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THE DEVELOPMENT AND CLINICAL USE OF
RADIOLABELED PEPTIDES FOR THERAPY

STATEMENT OF OB~CTIVES

The purpose of this lesson is to provide a general review of the various aspects that must
be considered during the development of a radiolabeled peptide intended for therapeutic
use. An update of clinical trials involving therapeutic radiolabeied peptides is also
provided. Clinical information is limited, however, due to the proprietary nature of these
agents.

Upon completion of this continuing ehcti”on unit, the reader should be able to:

1.

2.

3.

4.

5.

6.

7.

8.

Make a rational choice of the appropriate radionuclide to be used in a specific

radiolabeled peptide for therapy.

Describe how radiolabeled peptides localize in target tumor ~lls.

Explain why internalization of radiolabeled peptides is advantageous.

Set specifications for the final labeled product.

Make reasonable decisions regarding the appropriate technique to be used to produce
labeled peptides.

Describe some of the methods used to test the quality of r~lolabeled peptides.

Discuss which pre-clinical toxicological studies are appropriate for radiolabeled
peptides.

Understand the conditions under which labeled peptides can be used clinically.



COURSE OUTLINE

L INTRODUCTION

IL RADIONUCLIDES FOR USE
m THERAPY

m. DEVELOPMENTAL ISSUES

A. Stability of peptides

B. Radionuclide binding ligands

C. halytical methods

D. Pharmaceutical issues

E. Aspects of toximlogical
testing

Iv. CLINICAL ISSUES

@

A.

B.

c.

D,

Measurement of efficacy

Measurement of toxicity

Dosimetry measurements

Current status

v. CONCLUSION

@

THE DEVELOPMENT
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RADIOLABELED PEPTIDES
FOR THEWPY

By:
Geert J. Ensing, MD, PharmD, PhD

Department of Research and
Development

Mallinckrodt Medical B.V
Pette~ The Netherlands

INTRODUCTION
Nuclear medicine differs from all

other m~lcal specialties because it uses
the characteristics of radionuclides to
detect and treat different diseases. The
diagnostic gamma emitting properties of
different radionucfides can be used to
investigate the physiology of the human
body without interfering in the
physiologic process. This “tracer”
principle is based on the very high
detectability of gamma rays, requiring
minute amounts of a radiolabeled

physiologically active compound to
obtain a measurable signal.

Therapy using beta-emitting
radionuclides is still not firmly
established in clinical practice despite a
long and proven utility of radioactive
iodine therapy for the treatment of
thyroid disease. Other available
treatments have gained only a limited
ChniCd foothold. These include: 1311.
MIBG for pheochromocytoma and
neuroblastoma; bone-seeking agents like
‘9SrC1 and 153Srn.EDTMP for pain
palliation in patients with metastatic
prostatic cance~ ‘Y-colloids for
radiosynovectomy, etc.

Radiolabeled peptides have been used
diagnostically in nuclear medicine since
the begiting of the 1990s, when lllln-
pentetreotide (Octreosca.n, Malhnc-
krodt) was approved for the localization
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of neuroendocrine tumors. Since the% a
ve~ small number of other labeled
peptides have been approved in the US
or Europe, all for diagnostic use. An
example is ‘Tc-apcitide (Acutect,
Diatide) for the detection of acute
venous thrombosis,

Radiolabeled peptides are the subject
of intense research efforts. 1 A major
advantage of (labeled) ~eptides over
(labeled) monoclinal antibodies (Mabs)
is, that the labeled peptides are small
(molecular weight is in the range of 1-3
KDalton). This small size allows them to
be cleared quickly from the body afier
intravenous administration and to rapidly
penetrate into target tissues, including
tumors. Rapid clearance from the blood
combined with high specific binding to
target tissues provides the high
targetinontarget ratios normally seen
with Octreoscan. In the therapeutic
setting, these characteristics decrease the
radiation dose to the non-receptor
tissues. A major challenge for peptide
imaging and therapy is to produce
peptides that show a high (Kd>8-9)
binding to the specific cellular targets in a
manner sifilar to monoclinal antibodies.
This is discussed in detail in the section
on Developmental Issues.

The use of the labeled peptides
described above is based upon their
ability to bind to naturally occurring
receptors. In the case of 1]lln-
pentetreotide, the somatostatin receptor
is the subtype-2 receptor (sst-2). In the
case of *Tc-apcitide, the target is the
GPIIb/IIIa receptor.

The observed target-to-non-target
ratio (i.e., tumor to normal tissue) when
using lllIn-pentetreotide is very high
(sometimes up to 6-10). Such high
uptake ratios make it conceptually
possible to use this compound not only
for diagnosis of cancer, but also for
therapy. At this time, neither this

product, nor any other radiolabeled
peptide is approved for therapeutic use.
However, Several companies and
research groups currently are evaluating
a number of peptides for potential
therapeutic use in humans. It is the goal
of this continuing education lesson to
provide the reader with an overview of
the process used in the development of
radiolabeled peptides for Canmr therapy,
with particular emphasis on the
pharmaceutical requirements.

The living body contains numerous
receptor systems with myriad functions
during homeostasis. In the future, it is
hoped that the functions of many of these
receptors will be elucidated. For the
topic at hand, we will focus on cell
membrane-bound receptors. In general,
these receptors undergo a confirmational
change once the receptor is occupied
extracellularly by m agonist, allowing
induction of an intracellular action (often
c-AMP formation). The expression of
receptors on the cell membrane is
regulated by feedback systems, so that
the number reflects the local need for a
cefiain action. Although this wmmon
path of intracellular action normally is
present in tumors, the feedback systems
that regulate the actual number of
receptors on the cell membrane often is
disordered. When cells undergo
malignant change, genetic mutation can
lead to suppression or over-expression of
receptor regulation as well as a
modification in the spectrum of receptors
expressed. In the anaplastic end-phase,
all characteristics of the cell of origin are
lost, and the only thing the cell can still
do is grow.

The specific features of receptor
expression in tumors provide a wide
array of possible points for interference
with the wll fi.mction, allowing targeting
specifically at systems that regulate
tumor gro~h (e.g., neoangiogenesis).
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By focusing on those receptor systems
that are expressed in high numbers on
certain tumors, one may expect to be
able to treat (by local irradiation) the
tumors, while exposing the rest of the
body to relatively low amounts of
radiation. This will be discussed further
in the subsection on (tumor) dosimetry.
Clinical trials are underway to evaluate
this hypothesis.

The therapeutic index is greatest
when the number of receptors on a
human tumor is large in comparison to
normal tissues. Therefore, the use of in-
vitro studies to detect and quanti~ these
receptors is especially important.
However, ex vivo assessment of receptor
expression using cell cultures from
human cancers can be misleading, since
cells in culture may express different
receptors or different numbers of
receptors than that detected in human
tumor tissue. For this reason,
autoradiography remains the “gold
standard. ”

Although still in its infancy, work is
underway to genetically modify the
expression of certain receptors on target
cells using viral vectors.2 These
approaches may become ve~ important
once a therapy with radiolabeled peptides
becomes available. At present, many
peptide receptor systems have generated
interest as possible substrates for human
diagnosis. These include:
“ melanocyte stimulating hormone

(MSH), used in the detection of
melanoma;

“ vasoactive intestinal peptide (VIP),
used in the detection of
adenocarcinomas;

■ Substance P, used in the detection of
glioblastomas;

“ CholeCystoKinin (CCK)/gastrirt,
used in the detection of medullary
thyroid carcinoma;

■ neurotensin, for the detection of
pancreatic cancer;

■ somatostatin, for the detection of
neuroendocrine tumors; and

“ bombesin, used in the detection of
breast and prostate cancer.
Of the aforementioned receptor

systems, only somatostatin, VIP, and
bombesin are considered potential target
receptors for treatment due to the limited
number of other receptor types detected
on human tumors. Since all the above-
mentioned systems are naturally
occurring receptors, the prospect of
pharmacological effects, if an agonist is
administered, is real. The natural ligands
of these receptor systems are ofien
degraded very rapidly (half-lives in blood
of 1-3 rein) by peptidases. The natural
ligands ofien work via paracrine
pathways, in which one cell produces the
Iigand, and the ligand is then bound on a
neighbor cell through the specific
receptor. Mso it is known from all the
aforementioned systems, that the
receptors, once bound with agonists, are
internalized, that is, that they are taken
up by endocytosis into the cytoplasm and
are broken down in endosomes.3 In order
to preclude pharmacological side effects,
the use of receptor antagonists may be a
good choice, since they generally are not
internalized.

However, there is growing evidence
suggesting that the internalization of
radioactive (agonistic) ligands is
advantageous, allowing retention of
radioactivity in the cell. This is easy to
understand by considering the kinetic
pathways that occur upon receptor
binding. Llgand and receptor bind
according to their affinity (the “on”’
reac~). From that moment forward, an
“off reaction also takes place with a
certain constant. If the ligand is
internalized, the “off reaction cannot
take place, therefore the Iigand (and its
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radioactive label) will be associated with
the cell longer. How much longer
depends on the chemical characteristics
of the radioactive label. For example,
11lIn W, once in the endosome,

transchelate to other proteins in the cell.
This mechanism is most probably also
true for ‘Y and Ianthanides. Twhetiurn-
and rhenium-labeled compounds, on the
other hand, are oxidized in the endosome
to pertechnetate and perrhenate,
respectively, and difise back out of the
cell.

Since the radiation dose delivered is
linearly dependent on the time a certain
radionuclide is present in a structure, it is
important for the outcome of a therapy
to retain the radionuclide as long as
possible. Of course, other parameters sre
also importmt (like physical half-life,
radiation characteristics, radiation
sensitivity of the tumor, etc.), but with a
given radionuclide, it is advantageous to
retain the radionuclide as long as possible
in a certain target structure.

WDIONUCLIDES FOR USE IN
THERAPY

There are currently more than 600
nuclides known that emit electrons (beta
decay) or helium atoms (alpha decay).
Because the energy deposition per unit of
volume from particulate is high (in
comparison with gamma rays), these
nuclides are candidates for intemaJ
radiotherapy. In addition to the electrons
emitted during beta decay, Auger and
conversion electrons are emitted during
the el~ron capture (EC) decay process.
The main difference between the beta-
decay electrons and the conversion and
Auger electrons is their energy. “Beta”
electrons have maximum energies of
several hundreds of keV, sometimes even
MeVs. Conversion electrons typically
have energies in the range of a few keV;
Auger electrons oflen have maximum
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energies below 1 keV. The nature of beta
and alpha decay is also different with
respect to the energy deposition along
the path of decay. Beta particles typically
deposit a large part of their energy at the
end of their pat~ when their energy has
decreased due to interaction with the
matter between their point of origin (the
decaying atom) and their cument
position. Since this path u be ftirly
long with respect to cell size (an electron
with 2MeV energy has a path length in
water of about 5 mm), the majority of
energy will not be delivered in the cell
where the beta decay took place. Alpha
particles ,have a short path length (ofien
not more than micrometers when the
energy is a few MeV), so they will
deposit their energy often in the same
cell, if the decay took place in the cell or
at the cell membrane.

Because of their low energy, Auger
electrons also have path lengths in the
order of 0.1- 1.0 micrometer. According-
ly, they also are good candidates for
therapy. The number of Auger electrons
per decay can be greater than 10, which
may also enhance radiation delive~. If
Auger electrons are emitted from a site
within the tsrget cell, the cell nucleus
cm be reached.

This difference in energy deposition
also establishes that alpha particles (and
Auger electrons) probably are best suited
for small (several cells at most)
tumordmetastases (“micrometastases”),
while beta particles are better suited to
deliver a radiation dose to huger tumors,
or to tumors that are not homogeneous
with respect to their receptor presence.
This appears to be the case in breast
cancer (JC Reubi, personal
communication). Due to the phenomenon
known as “crossfire,” a cell undergoing
irradiation also is irradiated by electrons
emitted from surrounding cells snd, as a
result, receives a high radiation dose.



In order to select an optimal
radionuclide (see Table 1), apart from the
aforementioned discussion regarding
diffwences in energy ad species of
decay, it is important to consider the
following f=tures:

■ Presence or absence of ~amma
rays during decay. The presence of
gamma rays permits scintigraphic
imaging of the patient, which provides
evidence whether there is radioactive
uptake in the targeted tumors, Gamma
rays also permit dosimetric calculations.
A disadvantage of the presenm of
gamma rays is that the people in close
proximity to the patient also may be
exposed to radiation. Accordingly, many
countries have established guidelines
regarding the maximum permissible
amouni of gamma radiation emitted by a
patient at the time they are discharged
from the hospital. These guidelines may
require that the patient be hospitalized in
a special therapy room resulting in
additional expenses related to treatment.
At present, the number of therapy rooms
available for gamma radiation treatment
is low and the majority of these rooms
are used for thyroid patients.4

It is important to note that “pure”
beta-emitters also emit gamma rays. Also
known as “brehmsstrahlun~” this
phenomenon is caused by the interaction
of the electrons with atoms having a
large atomic mass number. It has been
demonstrated that scintigraphic pictures
are possible with brehmsstrablung
radiation.5

= Half-life. The physical half-life
shodd generally be more or less similar
to the retention time within the target
tissue. If the physical half-life, is much
longer, both the patient and the

environment are burdened with an
excessively high (not tumor related)
radiation dose. On the other hand, if the
half-life were shorter, more frequent
dosing would be required in order to
achieve an optimrd tumor dose. Another
aspect has to do with the logistics of
shipments from the production site to the
customer. Here, a longer half-life (i the
order of several days) is advantageous.
When nuclides of short half-life are used
(for example ‘88Reor 2’3Bi) production
of the radiopharmaceuticd final product
will have to be performed at the site of
treatment (in the hospital or in a near-by
radiopharmacy). With the longer half
lives (>3day), produtiion at a centralized
production facility is the best option.

“ The cost and availabili~ of
radionuclide theraDv agents. The goal of
developing labeled peptides for tumor
therapy is to be able to provide a
trtitment with high efficacy and a
minimum number and sevetity of side
effects for patients with a range of
tumors. For this goal to be feasible, drug
approval is needed, so that patients all
around the world can use these
compounds. The drug approval process
is a very mstly one, up to several million
dollars. Expenses are related to the need
to garner enough cliical data.
Accordm@y, the potential patient
population that could benefit from such
treatment must be large (e.g., a minimum
of several thousands of patients per year)
in order for the manufacturer of the
labeled compound to make a profit.

The actual amount of rdloactivity
per patient treatment is often large
(currently, patients with thyroid cancer
we sometimes treated with 200 mci 1311.
NaI).
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Table 1: Factors That Must Be Considered When Selecting a Radionudide To Be
hcorporated Into a Therapeutic Radiopharmaceuticsd o

● Physical half life of the radionuclide
● Type of radiation(s) emitted by the radionuclide
● Energy of radiation(s) emitted by the radionuclide
● Chemistry and chemical reactivity of the elementisotopdradiochemicrd containing

the radionuclide
● Cost of the radionuclide
● Availability of the radionuclide

The above factom relate to the following considerations:

What is the range that the radiation must travel in the tumor?
How large is the tumor?
What is the distance between the site where the radiotracer binds to the tumor (in
or on the cell) and the structure that must be tiadiated (the nucleus)?
What we of tumor is being treated and how metabolically active is the tumor?
Does the physical half-life of the radionuclide closely match the biological half-life
and rate of tumor localization of the carrier molecule so that the tumor cells are
irradiated for an optimal mount of time?
How destructive is the radiation emitted? (low or high LET?)
Does the radionuclide emit a gamma photon that can be used to screen patients
and/or monitor therapy outcome? (or, Can the therapeutic radionuclide be “paired” @
with a diagnostic, photon-emitting rtilonuclide?)
Can the radionuclide bmd readily to the carrier moleclde and remain stable in vivo?
CarI a ticient quantity of the radionuclide be mmbmed with an appropriate
amount of carrier molde?
Is the cost of the radionuclide such that it wuld be used and marketed clinically at
a r~nable prim?
Is there a reliable sour= of the radionuclide in quantities sufficient for clinical
demands?



Cliical experience to date indicates that
treatments must be repeated weral
times. Therefore, the actual amount of
radioactivity needed per year is
staggering: several thousands of Curies
per radionuclide. Within the
aforementioned >600 nuclides that emit
beta or alpha particles, only a few viable
candidates remain that can be produced
economically and in large enough
quantities: ‘Y, 13~1,and lWLU.

Other potential candidates, which
may, under certain circumstances, also be
produced in large amounts are 188Reand
213Bi, All other radionuclides can be
produced in amounts that permit a
limited clini~ efficacy study, but they
are not candidates for a large-scale
radiotherapeutic product.

“ Diaaostic/therapeutic ~airs.
Experience gained with the treatment of
thyroid cancer suggests that a diagnostic
scan with either lZI or a diagnostic dose
of 1311be performed before therapy is
initiated with 1311.

The same principle is applimble to
radiolabeled peptide treatment of other
turner types. Therefore, combinations of
diagnostic and therapeutic radionuclides
that share cefiain chemical properties are
needed to identifi those patients who
may benefit most (based upon a
calculated radiation dosimetry to the
tumor and critical organs) from the
therapy.

Several such combinations are
possible:

An impotimt consideration to be
addressed when making choi~ between

these possible combinations is the half-
Iife of the radionuclides in the
combinations. Since the mass of a
canier-free radionuclide is inversely
proportional to its half-life, large
differences in half-life can mean that the
chemistry that binds the radlonuclide to
the ligand (peptide) may vary over time.
The best example is the difference
between *Tc and l~e. The literature is
replete with data demonstrating that the
chemist~ that allows ‘Tc to be =sily
incorporated into several compounds is
utiavorable for l%e.G This is due to both
the difference in half-life of the two
radionuclides (6 hours versus 90 hours,
respectively) and the fact that 18%e can
not easily be obtained in carrier-free
state. The first factor also plays a role in
the l=J/1311 combination, but is less
important in the 1~‘I#Y combination.

my, there are differences in the
chemical behavior of elements that share
the same column in the periodic system.
For example, Re oxidizes much easier
than Tc. Therefore, the synthesis of Re
products requires a more potent reducing
environment than needed for Tc
products. Similarly, the chemical
behavior of ‘Y is different from that of
l]lIn. For example, diethylene triamine
penta acetic acid (DTPA) is an excellent
Iigand for ~llIn but not for ‘Y. When
DTPA is labeled to ‘Y, some ‘free’
(non-ligand-bound) radionuclide is
always present a few hours tier
administratio~ causing enhanced bone-
rna3Tow uptake/radiation dose. The
solution is to seek ligands that are
capable of binding both the diagnostic
and therapeutic isotope with high
efficienW, like DOTA (1,4,7, 10-tetra-
azacyclododecane-N’,N’’,N’’-tetraacetic
acid) instead of DTPA for the lllI@Y
combination.



DEVELOPMENTAL ISSUES
This segment of the lesson focuses on

several aspects of the development of
radlolabeled peptides.

Stability of peptid~
As mentioned previously, the human

body has several very effective systems
that degrade peptides. The main reason
for this metabolic capacity lies in the
ofien very potent pharmacological action
of naturally occurring peptides, so that,
in order to keep this action in chec~ a
rapid clearance of the peptides in
(especially) blood and tissues is needed.

One of the differences between
“natural” peptides and labeled peptides is
the point of entry in the humsn body.
Natural peptides are produced in urtain
organs, ofien in a longer form, that is
degraded to yield the active,. smaller
peptide. Their action is focused on other
(or the same) organs that have a
relationship with the production site
through blood flow. The labeled aalogs
are administered in a peripheral vei~ so
their journey toward the target organ or
organs is mostly via the arterial system.

For labeled peptides to be of use, a
certain blood-half-life is needed in order
to reach the twget (tumor). Whether this
optimal half-life is the same for all
peptides remains to be proven. The
experience with somatostatin receptor
binding peptides is that a blood half-life
of 1-2 hours is sufficient to be taken up
in the tumor. Work by the Rotterdam
group’ indicates that approximately 30
minutes is required to permit binding and
subsequent internalization of the
somatostatin receptor-bound peptide
Iigands.

The half-life in blood of natur~ non-
stabilized peptides is on the order of
minutes, so that it is clear that some form
of stabilization is necessa~. Possible
ways of stabilization include the
following:

= Cvclization. Stabilization is
possible with an S-S bond (as performed
by $andoz to stabilize Octreotide); by
normal peptide bonds (as ammplished
by DuPont and Diatide in their
somatostatin-receptor agents); by an
aliphatic chaiu by an amine bond,g as
well as others.

‘ The use of non-natural amino
-. For example, D-forms of natural
amino acids, as well as synthetic tino
acid Iook-alikes are currently under
investigation.

● The use of non-Dmtide bonds.g
g The exchange of certain amino

acids that are known to be reactive in
certain environments. One example is the
substitution of methionine for isoleucine,
so that the resulting peptide will not be
oxidized as easily.

Of course, a combination of these
methods are ofien required to synthesize
a peptide that is stable, while still
maintaining a high binding tinity to the
receptor of choice. Ideally, the goal of
computer mapping programs is to map
the three-dimensional structure of certain
peptides with the comesponding receptor
structure, However, a major limitation to
this approach is that the three-
dimensional structure of many receptors
is not fully hewn.

Heat resistance is another important
attribute for peptides that are used in
radiolabeling. Radionuclides must be able
to withstand a heating step (often up to
IOO”C),if the labeling process requires it.
This is especially important for
iodinations (1311and InI), as well as ‘Y
and lanthanide labeling methods. This is
less important for Tc and Re chemistry.
Possible improvements can be found in
ligand systems that allow the
incorporation of radioactive nuclides at
room temperature or at a marginally
efianced temperature.

Lastly, the peptides must not be
overly susceptible to radlolysis. This
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aspect can be improved by changing the
formulation of the final product (addition
of antioxidants) and/or dilution of the
solution.

Radionuclide binding ligands
Over the years, several articles have

been written about the characteristics of
the “ideal” Iigand to bind a radioactive
atom to a peptide or a protein. 10711

The most importmt aspects of an
ideal ligand are listed as follows:

■ There must be strong, irreversible
binding of the radionuclide;

“ The ligand must be chemidly
versatile, so that it can be (de)protected
during synthesis of the peptide-ligand
system at will, permitting labeling at
room temperature;

‘ The ligand should allow binding
of both the diagnostic and the therapeutic
isotope in a diagnostic/therapeutic pair

“ The ligand should allow high
specific activity.

For the ll*In (diagnostic) and
‘Y/177Lu (therapeutic) pair, DOT&
which has an N4 “cage” structure, is the
most preferred at present. Ongoing
research continues in an attempt to fine-
tune the charge/lipophilicity of this kind
of Iigand by adding one or more acetate
groups antior making the binding cage
larger/smaller by addin~deleting a
carbon atom.

It is questionable whether the
established procedure for the 1=U1311
labeling for monoclinal antibodies
(reacting with tyrosine amino acids) can
be used for the much smaller peptides
also. In this case, novel iodination
methods that would diminish the
frequently occurring deiodination
reactions are advisable.12

For the ‘Tc/18%e pair, one- might
use the MAG3 (mercapto acetyl
triglycine) technology,A the HYNIC
(hydrazino-nicotinamide)]3 or the newly
developed tionyl approach.14

The DOTA compound has many of
the ideal characteristics mentioned
previously. Even though labeling at room
temperature does not seem feasible, it is
the best ligand available at present. Other
approaches are still in the early stages of
development and we therefore not yet
suitable for therapeutic wrnpounds.

Analytical methods
Analytical methods used to assess the

qualhy of the labeled peptide can be
divided into non-radioactive methods
(e.g., characterization of the peptide,
etc.) and radioactive methods (e.g.,
labeling yield and radiochernical purity of
the peptide). The following section will
identifi some of the different methods
presently available.

Non-radioactive analytical methods
for radiolabeled nentides

The following methods are used to
characterize and assess the purity and
content of the peptide preparation.

“ The characteri=tion of the
peptide should be done by determining
the amino acid wquence by controlled
degradation with Carbo-peptidase. In
addition, it is advisable to proauce lH
and 13C nuclear magnetic resonance
-) spectra and infrared (IR) spectra
to be used as “fingerprints” to assess
batch-to-batch variability.

● Determination of volubility in
water at 25°C at neutral, low, and high
pH, and (sometimes) in dimethyl-
sulfoxide (DMSO), can give valuable
information for the routine use of the
peptide.

● The purity (typical specifications
are 97°/o-99.90/0)is definti as the amount
of pure peptide in the peptidic material
(i.e., the desired peptide and peptidic
impurities from synthesis and
purification). Impurities from synthesis
include “deleted” sequences due to
uncompleted coupling reactions,
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fragmented sequences, etc. An example
of an impurity from the purification
process is ester formation due to
ckomatography in the presence of
primary alcohols under acidic conditions.

A4eth& to assess peptih puri~.
The method of choice to determine the
ratio of desired peptide to peptidic
impurities is reverse phase (C 18 or C4)
high pressure liquid chromatography
(HPLC). A rule of thumb (especially
from a regulato~ point of view) is that
all impurities being present above l%
should be identified and be tested in an
acute toxicity test.

Using acidic conditions, (e.g., water-
acetonitril gradients with 0.1‘/0tri-fluoro-
acetic acid (TFA), all peptides are fully
protonated and thus can be detected
most easily. The most common detection
method is W spectrometry. The most
common wavelengths used are 280 nm
(m-ring txyptophane-like amino acid
residues) and 215 nm (measuring amino
acids). The sensitivity of the 215 nm
signal is much greater than the 280 nrn
signal, but my other compounds also
show absorbmce at 215 nm. A ve~
sophisticated method consists of a liquid
chromatography-mass spectromet~ (LC-
MS) syst~ where all relevant peaks
eluting from the chromatography are
evaluated for their mass by the connected
MS system.

Thin layer chromatography (TLC)
may still be used to get a quick idea of
overall purity (using ninhydrin spray as
detector), but quanttication is generally
not possible.

Another method that is quickly
gaining popularity is capillary
electrophoresis and electrofocusing.
These methods provide an independent
second method from the HPLC methods
that w be used to detect impurities not
seen in the HPLC profiles (e.g., when an
impurity cannot be eluted from the
HPLC column). Electrofocusing can also

be used to measure the pm values of the
peptides.

Another important aspect to be
aware of is the possibility of racemization
due to hydrolysis or due to the
production method. For example, cyclic
peptides with ring-closure via a chiral
amino acid cm show significant
racemization of that amino acid

‘ The peptide content is the
amount of peptidic material in the total
preparation (typical specifications are
80V0-95YO). The remainder consists
maitdy of (defined) counter-ions and
water. This latter impurity m be
relatively hi@, 50/0to 150/0of water is
not uncommon.

Methoa!r to msesspepti& content.
The method of choice is a total amino
acid determination after hydrolysis in 6N
HC1 for 24 hours at elevated temperature
(110”C). This method needs to be
corrected for labile amino acids (i,e.,
Cys, Trp, Tyr) and “difficult to
hydrolyze” peptide bonds (e.g., Val-Val).

Separate nitrogen and sulphur
determinations can provide valuable data
about the accuracy of the total tino

tion by hydrolysis. Aacid determina
disadvantage of this method is the high
amount of peptide needed (several
hundred milligrams).

Once the total peptide content is
know it can be considered along with
the results of the method used to assess
peptide purity to make an esthnate of the
desired-peptide content.

For routine analysis, using a standard
of the desired peptide, one can perform a
HPLC assay, comparing the absorbance
of the standard with that of a sample of
the “to-be-determined” peptide.

Another interesting method is to
make use of a saturation assay. This
pro~ure involves the labeling of a
known amount of the desired peptide
with an excess of a (known) mixture of
non-radioactive isotope ~d a radioactive
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isotope of the same element, The
radioactive content of the peptide peak
after HPLC separation becomes a
measure of the amount of peptide present
in the sample to be determined.

The two latter methods discussed
above use ordy minimal amounts of
peptide (micrograms) for the
determination.

Determination of water content. In
general, the final step in any preparation
is a Iyophylization of a filtered (0.22
micrometer) aquaeous solution
containing the peptide, so the water
content of the final, Iyophilized material
needs to be assessed, and can be seen as
a good method to look at reproducibility
of the Iyophilization process.

Methods used to determine the water
content include the Karl-Fischer titration
(0.5 mg -2 mg of water are needed for a
reliable result); integration of water
signals in lH-NMR spectra (about 1 mg
of peptide, i.e., 50 micrograms - 100
micrograms of water is needed) is
performed and compared with the
amount of the peptide’s aromatic
hydrogen atoms as internal standard. If
no aromatic amino acids (Phe, Tyr, Trp,
Pro, etc.) are available, an internal
standard has to be added. Relative
accuracy of this method is 5°/0-10O/O.

Another method that may be of use is
NIR (Near-InfraRed) spectrometry. This
method has a significant advantage in
that it is a non-destructive method,
however, its reproducibility is rather low
(3%-5%). This method has to be
calibrated by another technique such as a
Karl-Fischer titration.

Typical specifications for water
content are 50/0-15°/0.

Determination of the non-peptide

comtituents. This procedure should
always be performed in each batch. The
counter-ions (acetate or chloride) can be
analyzed using gas chromatography (for
acetate) or conventional analytical

methods such as Volhard’s or Mohr’s
titration (for chloride). The specifications
for these munter-ions typically are fairly
high (3Y0-8VO).

Since metal impurities are often a
problem in radiolabeling, a total metal
content using, for example, atomic
absorption spectrornetry (AAS) or
induced coupled plasma (ICP) is needed.
Typical specifications are <10 ppm
(heavy) metals.

Non-peptide organic impurities
(solvents) cruI be detected by gas
chromatography; typical levels are
<0. 10/O.

Finally, the appearance of the
lyophylisate and (absence of) odor
should always be determined on each
batch.

Radioactive analysis
The analysis of the final, labeled

product should consist of two different
assays: a determination of the
radiochemical purity and a determination
of the content of labeled peptide.

The radiochemical purity is a
measure of the amount of desired labeled
peptide versus other radiolabeled
peptides. These byproducts can still bind
the radionuclide since they consist of
peptide (fragments) that still bear the
nuclide-binding ligand. The specification
for radiochemical purity should be >90Y0,
or higher if possible (based upon several
analyses). See Figure 1 for an example of
results from HPLC testing of
radiochemical purity.

If specific-radioactive impurities with
a content > 1°/0 of total radioactivity are
found, an effort should be made to
chemically characterize this impurity.
Since the absolute amounts of labeled
compounds are so low (ofien not more
than- nano- or even pico grams), it is
often advisable to try to produce the
impurity using non-radioactive isotopes
(89Y,when ‘Y is the radioactive isotope,
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*85Refor l~e or 188Re,17~u for ~“Lu,
etc.) and then perform “cold” chemid
analyses.

It is therefore advisable to perform a
biodistribution study with HPLC-purified
impurities to assess whether these
impurities have a biodistribution that is
d~erent from that of the desired peptide
(particularly with regard to the rate and
route of clwance). If this is the case,
then a sp~ification for the allowed
amount of this impurity should be set at a
low level.

Of course, assurance is needed
during vflldation of the method that the
recove~ of the radiolabeled peptide
approaches 100°/0, so that no important
amounts are retained on the HPLC
column.

The labeled peptide content is a
measure of the total amount of “free,”
non-peptide-bound radionuclide and
ideally all radioactivity should be
accounted for. A TLC method is often
the easiest to perform. The specification
for this assay should typically be very
high. Depending on the radiotoxicity of
the nuclide used, it may have to be as
high as >99.5V0 (i.e., < 0.5% of the
radionuclide is not bound to the peptide).
See”Figure 2.

Pharmaceutid issues
Pepti& pr&ction. The current

method of choice is solid-phase
synthesis. This method relies on the use
Of commercially available peptide
synthesizers capable of producing

various amounts of peptides ranging
from milligrams to grams. In order for
these peptides to be suitable for
administration in humans, care must be
taken to ensure that the production takes
place according to good manufacturing
practice (GMP) methods.

The essence of GMP is to have a
total quality system for all aspects of the
synthesis. For example, this would
require that:

● The synthesizer be in a
controlled/validated rendition;

● The starting materials be
described md their qutilty assured;

■ The production and the
purification steps must be described in
detail as part of standard operating
procedures (SOPs);

● The analysis of the qufllty of
the final product should be described as
part of an SOP;

● The site of production must be
cofied to an area in which the
environment is controll~ including both
the microbiologic quality and number of
pticles. It also is essential that a
eon of space and/or time be possible
when the production of more than one
peptide is to take pb in this area.

The p@cation of the crude peptide
mixture is done by preparative HPLC
methods. Sinw, during synthesis, the
reactive groups of many tino acids will
be protected by protecting groups like t-
BOC or f-MOC, a typical step before or
tier crude purification is to use TFA to
de-protect the different amino acids.
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This TFA must be exchanged with
acetate or chloride ions using ion-
exchange columns if the material is to be
used in humans.

As discussed above, the water
content of the final, Iyophilyzed product
is relatively high. Furthermore, it is often
impossible to reduce the water content,
due to strong binding of water molecules
(via hydrogen bonds) to the peptidic
backbone. It may therefore be advisable
to have the lyophylisate equilibrate in an
atmosphere of defined humidity ( 10°/0-
20Yo)in order to reduce the variability of
the water content.

Development of the ~nal
formulation. Outlined below are several
important aspects.

● Radiolvsis. Radiolysis is the
destruction of chemical structures by the
radiation emitted by the labeled peptide.
Since the patient dose is relatively large,
the radiation dose in the raw product
(tier labeling of the peptide) is o~en
quite high; levels of several hundreds of
Sievefis are not uncommon. In aqueous
solutions, this radiation dose can cause
radical formation (OH and H.), which
will react, mostly in an oxidative way,
with other chemical compounds. The use
of anti-oxidants (like ascorbic acid,
gentisic acid, etc.), absence of oxygen
during dispensing, and enlargement of
final volume (by dilution with saline or
glucose 5%) are all good methods to
decrease the effect of these radicals.

‘ Isotonicitv. Since the labeled
peptides are almost always administered
intravenously, isotonicity is an important
aspect. If the dilution with saline or
glucose 5%, as mentioned above, is
peflormed, isotonicity is achieved more
or less immediately, but in all other cases,
care has to be taken to assure an isotonic
(or slightly hyp~onic) end-solution. Of
course, one can also achieve isotonicity

by co-administration in a ruting isotonic
infusion solution.

● “Readv-to-iniect” vs. locallv
produced radiotracers. There is a
growing pressure from regulatory
authorities to achieve a 100°/0assurance
regarding the quality of the product. This
demands that quality control (QC)
standards be met ptior to administration
of the drug to humans. It is essential to
establish a quality assurance (QA) system
for the total production and QC process,
and obtain a signed release from a
responsible pharmacist. This process,
whether accomplished on paper or with
an electronic system, can be quite time
mnsuming, posing a real and significant
burden on small radiopharrnacies.
Therefore, it has been suggested that
these QC procedures be incorporated
into the already-existing QA systems
used by manufacturers of radiopharm-
aceuticals.

However, this approach is possible
only when the half-life of the
radlonuclide used is long enough to
permit shipment from the production site
to the customer. Since shipment can take
as long as 2-3 days (an absolute
requirement if the product in question is
to be used in a truly global fashion),
physical half-lives should be at least 50
hours. Of course, the use of short-lived
nuclides, such as 188Re or 213Bi,may be
considered optimal in the treatment of
certain patients. In this case, each center
responsible for producing the final
product must have a QA system in place
to oversee produtiion of these agents.

S’cI~c activity of the peptide. In
this context, the specific activity of the
peptide refers to the ratio of radioactive
peptide molecules to total peptide
molecules. There is growing evidence to
suggest that a carrier-free, labeled
peptide product is sub-optimal. 13Due to
local production of receptor-binding

16



natural peptides, local (non-tumor)
presence of receptors, and/or aspecific
binding, the biodistribution of the labeled
peptide is changed in such a way that
receptor-positive tumors are not (or not
as readily) visualized.

Moreover, carrier-free labeled
peptides ofien cannot be prepared
because of labeling yield problems. As
such, the only possibility lies in a
separation (by HPLC) of labeled and
non-labeled peptides.

Based upon experience obtained with
somatostatin receptor agents, there
seems to exist a broad optimum in
specific activity. Peptide amounts ranging
from 10 micrograms to 500 micrograms
per administration are known to allow a
good visualization of somatostatin-
positive tumors. There are some small
differences in biodistribution between
high-specific activity (1O microgram) and
low-specfic activity (500 microgram),
for example in spleen uptake.

bother noteworthy aspect regarding
specific activity is that the pharmacolog-
ical activity of a certain peptide often will
limit the amount of peptide that can be
administered. If this limitation means that
too little radioactivity can be given by
bolus intravenous injectio~ then it is
importmt to look for other ways of
administratio~ like a slow infusio~ or
several administrations within a shofi
period of time (l-2 hours) to increase the
total amount of radioactivity to a
therapeutic level. In this case, it seems
advisable to determine any differences in
biodistribution quantitatively by, for
example, positron emission tomography
(PET) imaging using a PET isotope that
has characteri~ics similar to the therapy
isotope,

Pr&ction of the final prhct. It is
clear that the reproducibility of any
production is better if the number of

uncertainties is as low as possible.
Therefore, it is adviwble to devise a
production protocol using as many as
possible fully analyzed intermediate
products.

In general, production should be
performed acmrding to GMP rules in a
fully validated production environment.
Mer production and QC, the product
must be assembled in a packaging system
that will comply with all applicable
trmsportation guidelines. For beta- (or
alpha-) emitting nuclides, a plastic
container is typically used to absorb the
beta particles and a limited outer layer of
high Z material (steel, lead) is
recommended to absorb any
brehmstrahlung that maybe formed.

Stahili~. The stability of the final
product should be tested at various
temperatures with appropriate methods,
up to at least one physical half-life. If
needed, the influence of (UV) light
should also be tested. Tests should at
least include app~ce, radiochemical
purity, labeling yield, container-closure
integrity, and sterility, the temperatures
tested should include 2“-8°C and room
temperature according to ICH guidelines.
Since the end products will be used
quickly (normally within a small number
of days, sometimes within hours), higher
temperatures md longer periods of
testing should ordy be done for special
reasons.

S;erih~. The sterility of the final
product is an absolute must, even though
the intended stability time is usually
short. This goal can be reached by either
autoclaving or filtration of the solution
intended to be administered to the
patient. Of these two possibilities,
autoclaving is prefmed because it ca be
done in the final contsiner and the
environmental requirements, once the
process is validated, are less stringent
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than with filtration. Furthermore,
parametric release, if sufficiently
validated, can be an option.

The greatest problem is that the
thermic energy administered may break
the labeled peptide into fragments that
may be labeled or non-labeled. The
labeled fragments (the radiolabel, bound
to its ligmd, plus one or more amino
acids, or the “free” radiolabel) will cause
an unwanted radiation dose, because they
will not bind (or bind to a lesser extent)
to the receptors for which they are
intended. Most probably, these labeled
fragments will be excreted quic~y by the
kidneys. The eventually formed free
radiolabel, if administered, will have a
biodistribution that is typical for the
chemical nature of the specific isotope.
For example, yttrium and the lanthanides
will appear in the bone marrow, rhenium
isotopes in thyroid, stomach and salivary
glmds, and iodine will also appear in the
thyroid and stomach. The advantages of
autoclaving are so significant tkt a test
is needed to determine whether
autoclavabdity is possible. The analytical
systems used to assess stability over time
may be used to determine whether the
labeled peptide can be autoclave. For
both sterilization methods, it is important
to know the microbiolo@cal burden [in
colony forming units (CFUS) per volume]
before sterilization; <2 CFU per 100 rnL
may be a good specification when
autoclaving is possible. When using
fltration as the steriliition method, the
limit should be set lower (< 1 CFU per
100 mL). When filtration is the method
of choice, environmental demmds are
quite stringent. The use of a HEPA-
fdtered, closed tilnet of class A is
required. In additio~ the area in which
the cabinet is placed must conform
(minimally) to class B requirements. The

integrity of the filter must be verified
after the fdtration process is umpleted.

Since nearly all radionuclides used
have a short half-life with regard to the
time it takes to perform a sterility test,
they will be administered to patients
before microbiological data on sterility
are available. This underscores both the
need for standardi=tion and the
importance of validating the steriliition
process.

Pyrogem. Although the chances of
bacterial growth and the presence of

pyrogens me generally small in a typical
labeled peptide formulation, it remains
essential that testing for pyrogens be
performed during the developmental
phase. However, if these tests [lumulus
amebocyte Iysate @AL) test, validated
for positivity] are consistently negative
and the number of CFUS measured also
are low (<1 per 100 rnL), this test is not
required for all batches, but instead may
be performed at random.

Aspects of toxicological testing
Each component of the peptide

complex (i.e., the ligand, linker and
radionuclide) or each combination of
components can have significant
toxicological properties. Furthermore,
the metabolizes of the components and
the decay products (radioactive or stable)
can be of toxicological significance. If
the labeled peptide is found to be stable
in both in-vitro md in-vivo tests, it may
be argued that investigating the kinetics
of the labeled peptide through the tracer
principle, also will investigate the kinetics
and metabolism of the non-labeled
component in the final product.
Therefore, the biodistribution profile and
the in-vitro and in-vivo stability of the
labeled peptide shodd help identify the
tests needed. For example, if the labeled
peptide shows an excretion pattern
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throughthe urineonly andtheredoes not
seem to be any important metabolism
(i.e., if after a period of several
hours/days, the recovered labeled peptide
in blood and urine is the same as the one
administered), the number of
toxicological tests that should be
performed before a first study in humans
is started can be relatively small. Such
testing may include:

● Acute toxicity of the non-
labeled peptide (1-1000 times the
expected clinical dose per kg weight in 3-
5 levels plus control) in at l=t two
mammalian species (both sexes). The
aspects to be examined are clinical
observations and body weights. ~er
sacrifice (day 15), gross pathology and
histopathology of selected organs is
needed.

■ Pharmacodynam.ic studies are
required in one species to assess the
intluenu of the peptide administered on
relevant biochemical parameters.

m Biodistribution studies in at
least one species to assess the excretion
pattern and to perform a first evaluation
of the dosimetry; the values obtained in
this study should be extrapolated to
humans when possible. Of course, in the
Phase 1 human studies, dosimetxy
calculations based upon human biodis-
tribution should also be perfomed.

In, later stages of development, other
studies should be executed. These
include:

● Acute toxicity of the labeled
peptide (1-20 times the expected clinical
dose per kg weight in 2-3 levels plus
control) in one mammalian species, if
possible in primates. The aspects to be
monitored are clinical observations and
body weights. Mer sacrifice (4-6
weeks), gross pathology and histopathol-
ogy of selected organs are performed.

9 Acute toxicity study of the
non-labeled final formulation (1-50 times
the expected clinid dose/kg in 2-3 levels
plus mntrol) in one species of mammal.

● Subacute toxicity of the non-
labeled peptide (dose level dependent on
the results of the acute toxiwlogical
study, but at least in 34 dose levels plus
mntrol), administered every other day
for 8 to 12 doses. Aspects to monitor are
clinical observations, body weights, gross
pathology, and histopathology of
selected organs.

9 Immunotoxicity of the non-
labeled peptide in one mammalian species
(2 dose levels, dependent on the results
of the subacute toxicity tests),
administered every other day for a total
of 8-12 dews. Aspects to be assessed are
natural killer ~11 (NK) assay, plaque
forming cell (PLC) assay, and mixed
lymphocyte reaction (MLR) test.

● Local tolerance of the non-
Iabeled peptide in one species; the local
administration should be done with the
concentration of the expected human
dose and a vehicle control ev~ other
day for a total of 8-10 days. The local
aspect of the skin should be examined
both grossly and microscopically.

It may be expected that the
radioactive component of the labeled
peptide will induce genetic toxicity.
Although there is a small risk of
carcinogenesis associated with the use of
these peptides, it is important to weigh
the potential risk of carcinogenesis with
the potential therapeutic benefit. Since
these patients already have cancer, these
factors must be carefully weighed and an
informed decision made regarding
treatment.

As stated previously, this list of tests
is the minimum. If the labeled peptide is
not stable, if its bldlstribution is not
simple, etc., other tests may be required
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to elucidate the metabolism,
the labeled peptide, but also
labeled peptide component.

CLINICAL ISSUES

not only of
of the non-

Once the necessa~ toxicological
studies are performed, it is time to
considered the clinical application(s) of
labeled peptides.

The purpose of these clinical
applications is to treat patients with
receptor-positive tumors within
acceptable toxicity levels. The following
parameters must be considered:
measurements of efficacy, measurements
of toxicity, ad dosimet~ measurements.

Measurement of efficacy
The result of treatment with-any drug

should, if possible, be tested in a double-
blind fashion, and compared with the
currently best treatment. However, it is
difficult to perform double-blind studies
using radioactive drugs since it is
possible to detect whether a patient is
receiving a radioactive drug simply by
measuring the level of radiation in that
patient.

Therefore, it may be better to
compare the result obtained with a
radioactive drug with that of the
comparison drug using objective
measurements such as the size of tumor
(verified by computed tomography,
magnetic resonance imaging, or
scintigraphy) or tumor activity
(biochemical markers in serum).
Furthermore, quality
measurements continue
importance in decisions with
new treatments,

Measurements of toxicity

of life
to gain
respect to

Although it is import&t to consider
all possible causes of toxicityY”radioactive
compounds in general, and radlolabeled

peptides in particular, can cause
hematological toxicity due to
(temper@) binding in the bone marrow.
Experience now suggests that the platelet
number is an especially important
parameter. The number of platelets tends
to decrease tier each treatment cycle
(nadir, 3-8 weeks post injection), with a
rebound to (nearly) the level before the
treatment. In general, patients with
platelet numbers of <80,000 per
microliter should be evaluated carefully
prior to treatment because of the risk of
internal bleeding if further significant
reduction in platelet counts occurs. At
this moment, not enough data are
available to judge, whether the use of
platelet infisions or platelet growth
factors can be of assistance with this
problem.

Dependent on the biodistribution
pattern of the labeled peptide, other
organ systems may be targets for
radiation toxicity. For example,
experience gained with compounds like
‘Y-DOTA-tyr(3)-octreotide (reviewed
later) indicates that the kidneys also can
be a target organ for toxicity.

The mechanism of toxicity lies in the
handling of the peptides by the kidney.
Because of their size, the peptides will be
filtered in the glomendus and into the
primary urine. These peptides will then
be partly reabsorbed in the proximal
tubule. Here a small percent of the total
administered radioactivity (1‘/0-40/0) is

retained in the cells of the proximal
tubules. This radioactivity can cause
radiation damage to the nearby
glomerulus, causing a decrease in
glomerular function.

Work by several groupsid have
shown that continuous administration of
high amounts (grams) of amino acids,
Iysine in particular, will decrease the
amount of radioactivity that is retained in

20



the kidneys, possibly by saturation of the
re-absorption mechanism. This may
minimize toxicity to the kidneys and
thereby improve the therapeutic index.

Dosimetry measurements
The dosing of the labeled peptides

should be determined by the radiation
dose that can be delivered to the tumor.
The dosimet~ can be done only by
measuring, through gamma rays, the
biodistribution of the peptide in a
diagnostic test. This diagnostic
therapeutic pair approach was described
earlier.

An interesting approach has recently
been described by Pauwels and
associates,]’ who used PET scanning
with ‘bY-DOTA-tyr(3)-octreotide to
predict the dosimetry of the ‘Y-
analogue. Although this is probably the
most scientifically sound approach (since
the use of PET allows the calculation of
absolute quantifications), it is
unfortunately not very practical, because
the number of patients with access to
PET is low and 86Y is not easy to
produce, Therefore, if quantification with
a “normal” gamma-emitter, like 1~lIn, can
provide reliable numbers, it is the method
of choice.

Current status
At present, no radiolabeled peptide is
approved, although several clinical trials
are currently underway. Organized by
Novartis, trials have been initiated in
Albuquerque, New Mexico (Prof. L.
Kvois), Rotterdam (Prof. E. Kreting)
and Brussels (Prof. S. Pauwels) with ‘Y-
DOTA-tyr(3)-octreotide (Octreother).
Patients enrolled in these trials must have
somatostatin-positive tumors as demon-
strated by positive imaging with 1llln-
pentetreotide. The status of these trials is’
as follows: 22 patients have entered a

trialin New Mexico, which is a Phase I,
uncontrolled, open-label, vertical (per-
cycle) and horizontal (number of cycles)
dose escalating study. The initial dose of
‘Y-Octreother to be administered is 25
mCi/m2/cycle. Vertical dose escalation
will proceed in 25 mCi/m2/cycle intervals
ad will be permitted for the next group
of patients pending completion of the
prior subject’s Cycle 1 therapy provided
there is no excessive toxicity. Horizontal
dose escalation allows a subject to
receive as many as four successive cycles
of therapy. Up to this point, two partial
responses (PR) and stable disease (SD)
in six patients have been recorded; no
dose limiting toxicity was seen.

Using the same compound, a similiar
study is underway at the Kantonsspital in
Basle.ls’lg This study also is being
conducted on patients with somatostatin-
positive tumors. The dose escalation in
this case is “intra-patient” (i.e., patients
get more ‘Y each time they undergo a
new administration). This is in contrast
to the Novartis trial, in which dose
escalation is “inter-patient’’(e.g., between
groups of patients). In the Basel study,
dosimetry is performed by co-injecting
*l*In-DOTA-tyr(3)-octreotide. In a large
number of patients, symptomatic relief of
symptoms such as pain (10 out of 30
patients); tumor size reductions (7 out of
30 patients) and stabilization of disease
(2o out of 30 patients) were noted after
multiple administrations up to a total
dose of 300 to 400 rnCi ‘Y. Side effects
seen were hematological (temporary
decreases in number of platelets and
lymphocytes) and nephrological
(decreases in GFR in 2 patients).

The third ongoing clinical trial is
using ‘Y-DOTA-lanreotide.m It is
important to note that ‘Y-DOTA-
lanreotide has a somewhat different
biodistribution than ‘Y-DOTA-tyr(3)-
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octreotide, in that its blood clearanm is
slower, leadingto a generallyhighertotaJ
body dose and less rapidurine excretion
(42% tier 24 hours vs > So% with ~-
DOTA-tyr(3)-octreotide).

Furthermore, ~-DOTA-lanreotide
may have dtierent binding to the
somatostatinreceptor subsets @lndingto
subtypes 2, 3 and 5, versus binding to
subtype 2 Ody with ‘Y-D0TA-tyr(3)-
octreotide). It may, therefore, be possible
to treat intestinal adenocarcinomas with
this compound.

Dosim~ is being performed using
lllIn-DOTA-lanreotide. Using this
compound, tumor doses of up to 60
mGy/MBq (220 rad/mCi) codd be
obtained,m with normal organ doses
ranging from 2mGy/MBq (7 rad/mCi) for
kidneys to 0.3 mGy/MBq(l rad/mCi) for
bone marrow.

Clinical efficacy W= reported to be
encouraging. Mer four administrations
of 1 GBq (27 mCi) ov& a six-month
period, liver metastasis had decreased
25% in size, while the uptake of lllln-
DOTA-lanreotide in the primary
gastrinorna was remarkably reduced.

Lastly, several groups around the
globe are using repeated administrations
(up to 20 times) of high doses (up to
about 200 mCi per administration) of
lllIn-pentetreotide (Octreoscan)21to treat
patients with somatostatin receptor
positive tumors. An important fiding is
that the mber of responses seems to be
positively correlated with the number of
r~tors present on the turnor.

Here too, clinicaJ responses could be
seen in a high perwntage of patients,
with tumor reductions of up to 50?/0in a
smaller number of patients. Also of
interest is that up to now, no kidney
toficity is being reported in these
patients, despite the huge amounts of
l*lIn administered. It is postulated that

the therapeutic effect seen is caused by
the Auger electrons of lllh which cause
DNA damage tier interntition into
the r~tor positive tumor cell. The lack
of glomendar kidney damage also is
explained by the low range of these
Auger electrons. The @omerulus cannot
be reached by the Auger electrons that
are emitted in the proximal tubule, where
reabsorption of the labeled peptide is
taking place.

CONCLUSION
Radiolabeled peptides are already

available for diagnosis and whether they
will be used for treatment of patients will
depend on the results of the ongoing
(and future) clinical trials.
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QUESTIONS

1.Whichof the folIowingstatementsis
~d?
A. In general,monoclinal antibodieshavea
short (5-60tiutes) biologicalhalf-lifein
the blood.
B. In gened, labeledpeptideshavea short
(5-24hours)biologid half-lifein bid.
C. In general,labeledpeptideshavea shoti
(30-180h) biologicalhalf-lifi in bid.
D. In general,labeledpeptideskve a long
(1-10&ys) biologicalhalf-lifein blood.

2. Molabeled peptidesare clearedby the
kidneys -Se .
A. They have high_ to albd
B. ~ havea sizethat will allow
glomen.da.rbtion
C. Theytibit the tidiuretic hormone
D. ~ have low_ to albti

3. “Na@’’peptides m _
A. QuiWy (rein-) by @dases
B. @tiy (till@) by the SP1=
C. Slowly(hOUrS)by ~tidases
D. slowly (hours)by the spleen

4. Onceintfacelhdar,the -c of ~c-
labeledpeptib will k
A. Transchelatedto *er ~ti&S
B. Oxidizedto pertechnetate
C. Redud to T4) species
D. Decayfaster thsnwhenpti
~llular
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5. Labeled CCKmbe USedtO
diagnose/treat:
A. Medullary thyroid c.an~r
B. Breast cancer
C. Colon cancer
D. Melanoma

6. The ma energy of Auger electrons is in
the range of
A. GeV.
B. MeV.
C. keV.
D. eV.

7. The -e in water of- with a
maximum energy of 2 MeV is:
A. 5 micrometer.
B, 50 micrometer
C. 500 micrometer
D. 5000 micrometer

8. To treat “micrometastases,” which of the
below mentioned radionuclides is best?
A. ~ (beta decay, max. energy 2 MeV).
B. 1311(beta -y, max. energy 800 kew.
C. l“LU (beta d-y, m=. energy 500 kev).
D. 213Bi(alpha decay, max energy 6 MeV).

9. Can radionuclides that decayby pure
beta emissionsbe detectedoutsideof the
body by scintigraphy?
A, Yes, buse they emit brehmsstrahImg.
B. Yes, buse the range in tissue of the
betas is enough for det~ion.
C. No, -use they will not emit
brehmsstrahlung,
D. No, b-use the mge in tissue of the
betas will not be enough for detection.

10. Which of these therapy radionuclides can
be produced in high volume?
A “cu.
B: “’Lu.
c. ‘6’Tb.
D. lllAg.

11. lWIhas a half..lifi of 60 days, ‘=1a half-
life of 13 hours, Which sta~ent is correct?
A. The mass of 1 mCi 1=1is larger than that m

of 1 mCi ‘MI.
B. The mass of 1 mCi *=1is the same as that
of 1 mCi lX1.
C. me mass of 1 mCi 1=1is less than that of
1 mCi lX1.
D. Both isotopes have no NS, _ they
are radioactive.

12. Which of the following methods to
tiilize peptid~ CANNOT be used to
prduce metabolically stable peptides:
A. Distillation.
B. Cyclization.
C. Use of non-pepti& bonds.
D. Use of non-mtural peptides.

13. Which of the following c~stics for
an “ideal” radionuclide-binding Iigand is
NOT
valid?
A. Stro& binding of the radionuclide.
B. Allow labeling at room temperature.
C. Allow high specific-activitylabeling. @
D. Inexpensive.

14. ~ specification for peptide content in a
non-labeled peptide preparation is typically:
A, >99%.
B. >95%.
C. 80%-95%.
D. <80Y0.

15. Which methods CANNOT be used to
assess water content?
A. Volhard’s titration.
B. Karl-Fischer’s titration.
C. NIR.
D. NMR .
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16,1n_*fbr radio_ stria
-tionsforheavyrne&ls are~
~
A. Theycanbetoxicto thepatierrt.
B.~canactas atiystforradiolysis.
C.~canactas atiystbr

-his.
D. They m -Vdy tiuence

radio-.

17. Typical _tions for the ‘labeled
tide ~’ m
A. -.5%.
B. *.5Y0.
c. *5%.
D. ~~0.

18. Wbi&rnethod uscdtodecre
radiolysis is NOT valid
A. DilutiorIof H Pdllct.

B. Additionof d-oxi~.
c. Addition of auti-reductant.
D. Dispensing undernitrogen.

19. Ap- system for~pure beta
emittershould mist of
A. Leadouter_wit.h plastic priinary
her.
B. Houtersystem witbldprimat’y
~.
C. Plastic outersystem with lead primary
@ntainer.
D. p~c outersystem and ptiC P*

cuntainer.

20. Carrier-k radiolabclcd peptides arc
expected to Shw
A. Hi@ m-to-non-target ratios.
B. bw target-to-non-target tics.
C. High liver uptake.
D. kw liver uptake.

21. wbichuftibtiacal
tiesare NOTtiti=onof
phase I Ctid tia?

A. Acute toxi~ of the non-tiled peptide.
B. Bi-bution studiesw ~
dosii.
c. P~ “cstudiesto~sthe
intlu- Ofthe -de on relm
physiol@cal e.
D. Subacuteticity of the non-w
peptidc.

22. wbichtoxicitycan be-tobe
*-* clinically Usiug tiowed
Peptih?
A, Fever.
B. Nausea.
C. Hypcrbilirub_.
D. ~.

23: Which method abused &toassess
dosm?
A. M- beta tiions.
B. M- gamma emissions.
c. PET.
D. SPECT.

24. The probable mechanism of kidney
toxicity W ~ “onof radiolabeled
peplides is:
A. Abso@m of tbe dOIIUChk iu the
@ornerulus.
B. Reabsorption of the tiOllUCtidC in the
pm tubulus.
C. -so~on of tie radionuclide in the
distal tubulus.
D. Absorption of the radionuclide ia We’s
loop.

25: Wbichrnethodabeuscdto~
tbe ki~ ticity of radiolahled peptides?
A. A~ ‘onof h acids.
B. ~ “Unof fil.roscmide.
c. ~ “on of mrbic acid.
D. Administrationof glue.

25




