Correlation of Plasma Cysteamine and WBC Cystine Levels at
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Cystinosis patients on a stable dose of Cystagon® for
at least 21 days prior to screening, enrolled in a pilot
study to assess the safety, tolerability and
pharmacokinetics (PK) and pharmacodynamics (PD)
of cysteamine bitartrate delayed-release capsules
(RP103), compared to cysteamine bitartrate
capsules, (Cystagon®). Although patients were
under variable doses of cysteamine bitartrate (350
mg X 4 times a day to 750 mg x 4 times a day) such
that they were considered as effectively treated by
their treating physician, with a WBC cystine level
less than 1 nmol/half-cystine/mg protein, their single
—dose pharmacodynamic cysteamine curves were all
very similar, with a cysteamine concentration at 6
hours post-dose of Cystagon® (or pre-dose) at 5.08
+ 3.16 (mean + standard deviation) umol/L and a
corresponding C_ ., at 48.46 = 18.63 pmol/L.
An examination of the individual plots of cysteamine
plasma levels versus time and WBC cystine
concentrations versus time indicated little or no delay
between the maximum plasma and the minimum
concentrations of cystine for the majority of
individuals. This would be indicative of minimal
hysteresis thereby negating the need to collapse the
hysteresis using an appropriate model (e.g. effect
compartment model). Thus, an Inhibitory fractional
sigmoid E__, PD model describing the relationship
between plasma cysteamine and WBC cystine
Cystine = E; *(1 - CysteamineY/(Cysteamine Y +
ECs5Y))
with Ej = 2.24, EC;, = 2.23, y = 0.84 provided a
good fit to the data from the pilot study.
Knowing the difficulty of realizing WBC cystine
measurements, with cell preparation happening as
soon as possible after blood sampling, and the
significant amount of blood necessary (~4 to 10 mL),
the characterization of a relationship between the
level of cysteamine and WBC cystine would lead to
use instead an easy measurement like the plasma
cysteamine concentration pre-dose for the
determination of the dose of cysteamine bitartrate
necessary to effectively treat patients.

A pilot study was recently completed in order to
assess the pharmacokinetics (i.e., cysteamine
C.. and T _..), pharmacodynamics (i.e., WBC
cystine levels), safety and tolerability of
Cysteamine Bitartrate Delayed-release Capsules
(RP103) compared to Cystagon® in 9 patients
with cystinosis.

Steady State in Patients Treated with Cysteamine Bitartrate.

Cysteamine: A Hydrophilic Interaction Liquid
Chromatography (HILIC) HPLC electrospray
tandem mass spectrometry (HPLC-MS/MS) was
used to measure plasma free and total
cyst(e)amine.

WBC Cystine: Cystine Determination was done
by tandem mass spectrometer (Sciex API-4000).
Tandem mass spectrometry, allows fast, sensitive
and accurate analysis compared with the classical
cystine binding protein (CBP) assay.

PK/PD Modeling: Phoenix WinNonlin v6.0
(Pharsight, CA) and SAS Software v9.2 (SAS
Institute, NY) were used for pharmacokinetics and
pharmacodynamics modeling.

Start with a ple of heparinized blood.... == FIRST LYSIS ==

STEP1

We will demonstrate the separation of white blood cells
from whole blood for the purpose of preparing a sample
for cystine analysis. Four (4) mL of heparinized blood
was obtained from the patient a short time ago. It has
been kept at room temperature no more than an hour.
Transfer the blood to a centrifuge tube. If you have more
than 4 ml.. transfer all of it. Mark the original level of the
blood (I use my thumb). (Figure 1)

Now make the solution hypotonic by adding 2.4 mL of

: 2
STEP12 distilled water, start a timer, and vortex. (Figure 12)

1 | vacutainer to a level equal to that occupied by the blood

Mix the blood with an equal volume of ACD-dextran. Do
this by first adding ACD-dextran to the emptied

(thumb level). This will improve the yield of white cells

e ; A When timer reaches about 90 sec = 3, restore the solution
by rinsing out the container. (Figure 2)

STEP 13 | to isotonic conditions by adding 0.8 mL of 3.6% sodium
chloride and vortex briefly. (Figure 13)

Nephropathic cystinosis is a rare lysosomal
storage disease due to an autosomal recessive
genetic mutation affecting about 500 people in the
United States. This mutation disables the
mechanism for clearing the amino acid cystine, a
breakdown product of cellular proteins. This results
In an accumulation of cystine crystals in all organs
and tissues.

The condition is usually diagnosed in early
childhood when patients exhibit poor growth, vision
problems (photophobia) and specific kidney
problems (called Fanconi syndrome). If left
untreated, cystinosis destroys major organ systems
iIncluding the kidneys, eyes, liver, muscles, pancreas
and the brain.

The goal of cysteamine treatment of cystinosis is
to reduce cystine levels in cells. Studies have
shown that cysteamine therapy may delay and/or
prevent kidney transplant and other clinical
manifestations of the disease.-

However, patient compliance is challenging due
to frequent dosing and gastrointestinal side
effects.24° Unfortunately, it has been shown that
decreased compliance, even reduction of dosing
from 6 to 9 hours, with current formulation can result
in poorer reduction of white cell cystine and worse
renal function.’

STEP 3A

Add the ACD-dextran to the blood in the centrifuge tube
(Figure 3a)

STEP 3B

Centrifuge at the same time speed as before for three
minutes. After the spin you will see the supematant is
STEP 14 | tinted red by the released hemoglobin from the Iysed red
cells. The white cells are at the bottom probably with a

cap and invert to mix igure 3b) . - .
P Fie ) ring of still intact red cells on top. (Figure 14)

STEP 3C |
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A regression of the AUC,_,,, normalized by dose
in mg/kg (AUC_D,_4,,) for RP103 versus AUC 4,
normalized by dose in mg/kg (AUC_D,g,) for
Cystagon® suggests a linear relationship with a
slope of 1.4136. Thus, to achieve an equivalent
exposure of cysteamine over a 12 hour dosing
interval as measured by AUC,_,,,, a single dose of
RP103 will have to be equal to 2/1.4136 = 1.4148
times a single dose of Cystagon®, which
corresponds to a daily dose of RP103 equal to
70% of a daily dose of Cystagon®. As it can also
be seen on this figure, when using the
administered dose of Cystagon® for labeling
individual AUCs, there is not a good relationship
between dose and AUC, due to a high inter-
patient variability in absorption/elimination of
cysteamine (highest AUCs corresponding to
lowest doses for example) despite a very low

easily predictable from AUCs after Cystagon®).
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WBC Cystine level (nmal/halt-cystine/mg protein)
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Inhibitory fractional sigmoid E,, PD model:
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A PK/PD model provided a very good fit to the
data, and even when there are some
discrepancies (cf. Patients 5 and 6) around the
C,..x Of cysteamine, the pre-dose (or 12-hour post-
dose) WBC cystine level can be very well
predicted based only on the pre-dose cysteamine
concentration.

** SECOND LYSIS =+

. and set the tube in an ice bath for 30 to 45 minutes.

(Figure 3c)

Next remove the supematant and repeat the lysis (Figures
10a - 13). If there is a pocket of red cells trapped

STEP 4

underneath the white cell pellet, DO NOT try to remove
them. They will not lyse. After centrifugation the pellet
may now look like this. Don't worry about a small ring of
red at this point. It should wash away in the next step.
(Figure 15a) Carefully remove the supernatant. (Figure
15b)

ave f n mixture on ice for 30 to 45 STEP 15
minutes. During that time, most of the red blood cells will
settle to the bottom of the fube. At the end of that time the
tube will look like this: red cells at the bottom. plasma
and white cells on the top. Don't worry if the top phase
looks pink. There may have been some hemolysis during
the blood draw. (Figure 4)

Figure 4

== TRANSFER AND CENTRIFUGE *= ** FINAL WASH ==

STEP S

Transfer the fop portion fo a clean centrifuge tube. Avoid
faking red blood cells even if some of the plasma is left.
If any clots of red cells accidentally get into the sample,
pull them out. (Figure 5)

Add 3 mlL of 0.9% saline and vortex. This just washed
the outside of the pellet so it need nof be resuspended
completely. Then centrifuge this for 3 minfues. (Figure

16)

STEP 6

Centrifuge the supernatant for 10 minutes to bring down

Figure 16

the white cells. If possible, use a refrigerated centrifuge.
Keeping the solutions cold helps to stablize the cystine
content. For your size centrifiige use the chart m the

tocol to determine the speed. (Figure 6 : ;
protocol to deternine the speed. (Figure 6 After the preparafion has been centrifuged and the

_ | supematant discarded, some red cells may still remain in
| the liquid on top of the pellet. If so, they can be removed

** DISCARD SUPERNATANT, SUSPEND CELLS, MIX, LYSE, CENTRIFUGE *= ** "Tl“ll" "0 | by just touching the edge of the liquid with a kintwipe on

After vou have DISCARDED THE SUPERNATANT and SUSPENDED THE CELLS.... . e astick (Figures 17a-17c)

STEP7

If cells are trapped underneath, they cannot be reached.

Here is the tube after centrifuging pellet. Don't worry that : ;
the pellet 1s red and some red cells cling to the conical Figuee 1Ta Figure 170

part of the tube. We will clean it up. (Figure 7) ** TRANSFER **

STEP18 transfer all even if some of 1t 15 in clumps.

Next suspend the white cell pellet in 0.3 mL of water and transfer all of it to a small Eppendorf tube. It is important to

** FREEZE / THAW **

STEP 8

We want to break open the cells and the lysosomes where
stored cystine 15 trapped. To do fhis hold the cell
suspension in 2 mixfure of dry fee and alcohol unfil it &5
SIEP 1Y | fiozen (Figures 1% and 19b). If you don't have dry 1ce
and alcehol vou could put the fube in 2 -20°C freezer. If
you have a microprobe sonicator you can use it instead

Remove and discard the clear supernatant down close to
the pellet, but not too close. Some red cells are still under
the pellet and the white cells are on top of it. (Figure 8)

STEP?

of freezing and thawing
To remove the red cells we will make the solution
hypotonic so that they will swell and burst open. The
white cells are more robust and will not swell and bust,
ie lyse. Our 0.9% sodium chloride, distilled water, and
3.6% sodium chloride selutions are kept cold m the ice
bath and arranged for easy access. (Figure 9)

Now s the crifical time. The frozen cells and Iysosomes

STEP 10

will break open muxing their confents Cysteine,
gluathione, thiol groups on profeins, and the cystine we
wanf fo measure may react with one anofher. For that
STEP 20 | reason, the thawing parf of the freeze/thaw cycle should
be as short as possible in order to keep the suspension
cold and limif ifs reactions. Hold the fube in warm water
until just thawed and 1o longer. Do the freeze/thaw cycle
a fofal of three times (Figure 20).

First add 0.8 mL of 0.9% sodium chloride. (Figurel0a)
This 1s normal saline which is istonic and there will be no
swelling in this solution. Try to get the peller at least
partly suspended by vortex at fhis pont. (Figure 10b)

=% STABILIZE *=

Figure 10a Figure 10b

STEP11

As soon as possible add the 100 microliters of 12%
sulfosalicylic acid (SSA) which is supplied with the kit in
a small tube (Figure 21). By this acidification, we stop
the reactions and precipitate the protemn. All thaf remains
to be done is to label and freeze the sample vntil you are
ready to ship it

STEP11

If the pellet does not suspend easily, you can cut off the
plastic pipet top to widen the orifice (Figure 11a), then
pipet up and down (Figure 11b), until it 15 is suspended
(Figure 11c)

Figure 21

** SHIPPING **

- Figure 11e

Fiwella  Figure 11b

Add bioanalytical laboratory address

Follow the shipping instructions on your protocol. Ship no later in the week than Wednesday to the following address:
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Non-Compartmental Analysis

Padent Dose Caa= CanzDose Teo: | Terminal AT Com ATlC k10
Identifier | (mg) | (umolTL) | (pmolT./mg)* (h) tyz () (nmol*h/@L) | (nmol*h/I)

P1 430 Q.72 Q72 4 1.63 313 37T
P2 300 309 4633 3 444 834 106
P3 450 15 15.00 3 43 443 63.1
P4 450 50.6 50.60 2 6.17 127.2 1536
P35 430 302 3020 1 0.09 104 4 124
P& 750 612 36.72 4 54 1379 1864
P7 1030 319 13.67 0 11.31 g2 1217
P& 430 157 1570 3 30 3z4 735
Po 730 523 31.38 3 6.4 157.7 1974
Aean 566.7 33.06 17.70 1.78 585 80.6 118.2
5D 1345 18.22 14.99 1.56 2.89 45.5 5.6

2-Compartment Model Fitting

. Two compartment model

Ka
K, = 1.475 /hr

Ky, =1.172 /hr
K,, = 0.033 /hr

S «— K, =0.094 /hr
K21 Tiag = 2 hr

Kel V1 _F =0.180 mg/(umol/L)/kg

A PK/PD model combining a 2-compartment PK
model for cysteamine and a fractional inhibitory
E .. PD model for WBC cystine provides a very
good fit to the data collected in 9 patients after
single oral administration of a delayed-release
formulation of cysteamine bitartrate (RP103). A 2-
compartment PK model for cysteamine and a
fractional inhibitory E,_ ., PD model for WBC
cystine have been described after single oral
administration of a standard release formulation
of cysteamine bitartrate.’

Based on this PK/PD model, pre-dose cysteamine
concentration should be predictive enough to
avoid using pre-dose WBC cystine as a surrogate
marker, otherwise difficult to measure in standard
clinical settings. Long-term studies will be
necessary though to determine this minimum
pre-dose cysteamine concentration for any
specific drug formulation.
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