This guidance was written prior to the February 27, 1997 implementation of FDA’s
Good Guidance Practices, GGP’s. It does not create or confer rights for or on any person
and does not operate to bind FDA or the public. An alternative approach may be used if
such approach satisfies the requirements of the applicable statute, regulations, or both.
This guidance will be updated i the next revision to include the standard elements of GGP’s.
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Introduction
o osducetion

The 1976 Modicz! Zevice Amencrents to the Food, Prug and Cosmetic At
established 3 classification and review Precess for medical devices which
is intended to ¢ivs reasonable assurance of safety and effsctiveness,
Devices are in Cless I if general controls are sufficient to provide
assurance of safet: zng effectiveness Or, in the absence of adequate
information to e©stzdlish such centrols, the device does not Dresent
unreasonable risk. Class II devices are those for which Performance
standards, in acdition to genera] controls, are needed and can be
established to @Ssure safety ang effectiveness, A device is in Class 111
if there ig insusfisient information to establish Performance Standards or
general controls, z=g if the device is life-supporting Oor entajls a3
significant risk. Class III devices are required to undercs a review of
safety and effactivencss prior to marketing simjlar to that for new drugs.

This paper will Gisoues only sulmissions for Class 117 devices which
recuire the most Stringent review and approval Process, Pramarket Accroval
(PMA).  For the saks of canpleteness, however, two other types of
Sutmissions for Class 11T devices will be menticned. First, the
"substantially eCuivzient" op S10(X) submission provides the manufacturer 5
means of demonstrsti:g that the device intended for marketing for a

énactment of tha “2Clcal Device Amendments. The second tyre of sufmissicn
is the Investigaticrat Devies Exemption (ICE) which allows a manufacturer
to market g limits, ~ber of devices of one kind for Study rurposes 1f i
can be shown that ths device is reasonably safe for use in humans, that a
reasonable €Xpectztizn of benefit to the Patient exists, and that
scientifically valid cata can be collected.

Applications for sigrificant risk (Class IIT) Pre-amendment ang
Post-amendment devices. So eventually, same substantially eQuivalent
devices [510(k)] Tav reed to go through the pva process. The
Investigational Device Exemption Is intended to Provide a data gathering
mechanisn so that 4 Fanufacturer can test the safety ang effectiveness of a

device usually, in articipation of submitting a pva at a later time.

There are gQuidelinsg ap the submission of Premarket Approval Aoplicationg
which briefly outline the required elementsg of a submission. Generally,
the Agency Statisticizn jisg involved in the review of the three data
sections (laboratcr, 2nimal and clinica)) and the comprehensive sumary of
safety and effectivenssg, In the latter the pvA applicant myse provide a
cogent demonstraticn o= safety and effectiveness for all diagrostic or
therapeutic medica] claims for the Cevice baseq on the data ang analyses in
the data sections., Therefore, it s highly desirable that the sponsor
involve 3 statistician early in the datq 9athering Process, preferrably ip
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the design Stages. 1t ig @ssential that the study protec:i, resultsg,
analvses and interpretation Support and be consistent with t=a Tsdlical
claims for the device. Though this should be intuitively Covicus, a number
of applicants fail to camprehend the need for this censistency,

The Medical Device Amendments pProvicde cne major difference between drug
evaluation and device evaluation in the submission of data. In an attempt
to allow more flexibility for the applicant in providing valid scientific
evidence for demonstrating the safety ang effectiveness of 3 device, the
Medical Device Anmendments allow the Commissioner of the Food ang Crug
Administration (FM) to accept well-controlled investigations or "other
valid scientific evidence" which has been found to be sufficient to
determine the effectiveness of the device. Drug effectiveness is based
primarily on well-controlled studies. While the allowance of "other valid
Scientific evidence" is intended tq Simplify the device submissicn process
for the applicant, it often leads to confusion and cd2lays in the review
process because of different interpretations between fanufacturer and the
Agency in what constitutes other valid scientific evidence. Specific
examples of this problem will be given in the Section on Evicdence of

device, and therefore, data derived fram that Site may not he Ccbjectively
collected and evaluated.'”Thus, to guard against investigator bias, data
should be provided data fram multiple investigators and study sites.

diagnostic detectability, engineering accelerated ]jfe testing, phyvsical
Stress studies, ang others. Anima) experiments usually concern toxicity,
carcinogenicity, or teratology but can alsg include studies on the
feasibility ang safety of implanteq devices. The safety cencerns found in
the human clinical studies involve whether or not a device hams or lnjures
the patient without demonstrating a compensating benefit, Included in this
latter concern is the issue of the use of an ineffectjive device which
Prevents or posEpones treatment With other therapjeg Known tg be effective,
In cancer therapy, for example, this ig a major concern because delayed
treatment usually leads to poorer Prognosis fqor Survival



be analyzed with a number of survival analysis models such as Kaplan-Meier
broduct limit estimate, acturial life table, Cox model or the equivalent.
Stratification ang application of log-linear models (Bishop, 1975) of
Mantel-Haenszel (Mantel, 1963) analyses are all well documented in the
literature. Applications of these analyses should not lead to preblems

when properly applied.

The largest areas of concern with studies of safety involve three main
issues. First, it is essential to have accurate ang dppropriate measures
of dose and response. A risk assessment of the device depends on a
dose~response analysis which must be characterizeq properly. The CQose must
be in the Proper units derived from experimentation ang Must be consistent

Tre appropriateness of :-he response is equally important. If 3 substance
concentrates in the kidneys and it ig known that this Substance may damage
kicney tissue resulting in renal failure, then renal failure shoulg be
Censidered as an endpoint. If it jg also known that the material is
mutagenic, one should also look for cancer of the kidney and other
associated organs such as the liver ang bladder.

to be satisfied with a negative rgsult: One does not know if the study is
truly negative or if the observation time jg not long enough to detact a
delayed event.

The most difficult follow-up determination concerns safety in the human
clinical studjes. Frequently, the Advisory Panels to the Agency and Agency
Staff attempt to define adequate periods of follow-up byt usuatly these are



based on clinical observaticn without benefit of rigorous Snhalvzas,  pop
example, the follow-up for an implanted Pacemaker is four -5 SiX ronths
after implantation or for a laser Posterior capsulotemy 15 a2 minimem of six
months. ¢on occasion such follow-up has been found to he inadecuate for the

analysis of Specific broblems, but in the absence of reliable clinical
Another questicn concerning follcw—up 1s the Canparability between study
and contro] Subjects.

unless same Very stringent assumptions can be made about the endooints.,
When such an assertion of €quivalence ig made, the lnvestigator must

The demonstration of effectiveness differs for different types of devices,
For a diagnostic Or monitoring device it may be sufficient tq Shdw that the
device records a measure of bodily function'reasonably accurately or thar
it produces diagnostically useful informatjon. Medical knowledge may lag
behind technological advance in such devices and it usually requijreg time
and experience for the diagnostic utility of a device to be fully explored.
Therapeutic devices, on the other hand, usually require more than g
demonstration that the device,physically, Chemically, or biologically
functions as it wag designed to. 1n addition to proper function,
therapeutic devices are required to show that saig function Fesults in 4
benefit to the patient. For éxample, {n 4 Fecently approved pvp for a
hyperthemmia device for palliative canca Management, jt was not enough to
show that the device delivered a kngwn dMount of heat tq a tumor sjte. The
SPonsor also had to shaw that the heat delivereq resulted in teduction jn

tunor size.

muUst provide diagnostically usefy] informatjon Or data that ape
potentially diagnostically usefu] . For example, if 4 diagnostic imaging
davice shows Specific tissue structyre More clearly thap other imaging



devices, such images may be usaful for the stugy of degeneratijva dissases
Of the tissus even though no specific disease entity has been detectzd. It
1is important to understand that the instructiong for use are just as
Important as the device Characteristics. 1f a device is intended o detect
disease and if its effectiveness depends on a Specific regimen of follew-up

by estimating sensitivity, specificity, false positive rate ang false
Negative rate with appropriate confidence intervals. Indices c= agreement
Or concordance shoud be accampanied by a suitable test via the Kappa
Statistic {(Cchen, 1960) or an equivalent procedure to determine that the
agreement is not due to chance (Fleiss, 1981). Simple correlation
cocefficients usually do not pProvide much information on agreement so these
should only provide Supporting evidence and not the main element of the
demonstration. :

detect a disease cendition or abnormality A. The device is much cheaner to
purchase and use than the expensive accurate standard method for detecting
disease condition Oor abnormality A. The applicant enlists four
investigators, each at a different facility, two of which ere to use the
Standard technique and tWo are to use FIND-a. Typical data fram such a pa
are given in Table 1. The manufacturer probably has not consultéd a
Statistician and does not realize that each facility/investigator should
employ both methods under blind conditions of observation, that results
from two or more facility/investigators should not be pooled without proper
justification, and that the target population for the device shoulg be both
specified and représented by the Sample. There is no mention of
sensitivity, Specificity, false Positive rates or false negative rateg,

The statistics provided were probably done by the clinicians or other
Sclentists. There is no description of the statistical methodology nop is

inordinate amount of Staff time to improve the quality. Aftor many
meetings, the manufacturer may be persuaded that new studies need to be
done and that a Statistician should be involveq. In a subsequent
resubmission the datg might loock like that given in Table 2 with estimation
given in Table 3. Generally, these data can be campared to other existing
detection methods or additional Statistical analyses can be providad
depending on the severity of errors in diagnosis. If the Standard metheq



is not error-free, then One needs to find the false tositive ans false
Negative rates for d sequence of tryue incidencs rates of the Giz:zaza or
abnormallty, as discussed in Fleiss (1981). 1If it is a very SErlOUs matter

to miss a disease case or to falsely diagnose 3 negative, then 2N analysisg
by McNemar's test (McNemar, 1947) or equivalent procedures would he in
order. Finally, if the Populations at the four facilities were
substantially similar ang it is found that pooling can be Justified, 4
single table similar to the form of Table 2 can be cbtained with overall
rates based on 200 people.

Clinical Studies of the effectiveness of therareutic cevices can be either
controlled clinical trials or clinical investigaticns which have controls
of different types. The statistics of coentrolled clinjcal trials has a
rich literature to which I cannot do justice in this discussion but I muse
touch on scome important issues. Once clear Cefinitions of the stugy
endpoints are established, sample size dateminations censistent with the
endpoints should be done. This is especially Crucial in Studies where 3
non-significant Statistical Camparison will be used to imoly equivalence
with existing therapies. Patient follow-up should be given carefu]
consideration with dequate duration and campleteness and with »
camparability in important Charzcteristics between the ‘treated ang centrol
patients. The data from several Study centers should be reported

Clinical investigations,gf other types may be employed if the endroints are
suitable. For a device to be useq for the talliative treatment for a
Progressive degenerative disease, Proper historical contrsals can be used.,
Cross-over designs can be done when residual effects of the treatment are
short-lived and an adequate cdesign can be implemented. Cther tyres of
studies may ke attempted if the result is go dramatic that Statistical

and device characteristics., Let us assume that the REMEDY-B device is
claimed to be effective in improving mobility for four basic conditicng
identified as Ache 1, 2, 3, and 4. Typical data fram such an experiment
may be as given in Tables 4 and 5. It jg highly probable that the
observations were not done under blind conditions which matters little here
anyway because no control group is Provided or even discussed. No
statistical analysis is provided because, it is obvious that marked o
moderate improvement occurs in Nearly 80% of the patients. 1t iq not
infrequent to have a ";linicgl trigl" Such as thig where 2pa Or more of the
patients came fream a single 1nvestlgator with Sane limited Case historijes

little about the statistical treatment of the data set because gq man
rules have been campramised that a meaningfyl analysis ig impOSsible_

clinical trial? It might lock like‘the dat; given jp Table 6. -
These follow-up data should be consistent with the spensor''s elaim. For



these data need to be Gathered a minimum of SiX monthg after treazmene. 1=
the effect jg temporal and the claim is for Cemporar, relief, then ferhars
a KapIan—Meier Product~limit apprecach or actuarial 1iZs tabple analysis of

and the reviewer the best overall data Presentation ang analysis ang
senerally provides the sponsor With the best Prespects Ior approval.

Zenclusion
= uSion

Sscond, the statistical Procedures sheuld be campletely Cescribed.
-ncluded in this description are verification of assumgticns, Population
sslection Criteria, booling justificaticn, Statistical FOC2L selection and

cu ification; description Or reference of Special statistical Procedures,
savdle size Justification? follow-up Criteria, randamization Criteria, how
Slind evaluation was accanplished. ete, Again, the MCra soecific the
Lezter because the reviewer needs Lo detemine Precisely what was done to

:I (4]

Finally, the Sponsor should provide an interpretation of tha data and
analyses to show how these studies Support the medical claipm for the
device. 1In this area, the SPOnsor must 1ink togethar tha results of
hypcthesis tests to the Study objectives Lo the medical ¢lajims for the
device,

Prcviding late information regarding these four elementsg removes much
guesswork he part of the reviewers and will expedite tre review process
threugh the JeNCY. The Sponsor shouylg Provide all relevant infonnation,
data, and analyses jn 4 concise discussion, explaining Precisely how the

m2Cdical claims. Such a Presentation, while it €annot guarantee appreval ,
w1ll orovide an optimal climate for discussion between the applicant ang
FCA throughout the evaluatijon pProgess,
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Tadle L. Stz iveress of FIND-a

Disease Status-3

Present Absent Total

Standard tethod ~ 93 7 ) 100
FIND-A . S1 9 100
184 16 200

Chi-square = 0.27 (P = 0.7, not significant)



Table 2.

Standard
Method

Standard
" Method

Standard
Method

Standard
Method

Sutmary of Effectiveness of FIND-A

a. Facility/Investigator 1

b.

d‘

FIND-3
A Mot A
- A 44 1
Not A 2 3
Total 46 +

Facility/Investigator 2

FIND-a
A Not
A 15 0
Not A 1 4
Total 16 3

Facility/Investigator 3

FIND-A
A ot
A 44 2
Not A 2 2
Total 46 4

Facility/InvestigaEdr 1

FIND-A
A Not .
A 45 0
Not A 0 5
Total 45 5

Total
45

50

Total

46

Total
45

30



Table 3. Analysis of FIND-a Effectiveness Data

Facility/ Sensitivity Specificity False Pog, False Meg,
Investigator Rate Rate
1 0.98(0.89,1.00)* 0.60(0.15,1.00) 0.04 0.25
2 1.00¢(0.92,1.00) 0.80(0.28,1.00) 0.02 0.00
3 0.96(0.85,1,00) 0.50(0.07,1.00) 0.04 0.50
4 1.00(0.92,1.00) 1.00(0.48,1.00) 0.00 0.00

* Values inside the Parentheses are upper and lower 953 confidence limits.



Ache Ache Ache
Facility 1 2 3
1 1 2 1
2 2 1 1
3 - 1
4 3 1
5 78 62 57
Total 84 66 63

[2S]
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Improvement

Marked
Moderate
Milg

None

Table s,

Ache 1

Improvement pgra

Ache 2

23
23

17

66

Ache 3

31

25

for R2EDY-3

ache 4

Tetal

114
120

300

ol
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Table 6. Effactiveness Bata for REMEDY-3
o - .a.. Facility 1
Improvement (*cbility Index)

< 25%  25-50% 50-75% 75-100%  Total

Treated 6 _ 17 37 40 - 1lco
Controls 35 35 20 10 100
Total 41 s2 57 50 200

b. Facility 2

Improvement (Mcbility Index)

< 25%  25-303  50-75% 75-100%  Total

Treated 6 18 39 37 100

Controls 40 34 18 8 1Co

Total 46 52 57 45 200



Appendix
Observed Uses and Abuses of Statistieca] Procedures

in Medical

Device Submissions

by

Statisticg Branch, DLS, csT

Center for Devices ang

Radiological Health, rm

Acceptable Procedures

Statistical Procedure

Use

Analysis of Variance

Calculation of Survival
Probabilities -

Distribution Tests
(Kolmogorov—Smirnov,etc.)

Early Study Termination

Equality of Variance Tests
(Eartlett, F—test_method, ete)

Exact Binamia]l Distribution
Tests ;

Fisher’s Exact Test
(Hypergeometric Distri.)

Linear Reqgression

——————

Hypothesis testing, variance
eéstimation, model develoment

Life Testing, Morbidity
Analyses, Mortality Analyses,
testing in sity device longevity

Verification of underlying
distribution

Significance test indicates
device treated batients worzg
than camparison group.

Verify equal variance
aSsumption for least
SqQuares, Anova, etc.

Tests and confidence limits
for rates ang Proportiong

Test two independent cate-~
gerical Sampoles when one
response cej] is small.



Abpendix - 2

Statistical~Procedure

Use

Leg-rank, Peto, or other
tests

Emntel-ﬁaenszel, Log-Linear
mocels, etc.

Multiple Canpariscn Procedures

Non-parametric Tests

(Rank, Rank Sum, Sign ,etc.)

Paired t-Test

Patient Canparabiliy Testing

Stepwise Discriminant Analysis
or Equivalent

Stepwise Multiple Regression
Analysis

Transformation (Log, Square
Root, etc.) :

T™wo Sample t-Test

Welch t-Test

Test diffarences in survival
functicns among several study
greups.

Adjusted rates for Stratified
samples, hanogeneity among
Stratified samples, cumulative
survival canparisons.

Significance tests for many
Means eithar paired or Unpaired

Canpare Dreperties of small
samples of unknown underlying
structure.

Canparison of "before and after”
treatment reasponses

Assure similarity in important
parameters such as age,

sex, disease condition, etc.,
via

appropriate statistical test for
canpariscn groups.

Prediction for categorical
response .variable data '

Prediction for quantitative
data.

Stabilize variance for least
Squares, Anova, etc.

Canpare two means fram samples .
with equal variances,

Canpare two means fram samples
with unequal variances,



Appendix - 3

Unacceptable'Prccedures

Statistical Procedure

Abusa

Analysis of Varience

Clinical Trial t

Oanparability

Conficdence Intervals,
Variances and Staadargd Errors

Crossover Analyses

Data Selection -

Enumeration of Camplications
or Study Endpoints

————

Test for Categerical or other
data for which equal variaznce

assumption ig viclated,

Lack of controlg or choice of
improper historical control,
of prototype device which
evolves during study period, use
of only one investigator, use of
several investigators each with
a few Patients, and/or under
different protocols.

use

Patients in treated angd
canparison groups not similar in
impertant characteristics.

Failing to Provide estimates
and adequate data for
verification, failing to label
what is provided, using standard
error and standard deviation
interchangeably, confusing
confidence intervals with
tolerance intervals,

Crossovers done without regard
for acceptable design Practices,
Carryover effects ignored.

data from
canparison subjects
for historica]l

Presenting selecteqd
treated ang
(especially
controls),

Pooling variables of mostly
different types (e.qg., one
cancer and one infection equals
two abnormalities).



Appendix - 4

Statistical'PréCédure

Aduse

Exclusion of Patients

Follow-up

Interpretation

rea

Measurement of Variables

Multiple Canparisons

Qutliers Do

Pooling

Regression and Correlation
Estimates

Poorly designed and Unequally
aoplied exclusion criteria leag
to exclusion of camplications
ard early deaths or device
failure from survival analyses,
justification for exclusion by
Saying event was "not device
relateq”, exclusion of patients
whose response is difficult to
analyze, etc,

Unequal between canparison
groups, patient lost to follow-
UD unaccounted for in analysis
Or simply excluded without
explanation.

Imprecise and ill-defineqd
terminoloqy such as use of
"reflect" or "trend” when model
cdoes not adequately predict,
implication of Causality when
association is presented, etc,

Undefined measurement Protcecol
leading to guesstimates, points,
intervals, or all of ahave in
the same data set.

No adjustment for Numerous
Pairwise tests in overal]
Significance leve].

Rejecting boundary data such as
background readings or eXtremes
over time as outliers in trend
tests, rejecting data points
without proper testing or valig

Ccmb?ning estimates frqy Several
Studies withoyt a test of



Appendix - 5
Statistical Procédure | _ Abuse
Stratification Lack of stratification in
- - ; samples which are Cbviously
Unecual in critjical charac-
teristics,
Tests of Hypotheses - Usirg inappropriéte test and

test statistic because of
incorrect distribution, unecual
variance, Correlated Samples,
design induceq bias, incorrect
‘model, etc.



