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REVIEWER GUIDANCE1

VALIDATION OF CHROMATOGRAPHIC METHODS

I. INTRODUCTION

The purpose of this technical review guide is to present the issues to consider when

evaluating chromatographic test methods from a regulatory perspective. The

document discusses the points to note and weaknesses of chromatography so that

CDER reviewers can ensure that the methods performance claims are properly
evaluated, and that sufficient information is available for the field chemist to assess the

method. Analytical terms, as defined by the International Conference of

Harmonization (ICH), 1993, have been incorporated in this guide.

Chromatographic methods are commonly used for the quantitative and qualitative

analysis of raw materials, drug substances, drug products and compounds in biological

fluids. The components monitored include chiral or achiral drug, process impurities,

residual solvents, excipients such as preservatives, degradation products, extractables

and leachables from container and closure or manufacturing process, pesticide in drug

product from plant origin, and metabolites.

The objective of a test method is to generate reliable and accurate data regardless of

whether it is for acceptance, release, stability or pharmacokinetics study. Data are

generated for the qualitative and quantitative testing during development and post-

approval of the drug products. The testing includes the acceptance of raw materials,

release of the drug substances and products, in-process testing for quality assurance,

and establishment of the expiration dating period.

Validation of a method is the process by which a method is tested by the developer or
user for reliability, accuracy and preciseness of its intended purpose. Data thus

1This guidance has been prepared by the Analytical Methods Technical
Committee of the Chemistry Manufacturing Controls Coordinating Committee (CMC

CC) of the Center for Drug Evaluation and Research at the Food and Drug

Administration. Although this guidance does not create or confer any rights for or on

any person and does not operate to bind FDA or the industry, it does represent the

agency’s current thinking on the validation of chromatographic methods. For additional
copies of this guidance, contact the Division of Communications Management, HFD—

210, CDER, FDA, 5600 Fishers Lane, Rockville, MD 20857 (Phone: 301-594-1012).

Send one self-addressed adhesive label to assist the offices in processing your

request. An electronic version of this guidance is also available via Internet the World

Wide Web (WWW) ( connect to the FDA Home Page at WWW.FDA.GOV/CDER and

go to the “Regulatory Guidance" section).

P- 4 UT Ex. 2035

SteadyMed v. United Therapeutics
lPR2016—00006

lPR2020-00770

United Therapeutics EX2007

Page 4755 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4756 of 7335

generated become part of the methods validation package submitted to CDER.

Methods validation should not be a one-time situation to fulfil Agency filing

requirements, but the methods should be validated and also designed by the developer
or user to ensure ruggedness or robustness. Methods should be reproducible when

used by other analysts, on other equivalent equipment, on other days or locations, and

throughout the life of the drug product. Data that are generated for acceptance,

release, stability, or pharmacokinetics will only be trustworthy if the methods used to

generate the data are reliable. The process of validation and method design also

should be early in the development cycle before important data are generated.

Validation should be on-going in the form of re-validation with method changes.

|l. TYPES OF CHROMATOGRAPHY

Chromatography is a technique by which the components in a sample, carried by the
liquid or gaseous phase, are resolved by sorption-desorption steps on the stationary

phase.

A. High Performance Liquid Chromatography (HPLC)

HPL chromatographic separation is based on interaction and differential

partition of the sample between the mobile liquid phase and the stationary

phase. The commonly used chromatographic methods can be roughly

divided into the following groups, not necessarily in order of importance:

Chiral

|on—-exchange

|on--pair/affinity
Normal phase

Reversed phase
Size exclusion

@SnPFpNT‘
1. Chiral Chromatography

Separation of the enantiomers can be achieved on chiral stationary

phases by formation of diastere‘omers via derivatizing agents or

mobile phase additives on achiral stationary phases. When used

as an impurity test method, the sensitivity is enhanced if the

enantiomeric impurity elutes before the enantiomeric drug.
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Ion—exchange Chromatography

Separation is based on the charge-bearing functional groups,

anion exchange for sample negative ion (X'), or cation exchange

for sample positive ion (X+). Gradient elution by pH is common.

Ion—pair/Affinity Chromatography

Separation is based on a chemical interaction specific to the target

species. The more popular reversed phase mode uses a buffer

and an added counter-ion of opposite charge to the sample with

separation being influenced by pH, ionic strength, temperature,

concentration of and type of organic co-solvent(s). Affinity

chromatography, common for macromolecules, employs a ligand

'(biologically active molecule bonded covalently to the solid matrix)
which interacts with its homologous antigen (analyte) as a

reversible complex that can be eluted by changing buffer
conditions. '

Normal Phase Chromatography

Normal phase chromatography is a chromatographic technique

that uses organic solvents for the mobile phase and a polar

stationary phase. Here, the less polar components elute faster
than the more polar components.

Reversed Phase Chromatography

The test method most commonly submitted to CDER is the

reversed phase HPLC method. UV detection is the most common

detection technique.

Reversed phase chromatography, a bonded phase

chromatographic technique, uses water as the base solvent.

Separation based on solvent strength and selectivity also may be

affected by column temperature and pH. In general, the more

polar components elute faster than the less polar components.

UV detection can be used with all chromatographic techniques.

The concern for this type of detector is the loss of sensitivity with
lamp aging, and varying sensitivity at the low level depending on

design and/or manufacturer. A point to note is that observations

on the HPL chromatograms, by UV detection in combination with

reversed-phase HPLC, may not be a true indication of the facts for

3
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the following reasons:

0 Compounds much more polar than the compound of interest
may be masked (elute together) in the solvent front/void
volume.

0 Compounds very less polar than the analyte may elute
either late during the chromatographic run or are retained in
the column.

0 Compounds with lower UV extinction coefficients or different

wavelength maxima may not be detectable at the low level

relative to the visibility of the analyte since only one

wavelength is normally monitored.

6. Size Exclusion Chromatography

Also known as gel permeation orfiltration, separation is based on

the molecular size or hydrodynamic volume of the components.

Molecules that are too large for the pores of the porous packing
material on the column elute first, small molecules that enter the

pores elute last, and the elution rates of the rest depend on their
relative sizes.

Gas Chromatography (GC)

Gas chromatography is based on the volatilized sample transported by
the carrier gas as the moving phase through the stationary phase of the

column where separation takes place by the sorption/desorption process.

Samples for gas chromatographic analysis are normally low molecular

weight compounds that are volatile and stable at high temperature. In

this respect, residual solvents in drug substances and drug products are

suitable for gas chromatographic analysis. Chemical derivatives can also

be formed to achieve volatility and thermal stability;

Common detectors are flame ionization (FID) for carbon—containing

compounds, electron capture (ECD) for halogenated compounds, flame

photometric (FPD) for compounds containing sulphur or phosphorous

and nitrogen-phosphorous (NPD) for compounds containing nitrogen or

phosphorous. Chiral separation also can be achieved by gas
chromatography. Separation by the packed column is rapidly being

replaced by the capillary column that provides improved resolution and

analysis speed. The location of the analyte on the gas chromatogram is

1
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described by retention time (R) which is similar to HPLC.

C. Thin-Layer Chromatography (TLC)

Thin-layer chromatography is the simplest of the more common

chromatographic techniques. Separation is based on migration of the

sample spotted on a coated (stationary phase) plate with one edge

dipped in a mixture of solvents (mobile phase). The whole system is
contained in an enclosed tank.

Detection techniques include fluorescence, UV and sprays (universal and

specific) for compounds that are not naturally colored. The location of the

analyte on the TLC plate is described by the Rf value which is the ratio of

the migration distance of the compound Of interest to the mobile phase
front.

Of the three techniques, gas, liquid and thin—layer, TLC is the most universal test

method as all components are present on the plate and with appropriate detection
techniques, all components can be observed. However, it normally is not as accurate

or sensitive as HPLC. TLC has a higher analytical variation than HPLC, although one

sees the "whole picture“ when appropriate detection schemes are selected.

III. REFERENCE STANDARDS

A reference standard is a highly purified compound that is well characterized.

Chromatographic methods rely heavily on a reference standard to provide accurate

data. Therefore the quality and purity of the reference standard is very important. Two
types of reference standards, chemical and nuclidic, exist. With the latter, the radio-

label purity should also be considered as well as the chemical purity.

As described in the Guideline for-Submitting Samples and Analytical Data for Methods

Validation, the two categories _of chemical reference standards are as follows:

0 USP/NF reference standard that does not need characterization, and

o non-compendial standard that should be of the highest purity that can be

obtained by reasonable effort and should be thoroughly characterized to

assure its identity, strength, quality and purity.

The points to note are:

0 Most USP/NF reference standards do not state the purity of the

compound.
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o The purity correction factor for non-USP, reference standards is
recommended to be included in the calculation of the test method.

0 In addition to structurally-related impurities from the synthesis process,

other process impurities like heavy metals, residual solvents, moisture

(bound and unbound), pesticides for products of plant origin, and

degradation products can also contribute to the lack of purity in the
reference standard.

0 The drying of the reference standard before use, if stated in the method,

- will eliminate residual solvent(s), unbound moisture and sometimes

bound moisture (depending on the drying conditions). The drying step is
always included for hygroscopic compounds. On the other hand, drying

can result in the loss of a hydrate or cause degradation in heat-sensitive

compounds.

Chromatographic test methods use either external or internal standards for
quantitation.

A. An external standard method is used when the standard is analyzed on a

separate chromatogram from the sample. Quantitation is based on a

comparison of the peak area/height (HPLC or GO) or spot intensity (TLC)

of the sample to that of a reference standard of the analyte of interest.

The external standard method is more appropriate for samples as follows:

1. Sample with a single target concentration and narrow

concentration range, e.g., acceptance and release tests.

2. Simple sample preparation procedure.

3. Increased baseline time for detection of potential extraneous

peaks, e.g., impurities test.

B. With an internal standard method, compound of known purity that does

not cause interference in the analysis is added to the sample mixture.

Quantitation is based on the response ratio of compound of interest to the

internal standard vs the response ratio of a similar preparation of the

reference standard (HPLC or GC). This technique is rarely used for TLC
methods.

The internal standard method is more appropriate for samples as follows:
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1. Complex sample preparation procedures, e.g., multiple
extractions.

2. Low concentration sample (sensitivity being an issue), e.g.,
pharmacokinetics studies.

3. Wide range of concentrations expected in the sample for analysis,
e.g., pharmacokinetics studies,

Although CDER does not specify Whether the method must use an internal or

external standard for quantitation, it is commonly observed that HPLC methods
for release and stability and TLC methods use external standards; and methods

for biological fluids and GC methods use internal standards.

The working concentration is the target concentration of the compound of interest as

described in the method. Keeping the concentrations of the sample and the standard

close to each other for the external standard method improves the accuracy of the
method.

Recommendations:

1. Include the purity correction factor, if known, of the reference standard in
the calculation.

2. State the working concentrations of the standard and sample in the
method.

IV. PARAMETERS FOR VALIDATION OF HPL CHROMATOGRAPHIC

METHODS FOR DRUG SUBSTANCE AND DRUG PRODUCT

Though many types of HPL chromatographic techniques are available, the most

commonly submitted method, the reversed-phase HPLC with UV detection, is selected

to illustrate the parameters for validation. The criteria for the validation of this

technique can be extrapolated to other detection methods and chromatographic

techniques. For acceptance, release or stability testing, accuracy should be optimized

since the need to show deviation from the actual or true value is of the greatest
concern. -

A. Accuracy

Accuracy is the measure of how close the experimental value is to the
true value.
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Accuracy studies for drug substance and drug product are recommended

to be performed at the 80, .100 and 120% levels of label claim as stated in
the Guideline for Submitting Samples and Analytical Data for Methods
Validation.

For the drug product, this is performed frequently by the addition of
known amounts of drug by weight or volume (dissolved in diluent) to the

placebo formulation working in the linear range of detection of the

analyte. This would be a true recovery for liquid formulations. For

formulations such as tablet, suppository, transdermal patch, this could

mean evaluating potential interaction ofthe active drug with the

excipients in the diluent. From a practical standpoint, it is difficult to

manufacture a single unit with known amount of active drug to evaluate

recovery. This test evaluates the specificity of the method in the

presence of the excipients under the chromatographic conditions used for

the analysis of the drug product. It will pick up recovery problems that
could be encountered during the sample preparation and the

chromatographic procedures. However, it does not count the effect of the

manufacturing process.

At each recommended level studied, replicate samples are evaluated.

The RSD of the replicates will provide the analysis variation or how

precise the test method is. The mean of the replicates, expressed as %
label claim, indicates how accurate the test method is.

Recommendations:

Recovery data at least in triplicate at each level (80,100 and 120% of

label claim)Is recommended. The mean is an estimate of accuracy and

the RSDIs an estimate of sample analysis precision.

Detection Limit and Quantitation Limit

These limits are normally applied to related substances in the drug
substance or drug product. Specifications on these limits are submitted

with the regulatory impurities method relating to release and stability of

both drug substance and drug product.
Detection limit is the lowest concentration of analyte in a sample that can

be detected, but not necessarily quantitated, under the stated
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experimental conditions. Quantitation limit is the lowest concentration of

analyte in a sample that can be determined with acceptable precision and
accuracy under the stated experimental conditions.

WithUV detectors, it is difficult to assure the detection precision of low

level compounds due to potential gradual loss of sensitivity of detector

lamps with age, or noise level variation by detector manufacturer. At low

levels, assurance is needed that the detection and quantitation limits are
achievable with the test method each time. With no reference standard

for a given impurity or means to assure detectability, extraneous peak(s)

could "disappear/appear." A crude method to evaluate the feasibility of

the extraneous peak detection is to use the percentage claimed for

detection limit from the area counts of the analyte. For example,

detection limit claim of 0.01% for the analyte integrated area count of

50,000 will give an area count of 5 that is not detectable.

Though USP expresses detection limit and quantitation limit in terms of 2 ,

or 3, and 10 times noise level respectively, this concept is not very

practical. Noise level on a detector during the method development

phase may be different when samples are assayed on different detectors.
etc. The use of standard(s) in the test method at the quantitation limit

level (proposed by the applicant) is assurance that the impurity can be
observed and quantitated.

Detector sensitivity can vary with the model number and/or manufacturer

as illustrated in Table ‘_l for the analysis of a compound by two
commercial detectors. The data should not be taken as the expected

ratio of sensitivity of the two detectors. It is not known if other parameters

which can also play a part, e.g., age of lamp, column, were considered
when setting these limits.
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Table 1. Comparison of Detector Sensitivity Limits in Two
Commercial Detectors.

 _ Detector 1 Detector 2
Quantitatio 0 . 21% 0.07%
:1 Limit

Detection 0.16% , 0.05%
Limit

 

  

One also should be cautious that baseline noise is not interpreted as

extraneous peaks. Undulations may be observed at the void volume if

the diluent for the sample is different from the solvents (proportion and
type) used in the mobile phase.

If a reference standard for the compound of interest is available, a

standard close to the quantitation limit or the specification could be used.

For monitoring peak(s) with no reference standard for the impurity, a

diluted reference standard of the drug substance is recommended. The

method should then check that the high and low concentrations are

operating in the linear range of detection of the drug substance.

Otherwise the information that is expressed as % area or height of the

drug substance peak from the same HPL chromatogram will be biased. It

should also be noted that the extraneous peak using area count does not

consider the detection response which depends on the UV extinction

coefficient or absorptivity of the compound.

Recommendations:

1. Analysis repeatability and injection repeatability data at the
quantitation limit.

2. Use of an additional reference standard at the quantitation limit
level in the test method.

P- 13 UT Ex. 2035

SteadyMed v. United Therapeutics
lPR2016—00006

lPR2020—00770

United Therapeutics EX2007

Page 4764 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4765 of 7335

C. . Linearity

The linear range of detectability that obeys Beer's Law is dependent
«smonrthe compound analyzed and detector used. The working sample

concentration and samples tested for accuracy should be in the linear
range. ' ~

Figures-’1 and 2 illustrate the behavior of UV response vs.
.-concentration of a (a) linear and _(b) non-linear relationship. .A point to
;note is that when monitoring impurity peaks expressed as percent

'area' of the parent drug substance, the impurity observed may not be

a true reflection of the theoretical amount if the non-linear section of
:the concentration curve is employed. In addition, the actual amount

will be obtained only if the extinction coefficient or absorptivity values
are the same for both impurity and parent compound. Impurity '

reference standards are often needed.

Figure 1. Concentrations vs. Peak Areas of Standards to Illustrate

Linearity. 

tame ' .
regression coefficient = 0.999998

um intercept = 0.103
slope = 0.000011
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Figure 2. Concentrations vs. Peak Areas of Standards Outside the Linear Range.
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Recommendations:

- The linearity range for examination depends on the purpose of the test

method. For example, the recommended range for an assay method

-for content would be NLT i 20% and the range for an

assay/impurities combination method based onrarea % (for impurities)

would be +20% of target concentration down to the limit of

quantitation of the drug substance or impurity. Under most

circumstances, regression coefficient (r) is 2 0.999. Intercept and
slope should be indicated.
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Precision

Precision is the measure of how close the data values are to each other

for a number of measurements under the same analytical conditions.
ICH has defined precision to contain three components: repeatability,

intermediate precision and reproducibility. Ruggedness as defined in

USP XXII <1225>, 1990 incorporates the concepts described under the

terms "intermediate precision”, "reproducibility" and "robustness" of this
guide.

1. Repeatability

a. Injection Repeatability

Sensitivity is the ability to detect small changes in the

concentration of the analyte in the sample. Sensitivity can

be partially controlled by monitoring the specification for

injection reproducibility (system suitability testing).

The sensitivity or precision as measured by multiple

injections of a homogeneous sample (prepared solution)

indicates the performance of the HPLC instrument under the

chromatographic conditions and day tested. The

information is provided as part of the validation data and as

a system suitability test. The specification, as the
coefficient of variation in % or relative standard deviation

(RSD), set here will determine the variation limit of the

analysis. The tighter the value, the more precise or

sensitive to variation one can expect the results. This

assumes that the chromatograph does not malfunction after

the system suitability testing has been performed. Keep in
mind,‘ however, that it does not consider variations due to

the drug product manufacturing and laboratory sample

preparation procedures. As an illustration for injection and

_Rt variation, Table 2 provides representative data collected

when a leak developed in the chromatographic system
during sampling. The set of four duplicate samples were

injected sequentially. Variations in peak area and drift of
retention times are noted. Sets of typical data from a well-

behaved system for comparison are shown in Table 3.

13
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Table 2. Representative Injection Repeatability Data for an HPL

Chromatographic System that Developed a Leak During

Sampling. '

   

  

   

  

_“
562 2155699 004
566 2120466

5.52 2255555 52555
613 2288355

Illlllllliailllll
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A Peak Area

A1
A2

35233

B1
B2

C1
C2

38213
6.48 2265279

2602016

Table 3. Representative Injection Repeatability Data for Select

Formulations from a Normally Functional HPL

Chromatographic System.

20128
 

Inhalation 10 1993162 i 0.25%
Solution 5029

Solution for 10 1722253 i
Inhalation 6288

1744320 i
3133
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Recommendations:

As part of methods validation, a minimum of 10 injections
with an RSD of 51% is recommended. With the methods

for release and stability studies, an RSD of s 1% RSD for

precision of the system suitability tests for at least five

injections (n 2 5) for the active drug either in drug substance

or drug product is desirable. For low level impurities, higher

variations may be acceptable.

b. Analysis Repeatability

Determination, expressed as the RSD, consists of multiple

measurements of a sample by the same analyst under the

same analytical conditions. For practical purpose, it is often
combined with accuracy and carried out as a single study.

See section IV.A under Accuracy.

intermediate Precision

Intermediate precision was previously known as part of

ruggedness. The attribute evaluates the reliability of the method in

a different environment other than that used during development of

the method. The objective is to ensure that the method will provide

the same results when similar samples are analyzed once the

method development phase is over.

Depending on time and resources, the method canvbe tested on
multiple days, analysts, instruments, etc.

Intermediate precision in the test method can be. partly assured by
good system suitability specifications. Thus, it is important to set

tight, but realistic, systemsuitability specifications.

Recommendations:

As a minimum, data generated as described under section |V.A

Accuracy, for two separate occasions, is recommended to indicate

the intermediate precision of the test method.
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3. Reproducibility

As defined by lCH, reproducibility expresses the precision

between laboratories as in collaborative studies. Multiple

laboratories are desirable but not always attainable because of the
size ofthe firm.

Recommendations:

It is not normally expected if intermediate precision is

accomplished.

Range

Range is the interval between the high and low levels of analyte studied.

See also sections NA and C under Accuracy and Linearity respectively.

The ranges recommended in sections NA and C under Accuracy and

Linearity can be applied to other analytes, e.g., preservatives.

Recovery

Recovery is expressed as the amount/weight of the compound of interest
analyzed as a percentage to the theoretical amount present in the
medium.

Full recovery should be obtained for the compound(s) of interest. During
the sample preparation procedure, the compound of interest is recovered

from excipients in the formulation matrix ranging from a simple aqueous

solution to complex cream formulation, and from potential adhesion to
container/closure components, e.g., glass vial, metered valve. In

general, a simpler sample preparation procedure will result in a lower

variation of recovery. Data collectiOn for recovery are discussed in

section |V.A under Accuracy.

Robustness

lCH defines robustness as a measure of the methods capability to

remain unaffected by small, but deliberate variations’in method

parameters. Robustness can be partly assured by good system

suitability specifications. Thus, it is important to set tight, but realistic,
system suitability specifications.
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Testing varying some or all conditions, e.g., age of columns, colurrm type,

column temperature, pH of buffer in mobile phase, reagents, is normally
performed.

Recommendations:

Data obtained from studies for robustness, though not usually submitted,

are recommended to be included as part of method validation.

Sample Solution Stability

Solution stability of the drug substance or drug product after preparation

according to the test method should be evaluated according to the test

method. Most laboratories utilize autosamplers with overnight runs and

the sample will be in solution for hours in the laboratory environment
before the test procedure is completed. This is of concern eSpeciaIIy for

drugs that can undergo degradation by hydrolysis, photolysis or adhesion
to glassware.

Recommendations:

Data to support the sample solution stability under normal laboratory

conditions for the duration of the test procedure, e.g., twenty-four hours,

should be generated. In exceptional cases where multiple days are

needed for sample preparation or solution storage, an appropriate
stability time should be selected.

Specificitylselectivity

The analyte should have no interference from other extraneous

components and be well resolved from them. A representative HPL

chromatogram or profile should be generated and submitted to show that

the extraneous peaks either by addition of known cOmpounds or samples

from stress testing are baseline resolved from the parent analyte.

Examples ofthe extraneous peaks are as follows:

0 For the drug substance or raw material, the related substances to

consider are process impurities (which include isomeric impurities)

from the synthesis process, residual pesticides, solvents, and

other extraneous components from extracts of natural origin.

17
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o For the drug product, the related substances may be impurities

present in the active drug, degradation products, interaction of the

active drug with excipients, extraneous components, e.g., residual

solvents from the excipients or manufacturing process, leachables

or extractables from the container and closure system or from the
manufacturing process.

Submission of data from stress testing of the drug substance using acid

and base hydrolysis, temperature, photolysis and oxidation according to

the Guideline for Submitting Samples and Analytical Data for Methods
Validation is recommended. Representative HPL chromatograms are

recommended for stressed and non-stressed samples that include test

methods for impurities, preservatives, etc. and placebo sample. With the

impurities test method, the HPL chromatogram should indicate the

presence of impurities at the level of detection/quantitation claimed. The

chromatograms should be legible, labeled, and the time or time scale and
attenuation should be indicated.

Points to note are as follows:

1. The parent peak may be expanded, e.g., by increasing the

concentration, attenuation change, so that extraneous
peaks can be observed at a reasonable size to evaluate

stability-indicating capability. See comments in section lV.B
under Limits of Detection/Quantitation.

2. The baseline should be on-scale as off-scale baseline

(observed as a flat straight line) can hide minor peaks.

Peak purity can be determined by the photo—diode array detector. Low
level extraneous components present under the compound of interest,

however, may not interfere or influence the UV spectrum of the analyte.

Figures 3 and 4 illustrate the combination of UV spectroscopy and HPL

chromatography by photo-diode array detection using (a) 3—dimensional

plot and (b) conventional HPL chromatogram. The analyte elutes at 4.7

minutes. It should be noted that the quality of the UV spectra for the low
level components is poor.
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Figure 3. A Representative 3-Dimensional Plot of the HPL Chromatogram
with the UV' Spectra.
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Figure 4. A Representative Conventional HPL Chromatogram with UV

Spectra. ' '
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When stressed samples are used, an appropriate detector/integrator
setting should be selected. For example, to be able to detect low

levels, e.g., 0.1% degradatibn products, the parent peak should be of
a size that at least a 0.1 % detectability or area count is feasible.

Recommendations:

Representative HPL chromatograms should be submitted for stressed
and non-stressed samples that include impurities test method,
preservativeisl, etc. with the related placebo sample. Representative

HPL chromatogram(s) to show selectivity by the addition of known

extraneous compounds also should be submitted.
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J. --System Suitability Specifications and Tests .

The accuracy and precision of HPLC data collected begin with a well-
' behaved chromatographic system. The system suitability

specifications and tests are parameters that provide assistance in

achieving this purpose. This section explains the terms as indicated in
Figure 5, and provides recommendations and illustrations.

Figure 5. Definition of Terms for the System Suitability Parameters.

     
Wx = width of the peak determined at either 5% (0.05) or 10% (0.10) from the f

baseline of the peak height -
= distance between peak maximum and peak front at W,
= elution time of the void volume or non-retained components

tR = retention time of the analyte
= peak width measured at baseline of the extrapolated straight sides to baseline
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retention time of the analyte
peak width measured at baseline of the extrapolated straight sides to baseline

Capacity factor (k')

k. = “R ' to) / to

The capacity factor is a measure of where the peak of interest is

located with respect to the void volume, i.e., elution time of the

non-retained components.

Recommendations:

The peak should be well-resolved from other peaks and the void
volume. Generally the value of k' is > 2.

Precision/Injection repeatability (RSD)

Injection precision expressed as RSD (relative standard deviation)
indicates the performance of the HPL chromatograph which

includes the plumbing, column, and environmental conditions, a_t

the time the samples are analyzed. It should be noted that sample

preparation and manufacturing variations are not considered.

Recommendations:

RSD of s 1% for n z 5 is desirable.

Relative retention (or)

at = k'1 / k'2

Relative retention is a measure of the relative location of two

peaks. This is not an essential parameter as long as the resolution

(R5) is stated.

Resolution (R5)

R5 = (tR2 ‘ tR1) / (1/2) “M + th)

R.5 is a measure of how well two peaks are separated. For reliable

qu'antitation, well-separated peaks are essential for quantitation.

This is a very useful parameter if potential interference peak(s)
may be of concern. The closest potential eluting peak to the
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R5 is minimally influenced by the ratio of the two compounds

being measured. The resolution of peaks as indicated by the R,
values is shown in Figure 6.

Figure 6. Separation of Peaks as Indicated by R, Values.

as: 1.0

Rs: 1.50 Rs: 2.0  
Recommendations:

R5 of > 2 between the peak of interest and the closest
potential interfering peak (impurity, excipient, degradation
product, internal standard, etc.) is desirable.

5. Tailing factor (T)

T = Wx'l 2f

The accuracy of quantitation decreases with increase in peak 5

tailing because of the difficulties encountered by~the integrator

in determining where/when the peak ends'and hence the

calculation of the area under the peak. Integrator variables are
preset by the analyst for optimum calculation of the area for the
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peak of interest. Figures 7 and 8 illustrate the tailing factors

and the effect on quantitation. If the integrator is unable to

; . . determine exactly when an upslope or downslope occurs,

' acCuracy drops; ' i

5 Figure 7. HPLC Peak with Various Tailing Factors.

w

Tailing factor = 1.3

| Tailing factor = 3.7

Tailing factor é 4.4
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f—‘J— _

‘ Figure 8. Effect of Peak Tailing on Ouantitation.
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Theoretical plate number (N)

N=16'(tR/tw)2 = L/H

Theoretical plate number is a measure of column efficiency, that is,
how many peaks can be located per unit run-time of the

chromatogram.

N is fairly constant for each peak on a chromatogram with a fixed

set of operating conditions. H, or HETP, the height equivalent of a

theoretical plate, measures the column efficiency per unit length

(L) of the column. Parameters which can affect N or H include

peak position, particle size in column, flow-rate of mobile phase,

column temperature, viscosity of mobile phase, and molecular

weight of the analyte. Figure 9 shows one set of compounds A, B,
and C under two different chromatographic conditions resulting in,

e.g., Rts for B to be 3 and 8.5 minutes, respectively. An

examination of peak B indicates that the theoretical plate values
are different even though the peaks appear similar visually.
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Figure 9. Effect of Retention Times on Theoretical Plates.
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Recommendations:

The theoretical plate number depends on elution time but in
general'should be > 2000.

General Recommendation:

System suitability testing is essential for the assurance of the quality

performance of the chromatographic system. The amount of testing
required will depend on the purpose of the test method. For dissolution or

release profile test methods using an external standard method, k', T and

RSD are minimum recommended system suitability tests. For

acceptance, release, stability, or impurities/degradation methods using
external or internal standards, k', T, R3 and RSD are recommended as

minimum system suitability testing parameters. In practice, each method
submitted for validation should include an appropriate number of system

suitability tests defining the necessary characteristics of that system.
Additional tests may be selected at the discretion of the applicant or the
reviewer. '

General Points to Consider

Some basic points to note in the test method are:

1. The sample and standard should be dissolved in the mobile phase.

lfthat is not possible, then avoid using too high a level of the

organic solvent as compared to the level in the mobile phase.

2. The sample and standard concentrations should be close if not the
same.

3. The samples should be bracketed by standards during the

analytical procedure.

4. Filtration of the samples before injection is occasionally observed.

Filtration will remove particulates (centrifugation performs the

same function) that may clog columns. Adhesion of the analyte to

the filter can also happen. This will be of importance especially for

low level impurities. Data to validate this aspect should be

submitted by the applicant.
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V. COMMENTS AND CONCLUSIONS

HEL Chromatographic Methods for Drug Substance and Drug Product.

» Methods should not be validated as a one-time situation, but methods should be

validated and designed by the developer or user to ensure ruggedness or

robustness throughout the life of the method.

The variations due to the drug product manufacturing process, the laboratory

sample preparation procedure and the instrument performance contribute to the

accuracy of the data obtained from the analysis. With proper validation and tight

chromatographic performance (system suitability) criteria, an improvement in the

reliability of the data can be obtained. Variations, except from the drug product

manufacturing process, will be minimized. Only with good reliable validated

methods, can data that are generated for release, stability, pharmacokinetics be

trust—worthy.
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’ PO Box 13341
Research Triangle Park, NC
27709
Corporate (919) 481- 4855
Facsimile (919) 481-4908
www.magellanlabs.com
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6113.4 I I Certificate ofA n (11ysis
September 2, 1999LABORATORIES

1 Characterization of the Drug Substance UT-15

TP No.: TP—LRR-OOOS Company: United Therapeutics, Product: UT-15 Drug

Phase: Phase 13 Corporation Substance
Research and Development

 

A 2-page testing summary is included for lot UT15-99H001.
 
All data generated at Magellan Laboratories and described within this report were collected under the
direction of the Study Director and were audited by the Quality Assurance Unit of Magellan Laboratories.

Incorporated for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing
Practices (21 CFR Part 211). This report accurately reflects the raw data which have been stored in the
Archives of Magellan Laboratories Incorporated.

gag QM q-s-Qq Ellie/- 9/2/77
Quality Assurance Date William E. Weiser, Ph.D. Date

' Study Director
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Mags

PO Box 13341
Research Triangle Park, NC
27709
Corporate (919)481-4855
Facsimile(919)481—4908
www.magellanlabs.com

llan
LABORATORIES

Certificate of Analysis

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahydro-2-hydroxy-l—[(36')—3-hydr0xyoctyl]

Test

Physical Examination
Identification

IR

HPLC

Residue on Ignition

Water (Karl Fischer)

Residual Solvents by Gas
Chromatography

Ethyl Acetate
Ethanol
Acetic Acid
Total

Total Volatiles

Melting Range

Specific Rotation

Heavy Metals
'ND = Not Detected

HIGHLY CONFIDENTIAL

—1H—benz[f]inden-5-yl]oxy]acetic acid
Lot UT15-99H001

Specifications

A white to cream—colored powder

The infrared spectrum exhibits maxim-a which are only at
the same wavenumbers as‘ and have similar relative
intensities to, those in the reference standard spectrum of
UT-15, similarly obtained.

The retention time for the principle peak in the sample
chromatogram agrees with the retention time ofthe
principle peak in the standard chromatogram, using the
chromatographic purity method.

Not more than 0.3%, w/w

Not more than 2.0%, w/w

Not more than 1.0%, w/w
Not more than 0.5%, w/w
Not more than 1.0%, w/w
Not more than 25%, w/w

Not more than 40%, w/w

Not less than 118 °C and not more than 126 °C

Not less than +31.0° and not more than 850° at 589 nm
and 25°, volatiles~free basis

Not more than 0.002%

P.2

Results

White powder

Conforms

Conforms

0.02%

0.8%, w/w

ND'
<0.1%
(0.19/0
(0.1%

0.8%, w/w

122.2 - 125.1 °C

[0039 : +32t4° (volatiles-free basis)

Not more than 0.002%

Page 2 of 3 Page(s)
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‘ PO Box 13341
Research Triange Park. NC
27709
Corporate (919)481-4855
Facsimile (919)481-4908
www.magellanlabs.corn 

 4%

MagéllanLABORATORIES

Certificate of Analysis

l[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro—Z-hydroxy-l-[(3S)-3-hydroxyoctyl]
-1H—benz[f]inden-5-yl]oxy]acetic acid

Lot UT15-99H001

.M Sgecifications Results

Chromatographic Purity (HPLC)
1AU90 Not morc than 0.5% 0.05%
2AU90 Not more than 1.0% <0.05%
97W86 (Bcnzindene Triol) Not more than 1.0% ND'
3AU90 Not more than 2.0% ND

UT.15 Methyl Ester Not more than 1.0% 0.06%
98W86 Not more than 1.0% <0.05%
UT-IS Ethyl Ester Not more than 1.0% 0.1%
750W93 Not more than 2.0% 0.5%
751 W93 Not more than 2.0% 0.3%
Total Unidentified Impurities Not more than 2.0% ND
Total Related Substances Not more than 5.0% 1.0%

Assay (HPLC) Not less than 94.0 and not more than 101.0%, w/w, on 98.4%the volatiles-free basis

Factor Factor the material on the basis of assay and total 1.024 parts UT-15 equivalent to 1.00
volatiles content parts volatiles-free UT-l 5

'ND = Not Detected

Page 3 of 3 Page(s)
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Cardinal Health
P.Oi Box 13341
Research Triangle Park, NC 27709
tel 9194814855

www.cardinai.c0m

CardinalHealth

Certificate ofAnalysis
February 17, 2004

‘ Release Analysis of UT-lS Drug Substance

TTP: Company: Product:
  
 
 

 

 
    

 

  
     

 
  

 

 
 

 

 
 
 

 
 
 
 

 
 
 

 
 

 

 

 

TTP-LRR-M0239 United Therapeutics Corporation

Lot NI]: 2223131;Lari-5236836“ Treprostinil Drug Substance*
UTE-031202 (312) 421-1319

Date of Manufacture: 12-23-03 Storage/Packaging: Phase:

Retest Date; 12—2005 5 ”C/Ambient Release Testing
Date Received: 01-08-04 Amber HDPE bottle with NCR screw. cap Method:ATM-LRR-M0002.18

SPECIFICATIONS RESULTS1

A white to cream-colored powder White powder

  
Date Testin_ Comleted: 01-25-04

TEST/REFERENCE

Physical Examination

 

 
 
 

  

 

 
 

N132, PDR 1

Identification by IR The infrared spectrum exhibits maxima which are only Conforms
NB 2 PDR 15 at the same wavenumbers as, and have similar relative  

intensities to, those in the reference standard spectrum of
Treprostinil, similarlz obtained.

 

 
 

 

 

  

 
 

 
 

 

 
 

 

 

  

 
 

 
 

 

 
   
  

Identification by HPLC The retention time for the principal peak in the sample Conforms
NB 1 PDR 8 chromatogram agrees with the retention time of the

’ principal peak in the standard chromatogram, using the
chromatographic purity method. ,

Residue on Ignition Not more than 0.2%, w/w , 0.0%
NB 3, PDR 4 _.

Water (Karl Fischer) i Not more than 20%, w/w 0.1%
NB 2, PDR 8 ,

Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/w Ethyl Acetate <0.1%
Chromatography Ethanol Not more than 0.5%, w/w Ethanol <0. 1 %

TTP‘LRR'MOZ“; Sample Analysis Acetic Acid Not more than 0.5%, w/w Acetic Acid ND
NB 3, LDR 21

Melting Range Not less than 120.0 °C and not more than 1260 EC 122.] °C - 123.9 °C
NB 2, PDR 11 _.________.'

Specific Rotation Not less than +42,0° and not more than +49.0° at 589 mm + 47.3 °
NB 2, PDR 12 and 25 °C, volatiles-free basis _

Heavy Metals Not more than 0.002% Not more than 0.002%
NB 3 PDR 8 u

Microbial Limits

Total Aerobic Count NMT 10 CFU/g <2 CFU/g
Total Yeast and Mold Count NMT 10 CFU/g <2 CFU/g
Escherichia cal; Absent Abs‘m‘
Salmonella species Absent _ Absent

l Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

1 ATM-LRR-M0007.00

1 NB 6, PDR 6

Page 1 of 2
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Cardinal Health
PO. Box 13341

Research Triangle Park, NC 27709 {
tel 919.481.4855 |

www.cardinal.rom

1

CardinalHealth 1

Certificate ofAnalysis
February 17, 2004 . ' 

Release Analysis of UT-lS Drug Substance

 

TTP: Company: Product:
TTP-LRR-M0239 United Therapeutics Corporation

WM" 22231:;Eloirlrlisggtisltret Treprostinil Drug Substance”
“T‘s-“31202 (312) 421-1819

Date of Manufacture: 12-23-03 Stdrage/Packaging: Phase:

Retest Date: 12-2005 5 “C/Ambient Release Testing
 

Amber HDPE bottle with NCR screw cap . Method:
ATM-LRR-MOOOZJS

Date Received: 01-08-04

Date Testin_ Com-leted: 01-25-04 .
' TEST/REFERENCE SPECIFICATIONS RESULTSl

Chromatographic Purity {HPLC)
NB 1, LDR 68 - 72

 

 

 

   lAU90 Not more than 0.5% ND
2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% ND
3AL'90 ' Not more than 10% 0.2%
Treprostinil Methyl Ester Not more than 0.2% 41.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.2%
750W93 Not more than 1.5% 0.07%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 01% AUG each ND

Total Related Substances Not more than 3.0% 0.5%
NB 1, LDR 72 ' _

Assay (HPLC) Not less than 97.0 and not more than lOl.0%, w/w, on 997%
NE 1, LDR 67 the volatiles-free basis

Factor . Factor the material on the basis of assay and total 1.005 .
NB 1, PDR 9 fl volatiles content I

Endotoxins (1 :2000 dilution) Less than 104 EU/mg < 60 EU/mg
ATM-LRR-MOOIZOO

NB 5, PDR 5
NMT= Net more than . .

*[[(lR.2R,3a.S',9aS)-2,3,3a,4.9,9a-hexahydro—Z-hydroxy-1-[(3S)-3-hydroxyoctyl]—lH—benzminden—.5Ayl]oxy]acetic acid
IAll results conform to specifications.
ND 2 None detected

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliancc with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data
which have been stored in the Archives of Cardinal Health.

@fi: Nae/20% J“ v-x‘ l ‘ 91-1Quality Assurance ‘ Date WerPan,Ph,D. Date
Study Director

1
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Release Analysis of UT-lS Drug Substance

  
  

  

  

 

TTP: Company:
TTP—LRR-M0239 United Therapeutics Corporation

2225 W. Harrison Street
Lot N 0: Chicago, IL 60612

(312) 421-1819

Storage/Packaging:
5 “C/Ambient

Amber HDPE bottle with NCR screw cap

‘ UT15-031201  

 
Date of Manufacture: 12-11-03
Retest Date: 12-2005

Date Received: 01-08-04

Date Testin Com-leted: 01-25-04
TEST/REFEREN CE

 

 
 

Physical Examination A white to cream-colored powder

Cardinal Health l
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal.mm

Product:

Treprostinil Drug Suhstance"

Phase:

 
 

Method:
ATM-LRR-M0002.18

SPECIFICATIONS - RESULTSl

 

NB 2, PDR 1

Identification by IR The infrared spectrum exhibits maxima which are only

NB 2’ PDR 15 at the same wavenumbers as, and have similar relativeintensities to, those in the reference standard spectrum of
Treprostinil, similarly obtained.

Identification by HPLC The retention time for the principal peak in the sample
NB 1 PDR g chromatogram agrees with the retention time of the

principal peak in the standard chromatogram, using the
chromato_ a-hic uri method.

Residue on Ignition Not more than 0.2%, w/w

Release Testing

 
 

White powder

Conforms

 
 

 

Conforms

0.0%
 

  

 
 

  
  
  

   
  
   

  
 

  
   

NB 3, PDR 4 l
. 1

Water (Karl Fischer) Not more than 2.0%, w/w 1
NB 2, PDR 8 ‘

Residual Solvents‘by Gas Ethyl Acetate Not more than 0.5%, w/w ‘ Ethyl Acetate <0.1%-
Chromatography Ethanol Not more than 0.5%, w/w ‘ Ethanol <0.1%

TTP'LRR'MOZQ’ SE‘H‘P1e Analysis Acetic Acid Not more than 0.5%, w/w Acetic ACid ND
NB 3, LDR 20 "

Melting Range Not less than 120.0 °C and not more than 126.0 °C 122.5 DC - 123.9 DCNB 2 PDR l l .

Specific Rotation Not less than +42.0° and not more than +49.0° at 589 nm + 47.3 °
NB‘2, PDR 12 and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%
_ NB 3, PDR 8

Microbial Limits

Total Aerobic Count ,NMT ‘0 CFU/g <2 CPU/g
Total Yeast and Mold Count NMT IO CFU/g <2 CFU/g
Escherichia coli Absent Absent
Salmonella species Absent Absent
Pseudomonas aemginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM—LRR-M000700
NB 6, PDR 6
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal com

  
 

 

 

 

 
Release Analysis of UT-lS Drug Substance

TTP: Company: Product:
TTP-LRR-M0239 United Therapeutics Corporation

2225 W' Harrison Street Tre rostinil Dru Substance"
W NC" Chicago. IL 60612 p g

UTE-031201 (312) 421-1819

Date of Manufacture: 12-11-03 Storage/Packaging: Phase:

Retest Date: 12-2005 5 “C/Ambient Release Testing
Date Received: 01-08—04 Amber HDPE bottle wrth NCR screw cap Method:

Date Testin_Com-1eted: 01-25-04 ATM'LRR'MOOOZ'IB

‘ TEST/REFERENCE ‘ SPECIFICATIONS RESULTS]

j Chromatographic Purity (HPLC)i NB1,LDR62-66 _ .
lAU9O Not more than 0.5% ‘ ND
2AU90 Not more than 0.5% ND

97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 Not more than 1.0% - 0.2%
Treprostinil Methyl Ester Not more than 0.2% <0.05%
Trcprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% 0.09%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each ND

Total Related Substances Not more than 3.0% 0.4%
NB 1, LDR 66 . .

3 Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 100.5%
‘ .NB 1, LDR 61 the volatiles-free basis »

Factor Factor the material on the basis of assay and total 0.9956
NB 1, PDR 9 volatiles content

Endotoxins (1:2000 dilution) Less than 104 EU/mg < 60 EU/mgATM-LRR-MOO l 200
NE 5, PDR 5

  
NMT = Not more than >

*[[(1R,2R,3 aS,9aS)«2,3,3 a,4,9,9a—hexahydro-Z-hydroxy-1-[(3S)-3-hydroxyocty1]-lH-benzMinden-S—y1]oxy]acetic acid
'All results conform to specifications. '
ND = None detected1i

l All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data
which have been stored in the Archives of Cardinal Health.

 
  

_ /7r~’éém~( .7)- "; 111'] .°'
Quality Assurance R.- Date _ Wei Pan, PhD. Date

‘ Study Director
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  TTP—LRR-M0239

 Lot No:
UT15-031102

Date of Manufacture: 12-02-03
Retest Date: 12-2005

Date Received: 01-08-04

Date Testin- Com u leted: 02-05-04

TEST/REFERENCE

Physical Examination
NB 2, PDR 1

Identification by IR
NB 2, PDR 15

Identification by HPLC
NB 1,PDR s

Residue on Ignition
NB 3, PDR 4

Water (Karl Fischer)
NB 2, PDRS

Residual Solvents by Gas
Chromatography

TTPLLRR-M0242, Sample Analysis
NB 3 LDR l9

Melting Range
NB 2, PDR 11

Spec1fic Rotation
NB 2, PDR 12

 

  

Release Analysis of UT-15 Drug Substance

Company:
United Therapeutics Corporation

2225 W. Harrison Street
Chicago, IL 60612

312) 421-1819

Storage/Packaging:
‘5 "C/A mbient

Amber HDPE bottle with NCR screw cap

SPECIFICATIONS

A white to cream—colored powder 

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal.com

Product:

Treprostini] Drug Substance*

Phase:
Release Testing

Method:
ATM-LRR-M0002.18

RESULTS3

White powder
 

  
  

The infrared spectrum exhibits maxima which are only
at the same wavenumbers as, and have similar relative

intensities to, those in the reference standard spectrum of
Tre-rostinil, similar] obtained.

The retention time for the principal peak in the sample
chromatogram agrees with the retention time of the

principal peak in the standard chromatogram, using the
chromato_ ahic uri method.

Conforms

Conforms

 

Not more than 0.2%, w/w

Not more than 2.0%, w/w

Not more than 0.5%, w/w

Not more than 0.5%, w/w
Not more than 0.5%, w/w

Ethyl Acetate
Ethanol
Acetic Acid

0.0%

0.l%

<0.1%
0.1%

’ ND

Ethyl Acetate
Ethanol
Acetic Acid
 

Not less than 1200 °C and not more than 126.0 °C
 

Not less than +42.0° and not more than +4910D at 589 nm
and 25 °C, volatiles-free basis

121.8 °C - 124.0 “C

+412°
 

Heavy Metals
NB 3 PDR 8

Microbial Limits
Total Aerobic Count
Total Yeast and Mold Count
Escherichia coli

Salmonella species
Pseudomonas aemginosa
Staphylococcus aureus

ATM-LRR—M0007.00

NBsPDRG

 
L___

HIGHLY CONFIDENTIAL

 
 

Not more than 0.002%  Not more than 0.002%
‘____________‘_._.___——

NMT 10 CFU/g <2 CFU/g
NMT 10 CFU/g <2 CFU/g

Absent Absent
Absent Absent
Absent Absent
Absent Absent
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Certificate ofAnalysis
February 17, 2004

Release Analysis of UT-15 Drug Substance

  
 

TTP: Product:' Company:
United Therapeutics Corporation

2225 W. Harrison Street

L01 N0: Chicago, IL 60612
UT15-031102 (312 421-1819

Date of Manufacture: 12—02-03
Retest Date: 12—2005

Date Received: 01-08-04 “’7 Method:
Date Testin Comleted: 02-05-04 ATM-LRR-M0002JS

TEST/REFERENCE ' , SPECIFICATIONS ' RESULTS’

Chromatographic Purity (HPLC)‘
NB 1,LDR 113 - 117

 
 

 
 

TTP-LRR-M0239

 

  
  
  

Treprostinil Drug Substance" 

      

Storage/Packaging: Phase:
5 “C/Ambient

Amber HDPE bottle with NCR screw cap
Release Testing

  
  

  
    

  
  

  
 

 
 

 

 

Not more than 0.5% ND

 

 

 

  

 
  

 

 

1AU90
2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU9O Not more than 1.0% O. 1%
"reprostinil Methyl Ester Not more than 0.2% <0.05%
’“reprostinil Ethyl Ester Not more than 0.6% 0. 1%
750w93’ Not more than 1.5% 0.1% ‘
75] W93 Not more than 1.3% 0.06%
Unidentified 7 Not more than 0.1% AUC each

Unidentified , RRT 1.12 0.06%
Total Related Substances Not more than 3.0% 0.4% '

NB 1, LDR 1 17

Assay (HPLC)l Not less than 97.0 and not more than 101.0%, w/w, on Prep 1 101.6%2
NB 1, LDR 55, 1 12 the volatiles-free basis Prep 2 102.8%2

Avg. 102.2%?

Prep 1 99.9%
Prep 2 100.6%
Prep 3 100.2%
Prep 4 100.5%
Prep 5 100.4%
Prep 6 99.9%
Avg. 100.3%

Factorl Factor the material on the basis of assay and total 0.9988
NB 1, PDR 18 volatiles content

 
 

' The assay, impurity, and factor results are the average of six sample preparations.

2 The results were out of specification. After continuing the results by reanalysis, these results were investigated by preparing an
additional three samples per preparation. Upon investigation, the cause was a suspected but unconfirmed preparation error. These
results are not included in the calculation of the average result.
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Release Analysis of UT-15 Drug Substance

TTP: , Company: Product:
TTP-LRR-M0239 V United Therapeutics Corporation

W"_1 2223')?“ Haraszgfisl?“ Treprostinil Drug Substance"- - . icagn,

_7 UT‘5'031102 (312)421-1819
Date of Manufacture: 12-02-03 ' Storage/Packaging: Phase:

Retest Date: 12-2005 5 ”C/Ambient Release Testing
Date Received: 01-08-04 Amber HDPE bottle With NCR screw cap Method:

Date Testin Comieted: 02-05—04 ATM'LRR'Mom-lfl

TEST/REFERENCE SPECIFICATIONS RESULTS3

Endotoxins (1 :2000 dilution) Less than 104 EU/mg < 60 EU/mgATM-LRR-M0012.00
NB 5, PDR 5

  
NMT = Not more than

*[[( IR,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahydro-2—hydroxy—l -[(3.S')-3—hydroxyoctyl]-1H—benzMinden—S-yl]oxy]acetic acid
3All results, except assay, conform to specifications
ND = None detected

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
revtcwed for compliance with Good Manufacturing Practices (21 CFR Parts 210‘and 211)‘ This report accurately reflects the raw data
which have been stored in the Archives of Cardinal Health.

I? Macaw _______U_M
Date Wei Pan, PhD. Date

 
 

Quality Assurance
Study Director
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TTP :
TTP-LRR-M0239

Lot No:
UT15-031101

Release Analysis of UT-lS Drug Substance

Company: Product:

United Therapeutics Corporation i
2225 W. Harrison Street '3‘

Chicago, [L 60612 “
(312) 421-1319

Treprostinil Drug Substance”

 
Date of Manufacture: 11-13-03

Retest Date: 11-2005

Date Received: 01-08-04

Date Testin Comleted: 01-25-04

TEST/REFERENCE SPECIFICATIONS RES ULTSI

Storage/Packaging: Phase:
5 “C/Ambient

Amber HDPE bottle with NCR screw cap
Release Testing

Method:
ATM-LRR-MIJODZ. 18

 

 

Physical Examination A white to cream-colored powder White powder
L NB 2, PDR 1

Identification by IR The infrared spectrum exhibits maxima which are only Conforms

NB 2, PDR 15 at the same wavenurnbers as, and have similar relative
intensities to, those in the reference standard spectrum of

Treprostinil, similarly obtained _J

Identification by HPLC The retention time for the principal peak in the’sarnple Conforms
NB 1, pDR 8 chromatogram agrees with the retention time of the

Residue on ignition

principal peak in the standard chromatogram, using the
chromato- a-hic nuri method. 
 

 
Microbial Limits

Not more than 02%, w/w . 0.0%
NB 3, PDR 4 '

Water (Karl Fischer) ' Not more than 2.0%, w/w 0.1% V
NB 2, PDR 8 .

#+__—__r_—_—
Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/w Ethyl Acetate (011%

Chromatomphy Ethanol Not more than 0.5%, w/w Ethanol <0.1%
TTP'LRR'MOMZ’ Sample Analysis Acetic Acid Not more than 05%, w/w Acetic Acid ND

NB 3, LDR 18

Melting Range Not less than [2010 °C and not more than 1260 °C 122 6 cC - 1242 °C
NB 2, PDR 11

Specific Rotation Not less than +420o and not more than +49.0° at 5 89 nm . + 47.4 °
NB 2, PDR 12 and 25 ”C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%
NB 3, PDR 8
 

    
 
 

Total Aerobic Count NMT 10 CFU/g <2 CFU/g
Total Yeast and Mold Count NMT 1° CFU/g‘ <2 CPU/g

‘ Escherichia coli Absent Absent

Salmonella species Absent Absent
Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR—MOOOTOO

NB 6, PDR 6
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Release All

   
TTP: Company:

TTP-LRR-M0239

  

 

Lot No:
UT15-031101

 
 

 

Date of Manufacture: 11-18-03

Retest Date: 11-2005
Date Received: 01-08-04

Date Testin Com leted: 01—25-04

TEST/REFERENCE

 
 
 

Chromatographic Purity (HPLC) '
NB 1, LDR 50 - 54

 

United Therapeutics Corporation
2225 W. Harrison Street

Storage/Packaging:

Amber HDPE bottle with NCR screw cap

 

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinaltcom

alysis of UT-lS Drug Substance 
 

 

Product:
 

  
 _ Treprostinil Drug Substance”

Chicago, IL 60612
(312) 421-1819   

 
Phase:

 5 ”C/Ambient Release Testing
  

 
Method:

ATM-LRR-M0002.l8

 
    
 

 
SPECIFICATIONS RESULTSl

 

 

 

1 1AU90 Not more than 0.5% ND2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 ' Not more than 1.0% 0.2%
Treprostirril Methyl Ester Not more than 0.2% ND
Treprostinil Ethyl Ester Not more than 0.6% 0.2%
750W93 Not more than 1.5% <0.05%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each

Unidentified @ RRT 1.12 0.06%
Total Related Substances Not more than 3.0% 0.5%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 100.0%
‘ NB 1, LDR 49 ' the volatiles-flee basis
‘ Factor Factor the material on the basis of assay and total 1.001

1 NB 1, PDR 9 . volatiles content
l Endotoxins (1:2000 dilution) Less than 104 EU/mg < 60 EU/mgATM—LRR—MOO 12.00

NB 5, PDR 5
NMT = Not more than

*[[( IR,2R,3 aS‘,9a.S')-2,3,3a,4,9,9a-hexahydro-2-hydroxy- l -[
IAll results conform to specifications.
ND = None detected

  
All data generated at Cardinal Health and described within
reviewed for compliance with Good Manufacturing Practic
which have been stored in the Archives of Cardinal Health.

 
 Quality Assurance

HIGHLY CONFIDENTIAL

NB I, LDR 54

 

  
 

(353-3 -hydroxyuctyl]- 1 H—benzmindemS-yl] nxy] acetic acid

this report were collected under the direction of the Study Director and were
cs (21 CFR Parts 210 and 21 1). This report accurately reflects the raw data

 DateWei Pan, Ph.D.
Study Director
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Certificate ofAnalysis
February 17, 2004

  Release Analysis of UT-15 Drug Substance

 

  

TTP: Company: Product:
TTP-LRR-M0239 United Therapeutics Corporation

Lot No: ' nzélfiétrgsgggge“ Trepros tinil Drug Substan ce"
UTE-031003 (312) 4214819 _

Date of Manufacture: 11-07-03 Storage/Packaging: I Phase:
I Retest Date: 11-2005 , 5 0C/Ambient Release Testing
Date Received: 01-08-04 Amber HDPE bottle with NCR screw cap Method:

ATM-LRR-M0002.18
Date Testiu_ Comileted: 01-25-04

 

TEST/REFERENCE SPECIFICATIONS ' RESULTS'

VI Physical Examination A white to cream—colored powder White powder
NB 2, PDR 1

Identification by JR The infrared spectrum exhibits maxima which are only A Conforms
NB 2 PDR 15 at the same wavenumbers as, and have similar relative

intensities to, those in the reference standard spectrum of
Tre-rostinil, similar] obtained. 

Identification by HPLC The retention time for the principal peak in the sample Conforms
NB 1) PDR 8 chromatogram agrees with the retention time of theprincipal peak in the standard chromatogram, using the

chromato- - uhic nuri method 

 
  

 

 
 
  

 
 

 

  
 
  

  
 

 

  

 
  
 

» Residue on Ignition Not more than 0.2%, w/w 0.0%
NB 3, PDR 4 '

i Water (Karl Fischer) Not more than 2.0%, w/w
‘ NB 2, FDR 8

Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/w Ethyl Acetate

Chmmamg?*1th Ethanol Not more than 0.5%, w/w Ethanol 0 1%
W‘LRR'M0242’ Sample Analysis Acetic Acid Not more than 0.5%, w/w Acetic Acid

NB 3, LDR 17 . .

Melting Range Not less than 120.0 °C and not more than 126.0 0C 1213 °C - 1236 °C
NB 2, FDR 11

Specific Rotation Not less than +42.0° and not more than +4910D at 589 mm + 477 °
NB 2E PDR 12 and 25 °C, volatiles—free basis
Heavy Metals Not more than 0.002% Not more than 0.002%
NB 3, PDR 8

Microbial Limits
Total Aerobic Count NMT 10 CFU/g <2 CPU,g
Total Yeast and Mold Count NMT 10 CFU/g <2 CFU/g
Escherichia coli Absent Absent
Salmonella species Absent Absent
Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR-MOOO700

NB 6. PDR 6

Page 1 of 2i
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Certificate ofAnalysis
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Release Analysis of UT-15 Drug Substance

 

1 TTP: Company: Product:
3 TTP-LRR-M0239 United Therapeutics Corporation

7:“ No: ‘ zzzgfihgojrlrli‘szgfislgefl Treprostinil Drug Substance"
UTE-031003 (312) 421-1819

Date of Manufacture: 11-07-03 Storage/Packaging: Phase:

. Retest Date: 11-2005 ‘ ‘ s “C/Ambient “lease Testing
3 Date Received: 01-08-04 Amber HDPE bottle with NCR screw cap Method:

Date Testin_ Com - leted: 01-25-04 ATM-LRR-M0002.18
TEST/REFERENCE SPECIFICATIONS ’ RESULTSl

Chromatographic Purity (HP LC)
NB 1, LDR 44 - 48

 

 

 

 

 1AU90 Not more than 0.5% ND
2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.2%
Treprostinil Methyl Ester Not more than 0.2% <0.05%
Treprostinil Ethyl Ester _, Not more than 0.6% 0.2%
750W93 Not more than 1.5% ' . 0.1%
751W93 Not more than 1.3% - 0.06%
Unidentified . Not more than 0.1% AUC each

Unidentified @ RRT 1.12 < 0.07%
Total Related Substances » Not more than 3.0% 06%

NB 1, LDR 48

Assay (HPLC) Not less than 97.0 and not more than [01.0%, w/w, on 100.4%
NB 1, LDR 43 - the volatiles-free basis

Factor Factor the material on the basis of assay and total 0.998]
i NB 1, PDR 9 volatiles content

I Endotoxins (1:2000 dilution) Less than 104 EU/mg . < 60 EU/mg
i ATM-LRR-M0012.00 ,

  
NB 5. PDR 5

NMT = Not more than ‘ ‘
*[[( l R, 211,3 aS,9a.§)¥2,3,3 a,4,9,9a-hexahydro-Z-hydroxy-1 —[(315‘)—3—hydroxyoctyl]-1H—benz[flinden—S-yl]oxy]acetic acid
‘All results conform to specifications.
ND = None dctcctcd

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were

reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 21 1).. This report accurately reflects the raw data
which have been storedIn the Archives of Cardinal Health. -

79px [7 Hakim-r
Quality Assurance Date Wei Pan, Ph.D. ' Date
 

Study Director
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Cardinal Health
P.O. Box
Research
tel

13341
Triangle Park, NC 27709

919.481.4855

wvtlw.cardinal.com

Certificate ofAnalysis
February 17, 2004 

 
  

 
 

 
 
 

 

  

  

 
 
 

 

 

 

 

 
     
 

  
 

l Release Analysis of UT-15 Drug Substance
l TTP: Company: Product:= TTP-LRR-M0239 United Therapeutics Corporation

, 7 2225 W' Harrison Street Treprostinil Drug Substance"Lot N0- ‘ Chicago, IL 60612
UTE-031002 (3122 421—1319

Date of Manufacture: 10—28-03 Storage/Packaging: . Phase:
Retest Date: 10—2005 5 ”(T/Ambient Release “Sting
Date Received: 01-08-04 Amber HDPE bottle with NCR screw cap Method: ,t-—————~—————— ,

Date Testing Completed: 01-25—04 , ATM'LRR'Mom-l .
TEST/REFERENCE SPECIFICATIONS RESULTSl . !

Physical Examination A white to cream-colored powder I White powder
NB 2, PDRJ

Identification by R The infrared spectrum exhibits maxima which are only Conforms
l NB 2’ PDR 15 at the same wavcnumbers as, and have similar relative
l intensities to, those in the reference standard spectrum of
‘ Trcprostinil, similarly obtained. i
l Identification by HPLC The retention time for the principal peak in the sample Conforms l
3 NB 1 ! pDR 8 chromatogram agrees with the retention time of the

principal peak in the standard chromatogram, using the ,
chromatographic purity method, .

Residue on Ignition Not more than 0.2%, w/w 0.0%
NB 3, PDR 4 7 7

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%
NB 2, PDR 8

Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/w Ethyl Acetate <0. 1 % _ l
Chroma‘ogmphy Ethanol Not more than 0.5%, w/w Ethanol own i

TTP'LRR'M0242> Sample Analysts Acetic Acid Not more than 0.5%, w/w Acetic Acid ND
NB 3, LDR l6

Melting Range Not less than 1200 °C and not more than 126.0 °C l21.5 °C - 123.3 “C
NB 2, PDR l 1

Specific Rotation Not less than +42.0° and not more than +490“ at 589 nm + 47.7 °
NB 2, PDR 12 and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%
____N_3;3£_12M_.7 ,,,,,,

Microbial Limits 1

Total Aerobic Count NMT 10 CFU’g <2 CPU/g
Total Yeast and Mold Count .NMT 10 CFU/g <2 CFU’g ' ‘
Escherichia coli Absent Absent ‘
Salmonella species . Absent Absent
Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR-M0007.00

NB 6, PDR 6 t
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Certificate ofAnalysis
February 17, 2004 

TTP:
TTP-LRR-M0239

Lot No:
UT15-031002

Retest Date: 10—2005

Date Received: 01-08-04

  TEST/REFEREN CE

Chromatographic Purity (HPLC)
NB 1, LDR 38 -42

 

Date of Manufacture: 10-28—03

Date Testin Com leted: 01-25-04

Release Analysis of UT—IS Drug Substance
 Company:

United Therapeutics Corporation-
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Storage/Packaging:
5 "C/Ambient

Amber HDPE bottle with NCR screw cap

SPECIFICATIONS

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinaltom

Product:

‘ Treprostinil Drug Substance*

Phase:

Release Testing 

Method:
ATM-LRR-M0002.18

RESULTS‘

 

 

 

  

ATM-LRR-M0012.00
NB 5, PDR 5

NMT ='Not more than

 
*[[( l R,2R,3 aS,9aS)-2,3,3a,4,9,9a-hexahydro-Z—hydroxy~ l -'[
lAll results conform to specifications.
ND = None detected

 1AU90 Not more than 0.5% ND
2AU90 Not more than 0.5% ND
97W86 (Benzindene 'l'riol) Not more than 0.2% > ND
3AU90 Not more than 1.0% 0.2%
Treprostinil Methyl Ester Not more than 0.2% ND
Trcprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% <0.05%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each

. Unidentified @ RRT 1.12 0.08%
' Total Related Substances Not more than 3.0% 0.4%

NB 1, LDR 42

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 100.5%
NB 1, LDR 37 the volatiles-free basis _'

Factor ' Factor the material on the basis of assay and total 09970
NB .1! FDR 9 7 ._.. fl volatiles content

Endotoxins (1:2000 dilution) Less than 104 EU/rng < 60 EU/mg

 

  
(353‘3ehydroxyoctyl]-lH—beanJinden-S-yl]oxy]acetic acid

A11 data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 21 1). This report accurately reflects the raw data
which have been stored in the Archives of Cardinal Health. ’ '

Quality Assurance .

HIGHLY CONFIDENTIAL

\

Neg/saw (I? ‘ ‘ 211110";
Date Wei Pan, PhD. Date ‘

Study Director
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Certificate ofAnalysis
February 17, 2004

TTP:
TTP-LRR-M0239

Lot No:
UT15-031001

Date of Manufacture: 10-16-03
Retest Date: 10-2005  

Release Analysis of UT-15 Drug Substance

Company:
United Therapeutics Corporation

2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Storage/Packaging:
5 “CIAmbient

Amber l-[DPE bottle with NCR screw cap 

Cardinal Health
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481 .4855

www.cardinal,com

Product:

Treprostinil Drug Substance*

Phase:

Release Testing

 

 

Date Received: 01—08-04 Method:

Date Testin Comleted: 01-25—04' ATM-LRR'MOW-ls

TEST/REFERENCE SPECIFICATIONS , RESULTSl

Physical Examination A white to cream-colored powder White powder
NB 2, PDR 1 '

Identification by IR The infrared spectrum exhibits maximal which are only Conforms
NB 2 PDR 15 at the same wavenumbers as, and have similar relative

’ intensities to, those in the reference standard spectrum of
Erostinil, similarly obtained. 1

Identification by HPLC The retention time for the principal peak in the sample Conforms
NB 1 PDR 8 chromatogram agrees with the retention time of the

 
principal peak in the standard chromatogram, using the

chromato a hic urit method.

 

 

 
 

 
 

NB3 LDRlS

Melting Range
NB 2, FDR 11

Specific RotationNB 2 PDR 12

Heavy Metals
NB 3, PDR 8

Microbial Limits
Total Aerobic Count
Total Yeast and Mold Count
Escherichia coli

‘ Salmonella species
Pseudomonas aeruginaszz
Staphylococcus aureus

ATVl-LRR-M0007.00

NB 6, PDR 6

 
 
 

 
 

 

 

  
Residue on Ignition Not more than 0.2%, w/w 00%

NB 3, FDR 4 __

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%

NB 2, PDR 8 ——+————-——-—————' '
Residual Solvents by Gas Ethyl Acetate Not more than 0.5 %, w/w Ethyl Acetate <0.1%

ChTOma‘OBTaPhY Ethanol Not more than 0.5%, w/w Ethanol 0. 1 %
TTP-LRR—M0242, Sample Analysis Acetic Acid Not more than 0.5%, w/w Acetic Acid ND

  
 

Not less than 1200 °C and not more than 126.0 DC 121.9 °C -123.3 °C
  

 
  

 

 

  
 

  
  

  
   

 

 

 
HIGHLY CONFIDENTIAL

Not less than +42.0° and not more than +49.0° at 589 nm + 456 °
and 25 ”C, volatiles-free basis

Not more than 0.002% Not more than 0,002%

NMT 10 CFU/g <2 CFC/g
NMT 1.0 CFU/g <2 CFC/g

Absent Absent
Absent Absent
Absent Absent
Absent Absent
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Cardinal Health

 

 
 

 
 

  

 
  

 

* ‘ ‘ P.O. Box 13341
Research Triangle Park. NC 27709
tel 919.481.4855

wwwcarcmalrom

CardmalHealth

Certzficate ofAnalysis
February 17, 2004

Release Analysis of UT-15 Drug Substance

TTP: Company: Product:
.TTP—LRR-M0239 United Therapeutics Corporation

Lot N 0: 222C513:girliszgflsltzreet Treprostinil Drug Substan ce*
UTE-031001 (312) 421-1819

Date of Manufacture: 10-16—03 Storage/Packaging: Phase:
Retest Date: 10-2005 5 “C/Ambient Release Testing

Date Received: 01-08-04 Amber HDPE bottle With NCR screw cap Method:

Date Testin- Com . ieted: 01—25—04 . ATM'LRR'M0002,-13 i
TEST/REFERENCE SPECIFICATIONS RESULTSl

Chromatographic Purity (HPLC)
NB 1, LDR 32- 36

1AIJ90 Not more than 0.5% ND
2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% < 0.05%
3AU90 Not more than 1.0% 0.2%

Treprostinil Methyl Ester Not more than 0.2% < 0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% 0.2%
751W93 Not more than 1.3% 0.08%
Unidentified Not more than 01% AUG each

Unidentified @ RRT 1.12 7 7777777 7 0.05% 7 7
Total Related Substances Not more than 3.0% 0.6%

NB 1, LDR 36

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 100.4%
NB 1, LDR 31 the volatiles—free basis

Factor Factor the material on the basis of assay and total 0.9975
NB 1, PDR 9 volatiles content

Eudotoxins (1:2000 dilution) Less than 104 EU/mg < 60 EU/mg
ATM-LRR-M0012.00

1 NB 5, PDR s
NMT = Not more than

"‘[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-l -[(3SJ-3-hydroxyoctyl]—1H—benz[f]inden-S—yl]oxy]acetic acid
1All results conform to specifications. v ‘
ND = None detected

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data
which have been stored in the Archives of Cardinal Health. '

Quality Assurance ‘ Wei Pan,_Ph.D. Date
Study Director
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4355

www.cardinalxon‘

CardinalHealth

Revised Certificate ofAnalysis
Supcrcctles Certificate of Analysis Dated August 14, 2003

November 5. 2003

! Release Testing for Commercial Lots of Treprostinil Drug Substance

: T'II’: Company: Product: |
l TTP-LRR'MUIU United Therapeutics Corporation

FWW——— zzzéh‘f‘” “321523526“ Treprostinil Drug Substance‘l‘s . Icago.

; UTE-030602 (312) 421-1819

l ‘: -—-—3 Date of Manufacture: 06'24-03 Storage/Packaging: Phase:1 RT-Phase l4
Retest Date: 06-24-05 5 "C/Ambient

LPN“ ’l‘cstin 1 Smned: 07_21_03 Amber Nalgene bottle with amber Nalgenc screw cap Method:
lJatc'l'estin- Com lctcd: 08—0603 ATM'LRR'MOOOZ'”

i TEST SPECIFICATIONS RESU LTSl

Physical Examination A white to creamecolnred powder While powder

 

 

 

Identification by ”Z The infrared spectrum exhibits maxima which are only Conforms
til the $211th wavenumbeis as. and have similar relative

intensities to. those in the teiet'ence standard spectrum of
Treproslinil. similarly obtained.

 
Identification by HPLC The retention time for the principle peak in the sample Conforms

chromatogram agrees with the retention time of the
principle peak in the standard chromatogram. using the

chromatographic purity method.
 
 
 

 
 
 

  
Not more than 0.2%. WM 0.0%

—-i

i___
I Residue on lgnition

 

 

Water (Karl Fischer) Not more than 2.0%. w/w 0.3% 

 
 

 

 

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%. w/w Ethyl Acetate <(ltl%
Ethanol Not more than 0.5%. w/w Ethanol <t).l‘7,
Acetic Acid Not more than 05%. w/w Acetic Acid

  
 Melting: Range Not less than 120.0 °C and not more than l26.0 °C l2l.8 “C - 123,l r’C .

,_ ._,____V ——l———————————————————

i SpL’L‘lifL‘ Rotation i Not less than +420” and not more than +490“ at 589 nm + 45 7 Oand 25 ”C. volatiles-tree basrs

Heavy Metals Not more than 0.002% Not more than 0.002%I

M icrolJinl Li m its

 

  
'l‘otttl Aerobic Count NMT 10 CFU/g 0 CFU/g
'l'otal Yeast and Mold Count NMT l0 CFU’S 0 CPU/g
lire/icrz’t-hiu mli Absent Absent
Sultruuwl/u species Absent Absent
Pseutlmnmltu‘ (lel‘llgl'lltlb'll Absent AbsentAbSCfll Absent
Slap/tvlru'accn: uttrem‘

ATM-LRR-M0007.00
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Cardinal Health
P.O. BOX 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardmaltom

 
CardinalHealth

Revised Certificate ofAnalysis
Supercedcs Certificate of Analysis Dated August 14, 2003

November 5. 2003

M
Release Testing for Commercial Lots of Treprostinil Drug Substance
 

 

   
 
 

  

   

  

 

  

TTP: Company: Product:
TTP—LRR-MOJ l 7 United Therapeutics Corporation 1

l 1 «it Mr 2223:" Hal-115365;?“ Treprostinil Drug Substance‘r- ’ ‘ tea 0

[ms-030602 (312% 4314319
Date of Manufacture: 06-24-03 Storage/Packaging: Phase:

Retest Date: 06-24-05 5 ”C/Anibient RT-th ‘4

Date Tcstin Started: 0741‘03 Amber Nalgene bottle with amber Nalgene screw cap Method:
Date Testin Com leted: 08-06-03 ATM'LRR‘MUWZ‘”

TEST SPECIFICATIONS RESULTS‘

1 Chmmntograoh1c Purity (HPLC) i
l 1AU90 Not more than 0.5%. w/w <0.05‘7r. ‘
i 2AU90 Not more than 0.5%. w/w <0.05% 1

‘ 97W8t3 (Benzindene Triol) Not more than 0.2%. w/w <0.05% i3AU90 Not more than l.0%. wlw 0.2% ‘

Treprostinil Methyl Ester Not more than 0.2%. w/w <0.05%
Treprostinil Ethyl Ester Not more than 0.6%. w/w 0.1%
750W93 Not more than 1.5%, wlw 0.06%

i 75 I W93 Not more than 1.3%. MW «105%' Unidentified Not more than 0.1% AUC each NR

: Total Related Substances Not more than 3.0% 0.4%l
Assay tHPLC) Not less than 97.0 and not more than 101.0%. w/w, on 100.1%| the volatilesfrcc basis

Factor Factor the material on the basis of assay and total 1.002
volatiles content

‘ Entttumim (1:2000 dilution) Less than 104 EU/mg < 60 EU/mg IA’l‘M-LRR-MOOlZDO

    
 

lAll results conform to specifications.
NMT = Not more than .
“‘ll( lR.2R3aS.9aS)-2.3.3a.4,9.9a-liexahydro—Zhydruxy-1-[(3$)-3-hydroxyoctyl]-lH-benzlflinden-S-yl]oxy]acetic acid
ND = None detected
NR = Not reportable
Total Related Substances value was calculated using unrounded numbers.
Nutc- Report revised to recalculate Assay and Factor results with the con'ected reference standard purity. Sec memo dated 09-08-113.

All data generated at Cardinal Health and described within this report were collected under the direction ofthe Study Director and were
reviewed tor compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the rum tlatn
which have beer. stored in the Archives of Cardinal Health. .

' min a-
l /
J/ttiitztA o Nam/2100?)£164”

\ 5 William E. Weiser, PhD. Date
5‘ A’cu 22w?

Quality Assurance Date
Study Director
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CardinalHealth

Cardinal Health
PO. Box l3341
Research Triang‘e Park, NC 27709
tel 919.48i.4855

www.cardinaltoni

Revised Certificate ofAnalysis
Superccdes Certificate of Analysis Dated September 2, 2003

November 5. 2003

Release Testing for Commercial Lots of Treprostinil Drug Substance
 

l
‘ ’I‘Tl’;

LLot No:

'l‘TP-LRR-M0117

UT15—030601

 Company:
United Therapeutics Corporation

2225 W. Harrison Street
Chicago‘ IL 60612

(312) 421-1819
 
  

 Date of Manufacture: 06-17-03
Retest Date: 06-17-05

Date Tcstin Started: 07-21-03 
t

‘ Date 'l‘csting Cum )leted: 08-06-03
TEST 

 
 

l’h sical Examinatien

Identification by IR

 

|

Identification by HPLC The retention time for the principle peak in the sample

 

Storage/Packaging:
S “C/Ambient

  

 SPECIFICATIONS

A white to cream-colored powder 

    

   

  

 

 
  Product:

Trepmsti nil Dng Substance’“

Phase:

Amber Nalgene bottle with amber Nalgene screw cap Method-

 

  
 

RT~Phase 14

 ATM—LRR-Mtlfllil.”

  
 

RuscLTs'

White powder
 

 The infrared spectrum exhibits maxima which are only
at the same wavenumbers as. and have similar relative

intensities to. those in the reference standard spectrum of
Treprostinil. similarly obtained.

chromntngi‘am agrees with the retention time of the
principle peak in the standard chromatogram. using the

chromatographic purity method.
 

  
 

Conforms

Conforms

 

  

  

. Residue on Ignition Not more than 0.2%, w/w 0.054

Water (Karl Fischer) Not more than 2.0%. w/w 0.3%

Residual Solvents by Gas Ethyl Acetate Not more than 0.5%. w/w Ethyl Acetate <().JU/p
Chromatography Ethanol Not more than 0.5%, w/w Ethanol <0. I "i

Acetic Acid Not more than 0.5%, w/w Acetic Actd ND 

Melting Range Not less than 120.0 cC and not more than 126.0 °C 

Specific Rotation —i Not less than +420” and not more than +49.0° at 589 nmand 25 °C. volatiles-free basis

 
 

Heavy Metals

 

120.5 “C 7 IZZX “C

+465 ‘7
 

Not more than 0.002% 

Microbial Limits

 
Not more than 0.002%  

 

HIGHLY CONFIDENTIAL

 
 

Total Aerobic Count NMT ‘0 CFU/g 0 CPU/g
Total Yeast and Mold Count NMT 10 CPU/g 0 CPU/t3
Et‘r'hcl‘ic/iia rzoli Absent Absent l

Yul/nmn’I/u species Absent Absent 1
l’s‘mulrmmzirlx uel‘ngilmm Absent Absent 1
.5i‘rip/ivlvt'm'L'u.\' (mrmm Absent Absent 1

ATM-lRR-MUUOTOO ‘ ‘
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Cardinal Health
PO. Box 1334]
Research Triangle Park, NC 27709
tel 919.481.4855

www cardinal Com

 
CardinalHealth

Revised Certificate ofAnalysis
Strpcrcedcs Certificate of Analysis Dated September 2, 2003

Novemher 5. 2003

W
Release Testing for Commercial Lots of Treprostinil Drug Substance

‘ TTP: 1 Company: Product:
1 TTP-LRR-M0117 United Therapeutics Corporation
M‘_‘i 2225 W. Harrison Street

W N°= Chicago, IL 60612
(312) 421-1819

Storage/Packaging: Phase:
5 "C/Amhient

Amber Nalgene bottle with amber Nalgene screw cap Method-
ATM-LRR-MDOII2. l7

Treprostinil Drug Su bstance‘i‘
UTE-(130601  

‘ Date 01 Manufacture: 06-17-03
Retest Date: 06-17-05

Date Tcstin Started: 07-21-03
Date Testin Com leted: 08-06-03

  

RT-Phase 14  

    
 

 

 

 

TEST SPECIFICATIONS RESULTS'

‘ Chromatographic Purity (HPLC)
i M190 Not more than 0.5%. wlw , 41.05% i
i ZAUUO Not more than 0.5%. wlw <().05% i

WWW) (Benzindene Triol) . Not more than 0.2%, wlw <().05% ‘
3AU91) Not more than 1.0%. w/w 0.2%
Treprrixtinil Methyl Ester Not more than 0.2%. wlw <0.05%
Treprostinil Ethyl Ester Not more than 0.6%. wlw 0.09%
750W93 Not more than 1.5%. w/w 41.05%
751W93 Not more than 1.3%. w/w <0.05%

’ Unidentified Not more than 0.1% AUC each NR

i 'l‘otal Related Substances Not more than 3.0% 0.3%

Assay (HPLC) Not less than 97.0 and not more than 101.0%. wlw, on 100.1%
theiy‘gliatiles-free basis

i Factor Factor the material on the basis of assay and total 1.002
. volatiles content
l Endotoxins (1:2000 dilution) Less than 104 EU/mg

ATM—LRR-M001200

‘s‘tll results conform to specifications.
NMT = Not more than
1'1 ll lR,2R,3aS.9aS)A2.3.321.43.9a-hexahydr0-2-hydroxy-l—ll35)-3—hydroxyoctylj-1H-benzMiriderr-S-ylhixyjacetic acid
ND = None detected
NR : Not reportable
Total Related Substances value was calculated using unrounded numbers.

  

< ()0 EU/mg

    
 

Note: Report revised to recalculate Assay and Factor results with the corrected reference standard purity. Sec memo dated 00-03-03

All data generated at Cardinal Health and described within this report were collected under the directzun of the Study Director art] were
reviewed l'or' compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data
which have been sto‘edjn the Archives nFCarrlinal Health.

   5 NW 9003 illiam E. Weiser, PhD.
Study Director

Quality Assurance
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CardinalHealth

Revised Certificate ofAnalysis
Supcrccdcs Certificate of Analysis Dated August l4. 2003

November 5, 2003

Cardinal Health
Po. Box 13341
Research Triangle Park. NC 27709
tel 919,481.4855

www.(ardinat.com

 

Release Testing for Commercial Lots of Treprostinil Drug Substance
 

 

Date Testing Started: 07-21—03

i ’I‘Tl’: . Company: Product:' 'l"l‘l’-LRR-M01‘l7 United Therapeutics Corporation

Lot No: 22233:;231'523651‘2’9‘“ ’l'reprostiuil Drug Substance“
UTE-030504 (312) 421-1319

Date of Manufacture: 06-10-03 StoragejPackaging: Phase:

Retest Date: 06-10-05 5 "CIAmbient RT'Phase 1“
Amber Nalgene bottle with amber Nalgene screw cap 

TEST

_ thsical Examination
identification by IR

 
“r“-H- 

identification by HPLC

Residue on Ignition

Water (Karl Fischer)

Date Tmtin Com )leted: 08-06-03

_—__—.L__.

SPECIFICATIONS_—

A white to cream-colored powder White powder fl
The infrared spectrum exhibits maxima which are only
at the same wavenumbers as. and have similar relative

intensities to. those in the reference standard spectrum of
Treprostinil. similarly obtained.

The retention time for the principle peak in the sample
chromatogram agrees with the retention time of the

principle peak in the standard chromatogram. using the

 
chromatogiapliic purity method,

Not more than 0.2%. w/w

Not more than 2.0%. w/w 

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%. w/w
Ethanol

Acetic Acid

Not more than 0.5%. w/w
Not more than 0.5%. w/w 

Melting Range

| Specific Rotation

Heavy Metals

Microbial Limits
'l'utul Aerobic Count
Total Yeast and Mold Count
Iixchurit'hia mli

.Sriliirzniullu species
I’.\’(’lltl(llllmlrlt uerugiimm
SlapirvluL'm'i‘ila um L’lt.‘

ATM-LRRAMOUUTOO

 
HIGHLY CONFIDENTIAL

Not less than 1200 °C and not more than 126.0 °C

Method:
ATM-LRR-Mt)0tl2.l7

RESULTS'  
Conforms

Conforms 
0.0%

0.3%

Ethyl Acetate (0.1%
Ethanol <0. I‘Z-
Acetic Acid ND

1217 ”C - 1233 “C 

Not less than #420" and not more than +490" at 589 nmand 25 °C. volatiles-free basis
+475 "
 

Not more than 0.002% Not more than 0.002%  
 

NMT l0 CFU/g 2 CFU/g
NMT 10 CFU/g u CFU/g

Absent Absent
Absent Absent
Absent Absent
Absent Absent
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal mm

CardinalHealth

Revised Certificate ofAnalysis
Supercctles Certificate of Analysis Dated August 14. 2003

November 5. 2003

Release Testing for Commercial Lots of Treprostinil Drug Substance

TTl’: Company: Product:
United Therapeutics Corporation

2225 W, Harrison Street

Chicago, IL 60612
(312) 4214819

'I‘TP-LRR-M0117

Lot No: 'l‘reprostinil Drug Suhstanceri"
' mas-1130504   

Date of Manufacture: 06-10-03 Phase:
Retest Date: 06-10-05

LEE“. Testing Started: 07-21-03
I Date ’l‘estin' Corn )leted: 08-06-03

Storage/Packaging:
S "C/Ambient

Amber Nalgene bottle with amber Nalgene screw cap

RT-Phase 14

Method:
ATM -LRR-Mth(JZ.17 

 

  

! TEST SPECIFICATIONS RESULTS'1 .
‘ (jhromatogrnphic Purity (HI’LC) .
‘ lAU9tl Not more than 0.5%, w/w 41.05%

2AU90 Not more than 0.5%. w/w «105‘?!
L37W86 (Benzindene Triol) Not more than 0.2%. w/w <0.05"7n
3AU90 Not more than 1.0%. w/w 0.2%

l Treprostinil Methyl Ester Not more than 0.2%. w/w <0.05%
Trepmstinil Ethyl Ester Not more than 0.6%, w/w 0.1%
750W93 Not more than 15%, wlw 0.06%
751W93 Not more than 1.3%. w/w <0.05%

l Unidentified Not mo1e than 0 1% AUC each NR

101111 Related Substances Not more than 3.0% 0.4%

Assay (HPLC) Not less than 97.0 and not more than 101.0%. wlw. on 100.0%  
 

 
 

the volatiles-free basis 

  
 

Factor the material on the basis. of assay and total
volatiles content

lAll results conform to specifications.

Less than 104 EUlmg

NMT = Not more than

‘E‘ll(lR.2R.3aS.9aS)—2.3.3a,4.9,9aihexahydroQ-hydroxy-l-[(3S)-3-hydroxyoctyl]-lH—bcnzlf]inden-S-yl]oxy]acetic acidND = None detected
NR: Not reportable
Total Related Substances value was calcul ated using unrounded numbers.

Note: Report revised to recalculate Assay and Factor results with the eorleeted reference standard putity. See memo dated 09—08— 0.7.

 
 

Enclotoxins ( 1:2000 dilution) < (31) EU/ntg
ATM-LRRvMon 12 (10

All Ll;it1generated at Cardinal Health and described within this report were collected under the direction 01 the Study Director 1nd \1en
fin iewed 101 compliance with Good Manufacturing Practices (21 CFR Parts 210 and 21 I). This repml :1L'Lurately reflects the raw (1:1. :1
which have been stored in the Archives of Cardinal Health.

27%—
William E. Weiser. Ph.D. Date
Study Director

  Quality Assurance

Page 2 01‘2
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CardinalHealth

Revised Certificate ofAnalysis
Supercedes Certificate of Analysis Dated September 30, 2003

February 17, 2004

  TTP:
 

TTP-LRR-M0117
 
 

Lot No:
UT15-030503

  

 
Date of Manufacture: 05-30-03 '
Retest Date: 05-30-05

Date Testin- Started: 06-04-03
Date Testin' Comletcd: 06-23-03

 
 

 
 

Ph sical Examination

 
 

 

Company:

Release Testing for Commercial Lots of Treprostinil Drug Substance -

United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Storage/Packaging:

Amber Nalgene bottle with amber Nalgene screw cap

5 °C/Ambient

A white to cream—colored nowder

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal.com

P rodu ct:
  

   
Treprostinil Drug Substance’r
 

 RT-Phase 13

Method:
ATM-LRR-M0002J7 

TEST SPECIFICATIONS RESULTSl

Conforms
Identification by IR The infrared spectrum exhibits maxima which are only

at the same wavenumbers as, and have similar relative
intensities to, those in the reference standard spectrum of

Treprostinil, similarly obtained.
  

Identification by HPLC

Residue on Ignition

 
The retention time for the principle peak in the sample

chromatogram agrees with the retention time of the
principle peak in the standard chromatogram, using the

chromatographic purity method.

Conforms

L
 

Not more than 0.2%, w/w 0.0%

 

Residual Solvents by Gas '
Chromatography

L__
 
  Heavy Metals

Microbial Limits
Total Aerobic Count

Escherichia coli
. Salmonella species

Staphylococcus aureus

   
 

Water (Karl Fischer) Not more than 2.0%, w/w

Ethyl Acetate Not more than 0.5%, wlw Ethyl Acetate 0.0%
Ethanol Not more than 0.5%, w/w Ethanol 0.1%
Acetic Acid Not more than 0.5%, w/w Acetic Acid 0.0%

Melting Range Not less than 120 0 °C and not more than 126.0 :'C 120.3 °C - 12I.3°C ’
Specific Rotation Not less than +42.0° and not more than +49.0° at 5 89 nm + 44.4”

and 25 °C, volatiles-free basis
Not more than 0.002% Not more than 0.002%

NMT 10 CFU/g 2CFU/g

Total Yeast and Mold Count NMT 10 CFU/g 2 CFU/gAbsent Absent
Absent ‘ Absent

Pseudomonas aeruginosa Absent AbsentAbsent Absent

ATM-LRR-M0007.00
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Cardinal Health
“ ‘ ' PO. Box 13341 .

Research Triangle Park. NC 27709
tel 919.481.4855

y www.card inalrom
CardinalHeaIth

Revised Certificate ofAnalysis
Supercedes Certificate of Analysis Dated September 30, 2003

February 17, 2004

' I ' Release Testing for Commercial Lots of Treprostinil'Drug Substance

   

TTP: Company: Product:
TTP—LRR-M0117 . United Therapeutics Corporation

W..— zzzgfiggfirgszggge“ Treprostinil Drug Substance"
UTE-030503 (312) 421-1819

Date of Manufacture: 05-30-03 Storage/Packaging: Phase:

Retest Date: 05-30-05 5 "C/Ambient RT—Phase 13'___—.

Date Testing Started: 06-04—03
Date Testin_ Comleted: 06-23-03

Amber Nalgene bottle with amber Nalgene screw cap Method:
ATM-LRR-MOOOZJ 7 
 

 TEST SPECIFICATIONS RESULTSl

Chromatographic Purity (HPLC)
1AU90 Not more than 0.5% ND
2A U90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% ' <0.05%
3AU90 Not more than 1.0% l 0.3%
Treprostinil Methyl Ester Not more than 0.2% <0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.2%
750W93 Not more than 1.5% 0.2%
751W93 Not more than 1.3% 0.1%
Unidentified Not more than 0.1% AUC each

Unidentified at RRT 1 .12 0.09%
Total Related Substances Not more than 3.0% 0.9%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 99.9%the volatiles—free basis   
 

Factor the material on the basis of assay and total I .004
volatiles content

Endotoxins (l :2000 dilution) Less than 104 EU/mg < 60 EU/rng .ATM-LRR-MOO l 2.00

All results conform to specifications.
‘ _ NMT = Not more than
i . *[[(1R,2R,3a.5‘,9aS)-2,3,3a,4,9,9a-hexahydro—2—hydroxy—l-[(3S)~3-hydroxyoctyl]-lH-benzlf]inden—S-yl]oxy]acetic acid. ND = None detected

Note: Report revised to correct Total Related Substances value to match current methodology.

 

 
All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data

 

 
 

which have been d in the Archives ofCardinal Health, ‘ ‘

, *” 05W «7“ m IWEW 2l"ll°Ll _ i
‘ Quality ssurance Date William E. Weiser, PhD. Date

Study Director

Page 2 of 2
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CalrdinalHealth

Revised Certificate ofAnalysis
Supercedes Certificate of Analysis Dated September 30, 2003

February 17, 2004

 TTP:
TTP-LRR-Mfl I 17

l Lot No:l UT15-030502

Company:
United Therapeutics Corporation

2225 W. Harrison Street
Chicago, IL 60612

(312)421-1819 

Date of Manufacture: 05—23—03
Retest Date: 05-23-05

Date Testin Started: 06-04—03

Date Testin Com leted: 06-23-03

 
 
 

 
 

 
 

 
 

  
  

Storage/Packaging:
5 “C/Amhieut

Amber Nalgene bottle with amber Nalgene screw cap

SPECIFICATIONS

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardlnalmm

Release Testing for Commercial Lots of Treprostinil Drug Substance
Product:

Treprostinil Drug Substanee"

Phase:

 
 

Method:
ATM—LRR—MOUOZ. l 7

  
 

  
  

  RT-Pllase 13

 
 

 RESULTS'

  
  

 

 

 

  

 

 

 

 

     
  

Physrcal Examination A white to cream—coloredfliyvder White powder

‘ Identification by IR The infrared spectrum exhibits maxima which are only Conforms
l at the same wave-numbers as, and have similar relative

intensities to, those in the reference stande spectrum of

l Treprostinil, similarly obtained.
l

Identification by HPLC ' The retention time for the principle peak in the sample Conforms
‘ chromatogram agrees with the retention time of the
; principle peak in the stande chromato gram, using the
‘ chromatographic purity method.

i ,

‘ Residue on Ignition Not more than 0.2%, w/w 00%

Water (Karl Fischer) Not more than 2.0%, w/w 0.2%

Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/vv Ethyl Acetate 0.0%
Chromatography Ethanol Not more than 0.5%, w/w Ethanol 0.1%

l .— . Acetic Acid Not more than 0.5%, w/w Acetic Acid 0.0%
l Melting Range Not less than 1200 ‘1C and not more than 126.0 °C 1207 °C — [215°C

l Specific Rotation Not less than +42.0° and not more than +4940” at 589 nm +46.2°
# and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0002%
Microbial Limits Y .

1 Total Aerobic Count NMT 10 CH”g 0 CFU’ g
Total Yeast and Mold Count NMT 10 CFL”g 2 CFU/g
Escherichia Cali Absent Absent
Salmonella species Absent Absent
Pseudomonas ‘aemginosa Absent Absent
Staphylococcus aureus Absent Absent
7 aATM~LRR-M0007.00
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CardinalHealth

Revised Certificate ofAnalysis
Super'cedes Certificate of Analysis Dated September 30, 2003

February 17, 2004

T'l‘P: 4
TT P-LRR-M0117

Lot No:
UT15-030502

Date of Manufacture: 05-23-03

Retest Date: 05—23-05

Date Testin_ Started: 06-04-03

Date Testin_ Com-lctcd: 06-23—03

‘ TEST

Chromatographic Purity (HPLC)
1AU90 -
2AU90

97W86 (Benzindenc Triol)
3AU90

Treprostinil Methyl Ester
Treprostinil Ethyl Ester
750W93
751W93
Unidentified

Unidentified at RRT 1.12

Total Related Substances

Company:
United Therapeutics Corporation

2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Storage/Packaging:

Amber Nalgene bottle with amber Nalgene screw cap
5 DC/Ambient

SPECIFICATIONS

Not more than 0.5%
Not more than 0.5%
Not more than 0.2%
Not mOre than 1.0%
Not more than 0.2%
Not more than 0.6%
Not more than 1.5%
Not more than 1.3%

Not more than 0.1% AUC each

Not more than 3.0% 

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on
the volatiles-free basis 

 
Factor Factor the material on‘the basis of assay and totalvolatiles content 

Endotoxins (1:2000 dilution)
ATM-LRR—M0012.00

All results conform to specifications.
NMT = Not more than

Less than 104 EU/mg

Cardinal Health
P.O. Box 13341
Research iriangle Park, NC 27709
tel 919.481.4855

www.cardinal,com

Release Testing for Commercial Lots of Treprostinil Drug Substance
Product:

Treprostinil Drug Substance*

Phase:
RT—Phase 13

Method:
ATM-LRR-M0002.17

RESULTS]

ND
ND
ND

03%
<0.05%

0.1%
0.1%
0.06%

» 0.08% '
0.6%

99.5%

1.008

< 60 EU/mg

 
*[[(1R,2R,3aS,9&9)—2,3,3a,4,9,9a-hcxahydro-2—hydroxy—l7[(3.5’1—3—hydroxyocty1}1H—benz[f]inden-S-yl]oxy]acetic acid
ND = None detected
Total Related Substances value was calculated using unrounded numbers.
Note: Report revised to correct Total Related Substances value to match current methodology.

All data generated at cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately reflects the raw data
which have been
 
   

Quality Assurance

red in the Archives of Cardinal Health.

Study Director

P. 28

{2: J‘méw ll'TIO‘t
William E. Weiser, Ph.D. Date
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CardinalHeaith '

Revised Certificate ofAnalysis
Supersedes Certificate of Analysis dated September 30, 2003

February 17, 2004

TTP:
TTP-LRR-M0117

Lot No:
UT 15-03050]

Date of Manufacture: 05-15-03
Retest Date: 05-15—05

Date Testin Started: 06-04-03

Date Testin_ Com-leted: 06-23-03
TEST

Ph sical Examination

Identification by IR
 

Company:
United Therapeutics Corporation

2225 W. Harrison Street

Chicago, IL 60612
312) 421-1819

Storage/Packaging:
5 °CIAmbient 

A white to cream—colored powder
The infrared spectrum exhibits maxima which areonly
at the same wavenumbers as, and have similar relative

intensities to, those in the reference standard spectrum of
Treprostinil, similarly obtained.

 

Identification by HPLC The retention time for the principle peak in the sample
chromatogram agrees with the retention time of the

prlnc1ple peak in the standard chromatogram, using the
chromatographic purity method,

Car
PD
Res
tel

dinal Health }
. Box 13341 ‘

earch Triangle Park, NC 27709 '919.481.4855

wwwrcardinalrom

Release Testing for Commercial Lots of Treprostinll Drug Substance

Product:

Treprostinil Drug Substance"

Phase:

Amber Nalgene bottle with amber Nalgene screw cap Method:
ATM-LRR-M0002.17

SPECIFICATIONS - RESULTS3

 

 

Residue on Ignition Not more than 0.2%, w/w 

Water (Karl Fischer)

Residual Solvents by Gas
Chromatography

Meltin Ran e

Specific Rotation 
Heavy Metals

Not more than 2.0%, w/w

RT-Phase 13

White powder
Conforms fl

Conforms

0.0%

0.2%
 

Not more than 0.5%, w/w
Ethanol Not more than 0.5%, w/w
Acetic Acid ‘ Not more than 0.5%, w/w

Not less than 120.0 °C and not more than [26.0 °C

Ethyl Acetate Ethyl A
Ethanol
Acetic Acrd

0.0%
0.1%
0.0%

120.1 °C — 121.0 °C

cetate

 
 

Not less than +42.0° and not more than +49.0° at 589 run
and 25 DC, volatiles-free basis

Not more than 0.002% 

Microbial Limits
Total Aerobic Count
Total Yeast and Mold Count
Escherichia cult
Salmonella species
Pseudomonas aeruginosa
Staphylococcus aureus

ATM-LRR-M000700
  NMT 10 CFU/g

NMT 10 CPU/g
Absent
Absent
Absent
Absent

2.5 times the sample weight. Both values are being reported.

HIGHLY CONFIDENTIAL

P. 29

 +46.0°

Not more than 0.002%

0 CFU/g'
2 CFU/g
Absent
Absent
Absent
Absent .

 
This is the retest value. The original result was 12 CFU/g. Per sponsor request, sample was retested according to USP guidelines using
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CardinalHealth

Revised Certificate 0fAnalysis.
Supersedes Certificate of Analysis dated September 30, 2003

February 17, 2004

Cardinal Health
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardlnal.com

Release Testing for Commercial Lots of Tre'prostinil Drug Substance

 

 

 
  

 

  

 
TTP: Company: Product:

TTP-LRR-M0117 United Therapeutics Corporation
2225 W. Harrison Street - -

_ Tre rostinil Dru Substance“
Lot N0- Chicago, IL 60612 p g

UTE-030591 (312) 421—1 819

Date of Manufacture: 05-15-03 Storage/Packaging: Phase:

Retest Date: 05-15-05. 5 "C/Ambient RT'Phase 13

Date Testin Started: 06-04-03 Amber Nalgene bottle with amber Nalgene screw cap Method:

Date '1‘estin_ Com . leted: 06-23-03 , ATM'LRR'Mom-17
TEST SPECIFICATIONS RESULTSI

Chromatographic Purity (HPLC)
lAU90 Not more than 0.5% ND

2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 Not more than 1.0% 0.3%
Treprostinil Methyl Ester Not more than 0.2% <0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% 0.1%

' 751W93 Not more than 1.3% 0.07%
Unidentified Not more than 0.1% AUC each

. Unidentified at RT 1.12 0.07%
Total Related Substances Not more than 3.0% 0.6%

Assay (HPLC) Not less than 97_.O and not more than 101.0%, wlw, on 99.9%
,Al the volatiles-free basis

Factor Factor the material on the basis of assay and total 1.004
' volatiles content

Endotoxins (1:2000 dilution) Less than 104 EU/mg < 60 EU/mg
ATM-LRR—MOOIZDO

 
NMT = Not more than

*[[( lR,2R,3aS,9aS)~2,3,3a,4,9,9a—hexahydr0»2-hydroxy-1-[(35)—3-hydroxyoctyl]—1H-benz[f]inden-5-_vl]oxy]acetic acid
3All results conform to specifications.
ND .= \Ione detected

Note: Report revised to correct Total Related Substances value to match current methodology.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 21 1). This report accurately reflects the raw datawhich have been stored in the Archives of Cardinal Health.

”FAWN w
Quality Assurance Date.__',,/ .Study Director

P. 30

William E. Weiser. Ph:D. Date
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Cardinal Health
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

F \ ww,cardinal.com

Ca‘rdinalHealth

Revised CertifiCate ofAnalysis
Supei‘cedes Certificate of Analysis Dated September 30, 2003

‘ February 17, 2004

Release Testing for Commercial Lots of Treprostinil Drug Substance

 

TTP: Company: Product:
TTP—LRR-M0117 United Therapeutics Corporation.

Lot No: 222(5jhiivc‘élnarrrli‘szgfisitzreet Treprnstinil Drug Substance*
UT15-030401 w (312) 421-1319

Date of Manufacture: 05-09-03 Storage/Packaging: Phase:
Retest Date: 05-09-05 ' 5 "C/Ambient RT-Phase 13

Date Testin Started: 06-04-03 Amber Nalgene bottle with amber Nalgene screw cap Method:

Date Testin Com - lete'd: 06-23-03 ATM'LRR'MOOOZ'”

'TEST ’ SPECIFICATIONS ' RESULTS‘
 

Fh sical Examination A white to cream-colored owder White powder
Identification by IR The infrared spectrum exhibits maxima which are only ' Conforms

at the same wavenumbers as, and have similar relative
intensities to, those in the reference standard spectrum of

Treprostinil, similarly obtained.

 
 

Identification by HPLC The retention time for the principle peak in the sample Conforms

chromatogram agrees with the retention time of the lprinciple peak in the standard chromatogram, using the
chromatographic purity method.

 
Residue on Ignition Not more than 0.2%, w/w 0.0%

 
 

 
 

 
 

  

' Water (Karl Fischer) Not more than 2.0%, w/w  

 
 

   Residual Solvents by Gas Ethyl Acetate Not more than 0.5%, w/w

Chromatography Ethanol Not more than 0.5%, wlw
Acetic Acid Not more than 0.5%, wlw

Melting Range Not less than 120.0 °C and not more than 126.0 °C

Ethyl Acetate 0.0%
Ethanol <o.i%
Acetic Acid , 0.0%

121.3°C - 122.0 °C

 
 

 
 

 

 
Not less than +42.0° and not more than +49.0° at 589 rim

and .25 °C, volatiles-flee basis

Heavy Metals Not more than 0.002%

Specific Rotation  

  
 

  
Not more than 0.002%

 Microbial Limits '
'Total Aerobic Count . NMT 10 CFU/g

  
   
 

o CFU/g

l , Total Yeast and Mold Count NMT 10 CPU/g 5 CFU/g
l Escherichia call Absent Absent
‘ Salmonella species Absent Absent

Pseudomonas aeruginosa Absent Absent
. Staphylococcus aureus Absent Absent
. ATM-LRR-M0007.00 ’
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

I. www.cardinaimm

CardinalHealth

1 Revised Certificate ofAnalysis
‘ Supercedes Certificate of Analysis Dated September 30, 2003

February 17, 2004

Release Testing for Commercial Lots of Treprostinil Drug Substance

 

TTP: Company: Product:
TTP-LRR-M0117 ' United Therapeutics Corporation

Lot N 0: 2223111“;H:r1r]:sggésltzreet Treprostinil Drug Suhstance*
1 (312% 421-1319
1 Date of Manufacture: 05-09-03 Storage/Packaging: V Phase:

Retest Date: 05-09-05 ‘ , 5 "C/Ambient RT'Phase ‘3 _
Date Testin Started: 06-04-03 Amber Nalgene bottle with amber Nalgene screw cap Method: ,

Date Testin_Com1eted: 06-23-03 ATM-LRR—M0002-l7
TEST SPECIFICATIONS RESULTS"

Chromatographic Purity (HPLC)

____.l_

 

 

 

 

1AU90 Not more than 0.5% ND
2AU90 Not more than 0.5% _ND
97W86 (Benzindene Triol) Not more than 0.2% ND

‘ 3AU90 Not more than 1.0% ' 0.3%
r Treprostinil Methyl Ester Not more than 0.2% v <0.05%
1 Treprostinil Ethyl Ester » Not more than 0.6% , 0.2%
l ' 750W93 Not more than 1.5% 0.06%

l 751W93 Not more than 1.3% <0.05%
1 Unidentified Not more than 0.1% AUC each NR1

‘ Total Related Substances Not more than 3.0% 0.6%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, on 100.1%the volatiles-free basis

Factor Factor the material on the basis of assay and total 1 002

_ ,, volatiles content

Endotoxins (1:2000 dilution) Less than 104 EU/mg . < 60 EU/mg

  
ATM-LRR-MOO 1 2.00

All results conform to specifications.
NMT = Not more than y

*[[(l R. 2R,3 aS,9aS)-2,3 ,3a,4,9,9a—hexahydro—2—hydroxy-1-[(3.5')-3-hydroxyocty1]-lH-benzminden-S-y1]oxy]acetic acid
ND = None detected
NR = Not reportable
Total Related Substances value was calculated using unrounded numbers.
Note: Report revised to correct Total Related Substances value to match current methodology.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 21 1). This report accurately reflects the raw data
which have been sto i the Archives of Cardinal Health. ‘

   
_ Hangcour «a lwew 2‘1'"! 9

Quality Assurance Date William E. Weiser, PhD. ' Date- Study Director »
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, Magellan Analytical
7 A Division Of Magellan Laboratories

Magellan Facility
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabscom 

1: its"

M 6113I I Certificate ofAnalysis
October 3 l, 2000LABORATORIES

Release Testin_ for Commercial Lots of UT-lS Dru- Substance

TTP No.: TTP-LRR-M0117 Company: United Therapeutics, Product: UT-15 Drug Substance

Phase: RT-Phase] Corporation Method: ATM-LRR-M0002.13
Research and Development 

[[(IR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]
~1H-benz[flinden-S-yl]oxy]acetic acid

Lot UT15-000901
 

Test Specifications  
Results  

 
ConformsPhysical Examination A white to cream-colored powder

Identification
[R

  The infrared spectrum exhibits maxima which are only at Conforms
the same wavenumbers as. and have similar relative
intensities to, those in the reference standard spectrum of
UT-lS, similarly obtained.

  
  

 

 The retention time for the principle peak in the sample Conforms
chromatogram agrees with the retention time of the
principle peak in the standard chromatogram. using the
chromatographic purity method.

Residue on Ignition Not more than 0.2%, wlw 0.16%, w/w

Water (Karl Fischer) Not more than 2.0%. w/w 0.2%, wlw

Residual Solvents by Gas
Chromatography

Ethyl Acetate
Ethanol
Acetic Acid

  
  
  

  
 

 
 

 

 
 
 

Not Detected
<O.1%
Not Detected

Not more than 0.5%, w/w
Not more than 0.5%. w/w
Not more than 0.5%, w/w 

Melting Range Not less than 120.0 “C and not more than 126.0 “C 122.3 - 124.5 ”C

Specific Rotation Not less than +420?i and not more than +49.0° at 589 [afigg = +450. (volatiles-free basis)rim and 25 C. volatiles-free basis
Heavy Metals Not more than 0.002 % Not more than 0.002%
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,5 Magellan Analytical
/ A Division Of Magellan Laboratories
' Magellan FacilityP.O. Box 13341

Research Triangle Park, NC 27709
Corporate: (919) 481-4855

§ Facsimile: (919) 481-4908

/ " % www.magellanlabscomagéflanLABORAIORIES

 

[[(lR, 2R,3aS,9aS) -2,3,3a,4,9 ,9a—hexahydro-2-hydroxy-l-[(3S)-3-hydroxyoctyl]
-lH-benzMinden—S-yl]oxy]acetic acid

Lot UT15-000901

Sgecifications

Chromato - raflc Purity (HPLC)
1AU90 Not more than 0.5 % Not Detected
2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.5% Not Detected
3AU90 Not more than 1.0% 0.3%
UT-IS Methyl Ester Not more than 0.2 % < 0.05 %
98W86 (Methoxy Diol) Not more than 0. 1 % < 0.05 %
UT-15 Ethyl Ester Not more than 0.6% 0.1 %
750W93 Not more than 2 .0 % ' 0.05 %
751W93 Not more than 2.0% <0.05 %
Unidentified Not more than 0.1% each Not Detected
Total Related Substances Not more than 5.0%

Assay (HPLC) Not less than 95.0 and not more than 101.0%, w/w, 99.8%on the volatiles-free basis

Factor . Factor the material on the basis of assay and total 1.004 parts UT-15 equivalent to 1.00
volatiles content parts volatiles-free UT-15

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (21 CFR Part
58) and Good Manufacturing Practices (21 CFR Pan 211). This report accurately reflects the raw data which have been stored in the Archives of
Magellan Laboratories Incorporated.

Q
uality Assurance Date ' William Edward Weiser, PhD. Date

- Study Director
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341

‘ Research TriangJe Park, NC 27709
Corporate: (919) 481-4855

@ Facsimile: (919) 481-490845% www.magellanlabs.com

Han Certificate ofAnalysisNovember 22, 2000lABURATORlES

 
  

 
 

 

Release Testin- for Commercial Lots of UT-IS Dru- Substance

Company: United Therapeutics, Product: UT-15 Drug Substance

C°rP°mi°n Method: ATM-LRR-M0002J3
Research and Development

  TTP No.: TTP—LRR—M0117

Phase: RT-Phase 2      
 

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]
-1H-beuz[f]inden—S-yl]oxy]acetic acid

Lot UT15—001001

Physical Examination A white to cream-colored powder Conforms 

Identification

IR The infrared spectrum exhibits maxima which are only at Conforms
the same wavenumbers as, and have similar relative

intensities to, those in the reference standard spectrum of
UT—IS, similarly obtained

HPLC The retention time for the principle peak in the sample Conforms
chromatogram agrees with the retention time of the
principle peak in the standard chromatogram, using the
chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w 0.01%, w/w

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%, w/w

Residual Solvents by Gas

  
 

 
 

 

 
 

 
 

   

 
 
 

 l Chromatography
1 Ethyl Acetate Not more than 0.5 % , w/w < 0.1%

Ethanol Not more than 0.5%, w/w <0.1%
Acetic Acid Not more than 0.5%, MW (01%

Melting Range Not less than [20.0 °C and not more than 126.0 ”C 123.4 - 124.9 ”Ci
‘ . _ . a n 7

‘ Specttic Rotation E222352tgiaqnC4331.3”:Snd‘rzztbziso? than +490 at 589
Heavy Metals Not more than 0.002% Not more than 0.002% 

Page 1 of2 Pages 1i
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LABORATORIES

Magellan AnalyticalA Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabscom

[[(lR,2R,32$,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroity-l{(38)-3-hydroxyocty1]
-1H-benz[f]i.nden-5-yl]oxy]acetic acid

 
 
 
 

 
 
 
 
 

 

1AU90
2AU90

3AU90

750W93
751W93
Unidentified

Assay (HPLC)

   

All data generated at Magellan Laboratories Incorporated and described within
and were audited by the Quality Assurance Unit of Magellan Laboratories Inco
58) and Good Manufacturing Practices (21 CFR Part 21 1

Chromato_rahic Purit (HPLC

97W86 (Benzindene Triol) '

UT-15 Methyl Ester
98W86 (Methoxy Dial)
UT-15 Ethyl Ester

Total Related Substances

 

 
 
 

 
 
 
 
 
 

   

Lot UT15~001001

  

W

Not more than 0.5 %
Not more than 0.5 %
Not more than 0.5%
Not more than 1.0%
Not more than 0.2%
Not more than 0.1%
Not more than 0.6%
Not more than 2.0%
Not more than 2.0%
Not more than 0.1% each
Not more than 5.0%

Not less than 95.0 and not more than 101.0%,
on the volatile5<free basis
 

Magellan Laboratories Incorporated.

Quality Assurance

HIGHLY CONFIDENTIAL

  '( . L wise/o
Date  

Factor the material on the basis of assay and totalvolatiles content

w/w,

   
 

 
 
 

 
 
 
 
 
 

<0.05%
<0.05%

0.2%
<0.05%
<0.05%
0.09%
0.09%
0.06%

 

Not Detected

Not Detected

 
 
 
 

 
 
 
 
 
 
  
   

  

   i 1.003 parts
parts volati

this report were collected under the direction ofthe Study Director ‘
rporated for compliance with Good Laboratory Practices (21 CFR Part

). This report accurately reflects the raw data which have been stored in the Archives of ‘

2W 2 WW (Mango
William Edward Weiser, Ph.D.
Study Director

P. 36 UT EX. 2036

SteadyMed v. United Therapeutics
|PR2016-00006

 UT-lS equivalent to 1.00
les—free UT-lS
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HIGHLY CONFIDENTIAL

Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 
Revised Certificate ofAnalysis 1'2

May 7, 2001
Supersedes Certificate of Analysis dated March 26, 2001

Retest needed by March 26, 2002

Release Tcstin for Commercial Lots ofUT-IS Dru_ Substance

TTP No.: TTP-LRR-M0117 Company: United Therapeutics Product: UT—lS Drug Substance

Phase: RT-Phase 4 Coer‘iO" Method: ATM-LRR—MOOOZJS
Research and Development

  
LABORATORIES

     

 
 

  
 

  

[[(1R,2R,3aS,9aS)-2,3,33,4,9,9a-hexahydro-Z-hyd roxy-l-[(3S)-3-hydroxyoctyl]
—1H-benz[/]inden-S—yl]oxy]acetic acid

Lot UT15—010201

 

 

 
Results 

Test I Specifications
A white to cream—colored powder Conforms 
 
 

Physical Examination 

 
  

 
Identification

IR ConformsThe infrared spectrum exhibits maxima which are
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum of UT-IS, similarly obtained.

 
 
 

 
 
 
 
 

 
 

The retention time for the principle peak in the Conforms
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method i 
Not more than 02%, w/w 0.0%

  
 

  

Residue on Ignition

Water (Karl Fischer)
 

Not more than 2.0%, w/w 0.1%, w/w
 

 Residual Solvents by Gas
Chromatography

Ethyl Acetate
Ethanol
Acetic Acid

Melting Range

  
 
 

<0.l%
<0.1%
<0.1%
123.2 — 124.0 "C

Not more than 015%
Not more than 05%
Not more than 0.5%
Not less than 120.0 “C and not more than 126.0 DC

 
  
 

  

 
 

 

 

[afigg = +47.4“ (volatiles-free basis) 

   

Not less than +42.0° and not more than +49.0° at
589 nm and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002%

Revised to add endotoxin results, which were tested under TTP—LRR-MOI 17 RT-Phase 4 AT.
2Revised to add header on second page.

Specific Rotation
  
  

Conforms
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Magellan Analytical IA Division Of Magellan Laboratories
i Magellan Facility
1 PO. Box 13341Research Triangle Park, NC 27709

Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 
lABORM’ORIEs Revised Certificate ofAnalysis 1‘2

May 7, 2001
Supersedes Certificate of Analysis dated March 26, 2001

Retest needed by March 26, 2002

Release Testin_ for Commercial Lots of UT-15 Dru Substance

TTP No.: TTP-LRR—M0117 Company: United Therapeutics Product: UT-15 Drug Substance

Phase: RT-Phase 4 C°rp°mfi°n Method: ATM-LRR—MOOOZJ 5
Research and Development 

[[(lR,2R,3aS,9aS)-23,33,4,9,9a—hexahydro-2-hydroxy-l-[(3S)-3-11ydroxyoctyl]
-lH—benZMinden-S-ylloxy]acetic acid

Lot UTE—010201

 
 
 

  

  
 

Ie_st ‘ Specifications I Results .
Chromatographic Purity (HPLC) ‘1AU90 Not more than 0.5% Not Detected

2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.2%
UT-15 Methyl Ester Not more than 0.2% Not Detected
98W36 (Methoxy Diol) Not more than 0.1% Not Detected
UT-lS Ethyl Ester Not more than 0.6% 0.09%
750W93 Not more than 1.5% 0.06%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% each Not Detected
Total Related Substances Not more than 3.0% 0.4% '

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 99.3%
on the volatiles-free basis
 

Factor the material on the basis of assay and total 1.007 parts UT-15 equivalent to 1 .00
volatiles content parts volatiles-free UT-15 

Endotoxins (1:2000 dilution) < 104 EU/mg < 60 EU/mg i  
 

1Revised to add endotoxin results, which were tested under TTP-LRR-M0117 RT-Phase 4 AT.
‘ 2Revised to add header on second page.

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the Archives of Magellan LaboratoriesIncorporated.

JK utar/airtime ail/oi «\J—«fiw 4»,D WWWQuality Assurance Date Jonathan S. Green, PhD.
Study Director
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility 1R0. Box 13341 1

Research Triangle Park, NC 27709 1Corporate: (919) 481-4855
Facsimile: (919) 481-4908 i
www.magellanlabs.c0m

ll
l

 
LABORATORIES Revised Certificate afAnaIysis ['2

May 7, 2001
Supersedes Certificate of Analysis dated March 26, 200]

Retest needed by March 26, 2002

Release Testin_ for Commercial Lots of UT-lS Dru_ Substance

TTP No.2 'I'I‘P-LRR-M0117 Company: United Therapeutics Product: UT—15 Drug Substance

Phase: RT—Phase4 corpm‘im‘ Method: ATM—LRR—MOOOZJS
- Research and Development 

[[(lR,2R,3aS9aS')-2,3 ,3a,4,9,9a-hexahydro-Z-hydroxy-l- [(3S)-3-hydroxyocty-l] 1
-1H-benzlflinden-5-yl]oxy]acetic acid i

Lot UT15-010202 i
 

Specifications Results

Physical Examination A white to cream-colored powder
Identification

{R The infrared spectrum exhibits maxima which are Conforms
i only at the same wavenumhers as, and have similar

L relative intensities to, those in the reference standard
spectrum ofUT-15, similarly obtained.

The retention time for the principle peak in the Conforms
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
‘using the chromatographic purity method. 

 

‘ Residue on Ignition Not more than 0.2%, w/w 0.0%Water (Karl Fischer) Not more than 2.0%, WW 0. 1%, w/w

Residual Solvents by Gas
l Chromatography
‘ Ethyl Acetate Not more than 0.5%
‘ Ethanol Not more than 0.5%

Acetic Acid Not more than 0.5% .

l Melting Range Not less than 120.0 °C and not more than 126.0 “C 123.0 — 1240 °C 

Specific Rotation Not less than +420O and not more than +490" at
589 nm and 25 °C, volatiles-flee basis

1Revised to add endotoxin results, which were tested under TTP-LRR-MOI l7 RTePhase 4 AT,
1 2Revised to add header on second page. -

[Cl]589 = +47. 2° (volatiles--free basis)
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
FEO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481—4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 
LABORATORIES Revised Certificate ofAnalysis 1’2

May 7. 2001
Supersedes Certificatc of Analysis dated March 26, 2001

Retest needed by March 26, 2002

Release Testin_ for Commercial Lots of UT-15 Dru_ Substance

TTP No.: TTP—LRR-M0117 Company: United Therapeutics Product: UT-15 Drug Substance

Phase: RT—Phase4 C°rp°mti°n Method: ATM-LRR-M0002.15
Research and Development 

[[(1R,2R,3aS,9a.S')-2,3,3a,4,9,9a-hexahydr0-2-hydroxy—1-[(3.S)—3-hydroxyoctyl]
-1H—benz[f]inden—5-yl]oxylacetic acid

Lot UT15-010202

 

 

Specifications 
 

 

Chromatographic Purity (HPLC)
1AU90
 

   
 

Not more than 0.5% Not Detected
 

 

   

  
  

  
 

 

 
 
 

 

  

  
  

 

 
 

 

 

 
 

 

 

 
 

  
2AU90 Not more than 0.5% <0.05%

97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.2%
UT-15 Methyl Ester Not more than 0.2% <0.05%
98W36 (Methoxy Diol) Not more than 0.1% Not Detected
UT—15 Ethyl Ester Not more than 0.6% 0.09%
750W93 Not more than 1.5% 0.06%
751 W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% each Not Detected

1 Assay (HPLC) Not less than 97.0 and not more than 101.0%, wiw,
i on the volatiles~free basis

i Factor Factor the material on the basis of assay and total 1.002 parts UT-15 equivalent to 1.00
‘ volatiles content parts volatiles-free UT- 1 5
1 Endotoxins (1:2000 dilution) < 104 EU/mg < 60 EU/mgl l

 
Revised to add endotoxin results, which were tested under TTP-LRR-MOI 17 RT-Phase 4 AT.

2Revised to add header on second page.i

i All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the StudyDirector and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the Archives of Magellan Laboratories Incorporated.

Kutgihmow 517101 a 4%”ch . gem
Quality Assurance Date Jonathan S. Green. PhD. Date

Study Director
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Faculty
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 4814908
www.magellanlabs.com

 
LABORAIDR IE5 REViSEd Certificate ofAnalysis 1’2

1 May 7, 2001
Supersedes Certificate ofAnalysis dated March 26, 2001

Retest needed by March 26, 2002

Release Testin_ for Commercial Lots of UT—lS Dru Substance

TTP No.: TTP-LRR-Mlll 17 Company: United Therapeutics Product: UT—lS Drug Substance

Phase: RT-Phase4 C°rP°rati°n Method: ATM-LRR—M0002.15
Research and Development

 
     

   
 

 

 

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahyd ro-Z-hydroxy-1-[(3S)-3-hydroxyoctyl]
-1H—benz[f]inden-S—yl]oxy]acetic acid

Lot UT15-010203
 

 

  

 

 
    

Test Specifications Results

Physical Examination A white to cream-colored powder ConformsL___ .___
Identification

1R The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum ofUT- l 5, similarly obtained. ;l

1
HPLC The retention time for the principle peak in the . Conforms

sample chromatogram agrees with the retention time
‘ ofthe principle peak in the standard chromatogram,

using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w . 0.0%L,
Water (Karl Fischer) Not more than 2.0%, w.’w 0.2%, w/w

. Residual Solvents by Gas
l Chromatography

Ethyl Acetate Not more than 0.5% <0.1%
Ethanol Not more than 0.5% <0.1%
Acetic Acid Not more than 0.5% Not Detected

Melting Range Not less than 1200 DC and not more than 1260 °C 123.3 — 1244 °C 

Specific Rotation Not less than +420“ and not more than +49.0° at 25 _ g . _ .
589 nm and 25 ”C, volatiles-free basis [0.]559 _ +411 {volatiles free basrs)

Heavy Metals Not more than 0.002% Conforms

   
‘Revised to add cndotoxin results, which were tested under TTP-LRR-MOi 17 RT-Phase 4 AT,
2Revised to add header on second page.
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Magellan Analytical ‘
A Division Of Magellan Laboratories ‘Magellan'Facility
Po. Box 13341 1
Research Triangle Park, NC 27709 1

l
1

Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 
LABORATORIES Revised Certificate ofAnalysis 1’2

May 7, 2001
Supersedes Certificate of Analysis dated March 26, 2001

Retest needed by March 26, 2002

Release Testin- for Commercial Lots of UT-15 Dru_ Substance

TTP No.: TTP—LRR—M0117 Company: United Therapeutics Product: UT-15 Drug Substance

Phase: RT-Phase 4 C°'P°”‘“°" Method: ATM-LRR—M0002.15
Research and Development

  
  

 

[[(1R,2R,3aS,9aS)—2,3,3a,4,9,9a—hexahydro-2-hydroxy—l-[(35)-3-hydroxyoctyl]
-1H-benz[f]inden-5—yl]oxy]acetic acid

Lot UT15-010203

 

 

 
 

 

 

  

Test Specifications Results

Chromatographic Purity (HPLC)

1AU90 Not more than 0.5% 0.2% 7 7 7
2AU90 Not more than 0.5% <0.05%

97W86 (Benzindene Triol) Not more than 0.2% 0.08%
3AU90 Not more than 1.0% 0.3%
UT-15 Methyl Ester Notmore than 0.2% <0.05%
98W86 (Methoxy Diol) Not more than 0.1% <0.05%
UT-15 Ethyl Ester Not more than 0.6% 0.4%750W93 Not more than 1.5% 0.3%
751W93 Not more than 1.3% 0.2%
Unidentified Not more than 0.1% each

Unid @ RRT 0.59 0,06% 1Total Related Substances Not more than 3.0% 1.5%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 98.1%
on the volatiles-free basis

._1
Factor Factor the material on the basis of assay and total 1021 parts UT»15 equivalent to 1.00

‘ volatiles content parts volatiles-free UT-15

l Endotoxins (1:2000 dilution) < 104 EU/mg < 60 EU/mg1

   
 

]Revised to add endotoxin results, which were tested under TTP—LRR-MOI 17 RT-Phase 4 AT.
2Revised to add header on second page,

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the Archives of Magellan Laboratories Incorporated.

KJSflU’l’HO/LL 517/01 \_M mar/at
Quality Assurance Datc Jonathan S. Green, PhD. Date

Study Director
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~ ' Magellan Analytical
i A Division Of Magellan Laboratories
‘ Magellan Facility i

i 20. Box 13341Research Triangle Park, Nc 27709
Corporate: (919) 481-4855 ‘

Facsimile: (919) 481-4908 i

Magellan
usenmms Revised Certificate ofAnalysisl

August 30, 2001
Supercedes Certificate ofAnalysis issued

August 27, 200/

Release Testin for Commercial Lots of Tre a rostinil Dru_ Substance

TTP No.: TTP-LRR-M0117 Company: United Therapeutics Product: Treprostinil Drug
Corporation SubstancePhase: RT—Phase 5

Researc" 3"“ Devehl’mem Method: ATM-LRR-M0002.15 
[[(lR,2R,3aS,9aS)—2,3,3a,4,9,9a~hexahydro—2—hydroxy—l-[(3S)-3-hydroxyoetyl]

-lH-benz[/]inden-5-yl]oxy]acetic acid
Lot U’I‘15-010301

Manufactured 3/15/2001 and Retest 3/15/2002

Physical Examination A white to cream-colored powder
Identification

IR

  
 

 

 

  
   The infrared spectrum eidiibits maxima which are

only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostinil, similarly obtained.

  
  
  

   
 

The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w

Water (Karl Fischer) Not more than 2.0%, WM 0.2%, w/w
Residual Solvents by Gas
Chromatography

Ethyl Acetate

 

  

 
 

 
    
 

 
 

 
 
 

  
 

 
Not more than 0.5%

Ethanol Not more than 0.5%
Acetic Acid Not more than 0.5%

Melting Range Not less than 120.0 “C and not more than 126.0 °C 123.2 - 124.0 "C

Specific Rotation Not less than +420“ and not more than +49.0° at [(1.]25 __ +45 1a (volatiles free basis)589 " ' '
589 nm and 25 "C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%

‘Revised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to Treprostinil.
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«a.

. Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855 ‘
Facsimile: (919) 481-4908
www.magellanlabs.com

 ellan
Lnaonuonlzs Revised Certificate OfAna/551's]

August 30, 2001
Supercedes Certificate ofAnalysis issued

August 27, 2001

Release Testin for Commercial Lots of Tre u rostinil Dru_ Substance

TTP N0.: TTP—LRR-M0117 Company: United Therapeutics Product: Treprostinil Drug
Corporation SubstancePhase: RT-Phase 5

Research and Development Method- ATM-LRR-M0002.15 
[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahyd ro-Z-hyd roxy-l-[(3.S')-3-hydroxyoctyl]

—1H-benz[f]inden-S-y1]oxy]acetic acid
Lot UT15-010301

i Manufactured 3/15/2001 and Retest 3/15/2002

Specifications

Chromatographic Purity (HPLC)
1AU90 Not more than 0.5% Not Detected
2AU9O Not more than 0.5% Not Detected
97W86 (Benzindenc Triol) Not more than 0.2% <0.05%
3AU9O Not more than 1.0% 0.3%
Treprostinil Methyl Ester Not more than 0.2% Not Detected

1 98W86 (Methoxy Diol) Not more than 0.1% <0.05%
i Treprostinil Ethyl Ester Not more than 0.6% 0.09%
‘ 750W93 Not more than 1.5% 0.07%

751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% each Not Detected

l

Total Related Substances Not more than 3.0%

Assay (HPLC) ' Not less than 97.0 and not more than 101.0%, w/w, 99.1%
on the volatiles-lice basis

Factor Factor the material on the basis of assay and total 1.01 1 parts Treprostinil equivalent to
volatiles content 1.00 parts volatiles-free Treprostinil

Endotoxins (1 :2000 dilution) < 104 EU/mg < 60 EU/mg

IRevised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to Treprostinil.

 
All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the Archives of Magellan Laboratories Incorporated.

Meme 3' 30 or M [M [Si(2 30%;; 9900/
Q ality Assurance Date Jonathan S. Green, PhD. Date

Study Director
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 
momma: Revised Certificate ofAnalysisl

August 30, 2001
Supercedes Certificate ofAnalysis issued

August 2 7. 200/

Release Testin for Commercial Lots of Tre I rostinil Dru- Substance

TTP No.: TTP-LRR-M0117 Company: United Therapeutics Product: Treprostinil Drug

Phase: RT—Phase S Corporation I Substance
Resem" 3"“ De“ ”Pmem Method: ATM-LRR-M0002.15 

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahyd ro-2-hydroxy-l-[(SS)-3-hydrox'yoctyl]
-1H-beuz[j]inden-S-yl]oxy]acetic acid

Lot UT15-010302
Manufactured 3/27/2001 and Retest 3/27/2002

Physical Examination A white to cream-colored powder Conforms
Identification

IR

 

 

 

 
 

  
   
 

The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostinil, similarly obtained.

 
  

 
 

Conforms
    

 

The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%, w/w

Residual Solvents by Gas
Chromatography

Ethyl Acetate
Ethanol
Acetic Acid

Melting Range

 

   

  
  

  
 
 
 

 

 
 

 
 
 
  

 
Not more than 0.5%
Not more than 0.5%
Not more than 0.5%
Not less than 120.0 °C and not more than 126.0 °C 
 

 

 

 
 

 
123.1 - 123.9 °C

[(11:39 = +47.5° (volatiles-free basis) 
 

 
Not less than +42.0° and not more than +49.0° at
589 um and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%

1Revised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to 'I‘reprostinil.

Specific Rotation
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabscom

uaomoms Revised Certificate ofAnalysis]
August 30, 2001

Supercedes Certificate ofA na/ysis issued
August 2 7, 200}

Release Testin_ for Commercial Lots of Tre rostinil Dru_ Substance

TTP No.: TTP-LRR-M0117 Company: United Therapeutics Product: Treprostinil Drug

Phase: RT-Phase S Corporation Substance
Research and Deveml’ment Method: ATM-LRR-MUOOZJS

 

 
 

   
 

  

  
  

 

   

[[(1R,2R,32S,9aS)—2,3,Sa,4,9,9a-hexahydro-2-hyd roxy-l-[(3S)-3-hyd roxyoctyl]
-lH—benz[f]inden—S—yl]oxy]acetic acid

Lot UT15-010302

Manufactured 3/27/2001 and Retest 3/27/2002

  
 

 
 

 
  

 
 
 
 

 Chromatographic Purity (HPLC)

 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 

 

 
 
 
 

 
 
 
 
  

1AU90 Not more than 0.5% (0.05% ‘
2AU90 Not more than 0.5% Not Detected ‘
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.2%
Treprostinil Methyl Ester Not more than 0.2% Not Detected
98W86 (MethoxyDiol) Not more than 0.1% Not Detected
Treprostinil Ethyl Ester Not more than 0.6% 0.08%
750W93 Not more than 1.5% <O_05%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% each Not Detected 

Total Related Substances Not more than 3.0%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w,
on the volatiles-free basis

Factor Factor the material on the basis of assay and total
volatiles content

Endotoxins (1 :2000 dilution) < 104 EU/mg

1Revised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to Treprostinil.

 

 

1005 parts Treprostinil equivalent to
1.00 parts volatiles-free Treprostinil

< 60 EU/mg  
All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the Archives ofMagellan Laboratories Incorporated.

4W :3 AW also lol 4% 9/4/44 $56 30511152 2619/ i
Q ality Assurance Date Jonathan S. Green,Ph.D. Date _

Study Director
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- Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855

(.9 Facsimile: (919) 4814908
is $% www.magellanlabs.com 

wowoms Revised Certificate ofAnalysis]
August 30, 2001

Supercedes Certificate ofAnalysis issued
August 27, 2001

Release Testin_ for Commercial Lots of Trerostinil Dru_ Substance

TTP No.: TTP—LRR—M0117 Company: United Therapeutics Product: Treprostinil Drug

Phase: RT—Phase S Corporation Substance
Research and Development Meth0d- ATM-LRR-M0002 15 

[[(lR,2R,3aS,9a.S')—2,3,3a,4,9,9a-hexahydro-Z-hydroxy-l-[(3S)-3-hydroxyoctyl]
-lH-benz[f]inden—S-yl]oxy]acetic acid

Lot UT15-010303
Manufactured 4/10/2001 and Retest 4/10/2002

Test Specifications

Physical Examination , A white to cream-colored powder

 

Identification
IR The infrared spectrum exhibits maxima which are Conforms

only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostinll, similarly obtained.

The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w

Water (Karl Fischer) Not more than 2.0%, w/w

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5% <0.1%
Ethanol Not more than 0.5% <0.1%
Acetic Acid Not more than 0.5% <0.1%

Melting Range Not less than 120.0 °C and not more than 126.0 °C 123.0 - 123.9 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at 25 _ o - _ -
_589 nm and 25 °C, volatiles-free basis BIL” —' +475 (volatiles free bas1s)

Heavy Metals Not more than 0,002% Not more than 0.002%

'Revised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to Treprostinil.
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. Magellan Analytical
A Division Of Magellan Laboratories

.. am]1
LABORATORIES

Magellan Facility
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabscom

Revised Certificate ofAnalysisl
August 30, 2001

Supercedes Certificate ofAnalysis issued
August 27, 2001

. Release Testin for Commercial Lots of Tre . rostinil Dru_ Substance

TTP N0.: TTP—LRR-MOI 17 Company: United Therapeutics Product: Treprostinil Drug
Corporation SubstancePhase: RT-Ph ase 5

Research and Development Method' ATM-LRR-M0002.15 _ 
[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-Z-hydroxy-l-[(3S)-3-hydroxyoctyl]

-1H-benz[f]inden-S-yl]oxy]acetic acid
Lot UTE-010303

Manufactured 4/10/2001 and Retest 4/10/2002

Specifications

Chromatographic Purity (HPLC) ‘
IAU90 Not more than 0.5% Not Detected
2AU90 Not more than 0.5% Not Detected
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU9O Not more than 10% 0.2%

Treprostinll Methyl Ester Not more than 02% Not Detected
98W86 (Methoxy Diol) Not more than 0.1% Not Detected
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% <0.05%
751 W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% each Not Detected

Total Related Substances Not more than 3.0%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 100.0%
on the volatiles-free basis 

1002 part5 Treprostinil equivalent to
1.00 parts volatiles-free Treprostinil

Factor Factor the material on the basis of assay and total
volatiles content

Endotoxins (122000 dilution) < 104 EU/mg < 60 EU/mg

'Revised to include manufacturing dates and retest dates per Sponsor request and to change the drug substance name to Treprostinil.

 
All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 I). This report accurately reflects the raw data which have been stored in the Archives ofMagellan Laboratories Incorporated.

,. 5%. 30 2:23
Jonathan S. Green, Ph.D. Date
Study Director

  Qu lity Assurance
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I ||HHI||I|III|| IIHII IIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIllI
RPT—A—LRR-MO117—007-O1.00

           

Certificate of Analysis

Release Testing for Commercial Lots of Treprostinil Drug
Substance

Technical TP Number: TTP-LRR-M0117

Study Phase: RT-Phase 6
October 23, 2001

 

MAGELLAN LABORATORIES I n c o r p a re t e d Where greatminds come together

P.O.Box13341‘ Research Triangle Park ' North Carolina 27709
Corporate (919) 4814855 ‘ Facsimile (919)481-4908
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TTP 1V0; TTP-LRR-MOI 17

RT-Phase 6Phase:

LAEORAYORIESMagellan

Release Testing for Commercial Lots of Treprostinil Drug Substance

 
[[(1 R, 2R,3aS,9-aS)-2,‘3,3a,4,9,9a-hexahydro-Z-hydroxy-l-[(3S)~3-hy(lroxyoctyl]

Magellan Laboratories13.0. Box 13341
Resea'ch Triangle Park. NC 27709
Corporate: 1919) 481-4855
Facsmile: (919) 4181-4908
www.magellanlahs.oom

Certificate ofAnalysis
ONO/287' 15, 200/

Company: United Therapeutics Product:
Corporation
Research and Development

Treprostinil Drug
' Substance

Method: ATM-LRR-MOOOZ .16

-1H-l)enz[f]inden-5-yl]0xy]acetic acid
Lot UTE—010802

h’lttnul'actut'ed 8/28/2001 and Retest 8/28/2002

Testing started 9/24/01 and completed 10/10/01
 

 
 

L Test Specifications Results
Physical Examination A white to cream-colored powder A white powder L 
Identification .

1R

HPLC

The infrared spectrum exhibits maximn which are Conforms
only at the same wavenumbers as. and have similar
relative intensities to, those in the reference standard
spectrum oi‘Treprustinil, similarly obtained ,

 
The retention time for the principle peak in the Conforms
sample Chromatogram agrees with the retention time
of the principle peak in the standard eht‘otnatogram.
using the chromatographic purity method. 

r Residue on Ignition

Water (Karl Fischer) 

0.0%. wlw

0.2 "Zr. w/w

Not more than 0272 , w/w

Not more than 2.07” wlw 

Residual Solvents by Gas
Chromatography

Ethyl Acetate
Ethanol
Acetic Acid

Meltin;y Range
 

 
Not more than 0.5%
Not more than 0.5%
Not more than 0.5%
Not less than 1100 °C and not more titan 126.0 “C

<0.1%
<0.1%
(017:.
122.4 ~ 124.8 “C 

Speeil :e'iittuiutm Not less than +410" and not more than +49 0° at :5 _ . a .. R
589 rim and 25 °C, tubules—alter basis l [3153" _ +417 (volatiles h“ hast.) 

Heavy Metals
Microbial Limits

Total Aerobic Count
Total Yeast and Mold Count
lit't'herlc'ltia (all

Salmonella species
metdmnrwnt‘ away/unto
Slap/rt‘lm‘m‘t‘tts' (Ill/'L’IIJ‘

  
HIGHLY CONFIDENTIAL

 
ATIVl’LRR’lVlODO/OO Absent

.—_._.._|

Not more titan 0.002% | Not more than 0.002 '7?
  
 

NMT lO CFU/g 2 CFU/g
NM’I’ lO CFU/g 2 CFU/g
Absent Absent
Absent Absent
Abse'tt Absent

Absent
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‘ Magellan LaboratoriesPO Box 13341
Researcr Triangle Park. MS

1 Corporate: (919) 4814855
Facsmile: (9191 481-4908
www.mageilanlabs.con‘t

 

 

 
   

LASDRATDRlES

Certificate of Analysis
Or'tober 15, 200/

 
 

Release Testing for Commercial Lots of Treprostinil Drug Substance

T'l‘l’ No; 'l‘TP-LRR-MOI 17 Company: United Therapeutics Product:

RT-Phase 6 Corporation
Research and Development

 

  

Trcprostinil Drug
Substance

Method: ATM-LRR-MOOOZJfi 
 
  

Phase:

  
 

 

[[(IR, 2R,3aS,9aS)-2,3,3a,4,9,9a-hcxal1ydro-2-hydroxy-1-[(3S)-3—11ydroxyoctyl]
-1H-l)enz[f]inden-5-yl]oxy]acetic acid

Manufactured 8/28/2001 and Retest 8/28/2002

Testing started 9/24/01 and completed 10/10/01
 

  

  
 
 

 

 

Lot UTE—010802

Test Specifications Results

Chromatographic Purity (HPLC) 771AU90 Not more than 0.5% <0.05’%

2AU9O Not more than 0.5% <0.05% ‘
97W86 (Bctizindene Triol) Not more than 0.2% Not Detected ‘
3AU9O Not more than 1.0% 0.2% i

Treprostinil Methyl Ester Not more than 0.2% < 0.05 ‘1 i
98W86 (Methoxy Diol) Not more than 0.1% < 0.05%
Treprcetinil Ethyl Ester Not more titan 0.62? < 0.05 ’7};
750W93 Not more than 1.5 5? < 0.05 70
75 l W93 Not more than 1.3%. < 0.05%
Unidentified Not more than 0.1% each Not Detected

Total Related Substances Not more than 3.09? 0.2%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 99.7% 1
on the VOl‘tllllt‘S’ll‘Et'.‘ basis l

Factor Factor the material on the basis of assay and total 1005 parts. Tt'eprtistitiil equivalent to
volatiles content 100 parts volatiles-free Treprostinil

i ‘ .
i Endorosins<112000 dilution) <1 104 EU/ing < 60 EU/tng i
l
‘ ATM-LRR—MOOIZDO l

    
 

All data generated at Magellan Laboratories incorporated and described within this report were collected under the direction or the Study
Director and were reviewmi for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Munutacturing Practices (21 CFR
Part 211). This report accurately r:tiects the raw data which have been stored in the Archives of Magellan Laboratories incorporated./ — .- 1

_ fl ( . f ‘ / I-»
{Loans/311m; IO [6 2001 ray/45L. j Mik— /3 OWL flot/1

Qiality Assurance Date William E. Weiser, PhD, Date
Study Ditcctm
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Magellan Laboratories90, 80> 133“
Research Triangle Park, NC 77709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabscom

MagellanLABORATORIES

  

- Phase: RT-Phase 6

Physical Examination 

TTP No.2 TTP-LRR-MOI 17

Certificate ofAnalysis
October 15, 2001

Release Testing for Commercial Lots of Treprostinil Drug Substance
Product:Company: United Therapeutics

Corporation
Research and Development

  
 
 
 

 

 
 
 

—]H—benz[fjintIen—S—yl]o.\’y]acetic acid
Lot UT15—010803

Method:

 
   

Trcprostinil Drug
Substance

ATM-LRR-MOOOZ.16
 

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahydro-2-hydroxy-1-[(3S)-3-hydr0xyoctyI]

h’Iattul‘actured 9/13/2001 and Retest 9/13/2002

Testing started 9/24/01 and completed 10/10/01 

  
 A white to cream—colored powder

Results

 A white powder   
- Identification

1R

' HPLC

   

 
 

 
 
 
 
 

The infrared spectrum exhibits maxitna which are
only at the same wavenumbers as. and have similar
relative intensities to. those in the reference standard

spectrum of Treprostinil, similarly ohtztined.

The retention time for the principle peak in the
sample chromatogram agrees with the retention time
ot'the principle peak iii the standard chrontutogram,
using the chromatographic purity method.

Conforms

Conforms

 
 

Residue on Ignition

' Water (Karl Fischer)
  

Not more than 0.2%. w/w
  

   
Not more tltt1t12.0%, w/w 

Residual Solvents by Gas
Chrmnzttography

Ethyl Acetate
Elhanol
Acetic Acid

Not more than 0.5'1
Not more than 0.5%
Not more than 0.5%

 
 

Melting Range Not less than [20.0 °C and not more thztn l16.0 "C
i 122.6 -1246 r’C

0.0%, w/w

0.2%, w/w
 

 

<0.1‘Z
0.1%
<01?   

Specific Rotation 
t Heuvy Metals

i Mictohtul Limits
i Total Aerobic Count
I Tout] Yeast and Mold Count

litt-ltt'rit'ltt'n (-m'i

Salmonella species
Pseudo/nouns neruyilmxn
Slt’l[)/i_\'/r)('()('('Il.)‘ ntiretu'

ATMeLRReMOOOTOO

  
HIGHLY CONFIDENTIAL

Not less thtm +42.0° ttnd not more than +49.0° at
589 ttttt and 25 ”C. volatiles-tree httsis

Not more than 0.0027? 1

NMT l0 CFU/g i
NMT 10 CFU/g
Ahsent
Ahsent
Absent
Absent

 
 

2 +452“ (volatiles-free hams)

"i
[3 132-9
Not more than 0.002 97.

 

< 2 CPU/g
< 2 CFU/g
Absent
Absent
Ahsent
Absent
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l Magellan Laboratories
1 Po. Box 133411 Research Trtangle Park, NC 77709

Corporate: (919) 48174855
Facsimile: (919) 481-4908
www.magellanlabscom

LABORATORIES 
Certificate of Analysis

October 15, 2001

Release Testing for Commercial Lots of Treprostinil Drug Substance

T’I‘P No; TTP-LRR-MOll7 Company: United Therapeutics Product: Treprostinil Drug

R'l'-l’hase 6 Corporation Substance
Rcscarc'mnd D°"e‘°Pme“‘ Method: A’l'M-LRR-MOOOZJG

l’hase: 
[[(118,2R,3aS,9aS)-2,3,321,4,9,9a-hexahydr0-2—hydroxy-1-[(3S)—3-hydroxy0ctyl]

-1H—henz[f]inden-5—yl]0xy]acetic acid
Lot UT15-010803

Manufactured 9/13/2001 and Retest 9/13/2002

Testing started 9/24/01 and completed 10/10/01 

 

 

 

 

 
  

Test Specifications Results

Chromatographic Purity (HPLC) '
1AU9O Not more than 0.5 ‘77. < 0.05 ‘% '
2AU90 Not more than 0.5% (0.05%
97W86 (Benzindene Triol) . Not more than 0.2% Not Detected
3AU9O ' Not more than 1.0% ‘ 0.2%

Treprostinil Methyl Ester Not more than 0.2% <0.05%
98W86 (Methoxy Diol) Not more than 0.1% <0.05%
'1'repr051lntl Ethyl Ester Not more than 0.6% 0.07%

r 750W93 Not more than 1.5% 0.1%
' 751W93 Not more than 1.3% 0.06%

Unidentified Not more than 0.1% each _ Not Detected

'1 otal Related Substances Not more than 3.0% 0.4%

Asst; (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 99.7%on the volatiles-free basis

Factor Factor the material on the‘husis ofassay and total 1.006 parts Treprostinil equivulent to
volatiles content 1.00 parts volatiles-free Treprostinil

Endoloxins (1:2000 dilution) < 104 EU/tng < 60 EU/mg
ATM-LRR-MUOlZOO

  
 

All data generated at Magellan Laboratories incorporated and described “1111111 this report were collected under the direction of the Study
l).rect0r and were reviewed for compliance wi:h Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR
Part 211). This report accurately reflects the not data which have been stored in the Archives of Magellan Laboratories Incorporated.

i
‘

x in 3/41 ,- ,1 ..too-L l if‘t/icottc ID rs .9001 t (tick ” v Lb /3 CC nCC
Quality Assurance Dttte William E. Weiser, Ph D_ Date '

Study Director
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9

M dellan
LABORATORtES

 
 
 
  

'l‘Tl) No; T'l‘l’-LRR-M01 l7

1 Phase: RT-Phase 7

Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 48174855
Facsimile: (919) 481-4908
www.magellanlabscom

Release Testing for Commercial Lots ofTrc rostinil Drug Substance
Product:Company: United Therapeutics

Corporation
Research and Dchlopnicnt

  

 
Method:

Certificate ofAnalysis
NOl’t’mbt’l‘ .70, 200/

  

 
 

  

Treprostinil Drug
Substance

ATM-LRR-MOOOZJ'Z

 
 

[K 1 R,2R,3 aS,9aS)-2 ,3,3a,4,9,9a-hexahydro—Z- hydroxy-l-[(3S)—3-hydroxyo ctyl]
-1H-benz[f|iuden-S-yl]oxy]acetic acid

Lot UTl5-01090l
h’lanul'actured 9/20/2001 and Retest 9/20/2002

Testino started 10/30/01 and completed 11 /l4/01 
Test

Pnysical Examination
_—________+

S )ecificatlons Results  

A white to cream-colored powder A white powder 
Identification

lR

HPLC

i Residue on Ignition

The infrared spectrum exhibts maxima which are
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum otTrcprostinil. similarly obtained.

‘ The retention time for the princtpic peak in the
sample chromatogram agrees with the retention time
ofthc prircipie peak in the standard chromatogram,
using the chromatographic purity method

Conforms

Conforms

 
/

Not more than 0.2%. why 0.0%, w/w 

1 Water (Karl Fischer) l\'ot more than 2.i)”/u, \WW 0. l 9/0. \v/w 

Restdual Sohents by Gas
Chromatography

Ethyl Acetate
Ethanol
ACCIIC Acrd

 
l. Melting Range

Not more thur (1.5%. w/w
Not more than 0.5%, w/w
Not more than 0.5%, \\‘/w

Not less than 1201’)°Carid not more than 126 0 °C

<0. I %
t). 1%
Not Detected

[22.3 1.74 0 cC 

Specific Rotation___

1 Heavy Metals

Not less than 442.00 and not more than +490” at
58‘) nm ard 25 CC, volatiles-free basis
Not more than 0.002943

+45 6° (\rolatiiesefiee basrs)

Not more than 0,1102% 
Microbial Limits

Total ACIObiC Count

 
NM'I' l0 CFU/g

 
<2 CPU/g

  
  

HIGHLY CONFIDENTIAL

Total Yeast and Mold Count N'MT 10 CFU/g 2 CFU/g
Ext/rm iL/Iirr uI/i Absent Absent

Sol/ironcl/u species Absent Absent
/’.V('{I(/t)//I’l//(IN (icruguiam Absent Absent
Sit/(illi'/(l(‘()('r‘l/.s rill/mu Absent Absent

ATM-LRR-Ml)()(|7.l)(l
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 48141855
Facsimile: (919) 1181-4908
www.magellanlabscom

 

LABORATORIES

a,

Magellan
Certificate ofAnalysis

November 20. 300/

Release Testing for Commercial Lots of Tre )rostinil Drncv Substance

TTI’ Not: TTP-LRR-MOIH Company: United Therapeutics Product: Trcprostinil Drug
Corporation l Substance

Researc'm‘“ Dm'w’mm Method: ATM—LRR—MOOOZJ7

Phase: RT-Phasc 7

  
[[(1R,2R,3aS.9aS)-2,3,3a,4,9,9a—hoxahydi'o—Z-hytlroxy-1-[(3S)-3-hydroxyoctyll

-lH-benzmindcn-S—ylloxylacctic acid
Lot UT15-010901

_\’lannfacture(l 9/20/2001 and Retest 9/20/2002

Testing started 10/30/01 and completed 11/14/01
 

  
 

  

 
 

 

1 Test Specifications Resultsi ”‘—

‘ Chromatographic Purity (HPLC)
IAU‘JU Not more than 0.5% Not Detected l
2A U‘Jt) Not more than 0.5% <0.05%
97W86 (Bcn/iindcne Trial) Not more than 02% 0.07%

‘ 3AU9O Not more than 1.0% 0.2%
Treprostinil Methyl Ester Not more than 0.2% Not Detected
OSWSG (Methoxy Diol) Not more than D 1% <0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.09%
750W93 Not more than 1.5% 0.1%
75lW93 Not more than l.3% 0.08%
unidentified Not more than 01% AUC each

RRT HE 008%l _

l Total Related Substances Not more than 30% _ 0.6%

Assay (Hl’LCl i Not less than 97 l) and not more than l01.t)%l w/w. 99.011;
1 on the volatiles-free basis

l i Factor Factor the material on the basis ofassay and :otal l.0|l parts Treprostinil equivalent tovolatiles content l.00 parts volatiles-free Treprostinil

Endotoxins (7:000 dilution) < [0-1 EU/mg ' < (ll) EU/mg l

A'l'M-LRR—Mlltll 2.00 ‘

   
 

All data gcncratcd at Magellan Laboratorics Incorporated and described \\ ithin this report “ere collected under the direction ol the Study
Director and were rm‘icncd for compliance Willi Good Laboratory Pl'LlCllCCS {2| CFR Part 58) and Good Manufacturing Practices (21 CFR Part
21 1). This report accurately reflects the raw data which have been stored in the At'CltheS ot~ Magellan Laboratories Incorporated,

[flag/#7 tau-mm; .,.i [la/[0‘14 fill/lug... 1a 031.;ch
Quality Assurancc Date William E. Weiscr. PhD. Datc

Study Director
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Factlity
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsim le: (919) 481-4908
wwmagellanlabscom

M 611311
LABORATORIES

Certificate ofA Imlysis
Nut-ember 20, 200/

Release Testing for Commercial Lots of Tre )rostiiiil Drtia Substance
T'l‘P-LRR-N‘IOI l 7

RTAPII‘JSQ 7
Company: United Therapeutics

Corporation
Resea rcli and Development

Product:

Method:

Substa

ATM—

Treprostinil Drug[ICC

LRR-MUDOZ.” 
I [(lR,2R,3aS,9aS)-2,3,3:1,4,9,9a—liexahydro-2-hydr0xy-1-[(353-3-hydroxyoctyl]

—1H—benzminden-S—yl]oxylacetic acid
Lot UT154010902

h’lanul'acturetl 10/2/2001 and Retest 10/2/2002

Testing started [0/30/01 and completed 11/14/01 Test
 

Results
  

Physical Examination T_A white to cream-colored powder A white powder
 

identification
IR

HPLC

The infrared spectrum exhibits maxima wl'ich are
only at the same \i'avcnttmbers as, and have similar
relative intensities to, those in the referenm standard

t spectrum ofTreprostinil, similarly obtained.

The retention time to“ the principle peak lit the
sample Chromatogratn agrees with the retention time
ol'tliu principle peak in die standard chromatogram,
using the chromatographic purity method.

Conforms

Con forms

 
Residue on Ignition Not more than 0. 2%, w/w

T.-
0.0%, w/w
 

Water (Karl Fischer] Not more than 20%. MW 0 I “/o. \v/w
 

Residual Solvents by Gas
Chron‘tatogtaphy

Ethyl Acetate
Ethanol
ACL‘IlC Acid

Not more than 0.5” a, \\'/\'v
Not more than 0.5%, w/w
Not more than 0.5%, w/w

<0. |%
<0. I %
Not Detected 

Melting Range Not less than 120.0 r’C and not more than [26.0 0C 122.0 — l24.4 OCT"
 

Specitic Rotation

 

l Not less than +42 0° 111d not more than 490° at
589 um and 25 °C, volatiles-free busts

u.

[0.12% = +45.7° (volatiles—free basis) 
Hemy Metals Not more than 0.002% Not more than 0.0!12 %
 

Microbial Limits
'lotal Aerobic Count
Total Yeast and Mold Count
EXt/lt’l'lt/l/tt ( U/l
iS-[IllllfJiM'Ht’l species
IjA't'l/l/lHIIUIIl/A HUI [lg/1111311

5 .S'ia/i/ri'lot‘oc'riix (Ill/‘L‘llX
l ATl\/I<l_RR-l\ill)0l)7 ()0

  
 

HIGHLY CONFIDENTIAL

  
 

NMT IUCFU/g ZCFU/g
NMT l0 CFU/g <2 CFLt/g
Absoit Absent
AbSC‘ti Absent
Absent Absent
Absent l Absent

W 7 Page 1 ntZ Pagcls)
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‘\

cilan
LABORATORIES

Release Testing for Connncrcinl Lots 01" Tre Jrostinil Dru
TTP No; '1"l‘l’-LRR-i\10117

Phase; RT-Phase 7

Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
PO. Box 13341
Research Triangle Park, NC 27709
Coroorate: (919) 481-4855
Facsimile: (919) 481-4908
www.mageilanlabs.com

Company: United Therapeutics
Corporation
Research and Development

Product:

Method:

Certificate ofAnalysis
November 20. 200/

{Substance

Treprostinil Drug
Substance

ATM -LRR-MOOOZ.17  
|[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahy(l ro-Z-hydroxy-l -[(35')-3-hy(lroxyoctyl]

-1H—benzmintlen-S-yl]oxy|acetic acid
Lot UT15-010902

lVlflllllelL‘tul‘ed 10/2/2001 and Retest 10/2/2002

'1 esting started 10/30/01 anti complet id 11/14/01
  

  

3AU90

9SW86 (Mctliuxy Diul)

97W86 (Ben/,indcnc Triol)

Treprostinil Methyl Estcr

Results Test Specifications

Chromatographic Purity (l-lPLC)
1AU90 Not more than 0 5%
2AU90 Not more than 0.5%

Not more :han 0 2%

‘ Not more than i 0%
Not more than 0 2%
Not more than 0 1%

i\'ot Detected
<0 0500
Not Detected
0.2%
Not Detected
Not Dctcctcd

   

  

 
Factor

l Treprnstinil Ethyl Ester Not more than 0.0% 0. |°/u
‘ 750w93 Not more than 1 5% 41.05%

75 | W93 Not more than i 3% <0.05%

Unidentificd l\'ot more than 01% AUC each i
RRT 1.12 0.07% ii

Total Related Substances Not more than 3.0% 0.4%

Assay (HPLC) Not less than 97 0 and not more than 101.0%, w/w, 99.5% 7on the volatiles-free busts

Factor the mutant)" on the basis ofnssay and total
volati‘cs content

’ 1.006 putts Treprostinil equivalent to
1.00 parts \olutilcs-frce Trcprostinil 

Endotoxms (1:2000 dilution)
ATM-LRR—MUO l 2.00

  
< 104 EU/mg < 60 EU/mg

  
 

All dutu genurutctl Lil Magellan Labor-amt ics incorporated tind described within this report were collected under the direction ofthc Study
DiiCL‘lOl and were reviewed for compliance with Good Laboratory Practices (ll CFR Part 58) and Good Munufuctumtg Practices (21 CFR Part
31 I ), l'lns report accurately reflects the raw data which hmc been stored in the Archivcs of Magellan Laboratories incorporated

CK V1015
Quality Assuruncc

HIGHLY CONFIDENTIAL

cJ—IJ" (Va..- 10::
Datc

Study Director

P. 57

William E. \"ciser. Ph.D.
30 011* 5551/Date
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
PO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 

LABORATORIESMargollan
Certificate ofA nalysis

Nm'em/JL’I‘ 2/}, 300/

    
 

 
 

Release Testing!~ for Commercial Lots of Trc rostinil Drug Substance
TTI’ 1V0; TTP-LRR-h’10117

Phase: RT-l’liaso 7
Company: United Therapeutics

Corporation
Research and Development

 
 
 

Product: Trcprostinil Drug
Substance

Method: ATM-LRR-MOOOZ.17

 
 

 
 

 

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahy(lI‘o-Z-hydroxy-l-[(3S)—3-hytlroxyoctyl|
-1H—benz[flinden-S-ylloxylacetic acid

Lot UT15-011001
tVlanul'acturetl 10/11/2001 and Retest 10/11/2002

Testing started 10/30/01 and completed 11/14/01 
 Test ' S )ccilicatiotls Results

I’hySical txamination 7 A whitc to Cicam-c0101cd powdo: V W 7 A white powder 
ldcntilication

JR The infrared spectrum exhibits maxima which are Conforms
only at the some waivcniiinbcrs as. and have Similar
relative intcnsnics to, thosc in thc i‘cfcrcncc standard

spcctrum ofTi‘cptostiniL Similarly obtainedi

HPLC The retention time for thc principlc peak in thc CONFOI'mS ‘
samplc chromatogian agrccs with the rctcntion tiinc
ofthc principle peak in the standard chromatogram.
usmg the chromatographic purity method. 

Rcsiduc on Ignition Not more than 0.2%, MW 00%, \\‘/w 
Watci‘ (Karl Fischer) Not morc than 20%;, w/\\ 0.1%, w/w 
Rcstdtial Solvents by Gas
Chromatography

 

 

Ethyl Acetate Not more than 0.5%‘ w/w <0 1%
Ethanol Not more than [15%, W/W 0 1%
Acetic Acid Not more than 059131 \v/w Not Dctcctcd

Melting Range 1 Not Icss than 120.0 °C and not more than 1261) ”C 121.7 — 124 Z ”(.1

Specific Rotation ‘ Not less than 1012411)" and. not more than 4.4-9.0c at [04?“ 5 +£15.89 (\'O1utl1CS*flEC basis))b‘) nm and 23 “L.\olati1cs-fi'cc basrs 3” 

i HCLH y Metals Not more than 000291: Not moic than {LOOP/n 
Microbial Limits

    
 

 Total Acrobic Count NMT 11) CF 3 < 2 CFU/g
Total Yeast and Mold Count \MT 111 ( FU/g < 2 CFU/g
E.»'(‘/lcl‘/('/litl (0/! Absent Absent

.S‘ul/iioiit-Ilu spccics Absent 1 Abscnt
Pat’llt/(IllN/lltls'(JL’I‘l/é’lllf).\(1 Absent 1 Absrnt
5nip/i_i'lor-oo('m (iiircus‘ Absent Abscnt

ATM-LRR-h’ltllllfllm

m» Page 1 of2 PaacgL(5 1
1
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Magellan Analytical
A Divisron Of Magellan Laboratories
Magellan Facility
R0. Box 13341

> Researcr Triangle Park, NC 27709
. "a Corporate: (919) 48174855

Facsimile: (919] 481-4908
\.
._\.\

M I ll wmrrmagellanlabscom
LABORATORIES

  

Certificate ofAnalysis
November 2/), 200/

Release Testing for Commercial Lots ot‘Trc )rostinil Druo Substance

TTP—LRR-MOll7 Company: United Therapeutics Product: Treprostinil Drug
Corporation Substance

RT-Phasc7 ., . .
Res?””"“"d DL‘C'OPmem Method: ATM—LRR-MOODZJ7 

l[(1R,2R,3a5,9aS)—2,3,3a,4,9,9a-hexahytlro-Z-liytlroxy-l-I(3S)-3-liytlroxyoctylj
-1H-benz[f]inden-S-yl]oxy]acctic acid

Lot UT15-011001
hilaiiut'acturecl 10/11/2001 and Retest 10/11/2002

Testing starter! 10/30/01 and completed 11/14/01
 

  

 
 

 

 

   

 
Test _! Specifications Results

Cliioiiiaiugiaphic Purity (HPLCJ
IAU‘Jt) Not more than (1.5% Not Detected
ZAU‘N Not more than 0.5% <0.05%
97WSG (Ben7indcnc Triol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.3%

Trcprostinil Methyl Ester Not more than 0.2% Not Detected
980786 (Methoxy Diol) Not more than (1.1% Not Detected
Trcprostinil Ethyl Ester Not more than 0 6% 0 1%
750W93 Not more than 1.5% 0.08%

751W‘B 1 Not more than 1.3% <0.05%
Unidentified Not more than 0.1”“ AUC each

RRT1.12 0.07%

Total Related Substances Not more than 3.0% 0.6%

1 Assay (HPLC) bot less than 97.0 1nd not more than 101.0%, \\'/\\, 99.4%
i on the volatilcs~frcc basis ‘

7 I
Factor Factor the material on the basis 01‘ assay and total 1.008 parts Treprostinil equivalent to

volatiles co-itent 1.00 parts volatiles-free Trcprostinil

Endotox'iris 1. i 12000 dilution) < 104 EU/mg < ()0 EU/mg ‘—
ATMALRR-MIJU l 2,00

ll

  
  
All Llutu generated at \1agc11an Laboratories incorporatcd and dcscribcd within this report were collcctcd undcr the dircction ofthc Study
Director and were rm icwcd for compliance \\'1111 Good Laboratory PI‘LJCIICL‘S (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part
2 i 1) This report accurately reflects the run data which hat: been srorcd in the Archives oFMagcllan Laboratories Incorporated.

615% grit} ”/l/J.’ ~42th (WA 9/M L10 Ill/2, — 300 /
Quality Assurance Datc \\ illium E Wciscu PhD Date

Study Director

Pa(IQ

l
i
i

ll
ll
i
l
i

clofl PugC(Sl ll
l
i

ll
l
l
l
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"' Magellan LaboratoriesE0. Box 13341

‘ e - Research Trlangle Park. NC 27709
Corporate: (91.9) 481-4855
Facsimile: (919) 481-4908

% wwmafiellanlaumom

Magéllan

Releale Texan tor Comcrda Lots otTret-mttnil D :Substnnca
TTP No.2 TTP-LRR-MOIW Company: United Therapeutics Product:

, _ CorporationPhase. RT PM“ 8 Research and Development

Certificate ofAnalysis (Part 1)’
March 14, 2002

 

  
 
 
 

 
 
 
  

Treprnstinll Drug
Substance

Method : ATM-LRR-MDOMJ'I

 
 

  
 

  
 

nutr,212.3as,9as")-2,3.3a,4,9,9a.hexahydm-z-hydroxy-1-[(3S)-3.hydmxyoctyn
-III-benzmlnden-5-ylloxylacetic acid

Lot UT15-010801-RP .

Manuiactu‘red 02/050002 and finest 0210512003
Tesfln started 02/20/02 and corn detetl 03/04/02

W. MILE

Physical Exnmlnntion A white to cream—colored powder
Identification

IR ,

 

 
 

    
  

    
    Conforms

  
  
  
 
 

 

 
 

The infrared spectrum oxhlbits maxim which are
only at the same wavenumbers as. and have similar
relative intensities to. those in the reference unndml
spectrum of Treprnstinil. similarly obtained.   

  
 The retention firm for the principle peak in the Conforms

sample chromatogram agrees with the mention time
of the principle peak in the standard chromamgrum.
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%. wlw 0.0%. wfw
Water (Karl Flutter) Not more than 2.0%. wlw 0.2%. wlw
Residual Solvents by Gas Average
Chromatography

 

  

  
 

 

   

 
  

 

 

   
 
 

 

 

Ethyl Acetate Not more than 0.5%. wlw ND
Ethanol Not more than 0.5%. w/w <0.1%
Acetic Acid Not more than 0.5% MW <0~1%

Specific Romtlon No! loss thnn +47..0° end not more than +490“ :1 +463)“ (volatilwfree basis)559 nm and 25 “C. volatiles-free bnsis
No: more than 0.002% Not more than 0.002%   

 
 

 
 

 

  
 
 
 
 

 
 

 
Microbial th‘nits

 
   
  
 
   

Total Aerobic count NMT l0 CFUIg
Total Yeast and Mold Count NM‘! 10 CFUI;

', Etchericltia cali Absent

{ Snbnanella species ' Absent

  
  Absent

AbsentPuudanwmzs arruginasa
Staphylococcus amen:

(ATM-LRRVMDOOZOO)
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Magellan Laboratories90. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabsxom

.4993
@1121“

Certificate ofAnalysis (Part 1)]
March 14, 2002
 
 

    

 

 
  

  

Roleala Tutln_ for Commercial Lots 0! Tn ~ rosilnil Dru _ Substance

T]? No: TTP-LRR-Mmfl Company: Unltad Therapeutics Product: '
Corporation: R ~ 7

PM“ T “me Research and Development

Trepmatlnll Drug
Substance

ATM-LRR-MDOOZJ 7

  

 

    

 

 

  
 Method: 

[[(IR,2R,338,925)-2,3,3a,4,9,9a.hexahydro-2-hydroxy-l-[(35)-3-hydroxyoctyl]
-1H-benz[fllnden-S-yl]oxy]acetlc acid

. ' Lot UTIS-OlOBOl-RP

‘ Manufactured 02/05l2002 and Retest 020512003
Testin started 02/20/02 and com leted 03/04/02
 
 Chromatographic Purity (HPLC)

  
 
 
 
 

 
  

  

 
 
 

 
 
 
  

 

 

 1AU90 Not more than 0.5%

 
 

 
 
 
  
 

2AU90 Not rnoro than 0.3%
97W86 (Bonzindene Trlol) Not more than 0.2% >
3AU90 ' ' Not more than l.0%
Treprostinil Methyl Ester Not more than 0.2%
98W86 (Methoxy Dlol) Not more than 0.1%
Treprostinil Ethyl Error Not more than 0.6%
75%!” Not more than 1.5%
75tW93 Not more than 13%
 UnMen I] fied

Total Related Substances Not more than 3.0%
Assay (HPLC) Not less than 97.0 and not more than 101.0%. wIw, 98.8%on the volatiles-free basis

Factor Factor the material on the basis of assay and total l.0l4 parts Troproatinil equivalent (’0
volatiles content . 1.00 part: volatiles-free Troprostlnil

Endotonlns (l :2000 dilution) < 104 EUImg < 60 ELI/mg .
tA‘l'M-LRR-MOOIZDO)

All data generated at Magellan Laboratories lnenrpornted nnd described Within this report were collected under the direction of the Study
Director and were mic-wed for compliance with Good Laboratory Practices (2i CFR Part 58) and Good Manufacturing Practices (21 CFR Pm

Nat more than 0.!96 AUC each
 

  

 

  

‘ t , a ' 7 I? M 2w.
Qua try Assuran Date William E. Welser,’Ph.D. Dutc' Study Director
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LABORATORIES

Magellan LaboratoriesPO. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 48174908
www.magellanlabs.com

Revised Certificate ofAnalysis
April 25. 2002

Supercedes Certificate ofAnct/ysix dated April I l. 2002

Release Testin for Conmiercial Lots of Tre rostinil Dru Substance

Company:
United Therapeutics Corporation

TTP No; TTI’-LRR-MOll7

Phase: RT-Phase 9
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Product: Treprostinil Drug
Substance

Method: ATM-LRR-MIIOOZJ7  
[[(1R,2R,3a$.9aS)-2t3,3a,4,9,9a-hexahydro-2-hydroxy-l-[(SS)-3-hydr0xyoctyl]

-lH-bénzminden-S-yl]0xy]acetic acid

Test

Physical Examination
. Identification
 

Lot UTE-020202
Manufactured 02/26/2002 and Retest 02/26/2003

Testing started 03/22/02 and completed 04/04/02Specifications  Results 

A white to cream-colored powder
 

 

A white powder

 

 
 
 

 
  

 

 

Specific Rotation
 —————4

'Not less than +420o and not more than +49.0° at
589 nm and 25 DC, volatiles—free basis

‘ IR The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as. and have similar

l relative intensities to, those in the reference standardi spectrum of Treprostinil, similarly obtained.

HI’LC The retention time for the principle peak in the Conforms
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w O 0%, w/w

Water (Karl Fischer) Not more than 2.0%. w/w . 0.2%, W/w
l

Residual Solvents by Gas ‘
Chromatography _

Ethyl Acetate Not more than 0.5%. w/w ‘ <0. 1%
Ethanol Not more than 0.5%. w/w ‘ <U.l%
Acetic Acid Not more than 0.5%, w/w 1 <0.1%

l I

Melting Range ‘ Not less than 120.0 °C and not more than 126.0 “C ‘ 121.0 — l2 l ,6 cC
+45.7° (volatiles-free basis)
 

‘ Heavy Metals
Not more than 0.002% Not more than 0.002 1%: 

_ l\‘1ILl‘(IbItII Limits
   

 
 

HIGHLY CONFIDENTIAL

'I'oial Aerobic Count NMT 10 CFU/g <2 CFU/g7

i Total Yeast and Mold Count NMT 10 CFU/g <2 CFU/gEns/it/rit‘liiri t'rili Absent Absent
Suiiitoltei/ci species Absent Absent
PM‘ilI/(JIHUIIUJ aeriiginom Absent Absent
Staphylococcus tutretts Absent Absent

l ATM-LRR».\40007.00 l
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Magellan LaboratoriesPO, Box 13341
Research Triangle Pam, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 48174908
www.magelianlabs.com

eff-5%
MagellanLABORATORIES

Revised Certificate ofAnalysis
April 25, 2002

Sitperceder Certificate ()fAnniy.rir dated April I], 2002

 
 

 

  
  
 

  
 

for Commercial Lots of Tre-rostinil Dru Substance

Product: Treprostinil Drug
Substance

Method: ATM-LRR-M()002.l7

Release Testin_
TTP No: TTP-LRR-M0117

RT-Phase 9
 Company:

United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

  
 
 

  
Phase:

 
 

  

 

 

 

[[(1R,2R,SaS,9aS)-2,3,3a,4,9,9a-hexahydro-2—hydroxy-l-[(SS)-3-hydroxyoctyl]
an-benZMinden-S-yl]oxy]acetic acid

Lot L‘T15-020202

Manufactured 02/26/2002 and Retest 02/26/2003

Testing started 03/22/02 and completed 04/04/02
 

 

 

  

 

 

  

   
Test I Sgecifications Results

Chromatographic Purity (HPLC)

[AL190 Not more than 015% ND

| 2AU90 Not more than 0.5% ND97W86 (Ben/indene Trinl) Not more than 0.2% ND
3AU90 Not more than 1.0% 0.05%

”reprostinil Methyl Ester Not more than 0.2% <0.05%
93W86 (Methoxy Diol) Not more than 0.1% ND
"reprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% <0.05%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each ND

Total Related Substances Not more than 30% 0.2%

Assay (HPLET Not less than 9710 and not more than 101.0%, w/w. 98.8%on the volatiles-free basis

Factor Factor the material on the basis of assay and totai 1.014 parts Treprostinil equiValcnt t0
volatiles content 1.00 parts volatilesifi‘ee Treprostinil

Endotoxins (112000 dilution) < 104 EU/mg < 60 EU/mg
ATM-LRR-MUOIZUU

.4—_ _r

 
  

Note Revised Microbial and Endotoxin results.

All data generated at \lagellan Laboratoriesincorporated and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part

21 lylhis report accurately reflects the raw data which have been stored in the Archives of Magellan Laboratories Incorporated.
1 p:l I : . .i ‘ ,» ’
i t‘ Qua ly
 

 

   William E Weiser, PhD. Date
Study Director

Ass rance
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinai.com

CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003
Supercedes Certificate ofAnalysis dated April 25, 2002

Release Testin_ for Commercial Lots of Tre . rostinil Dru Substance

TTP No.: TTP-LRR-M0117 Company: Product: Treprostinil Drug
United Therapeutics Corporation . SubstancePhase: RT-Phase 9

ms W- Harris” 5““ Method: ATM-LRR-MOOOZ.I7
Chicago, IL 60612
(312) 421-1819
 

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-Z-hydroxy-l-[(3S)-3-hydroxyoctyl]
-lH-beanJinden-S-y110xy]acetic acid

Lot UT15-020203

Manufactured 03/07/2002 and Retest 03/07/2004

Testing started 03/22/02 and completed 04/04/02
W

A white to cream-colored powder
 
 

 
  Physical Examination A white powder

 
 

 

 
 

identification

  
 

 
 

 

 

 

  

IR The infrared spectrum exhibits maxima which are Conforms
only "at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard

spectrum of Treprostinil, similarly obtained. i

HPLC The retention time for the principle peak in the Conforms  
 

sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram.
using the chromatographic purity method.

 
  

  

 

 

 
 Not more than 0.2%, w/w 0.0%, w/w

Not more than 2.0%, w/w 0.2%, w/w

Residue on Ignition

Water (Karl Fischer)
 

  
  Residual Solvents by Gas
 

  
  
 

   

 

  
 

 
  
  

 

  

Chromatography
Ethyl Acetate Not more than 0.5%. w/w
Ethanol Not more than 0.5%, w/w
Acetic Acid Not more than 0.5%. w/w

Melting Range Not less than 120.0 °C and not morerthan 126.0 “C 121.0 — 121.8 °C
  

 

 Specific Rotation   
Not less than +42.0° and not more than +49.0° at +45.7° (volatiles-flee basis)
589 nm and 25 °C. volatiles-free basis
Not more than 0.002% Not more than 0.002%

 Heavy Metals   
 

Microbial Limits

 
 

 
 
 

 
 

 
 

 
 

. Total Aerobic Count NMT 10 CFU/g <2 CFU/g
; ' Total Yeast and Mold Count NMT 10 CFU/g <2 CFU/g
: Escherichia coli Absent ' Absent

f Salmonella species Absent Absent
Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR-M0007.00
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1 HIGHLY CONFIDENTIAL

Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal.com

CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003

Supercedes Certificate ofAnalysis dated April 25, 2002

TTP N0.: TTP-LRR-M0117

Phase: RT-Phase 9

Release Testin for Commercial Lots of Tre t rostinil Dru_ Substance

Company: Product: Treprostinil Drug
United Therapeutics Corporation Substance
2225 W. Harrison Street

M t d: AT -L - .
Chicago, IL 60612 6 ho M RR M0002 l7 

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-l-[(3S)-3-hydroxyoctyl]

 
 

 
1AU90
2AU9O

3AU90

750W93
751W93
Unidentified
 

 

 
  

 

Assay (HPDC)

ATM-LRR-M001200

 
Chromatographic Purity (HPLC)

97W86 (Benzindene Triol)

Treprostinil Methyl Ester
98W86 (Methoxy Diol)
Treprostinil Ethyl Ester

 
Total Related Substances

 

 
Endotoxins (1 :2000 dilution)

-1H-benz[f]inden-S-yl]oxy]acetic acid
Lot UT15-020203

Manufactured 03/07/2002 and Retest 03/07/2004
Testin started 03/22/02 and com - leted 04/04/02 

  

  

 
 

 Not more than 0.5%
Not more than 0.5%
Not more than 0.2%
Not more than 1.0%
Not more than 0.2%
Not more than 0.1%
Not more than 0.6%
Not more than 1.5%
Not more than 1.3%
Not more than 0.1% AUC each

Not less than 97.0 and not more than 101.0%, w/w, 98.9%
on the volatiles-free basis

Factor the material on the basis of assay and total 1.014 parts Treprostinil equivalent to
volatiles content 1.00 parts volatiles—free Treprostinil

< 104 EU/mg < 60 EU/mg

  
  
  

  
  
  

  
 
 
 
  
 

  
  

 
 
 

Note: Revised to extend retest date for Lot UT15-020203 per Sponsor request.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part 211). This
report accurately reflects the raw data which have been stored in the Archives of Cardinal Health.

fiflé‘ (#352003 [fl/iii. M5 = 6%an
Date William E. Weiser, PhD. DateQuality Assurance

Study Director
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919,481,4855

www.cardinal.com

CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003 .
Supersedes Certificate ofAnalysis dated April 26, 2002

Release Testin_ for Commercial Lots of Tre nrostinil Dru_ Substance

Company:
United Therapeutics Corporation

Product: Treprostinil Drug
Substance

ATM-LRR-M0002.l7

TTP No.: TTP-LRR-M0117

Ph : - 1
35"“ RT Phase 0 2225 w. Harrison Street

Chicago, IL 60612
(312) 421-1819

Method: 
[[(1R, 2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydr0xy-1-[(35)-3-hydroxyoctyl]

-1H-benz[f]inden-S-yl]oxy]acetic acid
Lot UT15-020301

Manufactured 03/19/2002 and Retest 3/19/2004

Testing started 04/15/2002 and com leted 04/22/2002
_ ' W

A white to cream-colored powder
 

 

 

 
H H

 
  Physical Examination A white powder  

  

 
 

 

 

 
Identification

[R The infrared spectrum exhibits maxima which are
only at the same wavenurnbers as, and have similar
relative intensifies to, those in the reference standard
spectrum of Treprostinil, similarly obtained.

Conforms

ConformsHPLC The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

 
 

 

 
 

 
 

0.0%. w/w

0.3%, w/w
 
 

 
 

Not more than 0.2%, w/wResidue on ignition

Water (Karl Fischer) Not more than 2.0%, w/w 

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%, w/w <0.l%
Ethanol Not more than 0.5%, w/w <0.l%
Acetic Acid Not more than 0.5%, w/w Ni)l
 

Melting Range Not less than 120.0 °C and not more than 126.0 °C 121.5 — 123.5 “C 

Not less than +420” and not more than +490“ at +456° (volatiles-free basis)
589 nm and 25 °C, volatiles-free basis

Specific Rotation

 
  

 
 

 

 
  

 
  

  
 

Heavy Metals Not more than 0.002% Not more than 0.002%
Microbial Limits

Total Aerobic count NMT 10 CFU/g . <2 CFU/g
Total Yeast and Mold Count NMT 10 CFU/g a CFU/g
Escherichia mli Absent Absent

Salmonella species Absent Absent
Pseudomanas aeruglnosa Absent Absent
Staphylococcus aureus Absent Absent

 
  
 

(ATM-LRR-MOOO700)

 
l
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Cardinal Health
PO. BOX 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardinal.com

CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003
Supersedes Certificate ofAnalysis dated April 26, 2002

Release Testin_ for Commercial Lots of Tre . rostinil Dru_ Substance

Company: _
United Therapeutics Corporation

TTP No.2 TTP-LRR-M0117

Phase: RT-Phase 10
Product: Treprostinil Drug

Substance
2225 W. Harrison Street

ATM-LRR-M .17
Chicago, IL 60612 0002
(312) 421-1819

Method: 
[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydr0-2-hydroxy-1-[(3$)-3-hydr0xyoctyl]

-1H-benz[f]inden-S-yl]0xy]acetic acid
Lot UT15-020301

Manufactured 03/19/2002 and Retest 03/19/2004

Testingstarted 04/15/2002 and com leted 04/22/2002
am

 

  
 

Test
 

  
 

 

 
 

Chromatographic Purity (HPLC) Average

1AU90 Not more than 0.5% ND
2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 Not more than 1.0% 0.2%
Treprostinil Methyl Ester Not more than 0.2% ND
98W86 (Methoxy Diol) Not more than 0.1% ND
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5% <0.05%
751W93 Not more than 1.3% (0.05%

Unidentified ‘ Not more than 0.1% AUC each ND

‘ . _

Total Related Substances ‘ Not more than 3.0% 0.3%
 

 

 

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w.
on the volatiles-free basis

  

 

   

 

Factor the material on the basis of assay and total
volatiles content

< 104 EU/mg

Factor 1.006 parts Treprostinil equivalent to
1.00 parts volatiles-free Treprostinil

< 60 EU/mg
 

 

  
Endotoxins (1:2000 dilution)

(ATM-LRR-MOOHDO)

  

 
 

ND = Not Detected.

Note: Revised to extend retest date per Sponsor request.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part 211). This report
accurately reflects the raw data which have been stored in the Archives of Cardinal Health.

‘ Q00 5

7Q, Pk 41% 2293 fl% W 1/602w W
Quality Assurance Date William E. Weiser, Ph.D. Date

Study Director
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CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003

Supersedes Certificate ofAnalysis dated April 26, 2002

Release Tes ’

Company:
United Therapeutics Corporation

TTP N0.: TTP-LRR-M0117

Ph : 1mm 10
use a“ 2225 w. Harrison Street

Chicago, IL 60612
(312) 421-1819

Cardinal Health
P.O. Box 1331“

Research. Triangle Park, NC 27709tel 919.481.4855

www.cardinal.com

; for Commercial Lots of Tre v rostinil Dru_ Substance

Product: ' .Treprostinil Drug
Substance

Method: ATM-LRR-M0002.l7 
[[(1R, 2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-1~[(3S)-3-hydroxyoctyl]

-lH-benzmmden-5-yl]oxy]acetic acid
Lot UT15-020302

Manufactured 3/28/2002 and Retest 03/28/2004

Testing started 4/15/2002 and com Ileted 04/22/2002
 

Test my;
 

Physical Examination -A white to cream-colored powder A white powder
Identification

IR The infrared spectrum exhibits maxima which are
only at the same wavenurnbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostinil, similarly obtained.

HPLC

 

Residue on Ignition Not more than 0.2%. w/w

The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

 

Conforms

Conforms

0.0%, w/w
 
 

Water (Karl Fischer) Not more than 2.0%, w/w 0.3%, w/w'  Residual Solvents by Gas  
Chromatography

Ethyl Acetate Not more than 0.5%, w/w
Ethanol Not more than 0.5%, w/w
Acetic Acid Not more than 0.5%, w/w

 Melting Range Not less than 120.0 °C and not more than 126.0 “C

 
 
 

 

 
121.6— 124.2 °C
 
 

 Specific Rotation 
Microbial Limits

Total Aerobic Count NMT 10 CFU/g
Total Yeast and Mold Count NMT 10 CPU/g
Escherichia coli Absent
Salmonella species Absent
Pseudomonas aeruginosa I Absent
Staphylococcus aureus Absent

ATM-LRR7M0007.00

Not less than +42.0° and not more than +49.0° at
589 nm and 25 °C, volatiles-free basis

Heavy Metals Not more than 0.002% Not more than 0.002%

  
 

 +45.6° (volatiles-free basis)

<2 CFU/g
_<2 CFU/g
Absent
Absent
Absent
Absent

.__1 
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CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003
Supersedes Certificate ofAnalysis dated April 26. 2002

Cardinal Health
PO. Box 13341
Research Triangle %rk, NC 27709
tel

www.card

Release Testin_ for Commercial Lots of Tre rostinil Drn_ Substance

Company:
United Therapeutics Corporation

TTP No.2 TTP-LRR-M0117

RT-Phase 10Phase:
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Product:

Method :

919.481.4855

inalizom

Treprostinil Drug
Substance

ATM-LRR-M0002.l7 
[[(1R, 2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydr0xy-1-[(3S)-3-hydroxyoctyl]

-1H—benz[flinden-5-yl]oxy]acetic acid
Lot UT15-020302

Manufactured 03/28/2002 and Retest 03/28/2004

Testing started 04/15/2002 and completed (14/22/2002
 
 

W

Chromatographic Purity (HPLC)

 
1AU90 Not more than 0.5%

  
 
 

 
 

 
 

2AU90 Not more than 0.5%
97W86 (Benzindene Triol) Not more than 0.2%
3AU9O Not more than 1.0%
Trcprostinil Methyl Ester Not more than 0.2%
98W86 (Methoxy Diol) Not more than 0.1%
Trcprostinil Ethyl Ester Not more than 0.6%
750W93 Not more than 1.5%
751W93 Not more than 1.3%
Unidentified Not more than 0.1% AUC each  
Total Related Substances Not more than 3.0%

  

Results

  

 
ND
(005%

0.2%

ND
0.1%
0.06%
(0.05%

  
Not less than 97.0 and not more than 101.0%, w/w.
on the volatiles-free basis
 
  

Assay (HPLC)

  

 

Factor the material on the basis of assay and total
volatiles content

I < 104 EU/mg

Factor

Endotoxins (1:2000 dilution)
ATM-LRR-M0012.00

   
 < 60 EU/mg

1.007 parts Treprostinil equivalent to
1.00 parts volatiles-free Treprosunil

 
   

 
 

  

 
 

 

 
lND = Not Detected

Note: Revised to extend retest date per Sponsor request.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for compliance with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part 211). This report
accurately reflects the raw data which have been stored in the Archives of Cardinal Health.

k”k' 6/ 14%!) 200 3
Q Dateuality Assurance

Study Director

P. 69

William E. Weiser, Ph.D.
2%' flit/u»; 4 76/2003

Date
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Cardinal Health
PO. Box 13341
Research Triangle Park. NC 27709
tel 919.481.4855

» www.cardinaimm

CardinalHeaIth

1 Revised Certificate ofAnalysisFebruary 4, 2003
Supersedes Certificate ofAnalysis dated April 26, 2002

Release Testin_ for Commercial Lots of Tre rostinil Dru_ Substance

TTP No.: TTP-LRR-M0117 Company: Product: Treprostinil Drug
United Therapeutics Corporation SubstancePhase: RT-Phase 10
2225 W. Harrison Street M th d: ATM-LRR-M 0 2.17
Cbicago,lL 60612 e 0 0 0
(312) 421-1819
 

[[(1R,2R,33S,9aS)-2,3,33,4,9,9a-hexahydro-2-hydr0xy-l-[(3S)-3-hydroxyoctyl]
-1H-benz[flinden-5-yl]oxy]acetic acid

Lot UT15-020303

Manufactured 04/09/2002 and Retest 04/09/2004

Testin started 04/15/2002 and completed 04/22/2002

Physical Examination A white to cream-colored powder A white powder
Identification

IR The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to. those in the reference standard
spectrum of Treprostinil, similarly obtained.

 
The retention time for the principle peak in the
sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w 0.0%, w/w

Water (Karl Fischer) Not more than 2.0%, w/w 0.3%, w/w

 

 

 

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%, w/w
Ethanol Not more than 0.5%, w/w
Acetic Acid Not more than 0.5%, w/w

 
Melting Range Not less than 1200 °C and not more than 1260 ”C 121.6 — 123.1 °C  

Specific Rotation Not less than +42.0° and not more than +49.0° at +45.6° (volatiles-free basis)
589 nm and 25 °C, volatiles-flee basis

Heavy Metals Not more than 0.002% Not more than 0.002%
Microbial Limits

Total Aerobic Count NMT 10 CPU/g <2 CPU/g
Total Yeast and Mold Count NMT 10 CFU/g <2 CFU/g
Escherichia coli Absent Absent
Salmonella species Absent Absent
Pseudomonas aeruginosa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR-M0007.00
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Cardinal Health
PO. Box 13341
Research Triangle Park. NC 27709
tel 919.481.4855

www.cardinal.com

CardinalHealth

Revised Certificate ofAnalysis
February 4, 2003
Supersedes Certificate ofAnalysis dated April 26, 2002

Release Testin_ for Commercial Lots of Tre - rostinil Dru_ Substance

TTP No.: TTP-LRR-M0117 Company: Product: Treprosfinil Drug
United Therapeutics Corporation Substance1 Phase: RT-Phase 10l 2225 W Harrison Street

‘ ' M h d: ATM-LRR-M 2. 7‘ Chicago, IL 60612 9‘ ° 000 1
(312) 421-1819
 

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)—3—hydroxyoctyl]
-lH-benz[f]inden-S-yl]oxy]acetic acid

Lot UT15-020303

Manufactured 04/09/2002 and Retest 04/09/2004
Testin started 04/15/2002 and com leted 04/22/2002

Specifications Results
 

 

  
 
 

  

 
  
 
 

  
 

 
  
  
  

 

Test  

Chromatographic Purity (HPLC)

1AU90 Not more than 0.5% ND
2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 Not more than 1.0% 0.2%

i Treprostinil Methyl Ester Not more than 0.2% ND
l 98W86 (Methoxy Diol) Not more than 0.1% ND
1 Treprostinil Ethyl Ester Not more than 0.6% 0.1%‘ ' 750w93 Not more than 1.5% <0.05%

751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each ND

4
Not more than 3.0% 0.3%

_'__.—._—_—_———~
Total Related Substances 

 
Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 99.3%

on the volatiles-free basis

Factor .Factor the material on the basis of assay and total 1.011 parts Treprostinil equivalent to
volatiles content 1.00 parts volatiles-free Treprostinil

 Endotoxins (1:2000 dilution) < 60 EU/mg
ATM—LRR-MOO l 2.00

< 104 EU/mg  

 

 

 

   
ND = Not Detected

Note: Revised to extend retest date per Sponsor request.

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director and were
reviewed for complianCe with Good Laboratory Practices (21 CFR Part 58) and Good Manufacturing Practices (21 CFR Part 211), This report
accurately reflects the raw data which have been stored in the Archives of Cardinal Health.

1 Mfg, qF—ezj 2003 ' 8W ‘ 17/642003
Quality Assurance Date . William E. Weiser, Fh.D. Date

Study Director
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855
fax 919.481.4908

www.cardinal.com

CardinalHealth

Certificate ofAnalysis
January 8. 2003

Release Testin_ for Commercial Lots of Tre-rostinil Dru Substance

TTI’ No: TTP-LRR-VI0117 Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
312 421-1819

Treprostinil Drug
Substance

Method: ATM-LRR’VI0002J7Phase: RT—Phase l] 
[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-ZLhydroxy-l-[(353-3-hydroxyoctyl]

-1H-benz[f]inden-5-yl]oxy]acetic acid
Lot UTlS—021001

Manufactured 10/17/2002 and Retest 10l17l2004

Testing started 11/21/2002 and com-leted 12/30/2002
W

A white to cream-colored powder

 
Results

 

 
 
 

 

Phystcal Examination A white powder 

 
 

Identification 

 
  

 

 
 

 
  

  
 

 

IR The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference
standard spectrum ofTreprostinil, similarly
obtained.

HPLC Conforms
The retention time for the principle peak in the
sample chromatogram agrees With the retention
time ofthe principle peak in the standard
chromatogram, using the chromatographic purity
method,

Residue on Ignition Not more than 0.2%, WM 0 0%

Water (Karl Fischer) Not more than 2.0%, w/w 0.3%

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%: wlw <0.l%
Ethanol Not more than 0.5%, wlw 0.1%

7 Acetic Acid 'Not more than 0.5%, wlw <0.l%
Melting Range Not less than |20.0 °C and not more than 126.0 °C 122.l-123.7 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at +463"
589 nm and 25 °C. volatiles-free basis 

Heavy Metals
Microbial Limits

(ATM-LRR-M000700)

 Not more than 0.002%

 

‘NMT— Not More Than

P. 72

Total Aerobic count NMT' l0 CFU/g 2 CPU/g
Total Yeast and Mold Count NMT l0 CFU/g 0 CFUlg
Escherichia coll Absent Absent
Salmonella species Absent Absent
Pseudomonas aeruglnosa Absent Absent
Staphylococcus [rm-ens A bsent Absent
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 91 94814855
fax 919.481.4908

www.cardinal.com

CardinalHealth

Certificate ofAnalysis
January 8, 2003

Release Testin- for Commercial Lots of Treirostinil Dru Substance
TTP No.: TTP—LRR—MD] 17

Phase: RT-Phase 11

Company:

United Therapeutics Corporation
2225 W Harrison Street

Chicago, IL 60612

Product: Treprostinil Drug
Substance

Method: ATM-LRR-MOOOZ. 17 
(312 421-1819

[[(1R,2R,3aS,—9aS)23 ,,3a4,99a-hexahydro-2--hydroxy-1- [(3S)-3--hydroxyoctyl]
-1H-benz[f]inden-5--yl] oxy] acetic acid

Lot UTIS-021001

Manufactured 10/17/2002 and Retest 10/17/2004
 

Test

 

Testing started 11/21/2002 and comgleted 12/30/2002
Specifications W

Chroriiatogrkiphic Purity (HPLC) -

 

 

  

volatiles content 
 

Endotoxins (1:2000 dilution)

(ATM—LRR-M0012.00)

Less than 104 EU/nig

 
 

IND = Not Detected

 
lAU90 Not more than 0.5% ND
2AU90 Not more than 0.5% ND
97W86 (Benzindene Tiiol) Not more than 0.2% <0.05%
3AU90 Not more than 1.0% 0.4%
Treprostinil Methyl Ester _Not more than 0.2% <0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0 1%
750W93 Not more than 1.5% 0.1%
75 1 W93 Not more than 1.3% 0.08%
Unidentified Not more than 0.1% AUC each

UnidentifiediaiRRT 1.12 0.07%
Total Related Substances Not more than 3.0% 0.8%

Assay(HPLC) I'N‘ot less than 97.0 and not more than 101.0%, w/w, 99.3%
on the volatiles-free baSis

Factor Factor the material on the basis of assay and total 1.011 Treprostinil equivalent to 100
parts volatiles—free Treprostinil

<60 EU/mg l

 

All data generated at Cardinal Health and described within this report were collected under the direction ofthe Study Director and were
reviewed For compliance with Good Manufacturing Practices (2] CFR Part 21 I). This report accurately reflects the raw data which have beenstored in the Archives ofCardinal Health.

23p# 0% 3?“. we 3.Quality Assurance Date

HIGHLY CONFIDENTIAL

 

Study Director

P. 73

5/1/11. We...
William E. Weiser, PhD. 
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardina|.com

CardinalHealth

Revised Certificate ofAnalysis]
January 23! 2003
Suiercedes Certificate ofAnalysis dated January 8, 2003

Release Testin for Commercial Lots of Tre i rostinil Dru Substance

Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819
Packaging/Storage:
Amber HDPE bottle

with NCR screw cap
5 °C/Amhient RH

I[(1R,2R,3aS,9aS)—2,3,3a,4,9,9a-hexahydro-2—hydroxy—1—[(SS-S—hydroxyoctyl]
—1H—benz[f]inden-S-yl]oxy]acetic acid

Lot UT15-021002

Manufactured 11/5/2002 and Retest 11/5/2004
Testin started 11/21/2002 and completed 1/21/2003

W

A white to cream-colored powder

 
 

TTP No.:

TTP—LRR-M0117 Treprostinil Drug Substance

Phase: Method:

ATM-LRR-M0002.l 7RT-Phase 11

   
 

   
 

 Physical Examination White powder 

 
 

Identification
1R
  

 

The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostim'l, similarly obtained.

 
  

 

 
 
 The retention time for the principle peak in the Conforms

sample chromatogram agrees with the retention time
of the principle peak in the standard chromatogram,
using the chromatogaphic puritunethod.
Not more than 0.2%, w/w

 
 

 

 
 

 
 
   

 

Residue on Ignition

Water (Karl Fischer)
 

Not more than 2.0%, w/w 

 
 

 

 Residual Solvents by Gas
Chromatography   

  
   

Ethyl Acetate Not more than 0.5%, w/w <0.1%
Ethanol Not more than 0.5%, w/w <0.1%
Acetic Acid Not more than 0.5%, w/w <0.l% 

 
1225 °C 7124.6 °C

   
 

Melting Range Not less than 120.0 °C and not more than 126.0 °C

Not less than +42.0‘3 and not more than +49.0° at +4614 "
.589 nm and 25 °C, volatiles-free basis

Specific Rotation

 
   

 
  

  
 

 
Heavy Metals Not more than 0.002% Not more than 0.002%

Report revised to include investigation of high assay result of Assay prep 1.
2All results confonn to specifications. i
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Cardinal Health
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

y www.cardinal.com
CardinalHealth 1

. . . 1

Revised Certtficate 0fAnalysrs
‘ January 23, 2003

Suercedes Certificate ofAnalysis dated January 8, 2003

Release Testin_ for Commercial Lots of Tre . rostinil Dru_ Substance

TTP No.2 Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

TTP'LRR M0117 Chicago, IL 60612
i 312 421-1819

Phase: Packaging/Storage: Method:
Amber HDPE bottle

RT-Phase 11 with NCR screw cap ATM-LRR-M0002.l7
5 "C/Ambient RH

. [[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy—l-[(3S)-3—hydroxyoctyl]
-1H-benz[/]inden-5—yl]oxy]acetic acid

Lot UT15-021002

l Manufactured 11/5/2002 and Retest 11/5/2004

. Testing started 11/21/2002 and completed 1/21/2003'

 
 

Treprostinil Drug Substance 
 

  
  
  
    

  
  
  
  

    
 

 

 
 

 

 
 

  
  
 
 
 
 
 
 
 
 

Specifications

Chromatographic Purity (HPLC)
1AU90 Not more than 0.5% ND4
2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.2% <0.05%
3AU9O Not more than 1.0% 0.3%
Treprostinil Methyl Ester ‘ Not more than 0.2% <0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.2%
750W93 Not more than 1.5% 0.06%
751W93 Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each

Unidentified 0.05%

; Total Related Substances Not more than 3.0% 0.6%

1 Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, Prep?— Result
l on. the volatiles-free basis 1 101.2%6
1 2 99.3%

3 99.9%

i 4 100.1%
i S 99.9%
‘ 6 100.0%

7 100.1%

 
100.0%
 

Average(n=6)  
Report revised to include investigation of high assay result of Assay prep 1.

2All results, except Assay (HPLC) Prep 1, conform to specifications.
3The impurities reported are the average of n=6.
‘ND = Not detected.

sPreparations one and two were tested on 12-17-2002. Preparations three through seven were tested on 1-17-2003.
6This result is out of specifications. An investigation was conducted and an assignable cause was not determined. A
laboratory error is suspected but unconfirmed. Five additional sample preps confirm the result of prep two. This result is
not included in the reported average.
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Cardinal Heaith
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

0% www.cardmal.com
CardinalHealth

. . . 1

: Rewsed Certificate ofAnalyszs
January 23, 2003
Supercedes Certificate ofAnalysis dated January 8, 2003

  
Release Testin_ for Commercial Lots of Tre - rostinil Dru_ Substance

TTP No.: Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Phase: Packaging/Storage: Method:
Amber HDPE bottle

RT-Phase ll _ with NCR screw cap ATM-LRR—M0002.17
S “C/Amhient RH

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2—hydroxy-l—[(3S)—3-hydroxyoctyl]
-1H-benz[f]inden—S—yl|oxy]acetic acid

Lot UT15-021002
Manufactured 11/5/2002 and Retest 11/5/2004

Testing started 11/21/2002 and completed 1/21/2003

TTP-LRR—M0117 Treprostinil Drug Substance

 

 

 

 
 

1 Specifications Resultsz

Factor the material on the basis of assay and total 1.002 Treprostinil equivalent to 1.00
volatiles content parts volatiles-free TreprostinilMicrobial Limits

Total Aerobic Count NMT} 10 CFU/g 2 CFU/g
Total Yeast and Mold Count NMT 10 CFU/g 4 CFU/g
Escherichia mli Absent Absent
Salmonella species Absent ' I Absent
Pseudnmrmas aemginusa Absent Absent
Staphylococcus aureus Absent Absent

ATM-LRR-M000700 _ k 7 0.. , .
Endotoxins (1:2000 dilution) Less than 104 EU/rng <60 EU/mg
ATM—LRR»M0012.00 .

  
 

Report revised to include investigation of high assay result of Assay prep 1.
2All results conform to specifications,
3NMT = Not More Than

All data generated at Cardinal Health and described within this report were collected under the direction of the Study
Director and were reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211), This report
accurately reflects the raw data which have been stored in the Archives of Cardinal Health.

ngaé; 13 Ian Z007 Mg» J‘ [WEw Q1310} .
Quality Assurance Date éiiliam E. Weiser, PhD. Date

Study Director
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REVISED Certificate of Analysis

Release Testing for Commercial Lots of Treprostinil Drug
Substance

Technical TP Number: TTP-LRR-M0117

Study Phase: RT-Phase 11

January 23, 2003

———-—_—

Cardinal Health

P.O.Bm<133:=i1~ Research Triangle Park ~ Northarolina 27709
Telephone (919) 481-4855 ' Facsimile (919)481-4908
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CardinalHealth

Certificate ofAnalysis
January 8, 2003

Cardinal Health
Po. Box I334l
Research Triangle Park, NC 27709
tel 91948131855
tax 919481.4908

www.cardinalcom

Release Testin for Commercial Lots of Tre rostinil Dru_ Substance

Company:
United Therapeutics Corporation

TTP No.: TTP-LRR-M0117

Phase: RT-Phase 11 2225 W. Harrison Street
Chicago, IL 60612

Method:

Product: TreprostinilDrug
Substance

ATM-LRR-M0002.17 
H(1R,2R,SaS,9aS)-2,3,3a,4,9,9a-hexahydro-Z—hydroxy-1-[(SS)-3-hydroxy0etyl]

-1H-benz[/]inden-5-yljoxy]acetic acid

Testing started 11/21/2002 and

Lot UT15—021003
Manufactured
 

Test 7”

Physical Examination

SM

11/12/2002 and Retest 11/12/2004
 

completed 12/30/2002
&su_lts 

A white to cream-colored powder 7 A white poiiv‘der 

Identification _IR

  

 

 

  
   

The infrared spectrumexhibits maxima which are Conforms
only at the same wavenurnbers as, and have similar
relative intensities to, those in the reference standard
spectrum of Treprostinil. similarly obtained.

HPLC The retention time for the principle peak in the Conforms
sample chromatogram agrees with the retention time
ofthe prinCiple peak in the standard chromatogram,

I_ using the chromatographic purity method.Residue on Ignition Not more than 0.2%, WM 0.0%

Water (Karl Fischer) Not more than 2.0%, w/W ‘ O.l%

Residual Solvents by Gas
Chromatography

Ethyl Acetate Not more than 0.5%, w/w <0.l%
Ethanol Not more than 0.5%, w/w <U.l%
Acetic Acid Not more than 0.5%, w/w <0.I%

Melting Range Not less than 120 0 DC and not more than 1260 °C l2l.7—I23.9 DC

Specific Rotation Not less than +420” and not more than +49.0° at +46.l°
589 nm and 25 °C. volatiles-free basis 

Heavy Metals

 
Not meie than 0 002% 

Microbial Limits
Total Aerobic Count
Total Yeast and Mold Count
Escherichia coli

Salmonella species
Pseudomonas aeruginosa
Staphylococcus aureus

ATM-LRR-MOOO700

  
NMTI |0 CFU/g
NMT IU CFU/g
Absent
Absent
Absent
Absent
 
‘NMT = Not More Than

HIGHLY CONFIDENTIAL

P. 78

 Not more than 0.002%

2 CPU/g
0 CFU/g
A bsent
Absent
Absent
Absent
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Cardinal Health
PD. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855
fax 919.481.4908

www.cardinalmm

CardinalHealth

Certificate ofAnalysis
January 8, 2003

‘ Release Testin_ for Commercial Lots of Tre )rostinil Dru_ Substance
1 'TTP No.: TTP—LRR—M0117 Company: ‘ Product: Treprostinil Drug ‘

United Therapeutics Corporation Substance
2225 W. Harrison Street

Chicago, IL 60612
Phase: RT-Phasc 11 Method: ATM-LRR-M0002.17 

[[(1R,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahydro-Z-hydroxy-l-[(SS)-3-hydroxyoctyl]
—1H—benz[f]inden—S—yl]0xy]acetic acid

Lot UT15-021003
Manufactured 11/12/2002 and Retest 11/12/2004

Testing started 11/21/2002 and completed712/30/2002
E81 W M

Chromatographic Puri1y(HPLC)

 

 

 

  

 

 

 
1AU9O Not more than 0.5% ' NDI
2A U90 Not more than 0.5% ND

97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 ‘ Not more than 1.0% 0.4%
Treprostinil Methyl Ester Not more than 0.2% (0.05%
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 ‘ Not more than 1.5% <0.05%
751W93 ‘ Not more than 1.3% <0.05%
Unidentified Not more than 0.1% AUC each

Unidentified @ RRT 1.12 0.07%

[—Total Reiated Substances Not more than 3.0% 0.6%

Assay (HPLC) Not less than 97.0 and not more than 101.0%, w/w, 100.8%
on the volatilesefree basis

( Factor Factor the material on the basis of assay and total 0.9929 Treprostinil equivalent to 1.00
volatiles content parts volatiles-free Treprostinil

Endotoxins (1:2000 dilution) Less than 104 EU/mg <60 EU/mg

 
ATM—LRR—M001200 ‘

  
___—__.._1

 
ND 2 Not Detected

All data generated at Cardinal Health and dcscribcd within this report were collected under the direction ofthe Study Director and were
reviewed for compliance With Good Manufacturing Practices (21 CFR Part 21 1). This report accurately reflects the raw data which have been
stored in the Archives of Cardinal Health. '

/

gm pig; 03 3-414 ZOO 3 [W [W 8" 9003Quality Assurance Date William E. Weiser, Ph.D. Date
Study Director
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Cardinal Health
PO. Box 1334i
Research Triangle Park NC 27709
tel 919.481.4655

‘ www.cardinal.com

l

1 CardinalHealth

Certificate ofAnalysis
Janna 16. 2003

 
 

Release Testin for Commercial Lots of Tre - rostinil Dru_ Substance

Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street . .

TTP-LRR-M0117 Chicago, IL 60612 Treprostinil Drug Substance
(312) 421-1819

- Packaging/Storage: Method:
Amber HDPE bottle

RT-Phase 12 with NCR screw cap ATM-LRR-M0002.17
'5 °C/Ambient RH

‘ [[(lR, 2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]
‘ -1H-benz[l]inden-S-yl]oxylacetic acid, Lot UT15-021101

Manufactured 11/21/2002 and Retest 11l21/2004

Testing started 12/17/2002 and completed 1/3/2003

 
 

Results1
  

 
 

  
  
  

  
 
 
 

 

 
 

 

 

 

 

  

 

   

 
 

  
 
 

 

 

 
  

 

  
 

Test Specifications

Physical Examination A white to creamecolored powder White powder
Identification

[R The infrared spectrum exhibits muxima which Conforms
are only at the same wavenumbers as, and have
similar relative intensities to, those in the
reference standard spectrum of Treprostinil,
similarly obtained.

HPLC Conforms
The retention time for the principle peak in the 1’
sample chromatogram agrees with the retention
time of the principle peak in the standard
chromatogram, using the chromatographic

3 urit method. '
: Residue on Ignition Not more than 0.2%, w/w 0.0%

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%

1 Residual Solvents by Gas
3 Chromatography
‘ Ethyl Acetate ' Not more than 0.5%, w/w <0.1%
j Ethanol Not more than 0.5%, w/w <0. 1%

Acetic Acid Not more than 0.5%, w/w ND2

Melting Range Not less than 120.0 °C and not more than 126.0 122.] “C — 124.6 °C°C

Specific Rotation Not less than +42.0° and not more than +490D +450 °
at 589 nm and 25 ”C, volatilesefree basis 7

Heavy Metals Not more than 0.002% Not more than 0.002%

1All results conform to specifications.
2ND = Not Detected
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

y www.cardinal.com
CardinalHealth

Certificate ofAnalysis
January 16, 2003

 
 

 
 

 
 

Release Testin_-for Commercial Lots of Tre-rostinil Dru_ Substance

Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819
Packaging/Storage:
Amber HDPE bottle

with'NCR screw cap
5 ”C/Ambient RH

TTI’ N0.: >

TTP-LRR-M0117 Treprostinil Drug Substance

Method:

RT-Phase 12 ATM-LRR-M0002J7

[[( 1R, 2R ,3aS,9aS)—2,3,3a,4,9,9a-hexahydro-Z-hydroxy-l-[(33)-3-hydroxyoctyl]
-1H-benz[f]inden-5-yl]oxy]acetic acid ‘

Lot UT15-021101
Manufactured 11/21/2002 and Retest 11/21/2004

Testing started 12/17/2002 and completed 1/3/2003

  
 
 
 
 
 
 
 
   

Microbial Limits

 
 
 

NMT210 CPU/g

 
  

Total Aerobic Count 2 CFU/g
Total Yeast and Mold Count NMT 10 CPU/g 0 CPU/g
Escherichia coli Absent Absent
Salmonella species Absent Absent
Pseudomonas aerugirtosa Absent Absent
Staphylococcus aureus Absent AbsentATM~LRR7M0007 .00

Chromatographic Purity (HPLC)

 

 

  
  

 
ND3

  

  
  
  
  
 

lAU90 Not more than 0.5%
2AU90 Not more than 0.5% ND
97W86 (Benzindene Triol) Not more than 0.2% ND
3AU90 Not more than 1.0% 0.2%

Treprostinil Methyl Ester Not more than 0.2% ND
Treprostinil Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 1.5%
751W93 Not more than 1.3%
Unidentified Not more than 0.1% AUC each 

  
Total Related Substances

 
 

Not more than 3.0%

All results conform to specifications.
zNMT : Not More Than
3ND = Not Detected
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Cardinal Health
PO. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

y wwwtartlinaitom
CardinalHealth

Certificate ofAnalysis
January I6, 2003

0 Release Testin for Commercial Lots of Tre rostinil Dru Substance

TTP No.: Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street . . ‘ , ‘ i

TTP LRR M0117 Chicago, IL 60612 Treprostinll Drug Substance ‘
312) 421-1819

Packaging/Storage: Method:
Amber HDPE bottle

RT-Phase 12 with NCR screw cap ATM-LRR-M0002.17
5 °ClAmbient RH

 

 

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2-hydroxy-14[(3S)-3-hydroxyoctyl]
-1H-henszJinden-5-yl]oxy]acetic acid

Lot UT15-021101

Manufactured 11/21/2002 and Retest 11/21/2004

Testing started 12/17/2002 and completed 1/3/2003  

 
 

 

Sflecifirafions

Not less than 97.0 and not more than 101.0%,
w/w, on the volatiles»free basis
Factor the material on the basis of assay and
total volatiles content
Less than 104 EU/mg

 Assay (HPLC)
 
 
 

  

 

 
 
 
 

 

1.005

 

  Endotoxins (1:2000 dilution) <60 Ell/mg

ATMLRR-Momzoo   

All results conform to specifications.
e

All data generated at Cardinal Health and described within this report were collected under the direction of the Study Director
and were reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately
reflects the raw data which have been stored in the Archives of Cardinal Health.

$91—11: 7631.“ 200'; - KT “'7" waM’ iiiéios
Quality Assurance ‘ Date William E. Weiser, PhDi DateStudy Director
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CardinalHeaith

Certificate ofAnalysis
January 16, 2003

Release 'l‘estin_ for Commercial Lots of Trc rostinil Dru- Substance
TTP NIL:

TTP-LRR-M0117

RT-Phase 12

[[(lR, 2R,SaS,9aS)-2,3,33,4,9,9a-hexahydro-2-hydroxy-l-[(3S)-3-l1ydroxyoctyl]

’Manufactured 12/5/2002 and Retest 12/5/2004

 

Cardinal Heaith
P.O. Box 13341
Research Triangle Park, NC 27709
tel 919.481.4855

www.cardirai.com

Company: Product:
United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819
Packaging/Storage:
Amber IIDPE bottle
with NCR screw cap
5 °C/Ambient RH

Treprostinil Drug Substance

Method:

' ATM-LRR-M0002.l7

-III?henzMinden-S-yl]oxy]acetic acid
Lot UT15-021102

 
Testing started 12/17/2002 and com leted 1/3/2003

Specifications . Resultsl 

  

 

 

 

 

 
 

 

 
   

 

Test

Physical Examination A white to cream—colored powder White powder
Identification

[R The infrared spectrum exhibits maxima which are Conforms
only at the same wavenumbers as, and have similar
relative intensities to, those in thevrreference
standard spectrum of Treprostinil, similarly
obtained.

HPLC

The retention time for the principle peak in the Conforms
sample chromatogram agrees with the retention
time of the principle peak in the standard
chromatogram, using the chromatographic purity
method.

‘ Residue on Ignition Not more than 0.2%, w/w 0.0%

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%

i Residual Solvents by Gas
‘ Chromatography
; Ethyl Acetate Not more than 0.5%, w/w <0.l%

i ' Ethanol Not more than 0.5%, w/w 0.1%
Acetic Acid Not more than 0.5%, w/w ND2i

Melting Range Not less than 120.0 °C and not more than 126.0 °C 121.2 °C — 123.5 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at ' J +46.4 °589 nm and 25 °C. volatiles-free basis _
Heavy Metals Not more than 0.002% Not more than 0.002%

All results conform to specifications.
2ND = Not Detected 
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CardinalHealth

Certificate ofAnalysis
January 16, ‘2003
  

Cardinal
PO. Box
Research
tel

Health
13341

Triangle Park, NC 27709
919.481.4855

www.cardinal.com

Release Testin_ for Commercial Lots of Tre n rostinil Dru_ Substance
TTP No.2

TTP-LRR-MOI 17

Phase:

RT-Phase 12

Microbial Limj ts
Total Aerobic count
Total Yeast and Mold Count
Escherichia Cali
Salmonella species
Pseudamanas aeruginosa
Staphylococcus aureus

 
 

 

 

 2AU90
97W86 (Benziiidene Triol)
3AU90

Treprostinil Methyl Ester
Treprostini] Ethyl Ester
750W93
751W93
Unidentified

Total Related Substances 

 

 

Company:
Product:

United Therapeutics Corporation
2225 W. Harrison Street

Chicago, IL 60612
(312) 421-1819

Packaging/Storage:
Amber HDPE bottle
with NCR screw cap
5 °C/Ambient RH

Treprostinil Drug Substance

Method: ‘

ATM-LRR-M0002.l7 
[[(1R,2R,3aS ,9aS)-2,3,32t,4,9,9a-hexahydro-2-hydroxy-1-[(3$)-3-hydroiryoctyl]

-1H-benz[f]inden-5-y‘l]oxy]acetic acid
Lot UT15-021102

NMT2 10 CFU/g
NMT 10 CFU/g
Absent
Absent
Absent
Absent

(ATM-LRR—MOOO7 .00)

Chromatographic Purity (HPLC)
1AU9O Not more than 0.5% “

Not more than 0.5%
Not more than 0.2%
Not more than 1.0%
Not more than 0.2%
Not more than 0.6%
Not more than 1.5%
Not more than 1.3%

W

Manufactured 12/5/2002 and Retest 12/5/2004

Testing started 12/17/2002 and completed 113/2003_______,__._——_———————
M51

 
Not more than 0.1% AUC each
Not more than 3.0% 

lAll results conform to specifications.
2NMT = Not More Than
3ND = Not Detected

HIGHLY CONFIDENTIAL

 

0 CFU/g
0 CFU/g

 

Absent
Absent
Absent
Absent

ND3
ND

0.07%
0.1%
ND

0.1%
0.2%
0.1%
ND
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Cardinal Health
PO. Box 13341
Research Triangle Park; NC 27709
tel 919.481.4855

y www.cardinalmm.
CardinalHealth

Certificate ofAnalysiS‘
Janu I6, 2003

  
Release Testin_ for Commercial Lotsof Trerostinil Dru Substance

TTP No.: Company: _ Product:
United Therapeutics Corporation
2225 W. Harrison Street

TTP LRR M0117 Chicago, IL 60612
312 421-1819

Packaging/Storage: Method:
Amber IIDI‘E bottle

RT—Phase 12 with NCR screw cap ATM-LRR—M0002.17
5 °C/Ambient RH

Treprostinil Drug Substance

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a—hexahydro-2-hydroxy-l-[(SS)-3-hydroxyoctyl]
-1H-benz[f]inden—5-yl|oxylacetic acid '

Lot UTE-021102

Manufactured 12/5/2002 and Retest 12/5/2004

Testing started 12/17/2002 and completed 1/3/2003

   

 
 

  

Test

Assay (HPLC)

Specifications

Not less than 970 and not more than 101.0%, w/w, -
on the volatiles-free basis

Factor the material on the basis of assay and totalvolatiles content

Endotoxins (1:2000 dilution) Less than 104 EU/mg '
(ATM-LRR-M0012.00)

All results conform to specifications.

 
 

  
 
  
  

Factor
 

    

   
Vt

All data generated at Cardinal Health and described 'within this repon were collected under the direction of the Study Director
and were reviewed for compliance with Good Manufacturing Practices (21 CFR Parts 210 and 211). This report accurately 'reflects the raw data which have been stored in the Archives of Cardinal Health.

% 770 ' ‘ M311-1 zoo’s Q; V‘“ leV" Iliéi'oi
Quality Assurance Date William E Weiser, PhD, Date

Study Director
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RPT-A-LRR-M0107-001-03.00

Certificate of Analysis

Release and Stability Testing for Three Lots of UT-lS
Drug Substance

Technical TP Number: TTP—LRR-M0107

Study Phase: RT—Phase 1

September 29, 2000

W

MAGELLAN LABORATORIES | n c o r p o r a t e d Analytical resources for the pharmaceutical industry

PO. Box 13341 - Researthjriangle Park ' North Hal-rgfi'ngogg709
Corporate (919) 431-4 fleadWedinnfiedffilaemmics
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellaniabs.eom

euan Certt'ficate ofAnalysisSeptember 29, 2000LABORATORIES 
TTP No.: TTP-LRR—MOIO'? Company: United Therapeutics, Product: UT-lS Drug Substance

Phase: RT—Phasel C°rP°rafi°n Method: ATM-LRR—M0002.l3
Research and Development 

[[(1R,2R,3aS,9aS)-2,3,32,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]
-lH-benz[flinden-S-yl]oxy]acetic acid

Lot UT15-000701

  

 
m

A white to cream-colored powder
 
 
 
 
 

ConformsPhysical Examination

Identification

 
 
 
 

  

 

  
  
 

 

 

[R The infrared spectrum exhibits maxima which are only at Conforms
the same wavenumbers as, and have similar relative
intensities to, those in the reference standard spectrum of
UT—lS, similarly obtained.

HPLC The retention time for the principle peak in the sample Conforms
chromatogram agrees with the retention time of the
principle peak in the standard Chromatogram, using the
chromatographic purity method. '
 
  
 

L
Residue on Ignition

 

  Not more than 0.2%, MW 0.04%, W“!-

0.2%, w/w
 
 
 

 
 

 

Water (Karl Fischer) Not more than 2.0%, w/w  
i Residual Solvents by Gas

Chromatography

 
 

 
 
 

  

  
 

 
 
 

 

Ethyl Acetate Not more than 0.5%. w/w (0.1%
Ethanol Not more than 0.5%, w/w (0.1%
Acetic Acid Not more than 0.5%, w/w <0.l% 

123.1-124.7 °CMelting Range Not less than 120 =’C and not more than 126 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at 589
nm and 25 “C, volatiles—free basis

Not more than 0.002% ‘ Not more than 0.002%

 
 
 

 

  [0"]:29 = +44.l° (volatiles-free basis)

    
 

Heavy Metals
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park. NC 27709
Corporate: (919) 481-4855

@ Facsimile: (919) 481-4908‘ “a

,, 11 www.magellanlabs.eom
LABORATORIES

 
 

[[(lR, 2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro—2-hydroxy-1-[(3S)-3—hydroxyocty1]
—1H—bean]inden-S-y1]oxy]acetic acid

Lot UT15-000701

 
 

   
 

 
 
 

 
 

 
 
 
 

Specifications

Chromatomahicl’urit (HPLC) —_

 
 
 
 

  
 

 

 
 
 

 
 
 
 

 

 
 
  
  

1AU90 Not more than 0.5% ND1
2AU90 Not more than 0.5% (0.05%
97W86 (Benzindene Triol) Not more than 0.5% ND
3AU9O Not more than 10% 0.1%
UT-15 Methyl Ester Not more than 0.2% <0.05%
98W86 (Methoxy Diol) Not more than 0.1% ND
UT-15 Ethyl Ester Not more than 0.6% 0.08%
750W93 Not more than 2.0% 0.06%
751W93 Not more than 2.0% <0.05%
Unidentified Not more than 0.1% each ND 

Total Related Substances Not more than 5.0%

Assay (HPLC) Not less than 95.0 and not more than 101.0%, w/w.on the volatiles-free basis

Factor Factor the material on the basis of assay and total
volatiles content

 

   1.003 parts UT-15 equivalent to 100
parts volatiles—free UT-15

 

 
‘ND : Not Detected

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction ofthe Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (21 CFR Part
58) and Good Manufacturing Practices (21 CFR Part 211). This report accurately reflects the raw data which have been stored in the Archives of
Magellan Laboratories Incorporated.

gag 711/00 Maim 7 am
Quality Assurance Date William Edward Weiser. PhD. DateStudy Director
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RPT-A-LRR-M0107-001-03.00

Certificate of Analysis

Release and Stability Testing for Three Lots of UT-15
Drug Substance

Technical TP Number: TTP-LRR—M0107

Study Phase: RT-Phase 1

September 29, 2000

 

MAGELLAN LABORATORIES I n c o r p o r a i e d Analytical resources for the pharmaceutical industry

P.O. Box13341 ’ Researchgloriang Ie Park ‘ Norihgllg¥if?ao§§709
Corporate (919) 431- 4&5adNedmiAnfieMTfls-rapeufi05
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855
Facsimile: (919) 481-4908
www.magellanlabs.com

 LeABORATORIES Certificate ofAnalysis
September 29, 2000

Release and Stabilit Testin_ for Three Lots of UT-IS Dru Substance
TTP No.:

Phase:

TTP-LRR-M0107

RT-Phase 1
Company: United Therapeutics,

Corporation M
Research and Development

Product: UT-lS Drug Substance

ethod: ATM-LRR-M0002.13 
[[(IR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydr0-2-hydroxy-1-[(3S)-3-hydr0xy0ctyl]

-1H-benz[flinden-S-yl]oxy]acetic acid
Lot UT15-000801

 
  

 

 

  Test Specifications

Physical Examination A white to cream-colored powder
Identification

lR
 

The infrared spectrum exhibits maxima which are only at
the same wavenumbers as, and have similar relative

intensities to, those in the reference standard spectrum of
UT-15, similarly obtained.

The retention time for the principle peak in the sample
chromatogram agrees with the retention time of the
principle peak in the standard chromatogram, using the
chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w 
 
 

Water (Karl Fischer) Not more than 2.0%, w/w

Residual Solvents by Gas
Chromatography

 

 
Ethyl Acetate Not more than 0.5%, w/w
Ethanol Not more than 0.5 %, w/w
Acetic Acid 

Melting Range
 

Specific Rotation Not less than +42.0° and not more than +49.0° at 589
nm and 25 °C, volatiles—free basis
Not more than 0.002 % Heavy Metals

 
 

  
  
  

 
  
  

  

 

 

  
 

 

Not more than 0.5%, w/w <0.l %
Not less than 120 °C and not more than 126 °C [23.1-124.7 °C

 

 
 

 

Results 

Conforms

Conforms

Conforms

0.01%, w/w

<0.1%
<0.1%

 
 
 

  

 

 

[0t]§39 = +44.7° (volatiles-free basis)
Not more than 0.002%
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1‘ P

3* ' PO Box 13341
Research Triange Park, NC
27709
Corporate(919)481—4855
Facsimile (919)481—4908
www.magellanlabsmm

LABORATORIES 
[[(l R, 2R,3aS,9aS)-2,3,33,4,9,9a-hexahydro—2-hydroxy-1-[(3S)-3-hydroxyoctyl]

-1H-benz[f]inden-5-yl]oxy]acetic acid
Lot UT15-000801

 
 
  

 

Chromatomcpum (me) —_ 
 
 
 
 

 
 
 
 
 

  

 
 
 

 
 

 
 
 
 
 

 

 
 

lAU90 Not more than 0.5% ND'
2AU90 Not more than 0.5%
97W86 (Benzindene Triol) Not more than 0.5%
3AU90 Not more than 1.0%

Not more than 0.2%
Not more than 0.1%
Not more than 0.6%
Not more than 2.0%
Not more than 2.0%
Not more than 0.1% each

UT-15 Methyl Ester
98W86 (Methoxy Diol)
UT-15 Ethyl Ester
750W93
751W93
Unidentified

Unid@RRTl6.41 0.05 %
Total Related Substances Not more than 5.0%

Assay (HPLC) Not less than 95.0 and not Inore than 101.0%, w/w, 100.0%
on the volatiles-free basis

Factor Factor the material on the basis of assay and total 1.002 parts UT-lS equivalent to 1.00
volatiles content parts volatiles-free UT—lS

‘ND = Not Detected

 
 
 
 

  

  
   
 

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction ofthe Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (21 CFR Part
58) and Good Manufacturing Practices (21 CFR Part 211). This report accurately reflects the raw data which have been stored in the Archives of
Magellan Laboratories Incorporated.

Cit/51 yin/00 @QQ 8 [law 7/972000
Quality Assurance Date William Edward Weiser, PhD. Date

Study Director
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RPT-A-LRR-M0107—001-03.00

Certificate of Analysis

Release and Stability Testing for Three Lots of UT-15
Drug Substance

Technical TP Number: TTP-LRR-M0107

Study Phase: RT-Phase 1

 

September 29, 2000
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PO Box 13341
Research Triangle Park, NC
27709
Corporate (919)481-4855
Facsimile (919)481- 4908

§ wwwmagellanlabscom

Magellan Certificate ofAnalysis
September 29, 2000

LABORATORIES

 

 
 

 
 

 

  
 

 

15 Dru Substance

Product: UT-IS Drug Substance

Method: ATM-LRR-MOOOZ.13

 
 

Release and Stability Testin- for Three Lots of UT-

Company: United Therapeutics,
Corporation

Research and Development

 
TTP No.: TTP-LRR-M0107

Phase: RT—Phase I   
 

   

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro~2-hydroxy-1-[(3S)-3-hydroxyoctyl]
-1H-benz[f]inden-5-yl]oxy]acetic acid

Lot UT15-000802
 

     
 

 
 
 

Specifications

A white to cream-colored powder

The infrared spectrum exhibits maxima which are only at
the same wavenumbers as. and have similar relative

intensities to. those in the reference standard spectrum of
UT—iS, similarly obtained.

 Physical Examination
 

  
 

I identification
' 1R  

  Conforms

 

   
  
 

The retention time for the principle peak in the sample
chromatogram agrees with the retention time of the

principle peak in the standard chromatogram, using the
chromatographic purity method.

 
Conforms

 

   

  
 

 

  
 
 

 

Not more than 0.2%, w/w 0.00%, w/w

Water (Karl Fischer) Not more than 2.0%, w/w mResidual Solvents by Gas

 
 

 

    
 

 

 

 
  
 

 
 

Chromatography

Ethyl Acetate Not more than 05%, w/w
Ethanol Not more than 0.5%. w/w

Acetic Acid Not more than 05%. w/w (0.1%
 

Melting Range
 

 
Not less than 120 °c and not more than 126 °c m

Specific Rotation Not less than +42.0° and not more than +49.0° at 589 2: . .. t ('1 = + . ° | ~ :nm and 25 °C, volatilesAiree basts [ LS" 44 0 (V0 attles free has“)

Heavy Metals Not more than 01002% Not more than 0.002%
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PO Box 13341
Research Triang16 Park, NC
27709
Corporate (919)481-4855
Facsirnfle (919) 481-4908
www.magellanlabscom

 5%

MagellanLABORATORIES

[[(lR,2R,3aS,9aS)-2,3,3a,4,9,9a-hexahydro-2—hydroxy-1-[(3.S')~3-hydroxyoctyl]
-lH-bean]inden-S-yl]oxy]acetic acid

Lot UT15-000802

 

 
 

Chromato ru hic Purit ' (HPLC)  
 
 

    

 

   
 
  

  

   
 
 
 
  
 

 

 

   

  
 

 
 

 
  

  
 
  

1AU9O Not more than 0.5% ND‘
2AU90 Not more than 0.5% <0.05%
97W86 (Benzindene Triol) Not more than 0.5% ND
3AU90 Not more than 1.0% 0.1%
UT-15 Methyl Ester Not more than 0.2% <0.05%
98W86 (Methoxy Diol) Not more than 0.1% ND
UT-15 Ethyl Ester Not more than 0.6% 0.07%
750W93 Not more than 2.0% 0.1%
751W93 Not more than 2.0% 0.07%
Unidentified Not more than 0.1% each ND

    

 
Total Related Substances

Assay (HPLC) 
Not more than 5.0%

Not less than 95.0 and not more than 101.0%, w/w,on the volatiles-free basis

F
actor the material on the basis of assay and totalvolatiles content

 

1004 parts UT-15 equivalent to 1.00
parts volatiles-free UT-15    

 
'ND = Not Detected

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction ofthc Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (21 CFR Part
58) and Good Manufacturing Practices (21 CFR Part 21 1). This report accurately reflects the raw data which have been stored in the Archives ofMagellan Laboratories Incorporated,

M a... 2% 7/97/90w
Quality Assurance Date William Edward Weiser, Ph.D. Date

Study Director
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Certificate of Analysis

Release and Stability Testing for Two Commercial Lots of
UT-15 Drug Substance

Technical TP Number: TTP-LRR—M0113

Study Phase: Release Testing
October 31, 2000

 

MAGELLAN LABORATORIES l n c o r p o r a t e d Analytical resources for the pharmaceutical Industry
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Corporate (919) 4B1-4&éadmedimlemed)mapeufics
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
90. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 48141855

fig Facsimile: (919) 481-4908% www.magellanlabs.com

enal I Certificate ofAnalysis
_ October 31, 2000LABORATORIES

Release and Stabili Testin for Two Commercial Lots of UT-ls Dru_ Substance

TTP No.: TTP-LRR—M0113 Company: United Therapeutics, Product: UT-lS Drug Substance

Phase: Release Testing “Worm“ Method: ATM-LRR-M0002.l3
Research and Development 

[[(lR,2R,SaS,9aS)-2,3,Sa,4,9,9a-hexahydro-2-hydroxy-l-[(3S)-3-hydroxyoctyl]
-lH-bean]inden-S-yl]oxy]acetic acid

 
 
 
 

 

  
 

 

Lot UTE-000902

 

 
 

Physical Examination

Identification
IR The infrared spectrum exhibits maxima which are only at

the same wavenumbcrs as, and have similar relative
intensities to, those in the reference standard spectrum of
UT-15. similarly obtained.

  
  
  
 

 

 

  
  

 

The retention time for the principle peak in the sample Conforms
chromatogram agrees with the retention time of the
principle peak in the standard chromatogram. using the
chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w 0.07%. w/w

Water (Karl Fischer) Not more than 2.0%, w/w 0.1%. w/w

Residual Solvents by Gas
Chromatography

 

  
  

 

 
   
  

 

 
 

 
 

  

Ethyl Acetate Not more than 0.5%, w/w <0.l%
Ethanol Not more than 0.5%, w/w 0.1%
Acetic Acid Not more than 0.5%, w/w <0.1%

Melting Range Not less than 120.0 °C and not more than 126.0 “C 122.8 - 125.2 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at 589 25 o - -CL =+45.9 ltl -f b s
_“m and 25 “C, volatiles-free basis [ L” M a I es m 381 )

Heavy Metals Not more than 0.002% Not more than 0.002%  

Page 1 of 2 Pages
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
P.O. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855

_ % Facsimile: (919) 481-4908

, 4 .V {$11 www.magellanlabs.com5 ;uaonnom:s
[[(lR,2R,3aS,9aS)—2,3,3a,4,9,9a-hexahydro-2-hydroxy-l-[(253)-3-hydroxyoctyl]

-1H-benz[f]inden-S-yl]oxy]acetic acid
Lot UT15-000902

 

 
 

 

 
 

 
 
 

  
  

  

 

 

  
Leg Sgcifications Results

Chromato--rahic Puri HPLC ——
lAU90 Not more than 0.5% Not Detected 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 

 
 

2AU90 Not more than 0.5% <0.05%

97W86 (Benzindene Triol) Not more than 0.5% Not Detected
3AU90 Not more than 1.0% 0.2%

UT-lS Methyl Ester Not more than 0.2% < 0.05 %
98W86 (Methoxy Diol) Not more than 0.1% <0.05%
UT-15 Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 2.0% 0.1%
751W93 ‘ Not more than 2.0% 0.06% 

Unidentified Not more than 0.1% each Not Detected
Total Related Substances Not more than 5.0%

Assay (HPLC) Not less than 95.0 and not more than 101.0%, w/w, 99.8%on the volatiles-free basis

Factor Factor the material on the basis of assay and total 1.004 parts UT-15 equivalent to 1.00
volatiles content pans volatiles-free UT-lS

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (2] CFR Part
58) and Good Manufacturing Practices (21 CFR Part 21 1). This report accurately reflects the raw data which have been stored in the Archives of
Magellan Laboratories Incorporated.

 

 

I and; lo zoo ' . [mu [0135,00
Quality Assurance Date ' illiam Edward Weiser, Ph.D. Date

Study Director
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RPT—A—LRR-MO 1 13-001-02.00

Certificate of Analysis

Release and Stability Testing for Two Commercial Lots of
UT-15 Drug Substance

Technical TP Number: TTP-LRR—M0113

Study Phase: Release Testing
October 31, 2000

 

MAGELLAN LABORATORIES I n c o r p o r ate d Analytical resources for the phannaceutical industry
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
20. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855

% Facsimile: (919) 481-49085.}
www.magellanlabs.com

6113' I Certificate ofAnalysisOclober 31, 2000LABORATORIES

Release and Stabili Testin for Two Commercial Lots of UT-15 Dru Substance

TTP No.: TTP-LRR-M0113 Company: United Therapeutics, Product: UT-15 Drug Substance

Phase: Release Testing C°'P°"“°“ Method: ATM-LRR-M0002.13
Research and Development 

[[(1R,2R,3aS,9aS) -2,3,33,4,9,9a-hexahydro-2-hydroxy—1-[(3S)-3-hydroxyoctyl]
~1H-benz[flinden-S-yl]oxy]acetic acid

Lot UT15-000803

 
  
 
 

 
 
 

The infrared spectrum exhibits maxima which are only at
the same wavenumbers as, and have similar relative
intensities to, those in the reference standard spectrum of
UT-lS, similarly obtained.

 

 

Lest

Physical Examination
Identification

IR
  
  
  
 

 

 
 Conforms

 

  
   

The retention time for the principle peak in the sample Conforms
chromatogram agrees with the retention time of the
principle peak in the standard chromatogram, using the
chromatographic purity method.

Residue on Ignition Not more than 0.2%, w/w 0.11%. w/w

Water (Karl Fischer) Not more than 2.0%, w/w 0.2%. w/w

Residual Solvents by Gas
Chromatography

Ethyl Acetate

 

  
 

 

 
  

 

 
  

 
 

 
 Not more than 0.5%, w/w

Ethanol Not more than 0.5%, w/w 0.1%
Acetic Acid Not more than 0.5%. w/w <0.1%

Melting Range Not less than 120.0 “C and not more than 126.0 "C 122.4 - 1249 °C

Specific Rotation Not less than +42.0° and not more than +49.0° at 589 25 . . ‘ -= +462 1 t l —f b
—nm and 25 “C, volatiles-free basis [u]ssy (vo a I es ree asts)

Heavy Metals Not more than 0.002% Not more than 0.002%

Not Detected
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Magellan Analytical
A Division Of Magellan Laboratories
Magellan Facility
R0. Box 13341
Research Triangle Park, NC 27709
Corporate: (919) 481-4855

2% Facsimile: (919) 481-4908v 1:- I s

' . ll www.magellanlabs.coma ; LABORA'IORIES

[[(1R, 2R,3aS,9aS)-2,3 ,3a,4,9,9a-hexahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]
-1H-bean]inden-S-yl]oxy]acetic acid

Lot UT15-000803

 
 

 

 
 

 
 

 
 
 

 Chromato :ra-hic Puri (HPLC)

 
 

 
 

 

  
 

 

 Not more than 0.5% Not Detected

 

 
 
 

 
 

 

 
 

 
 

 
 
 

2AU90 Not more than 0.5% < 0.05 %

97W86 (Benzindene Triol) Not more than 0.5% Not Detected
3AU90 Not more than 1.0% 0.2 %

UT-15 Methyl Ester Not more than 0.2% (0.05%
98W86 (Methoxy Diol) Not more than 0.1% < 0.05 %
UT-15 Ethyl Ester Not more than 0.6% 0.1%
750W93 Not more than 2.0 % 0.2 %
751W93 Not more than 2.0% 0.09%
Unidentified Not more than 0.1% each Not Detected

' Total Related Substances Not more than 5.0%

Assay (HPLC) Not less than 95.0 and not more than 101.0%, w/w, 99.7%
on the volatiles-free basis

Factor Factor the material on the basis of assay and total 1.006 parts UT-lS equivalent to 1.00
volatiles content parts volatiles-free UT-15

All data generated at Magellan Laboratories Incorporated and described within this report were collected under the direction of the Study Director
and were audited by the Quality Assurance Unit of Magellan Laboratories Incorporated for compliance with Good Laboratory Practices (21 CFR Part
58) and Good Manufacturing Practices (21 CFR Part 211). This report accurately reflects the raw data which have been stored in the Archives of
Magellan Laboratories Incorporated.

 

 

Elicia“: é. 84521;. I015) [00 A Mimic telsilneQuality Assurance Date illiam Edward Weiser, PhD. Date
Study Director

, Page 2 of 2 Pages
P. 101 UT EX. 2036

SteadyMed v. United Therapeutics

HIGHLY CONFIDENTIAL 'PRZ‘“6'OOOOBUTc-3and-Remo1118727

|PR2020-00770

United Therapeutics EX2007

Page 4885 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4886 of 7335

 
P‘ 1 UT Ex. 2037
SteadyMed v. Umted Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4886 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4887 of 7335

 
P» 2 UT Ex‘ 2037
SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4887 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4888 of 7335

 
P- 3 UT Ex. 2037
SteadyMed v, United TherapeuticsIDD’VHL: nnnnc

|PR2020-00770

United Therapeutics EX2007

Page 4888 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4889 of 7335

 
UT BL 2037

SteadyMec v, United TherapeuticsIDDGI‘M I: nnnn:

|PR2020-00770

United Therapeutics EX2007

Page 4889 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4890 of 7335

 
P» b UT Ex 2037 "
SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4890 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4891 of 7335

 
PG UT Ex 2037 V "
SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4891 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4892 of 7335

 
Pr / UT Ex‘ 203/
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4892 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4893 of 7335

 
HIGHLY CONFIDENTIAL P‘s “TEX-2037 UTCwTV_DOOO17206SteadyMed VA Unned Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4893 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4894 of 7335

 
HlGHLY CONFIDENTIAL P'g ”Tam” UTc_TV_oooo172o7SteadyMed v_ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4894 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4895 of 7335

 
HIGHLY CONFIDENTIAL P' ‘0 UTEXZW UTC__TV__000017209SieadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4895 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4896 of 7335

 
HIGHLY CONFIDENTIAL p' 11 “TEX- 2°37 UTC__TV_000017210SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4896 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4897 of 7335

 
HIGHLY CONFIDENTIAL P' ‘2 UTEX'W UTC__TV_000017252SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4897 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4898 of 7335

 
P, 13

HIGHLY CONFIDENTIAL SteadyMed V, United Egg-jg: UTC__TV_000017253

|PR2020-00770

United Therapeutics EX2007

Page 4898 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4899 of 7335

 
HIGHLY CONFIDENTIAL P‘ ‘4 ”Tam UTC_TV_0000017255SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4899 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4900 of 7335

 
HIGHLY CONFIDENTIAL P' ‘5 ”TEX-2037 UTC_TV__000017256SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4900 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4901 of 7335

 
HIGHLY CONFIDENTIAL P‘ ‘5 ”TWO?” UTC_TV_000017258SteadyMed v. Umted Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4901 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4902 of 7335

 
HIGHLY CONFIDENTIAL F” ‘7 ”TEX-2037 UTC_TV_000017259SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4902 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4903 of 7335

 
HIGHLY CONFIDENTIAL P ‘8 ”TEX-2°37 UTC__TV__000017264SteadyMed v, United Therapeulécs

|PR2020-00770

United Therapeutics EX2007

Page 4903 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4904 of 7335

 
PA 19 UT Ex 20

HIGHLY CONFIDENTIAL SteadyMed V_ United Therapeutii: UTC_TV_000 017265

|PR2020-00770

United Therapeutics EX2007

Page 4904 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4905 of 7335

 
HIGHLY CONFIDENTIAL 9 2° ”TEX 2037 UTc_Tv_oooo17267SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4905 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4906 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4907 of 7335

 
HIGHLY CONFIDENTIAL P 22 ”TEX“ UTC_TV_OOOO17270SreadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4907 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4908 of 7335

 
HIGHLY CONFIDENTIAL P' 23 “”037 UTC__TV__000017271SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4908 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4909 of 7335

 
HIGHLY CONFtDENTIAL P 2“ “TEX 2037 UTC__TV__000017273SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4909 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4910 of 7335

 
HIGHLY CONFIDENTIAL P 25 ”TEX-2°37 UTC‘TV_000017274SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4910 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4911 of 7335

 
P. 26

HIGHLY CONFIDENHAL SteadyMedv United TUhTegzefii: UTC—W—OODO17276

|PR2020-00770

United Therapeutics EX2007

Page 4911 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4912 of 7335

 
HIGHLY CONFIDENTlAL ”7 UTEX‘ZOW UTCfiTV“OOOO17277SteadyMed v United Therapeuticsvanaaaaaaaaa

|PR2020-00770

United Therapeutics EX2007

Page 4912 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4913 of 7335

 
H 28 X,

HIGHLY CONFIDENTIAL SteadyMed v. United ‘IEJhEEpeitJifc: UTC’"‘TV"00001 7279

|PR2020-00770

United Therapeutics EX2007

Page 4913 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4914 of 7335

 
HIGHLY CONFIDENTIAL P 29 UT Ex 2037 UTC_TV__000017280SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4914 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4915 of 7335

 
HIGHLY CONFIDENTiAL P‘ 3” UT EX- 2037 UTC~W_000017294SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4915 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4916 of 7335

 
PA 31

HiGHLY CONFiDENTlAL SteadyMedv, United #1225331: UTC_TV_000017295

|PR2020-00770

United Therapeutics EX2007

Page 4916 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4917 of 7335

 
P. 32 U ,

HIGHLY CONFIDENTIAL SteadyMed V. United “”2233? UTC_TV__000021102

|PR2020-00770

United Therapeutics EX2007

Page 4917 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4918 of 7335

 
P, 33

HIGHLY CONFIDENTIAL SteadyMed V‘ United TUhTEpztg“ UTC__TV_000021103

|PR2020-00770

United Therapeutics EX2007

Page 4918 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4919 of 7335

'IVLLNEGHNODAWHSiH

ELLLzoooo'Aiom
 

 
P, 34 L

SteadyMed v_ Unfled T
IPRZ

|PR2020-00770

United Therapeutics EX2007

Page 4919 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4920 of 7335

'lVllNElCJHNOOA'IHSIH

SLHZOOOO—M3m

 
P. 35 L

SteadyMed v United T
IPRI

|PR2020-00770

United Therapeutics EX2007

Page 4920 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4921 of 7335

'WllNSGHNOOA1H9|H

PLHZOOOOAJ.om
 

P. 36 L
SteadyMed v. United T

IPRI

|PR2020-00770

United Therapeutics EX2007

Page 4921 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4922 of 7335

'IVILNHGHNOOA'IH‘DIH

StLLZOOOOILLom

 
FY 37 L

SleadyMed v United T
IPRl

|PR2020-00770

United Therapeutics EX2007

Page 4922 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4923 of 7335

 
P 38 x.

HIG H LY CONF|DENTIAL SteadyMed v, United #1251353: UTC'-TV~0000211 16

|PR2020-00770

United Therapeutics EX2007

Page 4923 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4924 of 7335

 
HIGHLY CONFfDENTIAL P‘ 39 “mm UTC_TV_000021117SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4924 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4925 of 7335

 
P, 40

HIGH LY CONFIDENTIAL SteadyMed v‘ United #1:;:§:?i:; UTC_TV_000021 118

|PR2020-00770

United Therapeutics EX2007

Page 4925 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4926 of 7335

 
P 41

HIGHLY CONF|DE NT‘AL SteadyMed v‘ United TLJhTerExzeigi: UTC-"TV—ooooz‘l 1 19

|PR2020-00770

United Therapeutics EX2007

Page 4926 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4927 of 7335

 
HIGHLY CONFIDENTIAL “2 ”TWO“ UTC__TV_000022755SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4927 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4928 of 7335

 
HIGHLY CONFIDENTIAL P' 43 ”T E)" 2037 UTC__TV_000022756SteadyMed vi United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4928 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4929 of 7335

 
SEEM W

1AU90 Not more man 0.4 % ND
_ ZAUSO Not more than 0‘1 % ND

fmpmflies {HPLC} 97W86 No! more than 02 “I. ND
[Known lmmm’des] BAUSO Not more 1113:: 0.5 % < 005 “fa wlw
{UM-114.1327} Trapmslini! Methyi Ester Not mom than 02 %

Treprosflni Ethyl Ester Not more than 0.5 °A
750W93 No! more than 0.5 '9’.

751W93 Not mprg than 0.7331; > W
lmpufifies (HPLC)

{Unidenfified impurifiesj Not more than 0‘2 % AUC each 0.07 % AUC (RRT 0.26)
(UTW’11-0327)

impun'fies (HPLC)
[Tom Raiatsd Substanws] Not mote man 15 %

{NW-1141327

 
P. 44

HIGHLY CONFIDENTIAL SteadyMed v. United ‘ll'JerEafnezugiZ UTC_TV_OOOO37624

|PR2020-00770

United Therapeutics EX2007

Page 4929 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4930 of 7335

 
HIGHLY CONFIDENTIAL “5 UTEX- 2°37 UTC_TV_000054835SteadyMed v; United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4930 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4931 of 7335

 
HIGHLY CONFIDENTIAL “6 “”037 UTC_TV_000054836SteadyMed v, United Therapeutscs

|PR2020-00770

United Therapeutics EX2007

Page 4931 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4932 of 7335

 
HEGHLY CONFIDENTIAL R47 ”TWO“ UTC_TV*000084779SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4932 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4933 of 7335

 
P 48

SteadyMed v. United TherapeuticsHIGHLY CONFIDENTIAL UT EX- 2°37 UTC_TV_000084780

|PR2020-00770

United Therapeutics EX2007

Page 4933 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4934 of 7335

 
P 49 x.

HIGHLY CONFIDENTIAL SteadyMed v. United gerEapezueii: UTC—TV”000087774

|PR2020-00770

United Therapeutics EX2007

Page 4934 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4935 of 7335

 
HIGHLY CONFiDENTIAL P’ 5° um 2037 UTC__TV_000087775SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4935 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4936 of 7335

 
p, 5

HIGHLY CONFIDENTIAL 1 UT Ext 2037 UTCMTV_000037776SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4936 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4937 of 7335

 
P,

HIGHLY CONFIDENTIAL 52 UT Ex 2037 UTc__Tv_ooooaT777SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4937 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4938 of 7335

 
P 53 UT Ex. 2037
SteadyMed v. Umted Thempeutics

|PR2020-00770

United Therapeutics EX2007

Page 4938 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4939 of 7335

 
P 54 UT ExA 2037
SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4939 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4940 of 7335

 
P 55 UT Ex 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4940 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4941 of 7335

 
P» 56 UT Ex. 2037
SteadyMed v, United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 4941 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4942 of 7335

 
P 57 UT Ex. 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4942 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4943 of 7335

 
P 58 UT Ex, 2037
SteadyMed v. United Therapeutics ‘ __ _

|PR2020-00770

United Therapeutics EX2007

Page 4943 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4944 of 7335

 
P4 59 UT Ex. 2037
SteadyMed v. United Therapeutics - I-u-n n u _ -I n-.“nnnnrnnn

|PR2020-00770

United Therapeutics EX2007

Page 4944 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4945 of 7335

 
P‘ 50 UT Ex, 2037
SteadyMed v‘ United Therapeutics . I...“ Dbl”, n-mnnno:no‘.

|PR2020-00770

United Therapeutics EX2007

Page 4945 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4946 of 7335

 
P. 61 UT BL 2037
SteadyMed v‘ United Therapeutics I l'rh 1-5-.-.l nAmnnnornoo

|PR2020-00770

United Therapeutics EX2007

Page 4946 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4947 of 7335

 
P 52 UT Ex. 2037

SteadyMed v. United Therapeutics .
.—.. n . — nn—nnnn.

|PR2020-00770

United Therapeutics EX2007

Page 4947 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4948 of 7335

 
P- 53 UT Ex. 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4948 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4949 of 7335

P‘ 64

SteadyMed v United Therapeutics .

 
UT Ex 2037

n-u-n nA __l n-_A-nn-u\‘nnn

|PR2020-00770

United Therapeutics EX2007

Page 4949 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4950 of 7335

 
P. 65 UT Ex, 2037

SteadyMed v‘ United Therapeutics _
n-u-A n n n, A. nnwnnnnw

|PR2020-00770

United Therapeutics EX2007

Page 4950 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4951 of 7335

P 66

SteadyMed v. United Therapeutics _

 
UT Ex, 2037

n—n A l n nn-ln‘nnn

|PR2020-00770

United Therapeutics EX2007

Page 4951 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4952 of 7335

 
P 57 UT Ex, 2037

SteadyMed v‘ Uniied Therapeutics .
..A n I n tun-“aha

|PR2020-00770

United Therapeutics EX2007

Page 4952 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4953 of 7335

 
FY 68 UT EX 2037

SteadyMed v. United Therapeutics I
I-I-A n -.A _I n___-nn-IAAI\AA

|PR2020-00770

United Therapeutics EX2007

Page 4953 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4954 of 7335

P. 69

SteadyMed v, United Therapeutics

 
UT Ex, 2037

I l-u-A n-_A.l n-.-_nn-ln.lnh4

|PR2020-00770

United Therapeutics EX2007

Page 4954 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4955 of 7335

 
P. 70 UT Exv 2037
SteadyMed v‘ United Therapeutics4. A , , , ll'frh “Am—l n-..._nn-rnlnnn

|PR2020-00770

United Therapeutics EX2007

Page 4955 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4956 of 7335

 
PA 71 UT EL 2037

SteadyMed v. United Therapeutics _
n—n n I n ,,nn-vn‘nnn

|PR2020-00770

United Therapeutics EX2007

Page 4956 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4957 of 7335

 
P- 72 UT Ex 2037

SteadyMed vv United Therapeutics . n-u-n n_,4 -I n-._-nn-rnlnn‘

|PR2020-00770

United Therapeutics EX2007

Page 4957 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4958 of 7335

 
P- 73 UT EXV 2037

SteadyMed v United Therapeuéics _
Inc—A A I '- ,An-Inlnnr

|PR2020-00770

United Therapeutics EX2007

Page 4958 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4959 of 7335

 
P- 74 UT Ex. 2037
SteadyMed v, Umted Iherapeutics A

|PR2020-00770

United Therapeutics EX2007

Page 4959 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4960 of 7335

 
P» 75 UT Ex 2037
SteadyMed v, United Therapeutics ,

|PR2020-00770

United Therapeutics EX2007

Page 4960 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4961 of 7335

 
P 76 UT Ex, 2037

SteadyMed v. United Therapeutics .
.-—n n u .— tun—Alana

|PR2020-00770

United Therapeutics EX2007

Page 4961 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4962 of 7335

 
P. 77 UT Ex. 2037
SteadyMed v. United Therapeutics .

|PR2020-00770

United Therapeutics EX2007

Page 4962 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4963 of 7335

 
P 78 UT Ex 2037
SteadyMed v‘ United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 4963 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4964 of 7335

 
P. 79 UT Ex‘ 2037
SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 4964 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4965 of 7335

 
P, 80 UT Ex, 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4965 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4966 of 7335

 
P- 81 UT Ex. 2037
SteadyMed v United Therapeuticsuni u ‘I AhllFIHFII-I-I n I

|PR2020-00770

United Therapeutics EX2007

Page 4966 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4967 of 7335

 
P‘ 82 UT Ex. 2037
SfeadyMed v. United TherapeuticsIIF‘III ‘. na..—.——..—-. .

|PR2020-00770

United Therapeutics EX2007

Page 4967 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4968 of 7335

 
P. 83 UT Ex‘ 2037
SteadyMed v. United Therapeuficsunnl \l AnnannF-u-u-I- I

|PR2020-00770

United Therapeutics EX2007

Page 4968 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4969 of 7335

 
P. 84 UT Ex, 2037
SteadyMed v, United Therapeutics"nun \, nan-FInI—nl-I-IA l

|PR2020-00770

United Therapeutics EX2007

Page 4969 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4970 of 7335

 
P. 35 UT Ex, 2037
SteadyMed v, United Therapeutics

IIAIII ‘1 an..—-——..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 4970 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4971 of 7335

 
P, 86 UT Ex, 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4971 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4972 of 7335

 
P. 87 UT Ex‘ 2037
SteadyMed v. United Therapeuticsun- n \l AAIIF-n—ln-u-u A -

|PR2020-00770

United Therapeutics EX2007

Page 4972 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4973 of 7335

 
P‘ 88 UT Ex‘ 2037
SfeadyMed v. United Therapeutics"A.” \: Annu—I—u—lx—u . .

|PR2020-00770

United Therapeutics EX2007

Page 4973 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4974 of 7335

Ilf‘lll ‘. nan-u—n—u—lu—I. .

 
P. 89 UT Ex‘ 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4974 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4975 of 7335

 
P 90 UT Ex! 2037
SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4975 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4976 of 7335

 
P. 91 UT Ex. 2037
SteadyMed v, United 'l'herapeutics"A: u \' Anna—I—Fnu-u-u .- .

|PR2020-00770

United Therapeutics EX2007

Page 4976 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4977 of 7335

 
P 92 UT Ex. 2037
SteadyMed v‘ United Therapeutics"an“ \a na.n—.—-—---—- . .

|PR2020-00770

United Therapeutics EX2007

Page 4977 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4978 of 7335

”A“: u Anni—I—l—nl—an .

 
P 93 UT Ex‘ 2037
SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4978 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4979 of 7335

 
P. 94 UT Ex, 2037
SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4979 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4980 of 7335

"Ann \' nn--—-——..-—. . .

 
P 95 UT Ex. 2037
SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4980 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4981 of 7335

unnu- \: nnll'thlI-U-I - -

 
P, 96 UT Ex. 2037
SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 4981 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4982 of 7335

 
P- 97 UT Ex. 2037
SteadyMed v, United TherapeuticsIlr‘lll \I nan-p.——.u-—. .

|PR2020-00770

United Therapeutics EX2007

Page 4982 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4983 of 7335

 
P. 98 UT Ex. 2037
SteadyMed v‘ United Therapeutics , W - _

|PR2020-00770

United Therapeutics EX2007

Page 4983 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4984 of 7335

Ilfil :- ‘1 an..—.——. .—. . .

 
13- 99 UT Ex‘ 203?
SleadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4984 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4985 of 7335

 
P 100 u r Ex. 2037

SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4985 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4986 of 7335

 
P- 101 UT Ex‘ 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4986 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4987 of 7335

‘1 an..—.——..—.. .
P. 102

SteadyMed v United Therapeutics

 
UT Ex. 2037

|PR2020-00770

United Therapeutics EX2007

Page 4987 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4988 of 7335

 
P 103 UT Ex» 2037

SteadyMed v! United Therapeuticsnun-u \: na..-—-n—..-—.. .

|PR2020-00770

United Therapeutics EX2007

Page 4988 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4989 of 7335

 
P: 104 UT Ex. 2037

SteadyMed v‘ United Therapeutics A H _ A
"A.“ I! nan..—-—.—..—-. . .

|PR2020-00770

United Therapeutics EX2007

Page 4989 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4990 of 7335

 
P. 105 UT Ex, 2037

SteadyMed v. United Therapeutics 7
“In... ‘. n-.u—.——-..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 4990 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4991 of 7335

 
P. 106 UT Ex, 2037

SteadyMed v. United Therapeutics 7 , - _

|PR2020-00770

United Therapeutics EX2007

Page 4991 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4992 of 7335

 
P, 107 UT Ex. 2037

S‘eadyMed v. Umted Therapeutics , , A A

|PR2020-00770

United Therapeutics EX2007

Page 4992 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4993 of 7335

 
P 108 UT EX‘ 2037

SteadyMed v. United Therapeutics » _, , _”A“: \l nnlnrlnrnn—n - -

|PR2020-00770

United Therapeutics EX2007

Page 4993 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4994 of 7335

 
13- ‘09 UT Ex, 2037

SteadyMed v. Uniled Therapeutics
”A... ‘1 an..—.——..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 4994 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4995 of 7335

 
P- 110 UT Ex. 2037

SteadyMed v, United Therapeutics 7
[IA-ll ‘. na..—._—..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 4995 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4996 of 7335

 
P- “1 UT EL 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 4996 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4997 of 7335

 
P. 112 UT Ex, 2037

SteadyMed v‘ United Therapeutics ‘

|PR2020-00770

United Therapeutics EX2007

Page 4997 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4998 of 7335

 
P 113 UT Ex» 2037

SieadyMed vi United Therapeutics 7 , W - A

|PR2020-00770

United Therapeutics EX2007

Page 4998 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 4999 of 7335

 
P. 114 UT BL 2037

SteadyMed v_ United Therapeutics A
an... ‘. nnl.—._—..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 4999 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5000 of 7335

 
P. 115 UT BL 2037

SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5000 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5001 of 7335

 
P 115 UT Ex. 2037

SteadyMed v_ United Therapeutics _
n—An .— --_-....

|PR2020-00770

United Therapeutics EX2007

Page 5001 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5002 of 7335

 
P 117 UT Ex. 2037
Steadeed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5002 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5003 of 7335

 
P118 UT Ex‘ 20:37

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5003 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5004 of 7335

 
F’. 119 UT Ex, 2037

SteadyMed v‘ United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5004 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5005 of 7335

 
P. 120 UT E12037

SieadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5005 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5006 of 7335

 
P. 121 UT Ex. 2037

SteadyMed v‘ United Therapeutics A

|PR2020-00770

United Therapeutics EX2007

Page 5006 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5007 of 7335

 
PA 122 UT Ex. 2037

SteadyMed v_ United Therapeutics '
l—A" .— n..—....—.

|PR2020-00770

United Therapeutics EX2007

Page 5007 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5008 of 7335

 
P. 123 UT Ex. 2037

SteadyMed v‘ lJmted Therapeutics .
n-u-nn nn ,nn—nn‘p-p-

|PR2020-00770

United Therapeutics EX2007

Page 5008 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5009 of 7335

 
P- 124 UT Ex 2037

SteadyMed v. United Therapeutics .

|PR2020-00770

United Therapeutics EX2007

Page 5009 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5010 of 7335

 
P‘ 125 UT ExV 2337

SteadyMed v United Therapeutics _
.—n p. . — -_—n..——

|PR2020-00770

United Therapeutics EX2007

Page 5010 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5011 of 7335

 
P} 125 UT Ex, 2037

SteadyMed v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5011 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5012 of 7335

 
R127 UT Ex. 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5012 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5013 of 7335

 
P- 128 UT Ex. 2037

SteadyMed v‘ United Therapeutics _
IIAI .. .. 1.....—._—..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 5013 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5014 of 7335

 
P129 UT Ex. 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5014 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5015 of 7335

 
P» 130 UT Ex. 2037

SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5015 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5016 of 7335

 
P‘ 131 UT Ex. 2037

SteadyMed v‘ United Therapeuhcs _ __ A

|PR2020-00770

United Therapeutics EX2007

Page 5016 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5017 of 7335

 
P 132 UT Ex. 2037

SteadyMed v, United Therapeutics _
"A." \. AA..—.——..—. . .

|PR2020-00770

United Therapeutics EX2007

Page 5017 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5018 of 7335

 
P. 133 UT Ex. 2037

Steady/Med v‘ United Therapeutics _ _# _ _nnl II \I nAnn-Inl-II-rl A I

|PR2020-00770

United Therapeutics EX2007

Page 5018 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5019 of 7335

 
P, 134 UT Ex‘ 2037

SteadyMed v. United Therapeutxcs 7 , 7 _ _

|PR2020-00770

United Therapeutics EX2007

Page 5019 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5020 of 7335

 
P- 135 UT Ex, 2037

SteadyMed v. United Therapeutics ‘

|PR2020-00770

United Therapeutics EX2007

Page 5020 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5021 of 7335

 
P- 136 UT Exv 2037

SteadyMed v; United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5021 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5022 of 7335

 
P. 137 UT Ex. 2037

SteadyMed v, United Therapeutics A
:- II Ann-punp-lz—n . .

|PR2020-00770

United Therapeutics EX2007

Page 5022 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5023 of 7335

u‘.“ ‘1 _‘..~.——..—. . -

 
P. 138 UT Ex, 2037

SteadyMed v. United Therapeutics .
I-I-A n, ,J n, ,_nn-Ifi“-IA

|PR2020-00770

United Therapeutics EX2007

Page 5023 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5024 of 7335

 
P. 139 UT Ex. 2037

SteadyMed v, United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5024 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5025 of 7335

 
P 140 UT Exe 2037

SteadyMed v United Therapeutics .
"A... .. _—..—._—..—... I'Pl‘ A, ,4". ..nn-n‘A-In

|PR2020-00770

United Therapeutics EX2007

Page 5025 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5026 of 7335

 
P 141 UT Ex‘ 20:37

SteadyMed v, United Therapeutics .
I-u-n n< , .I n. A‘nflwhllwn

|PR2020-00770

United Therapeutics EX2007

Page 5026 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5027 of 7335

 
P. 142 UT Ex 2037

SleadyMed v United Therapeutics .
u-I-h n‘,‘_l n_.-‘nl\'!I\AA—l.l

|PR2020-00770

United Therapeutics EX2007

Page 5027 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5028 of 7335

 
P, 143 UT Ex, 2037
Steadeed v, United TherapeuticsIIAIII .. -_..—._—...—. . .

|PR2020-00770

United Therapeutics EX2007

Page 5028 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5029 of 7335

 
P. 144 UT Ex‘ 2037

SteadyMed v, Unified Therapeutics,, A -.._.‘__..._.. . II'FA h-...l H-...flI\-Pflld"f‘

|PR2020-00770

United Therapeutics EX2007

Page 5029 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5030 of 7335

 
P» 145 UT Ex 2037

SteadyMed v‘ United Therapeutics .
n-u-n n u n “an-u‘AAw-u

|PR2020-00770

United Therapeutics EX2007

Page 5030 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5031 of 7335

 
P‘ 146 UT Ex. 2037

SteadyMed v. United Therapeutics .
x-u-A n A .A _l n_._-nn-ln14l-ln

|PR2020-00770

United Therapeutics EX2007

Page 5031 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5032 of 7335

 
P‘ W UT Ex, 2037

SteadyMed v. United Therapeutics _ u—n A. AAI H-.-_I\flqflldqfl

|PR2020-00770

United Therapeutics EX2007

Page 5032 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5033 of 7335

 
P. 148 UT Ex. 2037

SteadyMed v, United Therapeutics, A A .A l I'I‘I" Dn-A-l nAMnn-Indaon

|PR2020-00770

United Therapeutics EX2007

Page 5033 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5034 of 7335

 
P. 149 UT Ex‘ 2037

SteadyMed v United Therapeutics, , A,A. ll'I'f‘ Dun-A DAMnn-InAAo-a

|PR2020-00770

United Therapeutics EX2007

Page 5034 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5035 of 7335

P 150

Steadeed v, United Therapeutiw

 
UT EX. 2037

|PR2020-00770

United Therapeutics EX2007

Page 5035 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5036 of 7335

 
P 151 UT Ex. 2037

SteadyMed v. United Therapeutics _
IIAIII|1AAlI—I——ll—l-l .__ A ._ --__..-...

|PR2020-00770

United Therapeutics EX2007

Page 5036 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5037 of 7335

 
P152 UT Ex. 2037

SieadyMed v, United Therapeutics _
unnu- ‘1 Ann-FI—u—nu—unu .—A A x .. --_-..-.

|PR2020-00770

United Therapeutics EX2007

Page 5037 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5038 of 7335

 
P» 153 UT Ex, 2037

SteadyMed v. United Therapeutics .
Ilf‘lll \- annu—un—nu-u-una n...‘ n . —. --_-. ,__

|PR2020-00770

United Therapeutics EX2007

Page 5038 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5039 of 7335

 
P, 154 UT Ex 2037

SteadyMed v. United Therapeutics .
”A... ‘- a_..—._—..-—... I-rn n, J n, ,,nn-un“nn

|PR2020-00770

United Therapeutics EX2007

Page 5039 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5040 of 7335

 
F" 155 UT Ex 2037

SteadyMed v. United Therapeutics .
"Ann \I nnlnr-Inr-nn-v-In I n-I-A n . .— -n—n. .n—

|PR2020-00770

United Therapeutics EX2007

Page 5040 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5041 of 7335

 
L0t#01Jl1032 Pagelot‘Z

P‘ 156 UT ExA 2037

SteadyMed v. United Therapeutics .
........ ‘. __..—u-_—..—.. . I-I-A AAJJ nA,A_nn-u\14nn

|PR2020-00770

United Therapeutics EX2007

Page 5041 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5042 of 7335

 
P. 157 UT Ex, 2037

SteadyMed v‘ United ’herapeutics .
"Ann \I nnlnr-InI-nl-I-In I x-u-n h n — Inn-In l‘nn

|PR2020-00770

United Therapeutics EX2007

Page 5042 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5043 of 7335

 
R 158 UT Ex. 2037

SteadyMed v. Unsted Therapeutics .
"All! \I nfillrlnIIIIIII I-r-n ’5‘ .AI n. .Ann—AAAAA

|PR2020-00770

United Therapeutics EX2007

Page 5043 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5044 of 7335

 
P 159 UT Ex. 2037

SteadyMed v, United Therapeutics _III‘I II \I RA IIIIIIIIIIII

|PR2020-00770

United Therapeutics EX2007

Page 5044 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5045 of 7335

“n... .. n-...—._.—-u-—-..

 
P. 160 UT Ex, 2037

SteadyMed v. United Therapeutics .
"an n I n Jun-Inl‘nn

|PR2020-00770

United Therapeutics EX2007

Page 5045 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5046 of 7335

 
P 161 UT Ex. 2037

SteadyMed v. United Therapeutics .
unn- \: AAIIFlfil—ll'I-IA I u-I-n n a n Ali—A 11—-

|PR2020-00770

United Therapeutics EX2007

Page 5046 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5047 of 7335

 
P 152 UT Ex, 2037

SteadyMed v. United Therapeutics _
"Ann \: nA-n—nnr-ln-I-n- I "—1-. A n -. nn—. ..1. .

|PR2020-00770

United Therapeutics EX2007

Page 5047 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5048 of 7335

 
P- 163 UT Ex. 2037

SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5048 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5049 of 7335

 
F" 154 UT Ex. 2037

SteadyMed v‘ Unified Therapeutics _
l—A .- u —. ---n-‘n-

|PR2020-00770

United Therapeutics EX2007

Page 5049 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5050 of 7335

 
P. 165 UT Ex 2037

SteadyMed v. United Therapemcs‘- _-.._..._.._.. . II'I'I" n_‘__l n-.--nnfln‘4nfl

|PR2020-00770

United Therapeutics EX2007

Page 5050 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5051 of 7335

 
P- 166 UT Ex. 2037

SteadyMed v. United Therapeutics .
I-v-n n_,- J n-.-.nA-IAAAAA

|PR2020-00770

United Therapeutics EX2007

Page 5051 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5052 of 7335

 
P 167 UT Ex‘ 2037

SteadyMed V. United Therapeutics _
"—1-. n- . .- nn—n.‘--

|PR2020-00770

United Therapeutics EX2007

Page 5052 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5053 of 7335

 
P 168 UT Ex‘ 2037

SteadyMed v. United Therapeutics _ __

|PR2020-00770

United Therapeutics EX2007

Page 5053 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5054 of 7335

 
F" 169 UT Ex. 2037

SfeadyMed v‘ United TherapeuticsA ,,7,7_..__ . . ll'l'fl n-‘-.l I'I-‘“flf\-Ifi‘flfltl

|PR2020-00770

United Therapeutics EX2007

Page 5054 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5055 of 7335

P 170

SteadyMed v United Therapeutics _

 
UT EXV 2037

|PR2020-00770

United Therapeutics EX2007

Page 5055 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5056 of 7335

 
F‘» 171 UT Ex 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5056 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5057 of 7335

 
P‘ 172 UT Ex. 2037

SteadyMed v. United Therapeutics,_ -_.______...__.. . II-I-h 5-....1 n-.--nn-Innnnl

|PR2020-00770

United Therapeutics EX2007

Page 5057 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5058 of 7335

 
P» 173 UT Exv 2037

SteadyMed v United Therapeutics,,,A -5...“ .. « un—n A I n , nn-ln‘nnl-

|PR2020-00770

United Therapeutics EX2007

Page 5058 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5059 of 7335

 
P‘ 174 UT Ex. 2037

SteadyMed v. United Therapeutics, _ __.__-_.U_.-. II-rh n..AA.I nA‘--nnfil\Annn

|PR2020-00770

United Therapeutics EX2007

Page 5059 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5060 of 7335

 
P, 175 UT Ex. 2037

SteadyMed v. Umted Therapeutics .
I-v-A AA‘ A: n . ‘-_nnfin Ann-l

|PR2020-00770

United Therapeutics EX2007

Page 5060 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5061 of 7335

 
P. 176 UT Ex 2037

SteadyMea v. United Therapeutics .
I-I-A nAe- .I H‘.--I\I\-ll\lhnf|

|PR2020-00770

United Therapeutics EX2007

Page 5061 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5062 of 7335

 
P- 177 UT Ex, 2037

SteadyMed v United Therapeutics I I'FI" (\A‘AJ n-...nn-In1nnn

|PR2020-00770

United Therapeutics EX2007

Page 5062 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5063 of 7335

 
P, 175 UT Ex. 2037

SteadyMed v. United Therapeutics .
.—— a . — na-IA‘A‘A

|PR2020-00770

United Therapeutics EX2007

Page 5063 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5064 of 7335

 
F" 179 UT Ex. 2037

SteadyMed vV United TherapeuticsW, ,, . _ A.AA. Il'l'f‘ DAD-‘4 n-_.nn-rnAn-IA

|PR2020-00770

United Therapeutics EX2007

Page 5064 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5065 of 7335

 
P» 180 UT Ex. 2037

SteadyMed V. United Therapeutics nnnnnnnnnnnnnnnnnn 'I

|PR2020-00770

United Therapeutics EX2007

Page 5065 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5066 of 7335

 
P- 181 UT EL 2037

SteadyMed v. United Therapeutics _
._A - .— nn-A‘A-A

|PR2020-00770

United Therapeutics EX2007

Page 5066 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5067 of 7335

 
P‘ 182 UT Ex‘ 2037

Steady/Med v‘ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5067 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5068 of 7335

 
P 183 UT Ex. 2037

SteadyMed v. United Therapeutics y

|PR2020-00770

United Therapeutics EX2007

Page 5068 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5069 of 7335

u...” u. n-..—.——..—. . .

 
P- 184 UT Ex. 2037

SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5069 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5070 of 7335

 
P 185 UT Ex 2037

SteadyMed v‘ United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5070 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5071 of 7335

"A... ‘1 AA...—.—.—.u—-. - -

 
P- 186 UT Exv 2037

SteadyMed v, United Therapeutics _
l—A a . _ -.._-. ...-..

|PR2020-00770

United Therapeutics EX2007

Page 5071 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5072 of 7335

 
R187 UT Ex. 2037

SteadyMed v, United Therapeutics.A__¥.._ .. --.._._....._.. . Il-I-A n____l n-.--r\nfin‘l|nh

|PR2020-00770

United Therapeutics EX2007

Page 5072 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5073 of 7335

 
P, 188 UT Ex, 2037

SteadyMed v, United Therapeufics _

|PR2020-00770

United Therapeutics EX2007

Page 5073 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5074 of 7335

 
P- 189 UT Ex‘ 2037

SteadyMed v. United Therapeutics _

|PR2020-00770

United Therapeutics EX2007

Page 5074 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5075 of 7335

 
P 190 UT Ex‘ 2037

SteadyMed v. United Therapeutics”A... u. -_.._.——..—.. . lI-rn n_.__| n-.‘-nnwnnnnn

|PR2020-00770

United Therapeutics EX2007

Page 5075 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5076 of 7335

 
R 191 UT Ex. 2037

SteadyM ed v‘ United Therapeutics .
n...“ .. __..—.——..—. .. u-r-n nA , .1 HA A.nn-lt\‘nn-l

|PR2020-00770

United Therapeutics EX2007

Page 5076 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5077 of 7335

 
P} 19?- UT Ex. 2037

SteadyMed v, United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5077 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5078 of 7335

 
P- 193 UT Ex, 2037

SteadyMed v, United Therapeutics I I'l'f‘ Canal Damn-annnnc

|PR2020-00770

United Therapeutics EX2007

Page 5078 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5079 of 7335

 
P- 194 UT Ex. 2037

SteadyMed v. Unxted Therapeutics I l'l'f" Cont. Dnmfl1 1n'Mnr

|PR2020-00770

United Therapeutics EX2007

Page 5079 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5080 of 7335

Com

W”

a,“3AU90 ' Not more than 1.00% _
Impun‘h'm (HPLC)

9M86 Benzindene mm Not more than 020% ND

Treprosgnil Qty! Ester ; Not more than 0.50% 0.13 % w/w

 

 

-. sfinil Meth Ester No! more than 0.20% ND

ompun'ties (HPLC) a
[Unidentified Impun‘fies} No! more than (MO/a AUG each D

' "“MWLC’ __c . Reiated Substanoas NM more than 300% 0.2 ‘3’»

 
P, 195 UT Ex. 2037

SteadyMed v, United Therapeutics I "FA an... n-...n.| an-M no

|PR2020-00770

United Therapeutics EX2007

Page 5080 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5081 of 7335

 
P. 196 UT BL 2037

SteadyMed v. United Therapeutics u-rn 0..."; Dnmfl44n711lfl

|PR2020-00770

United Therapeutics EX2007

Page 5081 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5082 of 7335

 
P- 197 UT Ex. 2037 f

SteadyMedv United Therapeutics IITr‘ anrLann11n714!

|PR2020-00770

United Therapeutics EX2007

Page 5082 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5083 of 7335

 
S

P. 193 UT Ex, 2037

SteadyMed v‘ United TherapeuFuC§ IITI‘ can... Dnmflddn'ffldfi

|PR2020-00770

United Therapeutics EX2007

Page 5083 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5084 of 7335

 
P- 199 UT Ex. 2037

SteadyMed v United Therapeutics “1., cm". Dam!” «“714-

|PR2020-00770

United Therapeutics EX2007

Page 5084 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5085 of 7335

 
P. 200 UT BL 2037
Steadeed v_ United Therapeutics . .___ _ . .. A,” ‘ n... ..

|PR2020-00770

United Therapeutics EX2007

Page 5085 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5086 of 7335

 
P 201 UT Ex. 2037

SieadyMed v. United Therapeutics . .—n n ,J r- -AAnnnn-IA At

|PR2020-00770

United Therapeutics EX2007

Page 5086 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5087 of 7335

 
P, 202 UT Ex‘ 2037

SteadyMed v. United Therapeutics ..-—h n ,4 “‘4--A‘Anwdl'r

|PR2020-00770

United Therapeutics EX2007

Page 5087 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5088 of 7335

 
P‘ 203 UT Ex. 2037

SteadyMed v‘ Uni‘ed Therapeutics
.._-- .— n.‘——-1—‘

|PR2020-00770

United Therapeutics EX2007

Page 5088 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5089 of 7335

 
P- 204 UT Ex. 2037

SteadyMed v. United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5089 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5090 of 7335

 
P4 205 UT EXV 2037 '

SteadyMed vi United Therapeutics ..—n.—. In, ,AAAfi-IAFI

|PR2020-00770

United Therapeutics EX2007

Page 5090 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5091 of 7335

 
P» 206 UT Ex, 2037

SteadyMed v United Therapeuvcs _ _

|PR2020-00770

United Therapeutics EX2007

Page 5091 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5092 of 7335

 
F’- 207 UT Ex. 2037

SteadyMed v, United Therapeutics _ .
--n n. A .I nA,_,nAAA-rlrr

|PR2020-00770

United Therapeutics EX2007

Page 5092 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5093 of 7335

 
P- 205 UT Ex‘ 2037

SteadyMed v. Umted Therapeutics _ _ —nn .— R‘Anqufl

|PR2020-00770

United Therapeutics EX2007

Page 5093 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5094 of 7335

 
P‘ 209 UT Ex. 2037

SteadyMed v. Umted Therapeutics . "H. A - M -. n “n,” in.” E.

|PR2020-00770

United Therapeutics EX2007

Page 5094 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5095 of 7335

 
P‘ 210 UT Ex. 2037

SteadyMed v, United Therapeutics _ _ —nn In ,AAJH-IAl-r

|PR2020-00770

United Therapeutics EX2007

Page 5095 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5096 of 7335

 
P 211 UT Ex, 2037

SieadyMed v. United Therapeutics _ _
_-‘ :_ ‘..-—.—n

|PR2020-00770

United Therapeutics EX2007

Page 5096 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5097 of 7335

 
1221? UT Ex, 2037

SteadyMed VA United Therapeutics _ _

|PR2020-00770

United Therapeutics EX2007

Page 5097 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5098 of 7335

 
P- 213 UT Ex. 2037

SteadyMed v‘ United Therapeutics . . -—o\ AA A .J n-.--nAAn-IAFA

|PR2020-00770

United Therapeutics EX2007

Page 5098 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5099 of 7335

 
P» 214 UT Ex. 2037

SteadyMed v United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5099 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5100 of 7335

 
P» 215 UT Ex. 2037

SteadyMed v_ United Therapeutics

|PR2020-00770

United Therapeutics EX2007

Page 5100 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5101 of 7335

 
P 216 UT Ex, 2037

SteadyMed v, United Therapeutics ‘ __ _

|PR2020-00770

United Therapeutics EX2007

Page 5101 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5102 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5103 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5104 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5105 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5106 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5107 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5108 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5109 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5110 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5111 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5112 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5113 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5114 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5115 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5116 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5117 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5118 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5119 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5120 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5121 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5122 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5123 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5124 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5125 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5126 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5127 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5128 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5129 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5130 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5131 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5132 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5133 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5134 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5135 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5136 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5137 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5138 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5139 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5140 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5141 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5142 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5143 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5144 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5145 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5146 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5147 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5148 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5149 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5150 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5151 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5152 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5153 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5154 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5155 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5156 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5157 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5158 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5159 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5160 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5161 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5162 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5163 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5164 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5165 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5166 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5167 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5168 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5169 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5170 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5171 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5172 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5173 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5174 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5175 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5176 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5177 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5178 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5179 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5180 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5181 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5182 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5183 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5184 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5185 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5186 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5187 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5188 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5189 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5190 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5191 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5192 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5193 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5194 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5195 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5196 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5197 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5198 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5199 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5200 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5201 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5202 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5203 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5204 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5205 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5206 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5207 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5208 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5209 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5210 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5211 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5212 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5213 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5214 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5215 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5216 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5217 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5218 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5219 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5220 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5221 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5222 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5223 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5224 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5225 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5226 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5227 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5228 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5229 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5230 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5231 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5232 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5233 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5234 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5235 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5236 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5237 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5238 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5239 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5240 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5241 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5242 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5243 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5244 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5245 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5246 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5247 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5248 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5249 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5250 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5251 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5252 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5253 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5254 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5255 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5256 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5257 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5258 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5259 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5260 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5261 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5262 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5263 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5264 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5265 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5266 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5267 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5268 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5269 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5270 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5271 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5272 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5273 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5274 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5275 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5276 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5277 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5278 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5279 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5280 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5281 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5282 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5283 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5284 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5285 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5286 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5287 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5288 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5289 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5290 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5291 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5292 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5293 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5294 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5295 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5296 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5297 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5298 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5299 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5300 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5301 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5302 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5303 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5304 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5305 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5306 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5307 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5308 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5309 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5310 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5311 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5312 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5313 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5314 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5315 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5316 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5317 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5318 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5319 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5320 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5321 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5322 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5323 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5324 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5325 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5326 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5327 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5328 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5329 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5330 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5331 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5332 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5333 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5334 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5335 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5336 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5337 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5338 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5339 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5340 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5341 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5342 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5343 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5344 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5345 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5346 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5347 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5348 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5349 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5350 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5351 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5352 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5353 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5354 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5355 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5356 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5357 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5358 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5359 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5360 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5361 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5362 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5363 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5364 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5365 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5366 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5367 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5368 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5369 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5370 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5371 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5372 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5373 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5374 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5375 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5376 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5377 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5378 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5379 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5380 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5381 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5382 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5383 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5384 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5385 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5386 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5387 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5388 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5389 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5390 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5391 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5392 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5393 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5394 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5395 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5396 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5397 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5398 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5399 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5400 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5401 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5402 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5403 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5404 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5405 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5406 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5407 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5408 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5409 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5410 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5411 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5412 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5413 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5414 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5415 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5416 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5417 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5418 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5419 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5420 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5421 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5422 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5423 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5424 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5425 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5426 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5427 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5428 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5429 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5430 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5431 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5432 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5433 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5434 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5435 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5436 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5437 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5438 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5439 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5440 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5441 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5442 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5443 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5444 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5445 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5446 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5447 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5448 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5449 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5450 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5451 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5452 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5453 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5454 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5455 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5456 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5457 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5458 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5459 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5460 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5461 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5462 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5463 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5464 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5465 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5466 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5467 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5468 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5469 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5470 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5471 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5472 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5473 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5474 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5475 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5476 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5477 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5478 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5479 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5480 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5481 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5482 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5483 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5484 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5485 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5486 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5487 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5488 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5489 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5490 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5491 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5492 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5493 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5494 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5495 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5496 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5497 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5498 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5499 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5500 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5501 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5502 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5503 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5504 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5505 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5506 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5507 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5508 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5509 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5510 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5511 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5512 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5513 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5514 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5515 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5516 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5517 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5518 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5519 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5520 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5521 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5522 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5523 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5524 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5525 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5526 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5527 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5528 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5529 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5530 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5531 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5532 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5533 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5534 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5535 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5536 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5537 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5538 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5539 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5540 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5541 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5542 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5543 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5544 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5545 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5546 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5547 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5548 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5549 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5550 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5551 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5552 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5553 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5554 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5555 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5556 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5557 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5558 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5559 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5560 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5561 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5562 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5563 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5564 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5565 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5566 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5567 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5568 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5569 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5570 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5571 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5572 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5573 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5574 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5575 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5576 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5577 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5578 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5579 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5580 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5581 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5582 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5583 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5584 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5585 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5586 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5587 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5588 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5589 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5590 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5591 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5592 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5593 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5594 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5595 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5596 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5597 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5598 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5599 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5600 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5601 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5602 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5603 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5604 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5605 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5606 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5607 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5608 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5609 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5610 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5611 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5612 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5613 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5614 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5615 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5616 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5617 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5618 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5619 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5620 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5621 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5622 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5623 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5624 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5625 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5626 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5627 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5628 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5629 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5630 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5631 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5632 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5633 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5634 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5635 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5636 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5637 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5638 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5639 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5640 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5641 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5642 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5643 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5644 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5645 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5646 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5647 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5648 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5649 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5650 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5651 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5652 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5653 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5654 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5655 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5656 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5657 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5658 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5659 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5660 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5661 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5662 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5663 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5664 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5665 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5666 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5667 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5668 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5669 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5670 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5671 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5672 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5673 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5674 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5675 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5676 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5677 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5678 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5679 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5680 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5681 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5682 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5683 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5684 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5685 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5686 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5687 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5688 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5689 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5690 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5691 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5692 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5693 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5694 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5695 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5696 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5697 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5698 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5699 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5700 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5701 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5702 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5703 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5704 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5705 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5706 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5707 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5708 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5709 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5710 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5711 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5712 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5713 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5714 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5715 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5716 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5717 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5718 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5719 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5720 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5721 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5722 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5723 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5724 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5725 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5726 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5727 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5728 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5729 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5730 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5731 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5732 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5733 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5734 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5735 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5736 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5737 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5738 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5739 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5740 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5741 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5742 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5743 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5744 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5745 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5746 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5747 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5748 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5749 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5750 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5751 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5752 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5753 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5754 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5755 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5756 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5757 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5758 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5759 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5760 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5761 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5762 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5763 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5764 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5765 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5766 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5767 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5768 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5769 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5770 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5771 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5772 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5773 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5774 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5775 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5776 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5777 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5778 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5779 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5780 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5781 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5782 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5783 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5784 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5785 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5786 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5787 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5788 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5789 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5790 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5791 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5792 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5793 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5794 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5795 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5796 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5797 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5798 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5799 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5800 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5801 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5802 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5803 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5804 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5805 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5806 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5807 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5808 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5809 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5810 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5811 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5812 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5813 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5814 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5815 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5816 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5817 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5818 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5819 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5820 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5821 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5822 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5823 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5824 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5825 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5826 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5827 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5828 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5829 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5830 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5831 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5832 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5833 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5834 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5835 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5836 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5837 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5838 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5839 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5840 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5841 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5842 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5843 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5844 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5845 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5846 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5847 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5848 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5849 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5850 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5851 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5852 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5853 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5854 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5855 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5856 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5857 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5858 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5859 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5860 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5861 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5862 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5863 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5864 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5865 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5866 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5867 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5868 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5869 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5870 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5871 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5872 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5873 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5874 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5875 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5876 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5877 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5878 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5879 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5880 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5881 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5882 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5883 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5884 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5885 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5886 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5887 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5888 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5889 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5890 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5891 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5892 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5893 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5894 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5895 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5896 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5897 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5898 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5899 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5900 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5901 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5902 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5903 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5904 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5905 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5906 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5907 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5908 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5909 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5910 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5911 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5912 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5913 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5914 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5915 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5916 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5917 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5918 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5919 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5920 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5921 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5922 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5923 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5924 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5925 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5926 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5927 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5928 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5929 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5930 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5931 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5932 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5933 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5934 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5935 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5936 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5937 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5938 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5939 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5940 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5941 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5942 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5943 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5944 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5945 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5946 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5947 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5948 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5949 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5950 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5951 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5952 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5953 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5954 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5955 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5956 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5957 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5958 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5959 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5960 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5961 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5962 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5963 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5964 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5965 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5966 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5967 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5968 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5969 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5970 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5971 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5972 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5973 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5974 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5975 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5976 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5977 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5978 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5979 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5980 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5981 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5982 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5983 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5984 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5985 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5986 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5987 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5988 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5989 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5990 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5991 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5992 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5993 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5994 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5995 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5996 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5997 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5998 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 5999 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 6000 of 7335


