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Clinical Pharmacology and Biopharmaceutics Review
NDA:_______
Drug Name: 15O-H2O
Study Type: Clinical Diagnostic Imaging 

Title:  Literature Review of Water O 15 Injection (15O-H2O) pharmacokinetic studies using Positron Emission Tomography (PET) in different indications. 
Purpose:  To provide a critical analysis and summary of known published articles that can be cited to support either a NDA or an IND submission of this drug product. 

Primary Reviewer:  Alfredo R. Sancho, Ph.D. 

Synopsistc \l2 "Synopsis
Positron Emission Tomography (PET) radiopharmaceuticals have a short physical half life; therefore, they have to be manufactured in a cyclotron near the site of use, usually hospitals, clinics or academic research institutes.  On November 21, 1997, the President signed the Food and Drug Administration Modernization Act (FDAMA) into law.  Since then, the Agency has been actively working with the PET community to develop criteria and procedures to evaluate PET products for safety and efficacy. 

The PET product, 15O-H2O, is not approved for use in this country as of the date of this review.  The common use for this product is to aid in the diagnosis of vascular obstruction disorders in various tissues, including the brain and cardiac muscle.  

The proposed brain imaging using 15O-H2O is of a quantitative nature for local regional cerebral blood flow (rCBF), which may be useful to characterize altered brain perfusion in patients that have vascular obstruction disorders.  Using the same principles used in brain imaging, myocardial perfusion has been achieved quantitatively by local regional myocardial blood flow (rMBF). 

The proposed 15O dose varies for each of these indications and the form it has been administered (15O-H2O or C15O).  The dose in clinical trials of efficacy in myocardial imaging have ranged from 0.4 mCi/kg (28 mCi) IV bolus to .  The dose for clinical trials of efficacy in brain imaging have ranged from 0.4 mCi/kg (30 mCi) to 0.71 mCi/kg (50 mCi) both as IV bolus. 

This is a review based on published peer-reviewed scientific literature articles provided to the Agency.  The initial search criteria included studies published and written in English, safety, efficacy, pharmacokinetics, pharmacodynamics, and dosimetry for 15O-H2O in human clinical trials.  This review will attempt to follow the same format of a regular NDA review document.  Specifically, the following objectives will be assumed: 

· To assess the pharmacokinetic information present in the published literature, as a function of quality, robustness, reproducibility, and scientific importance. 

· To recommend pharmacokinetic information and references from the reviewed literature, that can be cited by sponsors in their future NDA/IND submissions. 

· To recommend pharmacokinetic information and studies that are needed to complement the information from the reviewed literature. 

Technical Backgroundtc \l3 "Technical Background
Oxygen-15 (15O) has a 2.05-minute physical half-life, and decays 100% by positron (ß+) emission with a 511 keV energy photon emission (Gamma annihilation).  It will emit two photons at this energy per disintegration of radionuclide. 

This radionuclide, oxygen-15 (15O), can be produced and administered to patients in a various ways.  One of the forms and methods of administration is Water O 15 Injection (intravenously), which is the focus of this review.  A common method of preparation for 15O-H2O is by reacting 15O with hydrogen using a palladium catalyst.  Other methods for the production of 15O-H2O are available, but it is beyond the scope of this review. 

The chemical reaction scheme for 15O-H2O is also beyond the scope of this review.  Nevertheless, there are concerns about the effects 15O decaying to 15N on the two hydrogen atoms and other molecules in near proximity to the original 15O-H2O molecule.  Specifically, will the new 15N molecule dissociate from the two hydrogen molecules and seek another 15N to form a stable 15N2 molecule, or will it seek a third hydrogen molecule and form 15N-H3.  Which ever changes it incurs in, the effects of the new molecule in the local regional tissue and its clearance from the tissue and body should be understood. 

Biological Backgroundtc \l3 "Biological Background
The mechanism of action of 15O-H2O as a diagnostic agent is assumed identical to that of the distribution and clearance of water in and out of all body tissues and fluids.  

When 15O-H2O is administered into the body, the drug freely diffuses across the endothelial and cellular membranes.  Depending on the local regional blood flow conditions it may have up to a 95% or higher Aextraction fraction@ from blood to tissue in certain organs, such as the brain.  Moreover, due to its inert nature and small physical size, it is a direct measure of tissue perfusion.  For the same reasons, 15O-H2O is also cleared from the tissues rather quickly, yet dependent on the local regional blood flow of the tissue. 

The ratio between 15O-H2O uptake into the tissue and its clearance back to the blood will depend on several factors.  This ratio will depend primarily on the normal layout of the local regional blood flow, on the target tissue being imaged, and more importantly on the disease state or lack of it found in the target tissue.  This uptake/clearance ratio of 15O-H2O from any tissue will most likely stay in flux state, but an equilibrium may be observed in imaging studies with prolonged infusions of 15O-H2O.  In either case, the difference of the ratio between different tissues and between normal and pathological tissues will provide the necessary contrast for diagnostic imaging.  Based upon these principles, hypothetically  15O-H2O might be used to image various organ-tissue for water is freely perfused into all organ-tissues down to the cellular level.  

PK/PD Backgroundtc \l3 "PK/PD Background
It is presumed that 15O-H2O parallels the water distribution and clearance in all humans, healthy or otherwise.  Tissue uptake and clearance is highly dependent on the local regional blood flow, while the body clearance is dependent on physiological condition of the subject, particularly on the renal and respiratory function. 

Time-to-peak or optimal diagnostic imaging concentration will depend on the target tissue and the conditions surrounding that tissue, as well as on the route of administration (e.g. intravenous vs. intra-arterial), the form of delivery (e.g. water vs. carbon-monoxide), and method of delivery (e.g. bolus vs. infusion).  In addition to these factors, the imaging equipment, physical half-life of the radionuclide, the amount or dose administered, and the total body tissue and body fluid clearance will also affect the time-to-peak or optimal diagnostic imaging concentration.  

A commonly stated time-to-peak value within the literature reviewed was within the first 30-seconds ("10-seconds) after a bolus administration.  Due to the rapid physical half-life and rapid clearance, most of the studies initiated imaging almost immediately after administering 15O-H2O and continued until the images were of no diagnostic use (up to 10 minutes!). 

Dosimetrytc \l3 "Dosimetry
The following 15O-H2O dosimetry data was obtained from the International Commission on Radiological Protection (see table below).  This data is the estimated absorbed radiation doses after an intravenous (Effective dose 0.004 rem/mCi or 0.001 mSv/MBq) administration of 15O-H2O to 70 kg human subject.  Beyond this table of dosimetry data from ICRP, there is no detailed dosimetry for human adults available.  There is a single article was available for dosimetry in Infants and newborns (Power et.al., J. Nucl. Med. 29:1961-1970, 1988). 

Organ
Dose


mGy/MBq
rad/mCi



Hearttc \l5 "Heart
0.002
0.008

Kidneys
0.002
0.007

Lungs
0.002
0.007

Thyroid
0.002
0.006

Pancreas
0.002
0.006

Liver
0.002
0.006

Spleen
0.002
0.006

Brain
0.001
0.005

Small Intestine 
0.001
0.005

Red Marrow
0.0009
0.003

Testes
0.0007
0.003

Adrenals
0.001
0.005

ULI wall
0.0007
0.003

LLI wall
0.0007
0.003

Stomach wall
0.0005
0.002

Gallbladder wall 
0.0005
0.002

Bone Surface
0.0005
0.002

Uterus
0.0003
0.001

Ovaries
0.0004
0.001

Skin 
0.0003
0.001

Muscle 
0.0003
0.001

Breast
0.0003
0.001

Bladder Wall
0.0002
0.0008

The accurate determination of the radiation exposure to critical organs in patients from the dosimetry data is important because it would allow for a possible dose adjustment in individual patients.  Of all the organ-systems that may be exposed to radiation from the dosing of this product, the renal and respiratory systems are most affected.  Of the various organs, the bladder and lungs are of great concern for it is these organs that are expected to receive the highest dose of radiation since they retain water prior to elimination from the body.  Actual absorbed doses vary widely depending upon if the patient is hydrated or not, initial bladder volume, urine output, voiding schedule, respiratory rate, lung volume, residual amount in the bladder and lungs after voiding or expiration, any renal or lung dysfunction present, and if the patient has a urinary catheter or not.  The method used to calculate the absorbed doses for these organs depend also on the MIRD model used, e.g. a static or dynamic bladder volume model, and on the method used to generate a tissue time-activity curve, including decay correction. 

Safety concernstc \l3 "Safety concerns
No extensive dose range and dose adjustment studies with this drug product in normal and special populations have been completed.  The doses across adult human studies cited in this review vary from 15 to 50 mCi (555 to 1850 MBq) for all indications.  

The following special populations have not been studied for a possible dose adjustment requirements: 

  Pediatrics (for neonates up to 3.51 kg see Power et.al., J. Nucl. Med. 29:1961-1970, 1988), 

  Pregnant/lactating mothers, 

  Geriatric, 

  Renally impaired, and 

  Lung disease or complications. 

No overdose effect studies were found within the database of the literature search completed for this review.  No studies for any drug-drug interactions have been performed, particularly for those patients receiving diuretics, anti-inflammatory or any other drug product that may alter the normal state of body fluids. 

Any studies focusing on possible adverse events for single or repeated dosing, under bolus or infusion conditions have not been provided. 

Study Reviewstc \l3 "Study Reviews
The literature search criteria was to include all studies related to the pharmacokinetic assessment of 15O-H2O. 

All studies presented in this review were selected based on the information given in the publication.  This information would include the details of the study protocol/s, the validation and correction methods used in image and data acquisitions, reproducibility of the results, and the population number and type used in the studies.  Similarities and differences in 15O-H2O dose, equipment, data analysis, and image acquisition protocols were sought among all the publications reviewed. 

Conclusionstc \l3 "Conclusions
There are several key factors used to evaluate these published peer-reviewed scientific articles, which include:

1)
multiple studies conducted by different investigators where each of the studies clearly has an adequate design and where the findings across studies are consistent with each other;

2)
a high level of detail in the published reports, including clear and adequate descriptions of statistical plans, prospective analytic methods, study end-points, full accounting of enrolled patients and their data, and method for calculating all appropriate pharmacokinetic parameters;

3)
appropriate and clear endpoint determination that can be objectively assessed by any independent investigator;

4)
robust results that yield a consistent conclusion and does not require post-hoc analysis; and,

5)
patients enrolled provide the appropriate study strength in relation to the predetermined objectives.  

The sections of the articles evaluated and included in this review were the Protocol Design, Objectives, Inclusion/Exclusion Criteria, Dose, Primary Endpoints, Results, Statistical Analysis, and Pharmacokinetic/Pharmacodynamic Data.  From the data across all the articles included in this review, the following is the summary of information known or need to be known: 

1.

Known information: 

· The pharmacokinetic profile of 15O-H2O is assumed identical to that of inert water distribution and clearance. 

· Dosimetry data on 15O-H2O in both adults and neonates (up to 3.51 kg) is published. 

2.

Need to know information: 

· There are no detailed and extensive clinical or preclinical studies to create a pharmacokinetic profile for 15O-H2O in humans. 

· No drug-drug interaction clinical trials have been performed, particularly for those patients receiving diuretics, anti-inflammatory or any other drug product that may alter the normal state of body fluids.  These types of drug products may not directly interact with 15O-H2O, but will affect its distribution and clearance (both tissue and body clearances). 

· There is a need for biodistribution studies in special populations to assess any clearance differences and possible dose adjustments, particularly in elderly, pediatrics, with respiratory complications, and renally impaired.  Since water is also greatly eliminated from the body via the lungs, patients with respiratory complications and lung diseases should be evaluated in clinical trials for dose adjustments.  Other routes of elimination, fecal and epidermal, may not be of a great concern, due to their lesser contribution in the elimination process. 

· While is it assumed that 15O-H2O will distribute itself in the tissues in a similar proportion to the water content of each organ, this may not be accurate in the very early time period of an imaging procedure, but only under equilibrium conditions.  Early distribution of 15O-H2O may be more dependent on organ blood flow and not on organ water content.  In the studies reviewed, the uptake of 15O-H2O as compared to its tissue clearance is higher during the first 

couple of minutes.  This ratio between tissue uptake and clearance of 15O-H2O is reversed for total body clearance and radionuclide decay affects the 15O-H2O blood concentration. 

· Lacking are human studies that correlate varying doses of 15O-H2O with optimal visual quality of acquired images in different organ-tissues for diagnostic and prognosis purposes. 

Recommendation tc \l5 "Recommendation 
Based on the literature search and articles retrieved at the time of this review it is clear that there is little information on the pharmacokinetics of this imaging diagnostic product.  A reason for this deficiency in PK information is due to the fact that this product has a short physical half-life, and a rapid clearance from all tissues and total body, making tradition pharmacokinetic studies extremely difficult.  There is also an issue that it behaves (distribution, retention, concentration, and elimination) identically to that of an inert water.  For labeling purposes there is limited pharmacokinetic information. 
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