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f Peer-reviewed publications written in
English

.. Materials reviewed previously as part of
[1’F]FDG NDA for epilepsy

* Solicited materials from PET community

Aspects of [18F]FDG covered

-:~.”~’’?w*~”~’:L2xGGz?.%w&~.*G*

: The Characteristics of [lS F] FDG &
uptake / trapping mechanism

:; Theoretical considerations
:$ Myoca rdial & oncologlca I considerations
$ Dosimetry Information
$ Metabolism & Biodiatribution
2 Toxicology
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Characteristics of [18F]FDG
““’’’~~~***-*@m*;4~~?!:::,t2::::,t2:.2.:...,...,,,.,....” -... 4,

$Glucosa analog

$ Concentrates in cells
dependent on glucose as

Kb-

HzOH prlmwy energy seurca or

H o Pathophyslolcqkally

HH OH ~ sha~ S[m]lar~ne~ of

OH
transportation and
phcsphorylatlon with

H IBfz glucOsm

. Subtle di?kences in the
way the body handles the
two hexoses

Schema of [18FDG] Uptake
Mechanism

MED~ I Ck’lVSOL

Theoretical Considerations
,.

Balance GLUT, HEX and PT

To allow for glucose quantification, the kinetic
diftbrencas ~etween glucose and ~F]FDG
transport and phospho~lation are reflected in a
ratio called “Lumped constant”

Region of decrease/absent uptake reflects
absence of glucose metabolism

..—

-.
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Myocardial Considerations
,..-t.,,:,:a%&%-2zsbw*p%y%~~..;$7YW,.*.,-T.,.,,

“ Fatty acids are preferred source of energy

: Contributive use of glucose increases
during hypoxic conditions because of
giucose requirement for less energy

i Therefore, increased uptake of giucose
analogs such as [18F]FDG

Myocardial considerations
- ~~*’?:~~”$-~*~*~:.$=.~*B~.-w:.--, .---,:?.*,,

I perfusion.rnetabo~cmatch:thereisa
simultaneous reduction in both FDG
uptake and flow

!3 Perfusion-metaboiic mismatch: there is
enhanced FDG uptake and reduced blood
flow

4 Factors affecting uptake process inciude
fasting, insuiin ievei and diabetes

Oncological
Considerations

~Tumors have high glycoiytic activity
“7High hexokinase activity
: Increased GLUTexpression

%Decreased phosphatase activity
Y Increased [lSF]FDG uptake in tumor

ceiis
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Dosimetry Information
-*-*M:*% , *.

1 ml vial contains 6.8-
35,7 mCi (251-1,321

Patient hydration

MBq) and voiding
reduces exposure

Physical half-life of to the biadder

109.8 minutes which is the
critical organ.

Positron emission
decay with 511 keV
photons

Metabolism & Biodistribution

3 Metabolized through J Variable levels of FDG
phospho@ated & FDG-6-P in tumors
intermediates to 2-
fluoro-2deoxy-D- $ Excreted unchanged
mannose (FDM) in urine

z FDG and FDM are : 2-chloro-2-deoxy-D-
rapidly cleared from
blood and brain, less

glucose (CDG)
handled similarly

rapidly from heart

Toxicology

. w~>!.: ,+%a%~,.$,. +...$>w~ , ,:7 . . ..“
No significant FDG toxicity found in
studies conducted in dogs& mice
Apparent LD~Oof 200 mg/kg in mice
2-DG (50mg/kg, 50,000X MHD) caused
hypoglycemic effect similar to that
produced by insuiin
Extent of effect of FDG on metabolism
in compromised myocardium is not
known

—.
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Pharmacology, toxicology and
clinicalpharmacology assessment
supports use of [18F]FDG for
oncology and myocardial indications

—.
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F-18 FDGPEl_in Oncology:
Safety and Effectiveness

Review

1
-=—?

Florence Houn MD MPH

IUnq 1999

F-18 FDGTeam

■ Maboob Sabhan- ■ Ravl Kasliwal-Chem
stat

■ Adebayo Laniyonu-
N RubynellJordan- PM Pharm/Tox

■ Ho Houn- Medical ■ Alfredo Sancho-
Biopharm

■ David Hussong-
Micro

F-18 FDGOncology S&E
Preliminary Review Conclusions

■ Effectiveness

- To identiw areas of abnormal glucose
metabolism for evaluating malignancy in
patients with abnormalities fcund by other
testing modalities or in patients with an
existing diagnosis of cancer

9 Safety

- IV doses from 200-740 MBq
– Fasting at least 4 hrs

23y~ 99 JUL13 PI :47



F-18 FDGOncology Review

■ Guidances on ClinicalEffectiveness/Medical
Imaging

■ Intended Use of F-18 FOG Oncology

m Pathology Standard

■ Search Methodology

■ Selection Criteria

■ Review of Findings

■ Conclusions

F-18 FDGOncology Review
Guidanceon ClinicalEffecWen&-Uae of Published

— Literature Alone

■ Multiple ■ Cmwktent conclusions
studies/adequate of efficacy
design/consistent
findings

■ Conductof studieswith
documentedoperating

■ Detailed protocol procedures

■ Objectiie and ■ Examples secretin,
appropriate endpoints bleomyan and talc,

doxycycline

F-18 FDGOncology Review
Adequate/Well-&mtrolled (Med. Imaging Guidance)

■ Selection of subjects=Target population

■ Readers: independent, masked,
randomized, separate

■ Standards of truth

■ Endpoints

■ Analysis plans

■ Safety: toxicity and tadiation
assessment
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F-18 FDGOncology Review
Intended Use: evaluating malignancy(diagnostic

population)

w Preliminary review for major uses

■ “Developing Medical Imaging Drugs and
Biologics” draft guidance
–“Functional,Physiological,or Biochemical

A3essmenr
■ Validated to a standard of truth

mSpectrum of diseaseand normalii tasted
■ Pharrnacologlcalbasisti “functionalclaim”

F-18 FDGOncology PET
Pathology Standard

■All studies compared to
pathology

■Sensitivity and specificity

F-18 FDGOncology Review
Literature Search Methodology

■ Criteria for Seamh
- January 1, 1990 to July 1, 1998
- Human clinicaltdals

- English

- On-line databases: Mediine, CancerIii, Derwent
Drug File, BiosisPreviaw, International
PharmacologyAbstmcts, and Embasa

- Pm communitysuggestadarticles

- Referencescited in above articles



—

F-18 FDGOncology Review
Literature Search Methodology

w Selection Criteria
- Prospective

- F-18 FDGPfl rfsults compared to
pathology

- Clinid performance hypothesis
- Well-described study population

- More than 50 evaluable patients
- Larger data set reviewed when multiple

papers were produced from same data set

F-18 FDGOncology
Published Literature

■ Adequate/Well-Controlled Clinical Trials
(2)
- Pms@ive cmrd!fnent
- Slw3f popubtbn shrdiarto targetp@at&x forclinkd use
- PathdOgy
- Muiti-curtfmdsWdks orwithat Ik!ast5Uevaluabk patlenk
- Detailsabut Inteqxdlve cdtwiaand masking

■ Other Supportive Studies (14)

- ~e
- Studypqnkbn similarto targstpcpulaticmforclin’kaluse
- Pattalqy
- &xlllaryhy@heses (retrqectively determinedSIN)/no mad@j

F-18 FDGOncology
Adequate/Well-Controlled Studies

■Carr R. Blood 1998;91:3340-
46.

■ Lowe V., J Clin Oncol
1998; 16:1075-84.
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F-18 FDGOncology
Sut)oottive Studies

■ Awl N. J Clin Oncol 1996;14:1848-57.
■ Bury T. Eur RespirJ 1997;10:2529-34.
■ Delbeke, Arch Surg 1998;133:510-16
■ Dietiein M. Eur J Nud Med 1997;24:1342-48.

■ Fli@5 H, Gut 1995;36:771-777.
H Gu@3 N. J Nud Med 1996;37:943-48.
■ Holder Jr. W. Annals of Surg 1998;227:764-

771.

F-18 FDGOncology
Sumortive Studies

■ LOW?VJ. J Nud Med 1994;35:1771-76.
■ McrcgF, J Cliln Oncd 1998;16:603-9.
■ SchiepemC. Curo J of Surgical Oncd

1995;21:517-22.
■ Utech C. Eur J Nud Med 1996;23:1588-93.
■ Valk PE. Ann Thorac Surg 1995;60:1573-82.
■ Vansteenkiste JF. J Clin Oncol 1998;16:2124-

49.

F-18 FDGOncology Review
Adequati /Well-Controlled: ~arr [1998)

■ Q!&@!&: ~18~ ■ Jmaae protocoi:visual
cliff.benign w interpretatkm by 3
malignant marrow indep. nuci reeds;
lesionsidentified by Kappa=O.6~ masked
routine staging aRer dx path.

■ %rm Ie size: SOpts. ■ ~: >6hrs tkting;
■ m: Prospective; 350 MBqIV, emission

compared pathology scanaRer 35-45
/P~; routhe Iymphoma minutes
staging: thor/ab (T, ■ Ss@!MY 13/16 (81%)
unilat iliac crest SR@MY W34 (76%)
asp/trephine bx usingunilat Bcoe
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F-18 FDGOncology Review
Adequate /Well-Con&olled: Carr (1998)

■ strengths
-3 independent

readera

- Criteria given for Pm
reading

- Tracked agreement

- Masked pathdogiats

- HkitOlwyprotocol
given

mWeaknesses
-50 patienk only

- Unilateral iliac crest
aspiratea

- Need to develop
non-biaaedmethod
for discrepancy
rasoltilon-

- ? Readers masked
- CombinedHD and

non-HD patienk

F-18 FDGOncology Review
Adequate/Well-Controlled: Lowe (1998)

■ Obkctive: m ~d usion Criteria:
5erw&ec of Pm Lesion <4cm>0,7cm
with SPNseen of CT and considered
or (XR indeterrninant

■ SamDleSize: 89 pts. m-: Compare
Multi-centered trial Pm vs. pathology

and SUV

F-18 FDGOncology :
Adequate and Well-Controlled: LQYK

—w
E Jmaae Protocol: ■ CXRand O scans

masked, read by non-site
independent, 2 radiologists, masked
readem, film copies, ■ SUVperformed on
disagreement ROI by masked
resolved by reader
consensus, Kappa=

0.95.
■ Q@gyFast >4hrs;

370 M8a IV:.,
■ Prospedveiy emission scans aRer

determined SUV 55-65 min.
>2.5 for malignancy
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F-18 FDGOncology Review:
Lowe (1998) Con’t.

■ Results
- 60/89 SPNmalignan$ 29 benign
– 50/60= NSCLC;melanoma, HD, small cell,

carcinoid, neural, colon metastasis
- 7/29= granuloma; fungal, debris,

inflammation, fibrosis, hemangioma,
metaplasia

- Visual sens 98% (59/60); spec
69°/o(20/29)

- SUVsens 92°/0(55/EO); spec 90°/0(26/29)

F-18 FDGOncology Review
~

■ Strengths
- Inclusioncriteria
- Pathologystandard
– Imagesread by 2 readem, independently,

masked to CT/CXR
- Interobsewer diITerencesin Pfl

tracked/analyzed
- Sensitivity and speaficity

F-18 FDGReview

■ Strengths Con’t.
- Dispute resolution described
- Tracked readers’ performances (Kappa)

- Information on CXR/~ readings controlled
- Multi-centered trial
- Number of patients
– Detailed patient inh’rnatlon
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F-18 FDGOncology Review
L-1998) Con’t.

N Weaknesses
- Twice as many mallgnant lesions as benign
- No information on pathology reading

protocol
- Sampling variations for lTNA vs. open-lung

biopsy

F-18 FDGPETOncology:
Sutx)ortive Studies

F-18 FDGOncology
Supportive StudiesI

.. . .
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F-18 FDGOncology
Sutmortive Studies

F-18 FDGOncology
Sup~ortive Studies

F-18 FDGOncology
Supportive Studies

.



F-18 FDGOncology Review
Weaknesses of Literature

■ Absence of statistical criteria for
significance and power

■ Less information protocols for imaging
handling and reading criteria

E Absence of source data

■ Bias (publication bias, subjectivity of
readers scoring, patient selection)

F-18 FDGOncology Review
Weaknesses of Literature cent’d

■ No control of prior imaging
interpretations

■ Use of furosemide and serum glucose

E Variations in pathological sampling

F-18 FDGOncology PH
Preliminary Review Conclusions

■ Efficacy
- To identi~ areas of abnormal glucose

metabolism for evaluating malignancy in
patients with an abnormality found by
other testing modalities or with w“sting
diagnosis of cancer (not for screening)

- Consistent findings, diverse maiignanaes-
generalized mechanismsh t gic
utilization

- Sensitivity and speaficity calculated
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F-18 FDGOncology S&E
Preliminary Review Conclusions

■ Safety (FDG/Radiation)
- Small amcunt of FDG/glucoseintroduced
- Know metabolism and excretion
- Short physical half-life (110 minutes)
- Acceptable radiation dosimeby
- Acceptable risk of radiation
– Unknown performance with hyperglycemia

F-18 FDG Oncology Review
Preliminary Conclusions

■ Effectiveness
- To identi~ areas of abnormal glucose

metabolism for evaluating malignancy in
patients with abnormalities found by other
testing modalities or in patients with
txisting diagnosis of cancer

■ Safety:
– Fasting at least 4 hours before injection

- IV doses of 200-740 Mi3q Studied
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Clinical Review
Preliminary Conclusions

Efficacy

To identify left venbicrrlar myocardium with
altered glucose metabolism and reversible loss
of contractility, when used together with
myocardial perfusion imaging

v Ixakow,b, 2s J.” ,999 3

F-18 FDG CARDIAC PET
Literature Search

● Search Criteria for all Uses
- January1,1990 to July 1, 1998

– Human clinical studies

- English

- Medline, Embase, Cochrane Controlled Trials Register,
CancerliL Derwent Drug File,HSTAR,Biosis
Previews,internationalPharmacologyAbstracts

- Articlesprovidedby PETcommunity
- Referencescitedin abovearticles
- Cardiac:Referencesin ACC/AHA Guidelines, USPDI

v P..e,h..k!, ,, ,“me ,599 5
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F-18 FDG Cardiac PET
Draft Clinical Review

Victor FC Raczkowski, MD MS

28 June 1999

o M Sobhan-Stat . R KasliwaI-Chem

● R Jordan-PM . A Laniyonu-
PharrwTox

. V Raczkowski-Clin
. A Sancho-Biopharm

● D Hussong-Micro

I VR.ezkw,h-, 7, J.,,. , W9 al

Clinical Review
Preliminary Conclusions

Safety

– Previous NDA: Doses up to 10.5 mCi studied

– Most Literature: Doses up to 10mCi studied

– Possl%lesafety concerns in patients with
impaired glucose homeostasis (because of
fasting andlor glucose loading)

v R,c?ko.’#b, 2! ,.,.,99, 4

Results of Literature Search

Patabase Number of Reference$

Medline 250

Embase 274

Derwent 38

Cochrane 33

Cancerlit 25

Bios;s 9

HSTAR 3

“.=*..,h,2,,“.<,,,, ,
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Framework for Literature Review

Draft Guidance for Industry: “Developing

Medical Imaging Drugs and Biologics”

- Federal Register Notice of Availability

63 FR 55067

– Internet

http://www. fda.gov/cder/guidance/index.htm

V Q..’ zkowki,181 “.. I W, 7

Framework for Literature Review

● Clinical usefulness of information

● Validity of information

● Studied in a defined clinical setting

v ,,.ti.w.k! ,2$ J- I 5+9 9

Reversible Myocardial
Dysfunction

● Myocardial hibernation

Chronic, reversible left ventricular dysfunction
due to coronary artery disease

c Myocardial stunning

Prolonged, postischenric left ventricular
dysfunction

v R,ako.v.ti. 18 ,“”. ,99, II

Framework for Literature Review

Consideration of Potential Claims:

Q Structure delineation

. Functional, Physiological, or Biochemical
Assessment

● Disease or Pathology Detection or Assessment

~ Diagnostic or Therapeutic Patient Management

● Multiple Claims

● Other Claims

V R,..,.. ,h, ,8 ,,n. ,59, 8

Functional Consequences of
Coronary Artery Disease

● Reversible myocardial dysfunction

– Myocardial hibernation

– Myocardial stunning

● Nonreversible myocardial dysfunction

Myocardial infarction

v R.ezhw,. n ,“. ,999 10

Terminology

For purposes of this presentation:

. Hibernation= viability

. Radionuclide uptake= radionuclide localization
= radionuclide accumulation

v P..c*o,”,h, N JU. ,999 *1

—
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F-18 FDG PET Image Evaluation

● F-18 FDG is taken up into myocytes by the
glucose transporter.

o After phosphorylation by hexokinase, F-18
FDG is not metabolized further.

● Phosphorylated F-18 FDG accumulates in

the cell and generates a signal.

v R.C*..*,28 ht. ,5?9 r]

Identification of Hibernating
Myocardium in Principal Studies
.

.

Performance of PET F- 18 FDG is measured

against a functional outcome: recovery or

lack of recovery after revasculanzation

Performance of PET F-18 FDG is not

compared with that of a gold standard

v bukow,,i z, ,“s. ,99, !5

.

.

Schema of Principal Studies

After revascularization

- Assessed success of revasculanzation (usually)

– Assessed degree ofwall-motion improvement

Data analysis

– Described patient and segment disposition

– Calculated diagnostic performance measures
(e.g., sensitivity, specificity, PPV, NW)

V KM zkow’kl, 18 J“.. 1~9 ,7

F-18 FDG PET Image Evaluation

● Flow-metabolism mismatch: increased
accumulation of F- 18 FDG compared to

myocardial perfusion = hibernating tissue

● Flow-metabolism match: Concordant

reductions in F-18 FDG accumulation and

perfusion = scar tissue

v X.c*..fi, 18 J“m. ,599 14

Schema of Principal Studies

“ Before revascularization

– Identified asynergic myocardial segments and
graded the severity of dysfi.mction

– Assessed perfusion (in most studies)

- Predicted viability with F-18 FDG PET

“ Coronary revascularization

CABG and/or angioplasty

v R.C*..’*, ,, ,.mt ,999 M

Cautions: Data Analysis of
Principal Studies

● Studies often had primary objectives other

than the evaluation of the diagnostic
performance of PET F-18 FDG

● Performance measures such as sensitivity,
specificity, PPV, and NPV are derived t?om

relatively small numbers of patients in each

study
vP..c*wriil8J”E. ,599 ,,
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Cautions: Data Analysis of
Principal Studies

Segments were defined differently in each

stud y

Performance measures such as PPV and
NPV are heavily influenced by prevalence

F-1 8 FDG Cardiac PET

.

●

Primary Literature Selection

Baer FM, Voth E, Deutsch HF, et al, J Am

Coil Cardiol 1996; 28:60-9.

Gerber BL, Vanoverschelde JJ, Bol A, et aI.

Circulation 1996; 94:65 1-9.

v R.crkow,ti, M ,“M 15?9 1,

F-18 FDG Cardiac PET
Primary Literature Selection

● Lucignani G, Paolini G, Landoni C, et al. Eur

J Nucl Med 1992; 19:874-81.

● Maes AF, Borgers M, Flameng W, et al. J
Am Coil Cardiol 1997; 29:62-8.

v 11.cz,.. ,k!, z 8 ,.,w , w, 23

Framework for Literature Review

● Sufficient detail of study design, study
population, doses used, endpoints, image
acquisition, image interpretation, statistical
analyses, etc.

● Adequate study design: Controls, gold
standard, blinded image evaluation, sufficient
accounting for patients and segments, etc.

● Study population sufllciently similar to the
population for which F-18 FDG is intended

v R.c*.wki, 28 1,0! ,9?9 10

F-1 8 FDG Cardiac PET
Primary Literature Selection

● Gropler RJ, Geltman EM, Sampathkumaran
K, et al. J Am Coil Cardiol 1993;22: 1587-

97.

● Knuuti MJ, Saraste M, Nuutila P, et al. Am

Heart J 1994; 127:785-96.

v R.Lzb.sti, If ,.W !9+9 21

F-1 8 FDG Cardiac PET
Primary Literature Selection

● MarWick TH, MacIntyre WJ, Lafont A, et

al. Circulation 1992; 85: 1347-53.

● Tamaki N, Yonekura Y, Yamashita K, et al,
Am f ,Cardiol 1989;64:860-5.

“ ,czb.~,28,..,,599 24
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F-1 8 FDG Cardiac PET
Primary Literature Selection

● Tamaki N, Kawamoto M, Tadamura E, et

al. Circulation 1995;91 :1697-705,

● Tillisch J, Brunken R, Marshall R, et al. N
EngI J Med 1986;3 14:884-8.

Baer et al.
Description of Study

. ~-l 8 FDG PET: 10 mCi, quantitative image
evaluation, 28 segments, viable if accumulation
2500/0of maximum

. Comgara~ low-dose dobutamine TEE

. Revascularization: CABG or angioplasty, success
evaluated with coronary arteriography

● Wall moti~: transesophageal echocardiography,
blinded image evaluation by two readers, four-
point ordinal scale

v P..Ukow,b.,, ,“1.,599 27

Baer et al.
Results of Study

● F-18 FDG PET results, by segment

- Prevalence: 49°A

- Sensitivity: 93% (88, 96)

- Specificity: 66% (59, 72)

- PPV: 72?4 (66, 78)

- NPV: 91% (84, 95)

v ,=.,..,., z, ,,M ,W, 19

Baer et al
Description of Study

- Q!zk!iw TO==s fiePredictive value of
myocardial viability diagnosed by dobutamine
transesophageal ecbocardiography and F-18 FDG
PET for left ventricular functional recovery

“ ?i@@ prospective, consecutive, CAD, chronic
LV dysfunction

“ l!@&iQD: Not assessed

Baer et al.
Results of Study

“ E&a.@42included in analysis, 26 improved
function

- SegE@US: 1176 possible, 405 akinetic or
dyskinetic at rest, 371 successfully revascularized,
180 improved function

. ~iamosh “cVerformance: calculated both by
segment and by patient

vP..c*.,$ti,28,,’X,995 18

Baer et al.
Results of Study

● F-18 FDG PET results, by patient

– Prevalence: 62%

- Sensitivity: 96% (80, 100)

- Specificity: 69% (41, 89)

- PPV: 83% (65, 94)

- NPV: 92% (61, 100)

v K.at.w. k,, 18 h,. ,W9 ,0
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Baer et al.
Assessment of Study

“ Strengths (not all inclusive)

– Consecutive patients, prospective

– Wall-motion assessment blinded

– Multiple readers for wall-motion

– By-patient analysis performed

– Compared different diagnostic modalities

v R.azk.w,ki, 28 MC 15?9 11

Gerber et al.
Description of Study

- Q&wK!.e:TOdeIineate the flOWad me~bolic
correlates of the reversibility of left ventricular
ischemic dysfunction

● E&nls Consecutive, CAD, anterior wall LV
dysfunction

mEeE&&II: N-13 ammonia (dose not specified)
. Comparator low-dose dobutamine 2-D echo

v Q“h”,,h 28 J... , W 33

Gerber et al.
Results of Study

. l?ak.m:39 included in analysis
● ~egment~ 39 (limited to anterior wall)
. Diaerrostic performance calculated by segment,

assumed to be identical to by-patient analysis

v RW,bw,,,,,8,“”,,99, ,3

Baer et al.
Assessment of Study

● Limitations (not all inclusive)

– Sm”ll sample size (but one of the three largest)

– Perfusion not assessed

– Number of PET readers not specified

– Wall-motion assessment based only on systolic
wall thickening (not on wall movement)

– Global LV fimction and clinical outcomes not
assessed

v R.utwsti, 28 J“”, ,,99 n

Gerber et al.
Description of Study

.- 8FDG PET: Dose not specified; quantitative,
operator-interactive image analysis; analysis
limited to aotenor-wall segments; matchhnismatch
pattern used to predict viability

. Revascularization: CABG or angioplasty; success
evaluated by angiography

+ Wall motion: 2-D echo; 3-point ordinal scale

v R.C*.”,*, 28,-,599 34

Gerber et al.
Results of Study

● F-18 FDG PET results, by segment

– Prevalence: 62%

- Sensitivity: 75% (53, 90)

- Specificity: 67% (38, 88)

- PPV: 78% (56, 92)

- NPV: 62.5% (35, 85)

VR.ut.w,ti, ,, ,U lw, 36
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Gerber et al.
Assessment of Study

● Strengths (not all inc!usive)

– Consecutive patients, prospective

– All 39 patients included inanalysis

– By-segment analysis= by-patient analysis

– Compared different diagnostic modalities

– Wall-motion assessments included evaluation
of wall excursion and of systolic wall
thickening

I v R.G*.W,U, X ,.0, ,,,, 17

I

Gropler’ et al.
Description of Study

● UVS To determine whether prediction of
recovery of LV mechanical function could be
accomplished more effectively by PET with C- 1I
acetate than F-18 FDG

“ E@@ CAD, LV dysfunction

- RdkiiQu: 0.25-0.40 rnCihg C-1 1 acetate (early
myocardial uptake)

v R.!zk.wsk!, *S ,.”, 1599 ?9

Gropler et al.
Results of Study

- I!4.a!&:34 evaluated
. S~E: 272 possible, 141 dysfimctional, 116

included in analysis, 46 had improved function

o Diasmostic performance: calculated by segment

v Iluzkowsb, ,, ,W ,5+9 4,

Gerber et al.
Assessment of Study

● Limitations (not all inclusive)

– Doses of F-18 FDG and N-13 ammonia not
specified

– Number of readers of 2-D echocardiograms or
of PET images not specified

– Not specified if readers of2-D
echocardiograms or PET images were blinded

– Results may not apply to other regions of the
left ventricle

vR,c.kw,b.2!,.m.,w 3,

Gropler et al.
Description of Study

. F-18 FDG PET: dose not specified, quantitative
image evaluation, 8 segments, viable if F- 18 FDG
glucose normalized to flow> 2 SD above mean in
controls

. comparat~ C-11 acetate PET

. Revascularization: CABG or angioplasty

. Wall motio~: 2-D echo, contrast ventricrdography,
or radionuclide ventriculography, blinded image
evaluation by two readers, 5-point ordinal scale

v P..czk..,ti, 21 ,Uci ,9w 40

Gropler et al.
Results of Study

● By segment:

– Prevalence: 40°A

– Sensitivity: 83% (68, 92)

- Specificity: 50?4 (38, 62)

- PPV: 52% (40, 64)

– ~V: 81% (67, 92)

v R.czt.,w,k, ,s ,... ,599 42

—



—

Gropler et al.
Assessment of Study

● Strengths (not all inclusive)

– Wall-motion analysis performed by two,
blinded readers

– Alignment of segments across modalities well
discussed

– ROC analysis performed

– Different diagnostic agents were compared

v R.lko.’,k n ,.081999 ‘,

Knuuti et al.
Description of Study

- Ql&.uiw:TOassess the value of pET F-IS FDG
in predicting cardiac wall motion recovery after
revascularization

● EX@L$ Consecutive patjents, previous MIs, wall
motion abnormalities at rest

- &&iQ.Q: SPECT with rhallium-201 or Tc-99m
MIBI

v n.a*e,k,. 28 JUw , 7?9 ,5

Knuuti et al.
Results of Study

“ _ 48 included in analysis

● &gIIEXM: 384 possible, 106abnormal wall
motion, 90 successfully revascularized, 27
recovered function.

. Diagnostic performance: calculated by segment

v R.c*.w,k,, N ,.”,599 ,,

Gropler et al.
Assessment of Study

wLimitations (not all inclusive)

– Dose of F- 18 FDG not indicated

– C-1 1 acetate used to assess perfhsion

- Number of PET readers not specified

– Blinding of PET readers not specified

– Only nominal assessment of success of
revasculanzation (operative, cath-lab reports)

– GlobaI LV function and clinical outcomes not
assessed

“w*ow,b,28 x,”, ,$99 .

Knuuti et al.
Description of Study

● F-18 FDG PET: 7,0+1.5 mCi, semi-quantitative

.

.

image evaluation, 8 segments, viable if F-18 FDG
uptake was above the lower limit (mean-2SD) of
normal segments

Revascularization: CABG or angioplasty; success
evaluated by surgical report

Wall motion: 2-D echo, one blinded reader, four-
point ordinal scaIe.

Knuuti et al,
Results of Study

● By segment

– Prevalence: 30%

- Sensitivity: 10OY~(87, 100)

- Specificity: 63% (50, 75)

- PPV: 54% (39, 68)

- NpV: 100% (91, 100)



—_

Knuuti et al.
Results of Study

when an optimized thres}loldwas identified by
discriminant analysis, without consideration of
perfusion:
—sensitivity = 850/0
—specificity = 84°/0

v ..c.kow’b, ,81... , W, ,9

—

Knuuti et al.
Assessment of Study

● Limitations (not all inclusive)

– Information to which readers were blinded was
not specified

– Number of readers of PET images not specified

– Blinding of PET image evaluations not
specified

– No assessment of improvement in global LV
fimction or of clinical outcomes.

v MC Z,., A,, 2B ,.., , W9 ,1

Lucignani et al.
Description of Study

● Revasculanzation: CABG, success verified by
repeat coronary arteriography

. Wall motion: EKG-gated planar perfusion
scintigraphy and first-pass radionuc[ide
angiography with Tc-99m MIBI, five-point
ordinal scale, number of readers not specified,
blinding of readers not specified

v w ,k...,k, ,8,.., ,99, 33

.—. .—

Knuuti et al.
Assessment of Study

● Strengths (not all inclusive)

– Largest sample size of the ten principal

– Wall-motion analysis was performed blindly

– Alignment of myocardial segments obtained by
different imaging methods was described

– Reproducibility of wall-motion analysis by the
same reader was assessed and documented

- Evaluated different potential thresholds of F- 18
FDG localization

v R.c,bw,ti, 1! J.m4 ,$99 30

Lucignani et al.
Description of Study

“ ~ TOidentify hibernating myocardium
with Tc-99m MIBI SPECT and F- 18 FDG PET

. Patients: CAD, LV dysfimction

“ &fQsiQD: SpECT with Tc-99m MIBI at rest and
stress

. F-18 FDGPE T: 6.8 mCi; visual analysis, 5
segments, viable if any degree of F-18 FDG
uptake identified (on a three-point ordinal scale)

“I,c?l.v,tl,,, ,W.,%$ 51

Lucignani et al.
Results of Study

o Patiems: 14 included in analysis

“ e: 70 possible, 54 asynergic, 40 improved

. ia~o stic Derforcnarice: calculated by segment

. Additional analv~: two multiple logistic
analyses performed

v ..’,,..,,,,, ,...159, 54

9



Lucignani et al.
Resuhs of Study

● By segment

– prevalence: 74V0

- Sensitivity: 92.5% (80, 98)

- Specificity: 80?4 (52, 96)

- PPV: 95% (83, 99)

- NPV: 80% (52, 96)

v R.ak.. iti, 181...199 55

Lucignani et al.
Assessment of Study

● Strengths (not all inclusive)

- Qualitative evaluation of F-18 FDG PET
images and SPECT perfusion images may be
possible

- Multiple readers (n=3) used in evaluation of F-
18 FDG PET and SPECT perfbsion images

– Evaluated stress hypoperfhsion

v Fd”ko., k>, 18 J- ,959 57

Maes et al.
Description of Study

. Objective: To evaluate the ability of Tc-99m MIBI
to assess viability, as compared to PET
metabolism and perfusion studies

F Men@ prospective, cm, motion abno~aIities
of anterior wall

. Perfusion: 20 mCi N-13 ammonia

. F-18 FDG PET: IOmCi; quantitative image
evaluation, analysis limited to anterior wall, viable
if ratio of metabolic index to flow index > 1.2

v ha*w*,, ,8 J... 15W ,,

Lucignani et al.
Results of Study

. First multiple logistic analysis showed that highest
probability of wall motion recovery was
associated with high F-18 FDG uptake and absent
perfusion at rest

● Second multiple logistic analysis (on F-18 FDG
uptake data alone) showed that probability of wall
motion recovery increased as F-18 FDG uptake
increased

v hc*..,ki 28,.-,99 56

Lucignani et al.
Assessment of Study

● Limitations (not all inclusive)

– Small sample size

– Not specified if readers of F- 18 FDG PET and
SPECT per-tision images were blinded to
results of wall-motion analysis

– Number of readers for wall-motion analysis not
specified

– Not specified if wall-motion analysis was
blinded

v W*..,.-. n ,- In? 5%

Maes et al.
Description of Study

. Revascularization: CABG

F Wall motiom Radionuclide angiography, regional
ejection fractions were calculated to assess
improvements in regional ventricular function

v n.c*..,k,, ,, ,W ,599 co

—

10
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Maes et al.
Results of Study

IWkn!si23includedinrindwes
~: 2.3segments included in analyses
(limited to anterior wall)

Diamrostic Performance calculated by segment,
assumed to be identical to by-patient analysis

v R.G*..,ti 28 ,mm ,599 61

Maes et al.
Assessment of Study

● Strengths (not all inclusive)

– Evaluated morphological correlates of
reversible myocardial function (biopsies
performed of anterior wall)

– By-segment analysis= by-patient analysis

– Compared diagnostic performance of different
modalities (PET F-18 FDG vs Tc-99m MTBI)

.

.

.

.

Marwick et al.
Description of Study

Q.@&: TOsswss the membolic response of
hibernating tissue to revasculariz.ation, as assessed
by PET imaging with F- 18 FDG and Rb-82

lMi@s Previous MI

E&&@ 40-60 mCi Rb-82 at rest and stress
F-18 FDG PET: 4-10 mCi, at rest and
postexercise, two blinded readers, 13 segments,
viable if F-18 FDG activity >2 SD above
reference normal segment

vKx*w,k! ,28 ,UJ. ,59, 63

Maes et al.
Results of Study

● By segment

– prevalence: 52~0

– Sensitivity: 83% (52, 98)

- Specificity: 91% (58, 100)

– PPV: 91% (58, 100)

- NPV: 83% (52, 98)

v .=zk.,”,ti, 28,.”. ,X9 a

Maes et al.
Assessment of Study

● Limitations (not all inclusive)

– Small sample size

– Number of readers for PET and SPECT scans
not specified

– Not specified if PET and SPECT scans read
blindly

– Results may not apply to other regions of the
lefi ventricle

VR.cxk.. $ki, 28 ,.M ,999 6,

Marwick et al.
Description of Study

o RevascuIarization: CABG or angioplasty

. Wall motio~: 2-D echocardiography, two blinded
readers, six-point ordinal scale

v R.cztw, k,, 28 J... ,,99 6+

11
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Marwick et al.
Results of Study

oE@aMs:16includedinarrdvis
o &mE!M.:208Possible,85 with fixed perfusion

defect and resting wall-motion abnormality, 35
had improved function

. ~iazrros tic uerformante: calculated by segment

V R,c,k..sti, 18 Juw (999 67

Marwick et al.
Assessment of Study

● Strengths (not all inclusive)

– Blinded evaluation of 2-D echocardiograms,
PET F-18 FDG scans, and PET Rb-82 scans

– Images were analyzed by two blinded readers

– Evaluated stress hypoperfusion and post-
exercise F-18 FDG uptake

- Used PET to evaluate perfusion and F- 18 FDG
uptake after perfusion

v RWzkow,h, ,81.- Ism 69

—

Tamaki N, Yonekura Y, et al.
Description of Study

$ Q.i@iE:TOdetermine the predictive value of
PET for identifying improvement in
hypoperfusion and wall motion abnormality after
CABG

. Patient$: Consecutive, CAD, fasting

- &rfusim: 10-20 mCi N-13 ammonia PET
. F-18 FDG PET: 2-7 mCi, 5 segments, three

readers, viability assessed by visual evacuation of
matchlmismatch pattern

“ R,rrkow,ki. ,, ,.., ,599 7!

Max-wick et al.
Results of Study

● By segment

– Prevalence: 41%

- Sensitivity: 7 i% (54, 85)

- Specificity: 76% (62, 87)

- PPV: 68% (50, 80)

- NPV: 79% (65, 89)

v IW*..,U.,, ,- ,599 .

Marwick et al.
Assessment of Study

wLimitations (not all inclusive)

– SmaIl sample size

– Did not specifi to what information blinded
readers were blinded.

– By-patient analysis was not performed.

– Changes in global ventricular function not
assessed

– Changes in angina not correlated with PET
predictions

v F..C*.,M. M ,“m! ,s9+ 70

Tamaki N, Yonekura Y, et al.
Description of Study

. Revascularizatiorv CABG, success assessed by
evaluation of post-operative improvements in
perfusion with N-13 ammonia

● Wall mot”m: Radionuclide ventriculography,
images evaluated by three blinded readers,

V UC zb..ki, 281.”. 1599 .
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Tamaki N, Yonekura Y, et al.
Results of Study

“ I!a&!m22included

s S&men@ I IOpssible, 46 asynergic, 23 finction
improved

* Diagnostic uerforrnance: calculated by segment

v Rnzko.$ti. 28 Iuw 1599 71

Tamaki N, Yonekura Y, et al.
Assessment of Study

* Strengths (not aIl inclusive)

– Wall-motion analysis performed by multiple,
blinded readers

– Success of revascrdarization assessed
quantitatively with N-13 ammonia PET

– Alignment of segments before and after
revascularization, and as obtained by different
modalities was discussed,

v P..ezkt..kin J- ,999 7s

Tamaki N, Kawamoto M, et al.
Description of Study

● Qbiechve: To compare the value of resting
perfirsion studies with PET, exercise pefision
studies with PET, and metabolic studies with PET
for predicting improvement in wall motion after
revascularization

“ Eii&tUS: consecutive, chronic MI, fasting
. Perfusion: i 1-16 mCi N- 13 ammonia pET at rest

and stress

“n.e*-sk,, 2, ,“6, ,5% 77

Tamaki N, Yonekura Y, et al.
Results of Study

● By segment

– Prevalence: 50?4 segments, 91% patients

- Sensitivity: 78% (56, 92)

- Specificity: 78% (56, 92)

- PPV: 78% (56, 92)

- NPV: 78% (56, 92)

“kti,lo”,,ti,?8Jw,999 74

r

Tamaki N, Yonekura Y, et al.
Assessment of Study

● Limitations (not all inclusive)

– Small sample size

– Little information provided about study
subjects

– Not specified if visual PET analyses were
blinded

v h*w,ti, 28 J.ms ,5+9 76

Tamaki N, Kawamoto M, et al.
Description of Study

. . 8 FDG PET: 2-8 mCi F- 18 FDG, quantitative
image evaluation, 5 segments, viability predicted
by matchhnismatch pattern

. ~evascularizatio~: CABG, success evaluated by
angiogmphy

. Wall motion: contrast or radionuclide
angio’gpphy, three blinded readem, five-point
ordinal scale

V Ru*wrb, 18 ],- ,?+, 78

—
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Tamaki N, Kawamoto M, et al.
Results of Study

● =: 43 with successful revs.scularization
included

. -s:215 possible, 130 asynergic, 51
functional improvement

. Diamostic performance: calculated by segment

v tizlow,k,, 1, J.= ,59, 79

Tamaki N, Kawamoto M, et al.
Assessment of Study

● Strengths (not all inclusive)

– Second largest sample size among ten principal
studies

- Wall-motion analyses were performed blindly
by multiple readers

- Compared diagnostic performance of different
agents

– Rigorous assessment of the success of coronary
revascularization

v F..sakOW.ti, M him 19$+ K,

Tillisch et al.
Description of Study

oQl?kMz:TOdetefine if F- 18 FDG uphke in
segments with abnormal motion indicates
viability, and if uptake predicts fimctioml
recovery

“ fMi.Ul&: consecutive, resting regional wall-
motion abnormalities, undergoing CABG, glucose
load

. Perfwion: 15-20 mCi N-13 ammonia

V Z,czkowsk,. M ,,,” ,?+, 8,

Tamaki N, Kawamoto M, et al.
Results of Study

● By segment

– Prevalence: 39~0

- Sensitivity: 88% (76, 96)

- Specificity: 82% (72, 90)

- PPV: 76?4 (63, 86)

– NPV: 92% (82, 97)

v R-zk.w,b, 28 ha ,999 80
I

Tamaki N, Kawamoto M, et al.
Assessment of Study

● Limitations (not all inclusive)

– Information to which readers were blinded was
not specified

– Number of readers of PET images not specified

- Not specified if PET images read blindly

– By-patient analyses were not petiormed

- Changes in global ventricular flmction and
clinical outcomes were not assessed

vF.w&.,ti,X1...,999 s,

.

.

.

Tillisch et al.
Description of Study

F-18FD G PET: 10 mCi, 12 sectors, quantitative
image analysis, viability assessed by
matclrhismatch pattern

Revasculanzation : CABG, success evaluated by
review of operative report and preoperative
coronary angiogram

Wall.motion: radionuclide or contrast
ventricrrlography, three blinded readers, seven
segments, five-point ordinal scale

v R.c*ow,ki 2, ,.”. , w ,4
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Tillisch et al.
Results of Study

. Patien@ 17 included

. s~ 119 possible, 67 asynergic with
successful revascularization

. Jliae.rrostic uerformance: calculated by segment

V Ruzk.w,,,, 7, ,.”, ,$99 M

Tillisch et al.
Assessment of Study

● Strengths (not all inclusive)

- Wall-motion assessments performed by blinded
readers

– Wall-motion assessments performed by
multiple readers

- Consecutive patients enrolled

– Success of revascularization assessed

- Alignment of myocardial segments described

v R.czko.nti. M 1...19$9 87

Secondary Published Literature

. Provide supportive evidence of clinical usefulness
of PET imaging with F-18 FDG

. Provide support that card~acPET imaging with F-
18 FDG influences clinical decision making
appropriately

v R.c,k.w,b, n h, 195+ 89

Tillisch et al.
Results of Study

QBy segment

– Prevalence: 55%

- Sensitivity: 95% (82, 99)

- Specificity: 80% (61, 92)

- PPV: 85% (70, 94)

– NPV: 92% (75, 99)

v R.z*w,ti, 18 ,W ,,9 86

Tillisch et al.
Assessment of Study

● Limitations (not all inclusive)

– Small sample size

– Number of readers of PET images not specified

– Did not specifi whether PET readers were
blinded

– Few patient characteristics described

– By-patient analysis not included

– Changes in global LV fimction not correlated
with PET findings

v E..erk.w.b, n r“”. 1999 8,

Secondary Published Literature
. Provide support that regional LV fictional

recovery is associated with global LV fictional
recovety

. Provide support that regional LV functional
recovery is associated with improvements in
symptoms, increases in exercise tolerance, or
prolongation of survival

v F.,tZio.,ti, 28,.,.,999 w

15



—

Safety of Cardiac F-18 FDG PET
. Approved in 1994 for identification of regions of

abnormal glucose metabolism associated with foci
of epileptic seizures (doses 5-10 mCi)

. No additional safety concerns raised by safety
studies performed by Edward Silberstein and Janet
Ryan, and by Edward Silberstein and the
PharmacopoeiaCommittee of SNC

v R.dw,ti, 28 ,.EJ ,f99 ,,

F-18 FDG Cardiac PET
Preliminary Conclusions

The literature supports the use of PET F-18 FDG
in patients with coronary artery disease and left
ventricular dysfunction, when used together with
myocardial perfusion imaging, to identifi left
ventricular myocardium with altered gIucose
metabolism and reversible loss of contractility,

VR.s,k,w.b,m,”m ,W9 93

F-18 FDG Cardiac PET
Preliminary Conclusions

The use of F- 18 FDG PET for cardiac evaluation
generally appears to be safe.

However, patients with impaired glucose
homeostasis may require special precautions if
they undergo fasting and/or glucose loading prior
to drug administration.

v R.czkow ,ti x ,-,99, 9,

Safety of Cardiac F-18 FDG PET

● None of the reviewed articles included any
information about safety of F-18 FDG PET in
cardiac patients (doses <10 mCi)

. Ingestion of glucose load, or fasting, may raise
safety concerns in patients with impaired glucose
homeostasis.

v Rx,hw*, U ,“”, ,9+9 n

——

F-1 8 FDG Cardiac PET
Preliminary Conclusions

However, the reversal of contractile dysfunction
assumes success of subsequent coronary
revascularization, which may limit the usefulness
of F-18 FDG PET imaging.

The likelihood of successtid revascularization
should be considered carefully by the health care
provider before imaging with F-18 FDG is
performed.

v Mc,ko.,)i.x ,... ,*9 ,4
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0-15 WATER PET in
CEREBRAL PERFUSION:

SAFETY and EFFICACY
REVIEW

Patricia Y. Love, M.D., M.B.A.

June 29, 1999

0-15 WATER TEAM

● Maboob Sobhan, Ph.D. - Statistics

● Nakissa Sadrieh, Ph.D. - Pharsn/Tox

● Alfredo Sancho, Ph.D. - Biopharm

Q Patricia Love, M.D. - Medical

,

9400 ’99 ii(13 PI-:47

PRESENTATION FORMAT

● Focus: O- 15 water by injection

3
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USE of LITERATURE

● Guidances for Industry

– Providing Clinical Evidence of Effectiveness
for Human Drugs and Biologic Products

– Developing Medical Imaging Drugs and
Bioksgics (DRAFT)

,

PROVIDING EVIDENCE OF
CLINICAL EFFECTIVENESS
“ Multiple studies, different investigators

● Prospective statistical plan, fuli
accounting of patients

● High level of detail in report, analytic
plan

● Clear and appropriate endpoints

● Robust, consistent conclusion on basis of
primary analysis

5

POTENTIAL KEY STUDIES

.

.

.

.

Blinded image interpretation

Adequate standard of truth

Appropriate control groupsfimaging
modalities

Sample size 250 patients; or >40 special
population patients w clinical outcomes

6
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INDICATION OPTIONS

FUNCTIONAL ASSESSMENT

DISEASE /PATHOLOGY DETECTION
OR ASSESSMENT

DIAGNOSTIC OR THERAPEUTIC
PATIENT MANAGEMENT

INDICATION OPTIONS

● FUNCTIONAL -

– Function, physiology, or biochemical
assessment of tissue, organ or system

– Determine if measured parameter is
normaUabnormal

– CBF listed as example in draft guidance

– CBF assessment is an accepted indication for
approved radiopharmaceuticaIs

,

INDICATION OPTIONS
(Cent’d)

● Disease or Pathology Detection or
Assessment

– Specifically documented

,

3



,

——

INDICATION OPTIONS
(Cent’d )

● DIAGNOSTIC/ THERAPEUTIC
MANAGEMENT

– Explicit statement of the value of the
imaging information

– Explicit study to test the hypothesis

10

015-WATER LITERATURE
SOURCES

“ USP

“ ICP

- Criteria: Medline, English, 1983 to 1999

1,

AVAILABLE LITERATURE

. Did not use 015-water
Non clinical studies
Duplicates/abstracts
Cardiac
Case reports/summaries
Cerebral (<39 patients)
Pediatric (15, 49 patients)
Cerebral (50, 87, 117 patients)
TOTAL

7
7
3
1

23
36

2
~
82

,,

.—
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CEREBRAL PERFUSION
MODELS

● ISCHEMIC MODEL

– Stroke, Aneurysm, AVM, Epilepsy,
Meningiomas

● MAPPING MODELS

– Sickle cell anemia, Epilepsy, Presurgical
localization

- Most used 0-15 water w other PET drugs or
imaging modalities. Focus on 0-1S water only.

,3

O- 15 Water Preliminary
Assessment

● Effectiveness

– To measure cerebral perfusion in patients
with cerebral vascular abnormalities
associated with ischemia, hemodynamic
abnormalities, occlusion and other vascular
disorders

– IV doses from 10 to 15 mCi (average)

– Bohss and equilibrium methods

,4

I
I

CRITICAL STUDIES
wGrubb, R., et. al., Importance of

Hemodynamic Factors in the Prognosis of
Symptomatic Carotid Occlusion, JAMA,
1998; 280 (12), 1055-60. flschemic}

● Powars, D., et., al., Cerebral Vasculopathy in

Sickle Cell Anemia: Diagnostic Contributions
of Positron Emission Tomography, Blood,
1999; 93(l), 71-79. /7schemic, Mapping,
Pediatric Study}

I ,,

—
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ISCHEMIC MODELS

● 55 Articles

● GRUBB, R., et. al., 1998

– Derdeyn, C., et. al., 1998

– Kuwabara, Y., et. al., 1997

- Powers, W., et. al., 1989

– Marchal, G., et. al., 1993

16

GRUBB, et. al. (Cent’d)

● 0-15 Water use in OEF in patients with

● TIA and occlusion of carotid(s) on IC angio

c CT to define infarct zone: Controls - MRI
brain, US carotids

● AII criteria met within 120 days

● 6 month follow-up

w Protocol modified to allow MRA & US to
detect occlusion

● Eliminate the 120 day requirement ,,

GRUBB, et. al.

● Prospective design, multicenter

“ Blinded image interpretation

● Sample size> 50 [87 patients+ small
control group]

● Clear protocol, identified amendments,
full accounting of all patients

● Clear endpoints

● Clear statistical plan
,7

.

6



GRUBB, et. al. (Cent’d)

● Blinded Hernodynasnics of MCA

- Stage O = Normal CBF, Normal OEF

- Stage I = ~ CBF volume, Normal OEF

– Stage II = ~ CBF volume, ~ OEF ratio

,,

GRUBB, et. al. (Cent’d)

● Endpoints

– Subsequent ischemic stroke any territory
(symptoms >24 hours)

- Ispilateral stoke and death

10

GRUBB, et. al. (Cent’d)

● DEMOGRAPHICS

– 419+ 105 enrolled (87 patients, 18 controls)
-+ 99 completed (81 patients, 18 controls)

– Patients 58 M, 23 F, 65 yr mean age

– Controls 10 M, 8 F, 45 yr mean age

– IC Angio -75 (93%); MRA -4 (5?4.);
us 2 (270)

– Per protocol 120 days= 60 (74)0/’;
>120 d < lyr = 12 (150/.); >1 yr= 9 (11O/.)

1,

7



GRUBB, et. al. (Cent’d)

● RESULTS

- Stage O/l - 42/81 (SZ~O) + Stroke 3/42 (7%)

– Stage 11 - 39/81 (48%) + Stroke 12/39 (31”A)

– 120 day entry: p = 0.008 (all); p = 0.02 (ipsi)

– Any entry: p = 0.005 (all); p = 0.004 (ipsi)

– Age adjusted independent risk

Ipsi -7.3 [1.6 -33.4]; All 6 [1.7 - 21.6]

n

GRUBB, et. al. (Cent’d)

“ Assessment

– Key study: prospective, blinded, statistical
plan, amendments, accounting of patients,
method adequate to quantify relative risk

- Weakness: Normal range data - would be

stronger with ? sample, or other data;
absence of gender, racial or ethnic
demographic analysis

- Proposes clinical use of CBF measurements
.

Ischemic Model Supportive
Studies

– Derdeyn, C., et. al., 1998

– Kuwabara, Y., et. al., 1997

– Powers, W., et. al., 1989

– Marcbal, G., et. al., 1993

24

—
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Ischemic Model Support

● Derdeyn, C., et. al., Increased Oxygen
Extraction Fraction is Associated with
Prior Ischemic Events in Patients with

Carotid Occlusion, Stroke, 1998; 29,754-
758.

15

Ischemic Model Support

9 Derdeyn, et. al. 1998

– Same investigators& protocol as Grubb;
analyzed baseline factors

– Research study recommendation: consider that

asymptomatic patients are less apt to have ~
OEF

– Strength: Prospective, blinded, endpoints clear,
N = 117 patients, IC angiography, consistency of
conclusions, use of CBF

– Weakness: Lack of independence, same controls,
less detail, clinical utiiity not confirmed ,,

Ischemic Model Support
● Kuwahara, Y., et. al., ~ponse to

Hypercapnia in Moyamoya Disease:
Cerebrovascular Response to Hypercapnia in
Pediatric and Adult Patients with_ Moyamo~
Disease Stroke, 1997; 28,701-707.— 7
- (Special population)

,7

—
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Kuwabara, et. al. (Cent’d)

● 20 (13 adult, 7 pediatric) patient subset of
a larger study, Moyamoya, TIA
symptoms

● Measured OEF steady state, descriptive

● Strength: prospective, homogeneous
uncommon disorder

● Weakness: Blinded? seIection bias?

statistical hypothesis? small sample size
11

Ischemic Model Support

● Powers W., et. al., Influence of Cerebral
Hemodvnamics on Stroke Risk: One
Year FOIIOW-UPof 30 Medically Treated
Patients, Ann Neurology 1989; 25,325-
330.

Powers, W., et. al., 1989

● Prospectively designed, retrospective
analysis

s 47 subjects (30 stroke patients, 17
abnormal controls for ROI)

● Either >75°4 carotid occlusion, TIA or
completed stroke

“ 1 year of follow-up data in medical
record

● Had repeat PET images? Blinded?
30

_-

10
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Powers, W. (Cent’d)

. Null hypothesis= If hemodynamic
abnormality, 1 yr. stroke rate z than in
ECfIC Bypass trial

● Result: 21 pts, vs 417 historic control; rate
0.048 VS 0.127; p 20.2

● Strength: prospective statistical plan

● Weakness: retrospective analysis - ?
Selection bias, EC/IC historic control not
described, actual results not fsdly presented

● Conceptual use of CBF measurement ,,

Ischemic Model Support

● Marchal, G., et. ai. PET Imaging of Cerebral
Perfusion and Oxy~en Consumption in
Acute Ischaemic Stroke: Relation to
Outcome, Lancet 1993; 341,925-27.

– Prospective OEF in 18 Pta MCA <18 hrs.

- Correlated image patterns and course

– Pattern I - ~$ Perfusion& OEF

– Pattern II - ~Perfusion & OEF / ~ OEF

– Pattern III - ? Perfusion ~ ~ OEF
,,

Marchal (Cent’d) - Support
● Results:

– Pattern I - poor course

-- Pattern II - mixed (1 death, 2 interm, 2
good)

– Pattern 111- good recovery

-- p <0.005

- Strength: prospective

. Weakness: image bias?, sample size,
statistical plan

3,

-

11
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ISCHEMIC ASSESSMENT

* 1 Key Study - GRUBB

● 4 Supportive

– 1 eflicacy - Derdeyn

– 3 concept - Kuwabara, Powers, Marchal

34

MAPPING MODELS

s Total of 15 articles identified

– 1 in ischemic model (SS), 1 in seizures

– 13 Localization of normal sites

. 3: Duplicatdsummaries

. 1: Abstract of 10 patients

.3: Reported 10-15 patients

.6: Reported <8 patients

1 3s

MAPPING MODELS

. POWARS, D., et. al. , 1999

– Breier, J., et. al., 1997
– Vifias, F., et. al., 1997

– Duncan, C., et. al., 1997

16

—

12



MAPPING MODELS

● Powars, D., Cerebral Vasculopathy.in

Sickle Cell Anemia: Diasmostic
Contributions of Positron Emission
Tomography, Blood, 1999; 93(l), 71-79.

● Ischemic, Mapping, Pediatric Study

17

POWARS, D. , 1999 -
.

●

✎

✎

●

I

Prospective; 49 Sickle Cell Pediatric Stoke

Evaluated added benefit of 0-15 Water, F-18
FDG and MRI on Detection of Cerebral
Vasculopathy

Standard of truth? - MRI + Intelligence Testing

015- water max dose: 70 mCi

- (?equilibrium or repeated small doses)

Statistics: X2& multiple comparisons analysis of
variance with Bonferoni adjustment

38

POWARS, D., et. al. (Cent’d)

● Necrologic defect groups

– Category I - Overt CVA

– Catego~ 11 - Soft signs i previous hypoxic
illness

– Category 111-No signs, no hypoxic event

19

-

13
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POWARS, D., et. al., (Cent’d)

● Demographics:

– 49 patients (29 M, 23 F)

- Age of necrologic defect onset

1.8 to 16.3 years

4,

POWARS, D., et. al., (Cent’d)
● Strengths: Prospective, blinded,

pediatrics, statistics described

c Weakness:
—? Standard of truth, incomplete correlation

to IQ scares

– How to use strongly suggested;
not confirmed

● Key for CBF measurements in patients
~ other modalities

4,

-_

14



Mapping Concept Support

● Breier, J., et. al., Effects of Duration of
Epilepsy on the Uncoupling of
Metabolism and Blood Flow in Complex
Partial Seizures, Neurology, 1997; 48,
1047-1053.

43

Breier, et. al., 1997

● Prospective, N =50 (34 consecutive complex
partial seizure patients, 16 controls)

● EEG (24 hr), MRI, SPECT, Neuropsychiatric
tests (FSIQ)

● 0-15 water and F-18 FDG

“ Endpoints ?, Statistics*

● Observational asymmetry index=
[(R-L)/R+L)*2] vs. Time seizure onset

.

.

.

.

.

Breier, et. al. (Cent’d)

Results:

Correlation of duration and asymmetry;
p <0.0001

F-18 FDG correlation slightly better than
015- water

IQ results not presented

—

4,

—_

15
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Cerebral Perfusion with O 15-water
Breier 1997; 48, 1047-1053 *

.

●

✎

Breier, et. al. (Cent’d)

Strengths: Prospective, N=SO, severaI
modality comparison, description of test
factor

Weakness: Lacks clear endpoints,

statistical hypothesis, IQ not presented,
clinical setting not confirmed

Supportive of CBF measurements

,-

Mapping Concept Support

. Wiles, F., et. al, [lSO-Water PET and Intraoperative Rrain
MappinK A Comparison in the Localization of Eloquent
x, Neuralgic Research, 1997; 19,601-607

– 18 patients, no controls

– Pre- & intra- operative brain surgery electrical
brain mapping

– 0-15 water PET -5 task sets, each imaged x 2,
10 minutes delay

– Tasks= resting, finger-thumb, listening,
listening and repeat, visual R/L half field

48

——_

16
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Vifias, et. al. - (Cent’d)

- Results: 18 patients (6 M, 12 F); mean age
36.3 yr (8-74 yr)

– 15 language, 5 motor localization

– Motor co-registration - PET and MRI
concordant in gray matter, not white

– Language - all concordant

– Examples -2 patients recovered fully

49

I

Vifias, et. al. (Cent’d)

● Strength: used clinical outcome

● Weakness: small study, statistical plan?

selection bias? image bias? expected
difference in clinical outcomes? few
outcomes described, reproducibility?

● Supportive of concept that CBF
measurements correlate with brain
function

M

Mapping Concept Support
. Duncan, et. al., Useof Positron E]nission Tomography for

Presuruical Localization of Eloquent Brain Areas in Children
with Seizures, Pediatric Neurosurgery, 1997,26, 144-156

– Prospectively (?) designed retrospective series: 16
pediatric seizure patients

‘– Hypothesis - PET optimizes presrsrgica[
evaluation

—?Statistical plan to assess the hypothesis;
?Blinded

– 015 water 25-50 mCi; Co-registered w MRI

– Task imaging - language, visual 5,

—_

17
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.

Duncan, et. al. - (Cent’d)

Results:

- 15/16 015 water PET images coregistered
with MRI

– Outcomes - changed surgical plan (12), or
changed Tx plan (3)

Strength: Pediatric population, clinical

outcomes

Weakness: Image/selection bias, statistical
plan? expected outcomes, reproducibility?
variability?

,,

4

.

—

PRELIMINARY ASSESSMENT

Ischemic model demonstrates 0-15 Water
measurements of abnormal perfusion can
occur and identities clinical utility

– Grubb + supportive

Sickle Cell anemia study (both an ischemic
model and functional model) further
supports use of these measurements to
identify other types of abnormally
functioning areas

– Powars , D. 53

PRELIMINARY ASSESSMENT

(Cent’d)

● Use in normal brain function

– Intuitively appealing; neuroanatomy of
brain known; but –

– All articles are small (all< 15 patients; not
systematically studied)

– Mostly research studies of developing
techniques or treatments

– Reproducibility/ variability of normal
measurements not included in articles

J,

—=-.

18
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SAFETY
● AE not in articles / recent publication on

safety of radiopharmaceuticals”

● 0-15 water does not have Iigand

● Behaves as stable water, < 1“A TBW

● Not expected to have tonicity effect, or
nitrogen balance effect

. Excipients / impurities = mfr issue

. Radioactive dose; -$15 minutes (s7 T,fl)

● Radiation dosimetry - Peals+, Adult *

~?

0-15 WATER
PRELIMINARY

EFFECTIVENESS

● To measure cerebral blood perfusion in
patients with cerebral vascular
abnormalities associated with ischemia,
hemodynamic abnormalities, occ[usion,
and other vascular disorders.

,6

19
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PharmacologylToxicology &
Phannacoklnetics of N 13
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David G. UdoJ Ph.D.

Adebayo A, Laniyonu~ Ph.D.

MiDAC June 28-29$1999

S Measurement of
myocardial blood
flow with PET in
patients with
known or
suspected coronary
artery disease

Aspects of N 13 Ammonia
*..>>.y...>:.~~&y~.,~,>,~>~;:<.y*~*&**y.~$<j::,..::.:,:,:~.:.,:..,:..........$*..Jk<$>..?{<.>..?{..:<:*............,...,..:,:..... ...... .......... . ............................

1 The concept of biood flow
measurement

B Pharmacokinetics

~ Metabolism

I Safety, pharmacokinetics and
metabolism

~ Summary

—

9401 ●99 WL13 Pl:47
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Blood Flow Measurement
- Sch.lb4@●l (IBM) Circubtbn 63, (6), 12W

........... ....... ..,-...++:.::::t.=:::::::.:,.:.:.:.,.:.>,%.Y{~.~:~.~::.~:.>Ww~....~W,i.+.............................. .,,.,., .......... ... ...............................,.,.,.,..W*.:.>.....wi*..v..s,,*\,*>x.>>>yJ:..,.......

--td ....____________‘L-...:Ll-Ll
L-_-’’’””--’-”’”:—-===3,..-–-.~:Jj<.z:.J{,:.—._______..?.st+.ca,”t

l......... . .................... --r-a-t- -z!-----?--......0....

Three..G.Qm.D.a.*.S.~f~lK*..t...+x..+.....i.........-............................... ......... ... ...... ................................... . ......................:.....Y,...,.... .................,.<.*L.....,.,...A:.:.:.:.:...........
Kinetics of N ’13 Ammoma

u IKI=E*F

Dz n

I E >0.9 even at
W! + ~~+ ~ high flow rates

,. ~ ~KIWF

“l! I E = Extraction fraction

1 F = blood flow rate

Determination of KI . ...,,.. ,...,...-,.,.,.,.,.,.~.,,?$$+:,:,.,\.!.,.,>...................... ...*.....,..+..* I.-,.,>...,>$:.:.:..,,,=.*>.vA{<r.<#J:........................,..,...,..,,.................................+......
I de.(t)

— - IC, C.(0 - k=C.&) -- k,~d~) — .-=4)
dt I



Pharmacokinetics
“’”””..- ...~......<........................*..h+wxw.n.“’.“’..‘.‘-'`''J*J*~.'`-`'".......f........-.~...~\.....?~....~~~*.~~--*...’’.~...\~M*;<;*:*,x::,::*,x::,:.... ................... ... ...........

[ Recommended i.v dose of RA: 10-20mCi

[ Mass Dose% 0.05-0.1 pmole (0,s0-1.60 IIg)

I Tvz of Phpical decay: 9.96 min

S Tuz In blood: 3 min

E Ti,z in myocardium: 2 min

I Ti,z In brain: 3sec

S N 13 Urea (major metabolize)

9 Neutral amino acids I
1 Traces of acidic amino acids

(glutamate and aspartate)

Phafmacokinetics and Safety.. .. . .~..,..,>x.:x.:.:.:.:.>>.v>..>w.>y,~*J>>~*J>>...:<,...:.......:......+,.......................,7.:.:.:.X.:.:.:.:.*.::.:.:.:.*.>:,.::..,,-....,..................... .$. ............,.,...,,,,%>.Y.’..-.WW..!.........$>,..,,...x%&....

I Mass Dose 0.8-1.6 pg

I Normal rangeof ammonia 12-55 pg/dL

~ Ammonia in a 70 kg person 720-3300 pg

NO significant change in the
amount of ammonia
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Metabolism and Safety... . .. ,~.~~=~q<:l~y$>y.;:.+x.,,>.:........,<,:::.,:?,,:.,::...:>.:>........................,,Y,.,. ............................................y:;:.:..,.:..::::;:y::::~:%ifif

BUrea is readily eliminated in urine

I Amino acids are normal component
of body tissues

There appears to be no adverse
health effects from metabolic
products

Akorbed Radiitkm Dose (remhnCi) - derived
from lCRWdata

..........................................8........,.,,.,,....,y<....,...,-:.,.~<~<yy<~..... .,............A........................... .......* &x..xs:3sK<k<xe;:J,::$::,::;,:.,............................................,.,. ........ .....A.M__................

01-p” Ad-h s year 1 Y-
OM old

alMmdder wmll 0.030 0.0$39 0.17

xI- 0.0076 0.023 0.041

Iadn.yn 0.017 0.08s 0.0s9

Ned Marrow 0.0063 0.020 0.037

O.-km 0.0063 0.021 O.(MI

1’-. 0.0067 0-018 0. 03s

aInt.-*kwSal Cmndttee for Radi.tIOn Pr0auM04m
Wrimuy blca&iOr

I

I

Summary . ..........=::ffi~”’::‘~'-:.:.'.'.'.:~::.':.:.:.'f:~:.I::.i:w::\?:*!:l~:wi~<?f:*.$;*:?:::$i?w~+:.::*>.:fi
Due to high @action of N 13 Ammonia from
coronarf capillaries into myocardial
@@vascular space, the value of K1obtained
via 3-cofnpartmenta[ equation can yield a
reasonable estimate of myocardial blood flow.

N 13 Ammonia is effidently eliminated from the

w.



Summary ........&..y.............. . ............y..:.,>.>,V....,............................................................. ..,.’‘.........:............ .......................................,.:.:w,:<.>.,.2+.x%w,,*....w..w>[k..>[.&...s.+K........ .,............................... ........

I Dosimetrytable has been developed allowing
physicians tn determine, for patients of various
age groups, N 13 Ammonia doses resulting In
acceptable organ absorbed radiation doses.

I Pharmacology,toxkology and pharmacoldnetics
of N 13 Ammonia suppcrt its use for myocardial
indications.



N-13 Ammonia PIT
Safety and Effectiveness

Review

Florence Houn MD MPH

Sonia Castillo PhD

lunq 1999

N-13 Ammonia Team

ESonia Castillo- Stat u Ravl Kasliwal- Chem

■ Kaye Cho- PM m Adebayo Laniyonu-
Pharm/Tox

■ Ho Houn- Medical
, David Udo-

8 David Hussong-
Micro

Biophamn

~402 *99 JUL13 PI:47

■ Effectiveness
- To assessmyocardial petfusicm in me

evaluationof CADin patienb with known
or suspected GID (stress and rest
administraticm)

m Safety
- Singledosesup to 25mCi studied
-21V_up to20mCi each studied



N-13 Ammonia S&E Review

■ Guidances on CWcal Effectiveness/Medical
Imaging

■ Intended Use of N-13 Ammonia

■ External Standards

B Search Methodology

F selection Criteria

■ Review of Findings

mConclusions

L-N-13 Ammonia S&E Review
Guiiance on Clhical Et%xtiveness-Useof Published

Literature Alone

= Multiple m Cu&tent ccmclusions
*dies/adequate of efficacy
design/condstent
findings z Conductof studieswith

documentedoperating
■ oetailed protad procedures

E Objective and ■ Examples secretin,
appropriate endpoints bleomycinand talc,

doxycycline

..——.

N-13 Ammonia S&E Review
Adequate/Well-Controlled(Med. Imaging Guidance)

■ Selection of subjects= Target population

■ Readers: independent masked,
randomized, separate

■ Standards of truth

■ Endpoints

■ Analysis plans

■ Safety: toxicity and radiation
assessment
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N-13 Ammonia S&E Review
Intended Use: To assessMyocardialPerfusion(MP)

9 Preliminary review for major uses

E “Developing Medical Imaging Drugs and
Biologics” dtaft guidance
-“Functicmal, Physiological, or Biochemical

Assessment”
mValidatd to a standard ct truth

● Spectnm of diseaseand normalitytested
■ Pharmacologicalbasis& %mctional claim”

N-13 Ammonia PET
External Standards for MP

■ Vessel Anatomy, CAD, and blood flow
- CoronaryAngiography
- Rubidium-82

■ Corona~ microperfusion

- Functional Npecb
=WallMotion
■ FunctionalCapatity (stresstesting)

■ CMcal outcomes(survival)

N-13 Ammonia PH
Literature Search Methodology

■ Criteria for Searrh
- January 1, lWI to July 1, 1998
- Human clinicaltrials

- Englii
- On-1inedatabases: Medline, Cancedit, Oerwent

Drug file, BiosisPreview, International
pharmacologyAbstracts,and Ernbase

- Pm ccmmunity suggestedatticles

- References cited in above articJes
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N-13 Ammonia PIT
Literature Search Methodology

■ Selection Criteria
- N-13 ammcmia Pm results compared to

appropriate clinical standard of truth
– Relevant study questicmto MBP
- W@ldescribed study populaticm
– Procdums to reduce bias

N-13 Ammonia S&E Review
Published Literature

■ Adequate/Well-Controlled Clinical Trials
(2)
- ~emfdkwmt -study hypUwSii reIatedtOintmded LtSe
- SQ@Y~StiWb@3etw@*WcHnblm

■ Other Controlled Published Studies (3)

-varku!5shJdy hy@kse5

- Rdfmwdy sekdtd @&’t& !wrnal wsuntes assumedCAD-
rree

m Other Published Studies(9)
-w!de’@alyOfstl@fhyp0thm2s

■ MBFQuantification Algorithm (3)

N-13 Ammonia S&E Review
Adequate/Well-Controlled Studies

■ Gould Ll$ Goldstein RA, Mullani NA, et
al. J Am Cdl Cardiol 1986;7:775-89.

■ Demer LL, Gould LK, Goldstein RA, et
al. Circulation 1989;79:825-35.
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N-13 Ammonia S&E Review
Other Controlled Studies

■ S&reibert HR, W@enberg G, PhelpsM et al
Am J &did 1982;49:1197-1207.

H Di Carli M, ShermanT, Khanna S et al. J Am
Cdl Cardiol 1994; 23:860-61!.

■ Gewirtz H, fischman AU,Abraham S et al. J
Am Cdl Cardid 1994; 23:851-59.

N-13 Ammonia S&E Review
Other Supportive Studies

= Haas F, Haehnel CJ, Picker W, et al. J Am Cdl
Cardiol 1997; 30: 1693-1700.

■ Lau&r&dier C, Rothley J, Sitomer J, et al. J
Nucl Med 1993; 34:968-978.

■ !%mtwetti G, Parodi O, Giorgetti A, et ai. J
Am Cdl Cardid 1995; 26:615-23,

E Soufer ~ Dey HM, Uwson AJ, et al. J Nud
Med 1995;36:180-87.

N-13 Ammonia S&E Review
Other Su~portive Studies

■ BeansiamdR5B, Muzik O, Melon P, et al. J An Cdl
Cardio 1995;26:1465-75.

■ CzerninJ, Barnard RI, 5un ~, et a1.Circulation
1995;92:197-204.

■ Di Carli W, Devidsm M, Lie ~ et al. ArnJ Cardiol
1994;73:527-33.

■ Gould Llf Martuccl JP, GoldbergDI, et al. Ckculation
1994;89:1530-38.

■ Gould ~ Orniah D, Scherwitz~ et al. JAM4
1995;274:894401.

—



.

..—=._-

N-13 Ammonia S&E Review
MpQuantificationAlgorithm

■ Krivokapick J, Smith GT, Huang SC, et
al. Circulation 1989;80: 1328-37.

E Hutchins GD, Schwaiger M, Rosenspire
KC, et al, J Am Col Cardiol
1990; 15:1032-42,

■ Gerwitz H, Skopicki H& Abraham SA, et
al. Cardiology 1997:88:62-70.

N-13 Ammonia S&E Review
Adequate /WeWControiled: Gould(1986)/Demer (1989)

= Q@.E$!&: Rasibirw ■ @&2rvlo-2orrv2
study for diagnosing N-13 ammonia or 30-50
CADwith Rb/NH3 using rnCiRubidium
rest/stress tang (Dp) ~ Signiknt U% definad

■ $mwle size: 23/S0 .c3.Oon angio; %
patients received NH3 isocauntreduction

m -: Prospective; assunwd proportionalta

compared angio and % decreaseCR

PET = SS!.&@ 21/22 (95%)
■ Irnaae Protoc01: S@Qf@!Z 9/9 (100%)

Masked, Reread x 3

N-13 Ammonia S&E Review
Adequate/Well-Controlled: Demer (1989)

m ObiecWe: Accuracy ■ Jndusion Criteria: All
of N-13 NH3 in patienk undergoing
evaluating C4D cath (population
using rest/stress suspect for disease
te5ting compared to but some do not

have it).
anglography ■ Desian: Compare

Wsamole SizR stenosis flow
111/193 pls reserve (SFR-
received N-13 NH3 automated) vs. PIT

~ defect scores



N-13 Ammonia S&E Review:
Adequate/Well_GxVmMed: Demer (1989)

m Scales: SFRO-5
(5=nl;<3=signif.
CAD) PETdefect
scores o-5
(5=severe perfusion
defed, >2 signif.
CAD, SFR<3)

■ Dnaa Protoc 1:
masked, inde&denG
reread x 2, rest/stress
read side by side

■ scores fbr PET
averaged, interobs,
variation defined
and tracked, dispute
resolution described

m~ 2 IV 10-20
mCi NH3 / 30-50
ma Rb

N-13 Ammonia Review:
Demer (1989) Con’t.1

■ Results
- $xwrnan CorrelationCoefficient0.77

(@06) fw patienW scores of most severe
PET/sFRscores

– Rb/NH3:For N=193, 2 fake positives (1
Rb/lNH3); 7 l%lseneg (2 Rb/5 NH3)

N-13 Ammonia S&E Review
Demer (1989) Con’t.

ERe5ults co ntinuec!
- Figure 3

– FDAapproach to calculating sensitivity and
Specifiaty

—
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N-13 Ammonia S&E Review
Demer (1989) 2x2 Table (Patients)

SFR <3 SFR z 3 Totals

PET SeOre 94 12 106
>2

PE~ Score 2 66 68
<2

Totals 96 78 174

N-13 Ammonia S&E Review
Demer(1989) 2x2 Table (Vessels)

SFR <3 SFR z 3 Totals

PET SeOre 133 28 161
>2

PE~ Score 2 80 82
<2

Totals 13s 108 243

-–
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N-13 Ammonia S&E Review
Demer (1989) Sensitivity/Specificity

■ Patients
- Sens=98°/6(95°ACI: 92.1-99.70A)
- Sp=85°h(95%CI: 74.7-91.7%)

■ vessels
- *ns=99% (95% a: 94.9-99.9”..)
- Sp=74°A (950/0CI: 64.5-81.7°/6)

N-13 Ammonia S&E Review
Demer (1989)

■ Strengths
- Inclusioncriteria
- Imagesreadby 2 readers,independentiy,

masked
- Intembsewer differences in Pfl

&acked/analyzed
– Graphical data to calculate sens/sp

N-13 Ammonia S&E Review
Demer (1989) Con’t.

■ Strengths Continued
- Disputeresolution
- Detailed informatica on readers’

performa~
- Detailed information on reader variability

- Large number of patients



N-13 Ammonia S&E Review
Demer (1989) Con’t.

■ weaknesses
- Rubidium/NH3
- Age/Sex distribution

-19 patients excluded from analysis
“twxwse they had undergone
revascularization during acute infarction
causing residual stenosis severity that
would not be comparable to the severity of
the fixed perfusion defect” vs IIT

I N-13 Ammonia S&E Review
Other Controlled Studies

■ Schelbert (19S2)
■ gbiectiie: CorrelateangioandN-13 ammonia PET.
■ Samole Size: N-32 C40/ N=13 normal volunteers.

■ Ik#W pm compared to angio. llW pts stress-

■ I!MQ?_MQQ& 2 readers (consensus),masked,
agreement tracked

■ ~ 21V doses cfO.22-&O.09 MCI

■ &d!@ Sens (>50% stenosis) was 97%
(31/32 pstlenk). Sp ●ssumed ●s 100%
(13/13). Thallium identified 11/19 stemsed vessels
versus 17 PH’+/19 stenosesvessels.

N-13 Ammonia S&E Review
Other Controlled Studies

m Di Catii (1994)

D QMxM: Relation*ip~ ~la~l flow, WSIImotion,
and viability (detlned by metabolismof 18-FOG).

m ~mde Size: N-42 cons. patienk (78 WSSdS) W/
M (angio) andLV dysfunction

~ Q!21i9E:--
■ Jmaa ratoc~: PEf serniquant.,2 observers

(CorLsxW)

mkmmci

m && 58% w/angio collaterals had S N-13 flow;
50% w/no angiocoliaterak had N-13 flow.
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N-13 Ammonia S&E Review
Other Controlled Studies

■ Gawks (1994)
■ Obiective: Determine minimum kvei of MP.

■ %~ Ie Size: N=26 pts with chronk MI referred for
thail and PET.

■ Q.es@: -rim ofwail * and pm
FDG/NH3

m IfIwe Protod Quantified PET readings; visual
analysis for Ventrkulography, echccardiograms

■ ~ 25 rnCiNH3/7.5 ti FIX

■ M!&: Perfusioncomelateswith wall rrwtion.
Resulk demmstrate biologicconsistency.

N-13 Ammonia Review: Other Published Studies

rB.dd
(195$)

_

099s L r2W –
dinesof
20mCi

I N-13 Ammonia Review: Other Published Studies I
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N-13 Ammonia Review: Other Published Studies

m’” 1“” m

FBB
N-13 Ammonia S&E Review
Weaknesses of Literature

■ Absence of statistical criteria for
significance and power

■ Small numbers of subjects

H Absence of source data

■ Bias (publication bias, subjectivity of
readers scoring, patient selection),

N-13 Ammonia PH Review
Preliminary Conclusions

E Effkxy
– Intended Use: To assessmyocardial

perfusion
– Consistent findings, diverse populations
- Sensitivity and specifidty calculated
- Bbocl flow and mimperfusion
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N-13 Ammonia S&E Review
Conclusions

■ Safety (Ammonia/Radiation)
- Smallamountof NH3 introduced
- Know metabolism and excretion
- Short physical half+ilk (10 minutes)
- Acceptable radiation dosimetry

- Acceptable risk of radiation

N-13 Ammonia S&E Review
Conclusions

■ Effectiveness:
- To assessmyoardial perfusion in the

evaluation of CADfor palknk with known
or suspected CAD(stress/rest
administration}

■ Safety:
- Single dosesofupto25mCJ studied
-21Vdose5up to20mCiea& studied

-—.
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Pharmacology/Toxicology and
Clinical Pharmacokinetic

- MIDAC, June 28-29,1999-

Nakissa Sadrieh Ph.D.

AIfredo R Sancho, Ph.D.

Outline

● Characteristicsof IsO-water

“ Dosimehy

c Literature example

~~0-H20

“ Decay half-life= 122,5 seconds
(2. 1 minutes).

● Emits 1.74 meV positrons.

● Diluted in 0.9’?/oNaCl prior to
injection.

—
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Characteristics of ~0-H20

● Naturally occurring ● Diffusible radioactive
body constituent. drug.

9 BiologieaHy inert ● Crosses BBB

● No side effects. ● Highextmctionwithin
● Kinetics not atkted tissue (>9S0/o in

by metabolism. primates, HI181W.3d.,

19S3,JCSBM3:2, 141-53).

Dosimetry

● Cumulated administered dose of ‘sO-water is
absorbed internally.

● Dosimetry is based on a study in newborn infants
m ~ti.mam].ma m snd an ICRP extrapolation to
adults.

● Critical organs are: lungs, spleen, gonads

● Absorbed dose: 32-46 mrem/mCi

● Effective whole-body dose: 80-100 mrem/mCi

Q Average idvidual study dose range: 10-15 mCi

Pharmacology/Toxicology
Studies

“ Toxicology studies can be waived because:
—charaeteri sties

– no ligand

– radiation exposure

● Caveat

● Pharmacology aod mechanism of action

● Additional physiologic mechanisms
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Supportive Study (design)

● Bergmann et al., JACC 4:3, 1989:639-52

–Myocardial blood flow was calculated
and compared with measurements
obtained with 15 pm microsphere in:

● controldogs at rest

● dogs with coronary arteryocclusion or
sterrosisat rest or at?erdypiridamole

● dogs with global low flow (propranolol).
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Descriptive Formulas
“ Blood Flow

dC#ii/dt = FW(Ca(~ - C#j/2J

– CT is the tissue tracer concentration(cts/gin)

– FN is thejbwper anitojkrsue volume
(mWgn/mirr)

– C. is the arten”a[concentrationof tracer
(ctim~

– 1. is the tissrae/bloodpartitioncoejkient
(mri(gm)

Additional Fo~ulas

I Other formula.tx

- The concept of highjlow-low volumeandlowflow-high
wlume criteria as a determining factor for cumulative
radioactivity in organs. Ref. Powera W.J. et, al., JNM
29:1961-1970, 1988.

– Varisbi[ity in blood flow arrd blood volume between and
within subjects. Ref. Coleman T.G. et, al.. AJP
=: 1371-1375.1972.

– Blood flow measurements using 150-H20 after imaging
agent has reached equilibrium. Ref. Beasingthwaighte
J.B. et. al., Cire.Res. 77(6> 1212-1221.1995.

Descriptive Concepts

● BloodFiOW

- Amount of bleed pawingthrough a vemael witbin an

orgarr.tiswre during a discrate amount of time.

9 Perfiasion
– ‘l%eact of pouring over or through, especially the

paaaage of tluid through the vessels of a speck% organ.

$ Otk concepts:

- OamOaia,IMllaiw Ulb-arilhwi~ eic.
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Local Regional Dynamics
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Preliminary Assessment

● There are limited number of well
controlled studies.

● Adults dosimetry is limited.

● PT/TK perspective: There is
information to support the use of 150-
H20 in measuring cerebral perfhsion.


