.gov/pubmed/21720778
http://www.ncbi.nlm.nih.gov/pubmed/21720778
http://www.ncbi.nlm.nih.gov/pubmed?term=Hendrickson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Phillips%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21872957
http://www.ncbi.nlm.nih.gov/pubmed/21872957
http://www.ncbi.nlm.nih.gov/pubmed/21872957
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Clermont%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Huchet%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Lamare%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Rivi%C3%A8re%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/22064107
http://www.ncbi.nlm.nih.gov/pubmed/22064107
http://www.ncbi.nlm.nih.gov/pubmed?term=Hugonnet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Fournier%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Medioni%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21680694
http://www.ncbi.nlm.nih.gov/pubmed/21680694
http://www.ncbi.nlm.nih.gov/pubmed/21680694
http://www.ncbi.nlm.nih.gov/pubmed?term=Abolmaali%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Haase%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Koch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/21165537
http://www.ncbi.nlm.nih.gov/pubmed/21165537
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamane%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Kikuchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Shinohara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Senda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/20552284
http://www.ncbi.nlm.nih.gov/pubmed/20552284
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/20855118
http://www.ncbi.nlm.nih.gov/pubmed/20855118

Investigator’s Brochure: [18F]FMISO

treatment of the head and neck cancer. Radiother Oncol, 2010;97(2):176-82. Epub Sep
18, 2010.

200 Wang W, Lee NY, Georgi JC, et al. Pharmacokinetic analysis of hypoxia (18)F-
fluoromisonidazole dynamic PET in head and neck cancer. J Nucl Med, 2010;51(1):37-45.
Epub Dec 15, 2009.

201 Szeto MD, Chakraborty G, Hadley J, et al. Quantitive metgi
invasion link biological aggressiveness assessed by MRI wi
PET in newly diagnosed glioblastomas. Cancer Res. 20

s of net proliferation and
oxia assessed by FMISO-
10):4502-45009.

t distinct roles for
astomas. J Nucl

202 Sswanson KR, Chakraborty G, Wang CH, et al
MRI and 8F-Fluoromisonidazole PET in the a
Med. 2009; 50(1):36-44.

ent of human

203 Lee N, Nehmeh S, Schéder H, e
treatment [*8F]-misonidazole posit
patients undergoing concurrent che
75(1):101-108.

204 89, Spence AM,
multiforme quantifie®

.~ Regional hypoxia in glioblastoma
azole positron emission tomography

206 Thorwarth D, Alb
imaging with FMISO PE

Individualised radiotherapy on the basis of functional
. ZMed Phys. 2008; 18:43-50.

207 Lee NY, Mechalakos JG, Nehmeh S, et al. Fluorine-18-labeled fluoromisonidazole
positron emission and computed tomography-guided intensity-modulated radiotherapy
for head and neck cancer: A feasibility study. Int J Radiat Oncol Biol Phys. 2008; 70(1),2-
13.

208 Thorwarth D, Soukup M, Alber M. Dose painting with IMPT, helical tomotherapy
and IMXT: A dosimetric comparison. Radiother Oncol. 2008; 86:30-34.

61


http://www.ncbi.nlm.nih.gov/pubmed/20855118
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20NY%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed?term=Georgi%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23098625
http://www.ncbi.nlm.nih.gov/pubmed/20008982
http://www.ncbi.nlm.nih.gov/pubmed/20008982

Investigator’s Brochure: [18F]FMISO

209 Nehmeh SA, Lee NY, Schrdder H, et al. Reproducibility of intratumor distribution of
1BE-fluoromisonidazole in head and neck cancer. IntJ Radiat Oncol Biol Phys.
2008;70(1),:235-242.

210 Roels S, Slagmolen P, Nuyts J, et al. Biological image-guided radiotherapy in rectal
cancer: Is there a role for FMISO or FLT, next to FDG? Acta Oncol. 2008; 47:1237-1248.

211 Eschmann SM, Paulsen F, Bedeshem C, et al. Hypoxia-imaging with 8F-misonidazole
and PET: Changes of kinetics during radiotherapy of head- eck cancer. Radiother
Oncol. 2007; 83:406-410.

positron emission tomography: Va
relevant tumor oxygenation or only
2007; 7:113-121.

214 Thorwarth D, E
numbers: A planning

er M. Hypoxia dose painting by
iol Phys. 2007; 68(1):291-300.

T, et al. Lack of correlation of hypoxic cell fraction and
abolic rate in non-small cell lung cancer assessed by *8F-

217 Rischin D, Hicks RJ, Fisher R, et al. Prognostic significace of [*8F]-misonidazole
positron emission tomography-detected tumor hypoxia in patients with advanced head
and neck cancer randomly assigned to chemoradiation with or without tirapazamine: A
substudy of trans-tasman radiation oncology group study 98.02. J Clin Oncol. 2006;
24(13): 2098-2104.

218 Rajendran JG, Schwartz DL, O’Sullivan J, et al. Tumor hypoxia imaging with [F-18]
fluoromisonidazole positron emission tomography in head and neck cancer. Clin Cancer
Res. 2006; 12(18): 5435-5441.

62



Investigator’s Brochure: [18F]FMISO

219 Gagel B, Reinartz P, Demirel C, et al. ['8F] fluoromisonidazole and [*¥F]
fluorodeoxyglucose positron emission tomography in response evaluation after chemo-
/radiotherapy of non-small-cell lung cancer: a feasibility study. BMC Cancer. 2006, 6(51):
1-8.

220 Cher LM, Murone C, Lawrentschuk N, et al. Correlation of hypoxic cell fraction and
angiogenesis with glucose metabolic rate in gliomas using ['8F] fluoromisonidazole, 8F-
FDG PET, and immunohistochemical studies. J Nucl Med. 2006 47(3): 410-418.

221 Bruehlmeier M, Roelcke U, Schubiger PA, Ametamey
perfusion in human brain tumors using PET with *8F-fl
Nucl Med. 2004; 45(11):1851-1859.
222 Gagel B, Reinartz P, DiMartino E, et al. pO, p positron emission

ssessment of hypoxia and
isonidazole and *0-H,0. J

223 Markus R, Reutens DC, Kazui S, et al. Topogra emporal evolution of hypoxic
emission tomography in

al The fate of hypoxic tissue on 8F-
mission tomography after ischemic stroke. Ann Neurol.

with positron emission tomography of ['8F]fluoromisonidazole: a pretherapy study of 37
patients. Int J Radiat Oncol Biol Phys. 1996; 36(2):417-428

228 Koh W-J, Rasey JS, Evans ML, et al. Imaging of hypoxia in human tumors with [F-
18]fluoromisonidazole. Int J Radiat Oncol Biol Phys. 1992; 22:199-212

229 Lehti6 K, Oikonen V, Gronroos T, et al. Imaging of blood flow and hypoxia in head
and neck cancer: Initial evaluation with [*>O]H,0 and [*®F]Fluoroerythronitroimidazole
PET. J Nucl Med. 2001; 42:1643-1652

63



Investigator’s Brochure: [18F]FMISO

230 Yamamoto F, Oka H, Antoku S, Ichiya Y-I, Masuda K, Maeda M. Synthesis and
characterization of lipophilic 1-[*8F]fluoroalkyl-2- nitroimidazoles for imaging hypoxia.
Biol Pharm Bull. 1999; 22(6):590-597.

231 Sorger D, Patt M, Kumar P, et al. [*8F]Fluoroazomycinarabinofuranoside (*8FAZA) and
[*8F]fluoromisonidazole (*{FMISO): A comparative study of their selective uptake in
hypoxic cells and PET imaging in experimental rat tumors. Nucl/ Med Biol. 2003; 30:317-
326.

232 Dubois L, Landuyt W, Haustermans K, et al. Evaluatio ypoxia in an experimental
i ohistochemistry. BrJ

Cancer. 2004; 91:1947-1954.

233 Rasey JS, Evans ML. Detecting hypoxia in hu

Tumor Blood Supply and Metabolic Microenvi

Implications for Therapy. Funktionanalyze

Verlag, New York. 1991; 20:187-201.

pel P, Jain RK, eds.
jons and
v Fischer

ent: Characte
ischer Systeme 20:

64



	II.  [18F]FMISO PRODUCT AGENT DESCRIPTION
	1. AGENT DESCRIPTION
	2. CHEMICAL STRUCTURE
	3. FINAL PRODUCT SPECIFICATIONS

	III.  INTRODUCTION
	IV. PHARMACOLOGY
	1. PHYSICAL CHARACTERISTICS
	2. MECHANISM OF ACTION

	V. TOXICOLOGY AND SAFETY
	1. MECHANISM OF ACTION FOR TOXICITY
	2. FMISO CELL TOXICITY STUDIES
	3. ANIMAL TOXICITY STUDIES:  MISO and FMISO
	4. HUMAN TOXICITY STUDIES:  MISO
	5.  [19F]FMISO HUMAN TOXICITY
	6. [18F]FMISO HUMAN TOXICITY
	7. MISO HUMAN SAFETY STUDIES
	8. [19F]FMISO HUMAN SAFETY STUDIES
	9. [18F]FMISO HUMAN SAFETY STUDIES
	10.  FMISO GENOTOXICITY AND MUTAGENICITY
	11. ADVERSE EVENTS AND MONITORING FOR TOXICITY
	12. SAFETY AND TOXICITY OF THE OTHER COMPONENTS OF THE FINAL [18F]FMISO DRUG PRODUCT

	VI.  BIODISTRIBUTION AND RADIATION DOSIMETRY OF FMISO
	VII. [18F]FMISO PREVIOUS HUMAN EXPERIENCE AND ASSESSMENT OF CLINICAL POTENTIAL
	VIII. REFERENCES

