L

UNDP/WORLD BANK/WHO SPECIAL PROGRAMME FOR
,RESEARCH AND TRAINING {N TROPICAL DISEASES

Geneva, 4=8 Februavy 1985

3014

TDR/ IMMAL-FIELDMAL/VAC/85.3

Spsenhw Gy &7
A F A

FRINCIPLES OF MALARIA VACCINE TRIALS:

REPORT OF A JOINT MEETING OF THE SCIENTIFIC WORKING GROUFS ON

IMMUNOLOGY OF MALARIA AND ON APPLIED FIELD RESEARCH IN MALARIA

AR
J‘} g!.({\(f le Py T pote g

Page

SUMMARY ., . . . . . . . . . e e R 2

1. INTRODUCTION . . . . . . . . For e % e e m e s oa s 2

2. CURRENT AFPROACHES TO MALARIA VACCINE DEVELOPMENT . . v s 3

3. ADVANCED DEVELOPMENT OF MALARIA VACCINES . . . . . for e s 5

3.1 General Considerations v e e e 5

3.2 Preclinical Studies . e 7

3.2,1 Type of vaccines and wmanufacturing methodology .. 3

3.2,2 Characterization of immunogen . . . . . 8

3.2.3 Tests for contaminants . e e e e e e e e e 9

3.2,4 Other vaccine components . b e e e e e e e 9

3.2.5 Safety testing . e oo e 9

3.2.6 Efficaey testing . e e e 10

3.3 Clinical and Field Trials of Malaria Vaccines . . . . . . . . 10

3.3.1 Definition of phases . Ve e e e e e e e e 11

3.3.2 General considerations ., e e e e e e e e e e 11

3.3.3 Phase I malaria vaccine trials . . . . « . 4 + . . . . i5

3.3.4 Phase II malaris vaccine trials . . . . + v v + . . . 19

3.3.3 Phase 111 malarias vaccine trials . . . . . . . . . . . 22

3.3,6 Phaze IV malaria vaccine trials . . P . 26

4, LIST OF PARTICIPANTS . . . . e e e P 32

5. REFERENCES . .. . , ., . . . P P 14

ANNEX I CRITERIA FOR GUIDELINES ON THE ROLE OF THE

INDIVIDDAL AND THE COMMUNITY IN THE RESEARCH,

DEVELOEFMENT AND USE QF BIOLOGICALS . . . . . . + ' u o . .. 36

This report containg the collective views of an tnternational group
of experts convened by the UNDPANORED BANK/ WHO SPECIAL
PROGRAMME FOR RESEARCH AND TRAINING IN TROPICAL
ISEASES (TDR). It does not necessarily reflect the views of
TOR/WHO. In the interests of repid communication it has been
submitted ta anly minimal editorial revision, Muoreover, any geo-
graphical designations used in the report do not imply the expres-
sion of amy opinion whatsoever on the part of TDR or WHOQ
congerning the iegal status of any country, territary, city or area or
of ity authorities concerning the delimitation of its frontiers or
boundarias,

Ce rapport exprime las vuas collectives d'un groupe international
d'experts réunt par le PROGRAMME SPECIAL PNUD/BANGUE
MONDIALE/OMS DE RECHERCHE ET DE FORMATION
CONCERNANT LES MALADIES TROPICALES (TD®), 41 ne
raprésente nas nécessairement les vues dy TOR/OMS et, en vue
d'une diffusion agedlérde, il n'a pas été 1'ahjat d'une mise sn forme
particulidrgment soignée, En outre, les noms géographiques utilisés
dane le présent rapport n'impliquent, de la part du TOR ou de
I'OMS, aucune prise da position quant av statut juridigue de tel ou
tal pays, territoire, ville ou zone, pu de ses autorités, ni guant au
tracé de sos frontiéres,




TDOR/IMMAL-FIELDMAL/VAC/85.3

page 2
ANNEX TI FRECLINICAL EVALUATION OF NEW INACTIVATED VACCINES . . . . . . 41
ANNEX IIT SYSTEMS FOR EFFICACY TESTING IN MALARIA VACCINE DEVELOPMENT . . 47

ANNEX TV TECHNIQUES AND PARAMETERS FOR ASSESSING THE JAFETY
OF ANTIBACTERIAL AND ANTIVIRAL VACCINES . . . + . + - « - « .« . 51

ANNEX Vv EXPERIENCE OF CLINICAL AND FIELD TRIALS OF ANTIMALARIAL
DRUGS IN RELATION TO FUTURE VACCINE TRIALS . . . . + « « + - - 60

ANNEX VI PROTGCOL DEVELOPMENT FOR PHASE 1 MALARIA VACCINE TRIALS e 63

SUMMARY

The Sgilentific Working Groups on the Immunclogy of Malaria and on
Applied Fleld Research in Malaria of the UNDP/WORLD BANK/WHO Special Programme
for Research and Training in Tropical Diseases (TDR) held a joint meeting at
WHC headquarters in Geneva, Switzerland, on 48 February 198% to discuss the
advanced development of malaria vaccines.

The meeting considered the curvent status of malaria vaccine research
and progress made over the past years. Although experience with vaccines
against bacterial and viral infectioms provides valuable d{nformation, the
advanced development of malaria vaccines poses entirely new problems that call
for the elaboration of guidelines for preclinical studies and vaccine trials.
The principal purpose of this meeting was to establish such guidelines.

1, INTRODUCTION

Despite the remarkable results of intensive efforts made against malaria
from the 1950= to the 1970s, the disease has remained a wajor health problem
in many tropical and subtropical countries,

"0f a total world population of 4574 million, about 1292 million (28%)
live in areas where malaria never existed or from where it disappeared without
specific antimalaria measures. Some 800 million people (1BXZ) live in areas
where the disease has been eliminared during recent decades by the general
improvement of health facilities, changes in the environment and successful
antimalaria efforts, Forty—-six per cent of the world's population,
2117 miltiom people, live in areas where antimalaria measures have reduced
malaria incidence in varving degrees, ranging from a slight reduction of the
original endemicity to the near elimination of the disease In certain areas.
Some 365 million people (8%) live inm areas whers neo specific antimalaria
measuraes are undertaken. The original levels of endemicity are largely
unchanged in those areas, (1)

These last arcas include most of tropical Africa, where malaria is
predeminantly hyper— or holeendemic and Plasmedium falciparum the prevailing
parasite species.

Tt is estimated that the number of ¢ases of acute c¢linical malaria alone
iz of the order of 90-100 million per annum. In addition, there is a large,
oligosymptomatic reservoir of chronic infections. Substantial mertality from
falciparum malaria occurs, especially in young mon—immunes in tropical Africa.

The situation over the past 15 years clearly shows that the worldwide
elimination of malaria camnet be achieved with the means currently avallable,
and the present antimalaria strategy is therefore based on realistic concepts
of malaria controlcz); in thejir implementation, primary health care is
expected to assume an important rale~(3f
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However, even at modest target levels of malaria control, the same
constraints that stood in the way of global malaria eradication still operate,
namely financlal, administrative and technical problems. The latter include
widespread resistance of anopheline vectors to insecticides,(4)  the
oceurrence and gpread of chloroquine resistance and the increasing development
of multidrug resistance of P. falciparum in large tropical areas,(s the
exophilic behavicur of certain anopheline wvectors, and factors associated with

human ecology, suweh as transhumance and social attitudes. These obstacles
have partially or totally invalidared the traditional antimalaria
armamentarium.

In reaction teo this most unsatisfactory and dangetrous situstion, the
. UNDP/WORLD BANK/WHO Special Programme for Research and Training in Tropical
Diseases (TDR) has planned and implemented research aimed at the improvement
of malaria control, Part of this Programme pursues the development or
improvement of tools and methods of the conventional type, while another is
devoted te the exploration of innovative approaches, such as vector control
through bioleogical agents and the control of the malaria parasite through
vaccings.

. Research on immunjzation against malaria has made outstanding progress
over the past years and there is a distinct possibility that malaris vacecines
may play a major role in malaria control in the not—toe—distant future.

2, CURRENT APPROACHES TO MALARIA VACCINE DEVELOPMENT

Ag currently foreseen, malaria vaccines will be based on pure parasite
antigens which specifically stimulate protective immume responses. Frotective
“antigens are present in several of the developmental forms of the parasite and
future vaccines may contain antigens from one or more of these. At present,
most of the relevant research concerns P. falciparum.

The strategy for malaria vaccine development invplves the identificatiom
and characterization of prorective parasite antigens, cloning of the
corvesponding genes and their expression in bacteria, analysis of their nveleo—
tide sequences and deduction of the amine acid sequences of the encoded
molecules. The protective epitope, i.e. the immwunogenic portion of the
antigen molecule, may then be produced by genetic engineering methods or by
chemical synthesis.

‘ In attempting to identify protective plasmodial antigens, attention has
been focused on those antigens that are exposed to the immune system, either
on  the surface of the parasite or on the membrane of the infected
arythrocyte, Vaccine targets currently envisaged are: (i) sporozoites, (ii)
asexual erythrocytic stages, and (iii) gametes and other forms developing in
the mesquito mid-gut. The life c¢ycle of Plasmodium and these potential
vacceine intervention points are shown in Figure 1.

The three main types of malaria vaccline corresponding to these targets
) and now being developaed will have different effects in the vaccinated subject
and can be expected to be applied in different population groups and epldemio-
logical sgituations. Immunity in malaria is stage—~specific, so0 that =&
sporozoite vaccine would not protect against malaria induced by the presence
of asexuval erythrocytic forms in the transfused bleod, Nor would a gamete—
based vaccine protect against sporozoilite—indueced Infection and the subsequent
development of disease.

Malaria wvag¢ine regearch iz progressing rapidly at present. The gene
encoding the protectlve sporozoite antigen of P. falciparum has been cloned
and the antigen produced in Escherichla c¢oli. The immunodominant epitope has
been synthesized chemically and the possibility of producing the antigen in
vaccinia and other genetically enginsered microorganisms is being explored.
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Several putative protective antigens of the asexual erythrocytic stages of
P, falciparum have been identified and the genes coding for some of thege have
been cloned. Target antigens of transmission-blocking immunity have been

identified and gene cloning %5 iIn progress. It is therefore ¢lear that
several candidate antigens/vaccines will before long become available for
avaluation. [For further information on recent malaria vaccine resesrch, see

references (7) and (8).]

3. ADVANCED DEVELOPMENT OF MALARIA VACCINES

3.1 General Considerations

Current indications are that three types of malaria vaccine will become
available for field testing and that each will possess its own functional
characteristics. A sporozoite vaccine, if fully effective, would prevent Che
successful establishment of plasmodial development in the host and thus induece
sterile immunity. Parasitaemla, asexual or sexual, would therefore not
oceur; clinical illness would not supervene, and the subject would remain
incapable of infecting mosquitos. A vaceine of this type, 1if applied widely
enough to human populations, could effectively interrupt the natural trans-—
mission of malaria, irrespective of rhe prevalent endemic level. However,
subjects effectively immunized against sporozoitea would remain susceptible to
challenge with asexual erythrocytic stages of the parasite and, following such
challenge, e.g. by transfusion of iIinfected blood, would develop parasitaemla,
clinical §llnegs and gametocytaemia, and become infectiocus to mosquitos. The
tndications of the sporozoite vaccine in the framework of malaria control will
largely depend on the duration of protection. In determining these
indications, it will he important to acsess the role of natural challenge in
relation to protective immunity.

An asexual erythrocytic—stage vaccine is expected to induce an Immunity
that operates by restricting the replication of asexual blood-stage parasites
without necessarily inducing sterile immunity. Consequently its functionm will
be to reduce the morbidity and mortality due te malaria. However, persons
immunized by this type of wvaccine will remain susceptible to sporozoite
infection and the parasite's development In the liver will occcur unimpeded;
low—grade asexugal parasitaemia may oceur and gametocytogenesis may evolve
normally sc  that immunized persons would remzin capable of infecting
wagquitos. Asexual blood-stage wvaccines, therefore, seem unlikely, if used
alone, to achieve the interruption of malaria transmission in any endemic
area. However, such vaccines would be used in highly susceptible groups in
endemic areas to induce a level of immunity that would prevent serious 1lliness
following infection. The objective would be to confer a degree of protectiom
equivalent to that which normally develops only after several infections in
endemic areas. Subsequent infection might boost the vaccine-induced Immune
TEesSponse.

The third type of wvaccine will operate by inducing in the human host
serum antibodies which effectively block the fertilization of females by male
gametes within the mosduite gut of inactivate the fertilized =zygote or the
ookinate, Such transmission-blocking wvaccines seem capable of interrupting
malaria transmission at the mosquito level but will neither protect the human
host against sporozoites, hepatic forms and asexual blood stages, nor prevent
the development of gametocytaemis. However, they are expected to reduce the
overall rate of malaria transmission 1n endemic areas and thereby play an
lmportant role in control, 3uch vaceines would probably be used in
combination with a protective wvaceine against sporozoites and/or asexual
arythrocytic stages, and/or in association with other malaria control measures.

To rvecapitulate, only the asexual blood-stage vaccine would seem likely
to induce an immunity similar to that acquired by peopulations living in highly
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endemic reglons where patural infection does not appear to lead to an effective
anti—-gporozoite immunity or to the development of effective transmission-
blocking Immunity. The most appropriate circumstances for the use of an
asexual blood-astage vaccine on its own may, therefore, be in sweh areas for
children under four years of age, who hear the burden of malaria morbidity and
mortality. The aim of this limited vaccine adminigtration would be to induce
in the young c¢hild an impunity which would eliminate serious morbidity and
mortality, anticipating that reinfection would boost the vaccine—induced
imnunity.

Sporozoite and transmission—~blocking wvaccines, which might be used with
the gim of interrupting transmission, will both need to be administered to all
ages in &5 complete a coverage as possible to be effective. Repeated vacci-
nation at appropriate intervals to maintain effective immunity would also be
necesgary until dnterruption of transmission is achieved. Both these vagecines
may have gpeclal application in limiring the epidemic spread of malaria, while
the sporozoite vaccine scems especially suitable, particularly where drug—
resigtant parasites are prevalent, for the protection of non-immunes who have
to enter endemic areas for occupational reasons, e.g. milicary forces, o0il
exploratien staff, ete. A sporezeite vaceine eould alse be used for the
protection of young children in highly endemlc areas, although booster doses
may be regquired. Such usage could reduce natural infections with time and
regulre revaccination of the origimally protected persons as they get older.
Under these g¢ircumstances and if this measure seems to be justified by the
results in the young population, it may be rational to wvaccinate the rest of
the population in order tc achieve a major reduction of malaria incidence and
prevalence,

Eventually, if all three vaccine types were available, thelr use in
combination may be desirable, However, it must be realized that epidemio-—
logical, economic and logistic cousiderations may require the use of single
rather than multiple vaccines. Apart from the specific requirements of safery
and efficacy assessment, such considerations will also demand that all vaccine
types be tested and evaluated independently in field circumstances before
their use in combination is tested.

Although the present state of production of malaria vaccines makes it
difficult to formulate preclsely the conduct of preclinical, clinical and
field studies, it should be remembered that preliminary attempts st sporozoite
vaccination were made dn  1971-1975  using X-irradiated sporozoites of
P. falciparum and P. vivax iInoculated by mosquite bites into previouscly
non—exposed human volunteers. This bold trial, however crude by comparxison
with today's rematkable advances 1n immunclogy and melecular bilolegy, provided
the following initial information:

(a) immunity to sporozoite challenge became detectable 7-10 days after
inoculation;

{(h) immunity was species— and stage-specific, but not strain-specific,
since one isolate of P. falciparum and one of P. vivax produced protection
apainst strains from several continents, probably indicating thar antigenic
variation was not significant in regard to this mode of protectiom;

{c) s=pecies-gspecific sporozolte antibody (demonstrated by the circum-
sporozoite reaction) appeared within 10 days of immunization and persisted for
3=5 months;

(¢) protection was proleonged for 2-3 months by a relatively small
booster dose of non—irradiated sporozoites of any strain of the same specles;

(e) no slde—effects were observed, other than individual idiosyncrasy
to mosquito bites.
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There can be little doubt that the forthcoming malaria vaccines offer a
justified hope for the future. It would be wrong, however, not to consider
some problems and impediments related to the need to caXry out a series of
trials {in man, eventually including residents of areas of natural wmalaria
transmission., Such trials may introduce variables that may be difficult to
evaluate and controel: the artificial induction of immunity following
vaccination with Lknown species of plasmodial antigens may be complicated by
natural inoculations of the same and other species by wild mosquites, while
the volunteer may possess degrees of immunity acquired from past or concurrent
matural infections with any s=species, which may be boosted by the artificial
procedure, It is necessary to make allowance for these issues in the design
of each trial,

Malaria veccines, like other biologicals, differ from purely therapeutic
agents in that they have been developed primarily for the prevention of
infection or disease, or disease~assoclated mortality, although they may also
have potential curative actions. Such vaccines are generally used in people
who are not overtly ill, and frequently in young children, to provide long-term
individual and ecommunity protection. Continuing surveillance, on a local,
national and international scale, of the benefits and risks of vaccines in use
will be mandatory.

These are some of the problems that confront those who are respensible
for the development of any vaccire, including that apainst malaria; the same
problems face those who approve their usage and those whe administer the new
products, Before human trials can be contemplated three conditions need to be
met: first, the need for the vaccine should be established and its feasibility
realistically assessed. Second, the regulatory authority as well as the
principal investigator and his or her colleagues should be satisfied that the
preliminary laboratory and animal tests have provided the necessary information
on the safety and efficacy of the candidate vaccine, and a clear indication of
the potential benefits either to individuale or to communities or both. Third,
any human trials should be conducted under the auspices or with the agreement
of a nationally and internationally recognized ethical body.

The ethical principles governing all biomedical research apply to any
research on biologicals, However, field trials of bioleogicals pose special
problems that need to be considered in relation to the contemporary athical
codes. Codes providing guildance for involvement of human subjects in
biological studies have been based in principle on the Declaration of Helsinki,
1964, revised by the 29th World Medical Assembly, Tokyo, 1%73. These codes
have been amplified to include field studies in which groups and communities
are involved.

In addition to general guidelines, the Report on the International
Conference(?) of 1976 covers specific criteria on the design of fileld
trials, on human involvement in field trizls, on surveillance of safety and
effectiveness, and on the development of a bieclogical product before marketing.
{See Annex I1.)

3.2 Preclinical Studies

The primarvy purpose of preclinical studies of advanced candidate
experimental vaccines is to produce information on which to base & decision on
whether rto proceed with Phase I elinical trisis (such preclinical studies are
therefore often referred to as Phase 0). In addition, the data obtained are
frequently wsed to improve or modify the experimental product and to gain
ingight Iinto expected results inm humans., For egample, some governments, prier
to cliniecal testing of vaccines, require submission to thelr regulatory
agencies of data supporting the proposition that the experimentzl wvaccine is
safe for use in man and that it will produce functional immunity, Requirements
depend upon type of vaccine and method of manufacture, but in general they are
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based on specific analyses and on in vitre and in wvive tests which charac-
terize, as far as possible, the product in terms of content, purity, steriliry,
immunogenicity and toxicity. The experimental vaccine proposed for clinical
trials should be produced in accordance with Good Manufacturing Practice (GMP)
and tested following the puidelines published by WHO and by national regulatory
authorities. In the United States, for example, general regulations for
bicloglcalg are applicable to vaccinme products. Specific concerns relevant o
particular products should be discussed with the appropriate governmenit agency
on a case-by-cage hasis. In most of the techmologically advanced countries,
laboratory tests carried out in the course of studies on experimental vaccines
and used Iin suppoert of a new vaccine application must be done under conditions
specified by Good Laboratory Practice (GLP). In this connection it will be
appropriate to consider the principles of the preclinical evaluation of new
inactivated vaccines (see Annex 1II), which also have wide application to
malarvia vaccines.

3.2.1 Type of vaccines and manufacturing methodology

Significant progress has been made In the development of vaccines
agalnst human malaria during the past two years. A large number of potential
vaccines must be considered, because there are four species of malarla paragite
(P. falciparum, P. vivax, P. ovale, P. malariae) and four stages or phases of
the 1life cycle, three of which are currently the subject of vaccine research
{Bporozoite stage, asewual erythrocytic stages, and sexual and related stages).
This alone glves 12 possible candidates or groups of candidates. At present,
it appears that potential candidate vaccines will be prepared by recomblnant—
DNA (rDNA) technelogy or chemical synthesis, once a vaccine candidate immunogen
has been identified by experimental work and suitable methods have been
developed to gquantitate the antigen. Several putative protective antigens have
been expressed in E. coli, and the possibility of producing malaria wvaccine
antigens in live recombinant virus (vaccinia) and other microbial carriers is
being explored.

Malaria vaccines under consideration might consist of small synthetic
peptides coupled to a carrier or proteins of wvavieble sizes produced by rDNA
technology, These antigens could be formulated in the vaccine product with or
without adjuvant., Regardless of source or method used for the preparation of
the Immunogen, the product must be sufficiently well characterized and a
production system developed that will vield the antigen reproducibly at an
acceptable level of purity.

WHO has developed general requirements for vaccine products and quality
control, as well as specific requirements for particular vaccines and recently
for products made by ¢DNA technology. 100 1t 4s emphasized that speecific
requirements have to be drawn up on a case-by-case basis,

In addition to WHO requirements, many natiocnal control authorities have
developed their own requirements and/or consultative documents.

3.2.2 Characterization of immunogen

The immunogen can be ¢haracterized by three distinct methods!

(a) physicochemical methods: for example, amino acid sequencing, poly-
acrylamide gel electrophoresis, high performance liquid chromatography;

(b) Immunologleal tests: for example, epitope analysis with antimalaria
monoclonal antibodies;

{c) biological tests; for example, tests for humoral or cell-mediated
immunity, with the object of establishing a2 correlation with protective
immunity.
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These tests also serve o establish consistency between production‘lots.

It is recommended that the primary amino acld sequence of the malaria
antigen in a vaccine be compared for sequence homology with human proteins for
which the primary amino acld sequences are known, using a sultable computer
database and programme.

3.2,3 Tests for contaminants

A number of contamlinating materials may be present in vaccines, such as
proteing, carbohydrates, 1lipids and nucleic acids, as well as biologically
active materials, such as pyrogens and wmicroblal contaminants. Methods to
test for these contaminants have been established and are referred te in
garlier WHO publicationa.(ll)

3.2.4 Other vaccine componentsg

All vaccine components must be sufficlently well characterized. Addi-
tives designed to Increase immunogenicity, such as adjuvants and carriers,
require speclal attention,

3.2.4.1 Adjuvants

Adiuvants will probably be required to elicit protective immune responses
using malaria parasite antigens. The only adijuvants generally accepted for
use in man at present are aluminium =alts. As a rule these elicit humoral
rather than cell-mediated immune responses. With some malaria parasite
antigens, protection against parasite challenge in animal models hags anly been
elicited using Freund's complete adjuvant. This would be unacceptable in
practice, and an adjuvant formulation that would elicit good cell-mediated and
humeral responses and protection but lack undesirable side—effects needs to be
developed, The principal unacceptable side-effects toe be avoided are
pranulomatous or other reactions at injection asites, pyrogenicity, arthritis,
anterior uveitis, auteolmmunity and carcinogenicity.

3.2.4.2 Carriers

Ty elicit immune responses to peptides and other gmall molecules,
coupling to & carrier is wusually required. For many practical purposes,
coupling to an immunogenic protein, for example a bacterial toxoid, may be
sufficient, For wvaccine standardization purposes, the nature of the coupling
reagent and the molar ratio of antigen to carrier should be specified, Fusion
proteins associated with parasite proteins produced by rDNA technology may
alsoc act as carriers. The possible use of non—immunogenic carriers, such as
fatty acids, is being explored. Efficacy would be judged by induction of
efficient immune responses against parasite determinants. Safety would be
assessed according to conventional rules, The development of hypersensitivity
to fusion proteins should be considered as an undesirable side—effect.

3.2,3 BSafety testing (see alsoc Annex II)

3,2.5.1 Toxicity tests in animals

Specific animel tests that might be appropriate are best considered on a
case-by—case basis. While inactivated vaccines need a relatively limited
range of investigations (see Annex II), extensive animal tests, which might
include those for carcinogenicity, teratogenicity and effects on fertility,
may be necessary for a live vaccine or for components of a vaccine that have
not previously been used in man.
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3.2.5.2 Potency and stability

Tests for the immunological potency of vaccines and thelr stability
under the couditions of storage to be used during vaccine trials should be
established,

3.2.5.3 Immunaeathclogx

Sin¢e human malaria can produce immunopathological complications,
potential immunological side—effects of malaria vaccines should be investigated
at all phases of the vaccine trials. The possibilitry that active immunization
with a given malaria antigen wmay either induce an avtoimmune response or
increase the pathological expression of malaria in naturally infected
individuals sheould be considered during all phases of vaccine development.

At the initial stage of safety testing, the crossreactivity between major
epitopes of the candidate wvaccine and human tissue antigens may be analysed,
using specific antibodies that react with major vaccline epitopes and which
conld indicate binding to human Cissue antigens by:

(1) immunofluorescence on appropriate human tissve sections and on
peripheral lymphocytes;

(11) agglutination or radicimmuncassay on human red blood cells of
different blood groups and human platelets;

{(1ii) cytotonicity assays on cell panels for anti-human leukotyte antigen
(HLA) antibodies.

3.2.6 Efficacy testing

Adequate test systems for measuring immunity have a major role in vaccine
assessment, As the objective of vaccinarion is the induction of protective
immunity, an efficacy test should alse reflect protective immunity rather than
an immune response in general. Most available assay systems do not directly
reflect immune protection. However, testing for humoral or cellular immune
responses will provide important information on the immunogenicity of a
vaceine, These tests will alse give indirect informatiom on the possible
protective value of a vaccine and, when the test results are cotrelated with
other parasitological, clinical and epidemiological data included In a vaccine
trial, perhaps also on its mechanism of action.

Appropriate systems for efficacy testing are considered In Annex I1L.

3.3 Clinical and Field Trials of Malarla Vaccines

The overall objectives of walaria vaceine trials are (1) the assessment
of the safety, tolerability and efficacy of the vacecines in individuals of
different age, ethnic or geographical origin and malaria experience and
{2) the determination of optimum conditions for the induction and maintenance
of functional immunity. Furthermore, the epidemiclogical impact of ifmmu-
nization against malaria should be determined, including assessment of the
acceptability of and compliance with immunization procedures Iin communities or
population groups at risk.

In the assessment of malaria vaccine safety 4in human subjects, the
experience with antlbacterial and antiviral vaccines may be useful; this is
summarized in Annex IV, Moreover, since there is a risk of vaccine—induced
immunopathological phenomena from malaria vaccines based on antigens, 1in
association with adjuvants and carriers, the safety of such candidate malaria
vaccines requices particular attention.




TDR/IMMAL-FIELDMAL/VAC/85.3
page 11

3,3,1 Definition of phases

Although these above-menticned objectives will require pumercus studies
interrelated to each other in a complex manner, it may be helpful to define
the major phases of testing according to the sequence generally employed for
e¢linical and field trials of vaccines and drugs. Such development is by its
nature a continuous process, but four phases are defined below; their nature
and relationship are shown in the diagram and flow chart (Figures 2 and 3).

Phasge I

Trials, initially carried out in Thealthy adult male aon—immune
volunteers, will take place under c¢lose medical serutiny in areas where
malaria is not endemlc., Their objective will be to assess human local and
gystemic tolerability and immune responses to malaria antigens that have been
ghown to be safe and immunogenle during preclinical (Phase 0) studies. The
test vaccine will be adainistered to determine the optimal dosage schedules
for Phase II trials., The trials may also include comparisoem with a carrier
{if included in the vaccine(s)] and with a placebo, and will be conducted
double-blind whenever feasible. The conduct of such trials should comply with
any local and national regulations. Following acceptable results of safely
and tolerance studies in healthy non-immune volunteers, Phase I trials may be
extended to non-malarious or infected, oligosyaptomatic volunteers in the
target populations in different etbmic groups, as well as in special groups.

Phage II

The aim of the Phase II trial is the demonstration that a malaria vaccine
produces protective immunity, as well as the continued monitoring of its safety
and tolerability. Initially, these parawmeters may be assessed by experimental
challenge (Phase Ila), which can only be undertaken in special centres where it
is legally accepted. The prerequisite for initiating Phase IT trials should
be the demonstration {by Phase I trials) of adequate safety, tolerability and
acceptability; some demonstrationm of the induction of functional immunity will
also have been obtained from preclinical (Phase 0} or extended Phase T studies.
Phase IIb studies will extend to pepulation groups exposed to natural challenge
gnd may not necessarily be carried out in an institute. There may, therefore,
be some overlap between Phase IIb and Phase III (see below), since Phase 1Tb
trials will have ro take into consideration challenge by natural infections
under a variety of epidemiological conditions.

Phagse III

The major emphasis of these trials will be placed on vaccine efficacy;
acceptability, safety and tolerability will alse be momitored, although in
less detail than in Phase I or II. Phase III trials will generally be open
trials carried out in a target population under natural challenge and may also
provide an opportunity to study the impact of the vaccine{s) on the community.
Initially they may be small-scale pilot studies before reaching field trial
proportions. Such trials shouwld alac be carried out in areas of differing
malaria endemicity and transmission.

Fhage 1V

This phase, which follows registration of the wvaccine(s), will be
largely deveoted to the monitoring of vacecine safety and efficacy and of the
impact of the vaccine(s) on the epidemiological situation, with a view to
optimizing the strategies for vaccine deployment,

3.3.2 General considerations

Clinical and field trials of malaria vaccines differ in some aspects
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Figure 2, Schematic diagram of malaris vacclne development
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from those of orther vacecines, In this context 1t may be useful to consider
recent experience 1in the conduct of trials with antimalarial drugs (see
Annex V).

3.3.2.1 Ecthical aspeets

All trials should be conducted in accordance with the principles laid
down by the World Medical Agsembly of 1975 on Ethics and Human Experimentarion.
The ethical aspect of wvaccine trials will be paramount. Informed consent of
volunteers must be obtained in every case during Phase I-II1 trials. This
means that the information should be given to the voluntear in writing or
verbally afrer trapnslation imto a language and a form that are well understood
by each person concerned., In trialg involving infants or children, informed
consent should be obtained from relatives in accordance with national
legislation.

Each trial protocol should be agreed upen or prepared by the principal
investigator involved, signed by him and approved by & local/vational ethical
committee, The safety of volunteers in the trial is the primary consideration
of the ethical committee in approving the study and of the principal
tnvest lgator in carrying it out. However, scientific aspects and the chance
of acquiring wuseful knowledge from a new project must also be consldered
belore it is approved.

3.3.2.2 Monitoring of rrials

A ¢linical trial monitor should be appointed to each Phase I-TIT trial
in order to assist the principal investigator in carrying out the planned
studies according to the agreed protocol. Such a moniter, if appointed to
cover several trials or trial eentres, will assist in the coordination of the
trials and in the comparison of data from each trial. The monltor should be
available constantly, so that he can be contacted by the principal investigator
to discuss any problem or to approve minot alterations in the protocel as
required. The moniror would also play a key role in the operation of a system
for repotrting any major adverse reactions and should have the power to suspend
or terminate a trial If necessary.

The appointment of an independent ombudsman to each trial to protect the
interests and welfare of the patients should be considered. Such a perscn
should be an experienced clinieian, independent of the study and 1ts
organization,

3.3.2.3 Baseline data

In order to evaluate the vaccines, it will be essentlal to obtain base-
line haematological, blochemical, parasitological and immunclogical data from
all subjects to be studled and from the relevant populations. These data
ghould be available before the trials begin. A serum bank sghould be
established for collection and storage of samples to facllitate retrospectlve
COmparisons.

Since malaria and other febrile diseases are associated with headache,
nausea, vomiting, dizziness, etc., 1t may sometimes be difficult to distinguish
bhetween dizeace~related and vaceine—induced side-sffects, Differences may also
be obgerved hetween hospital/institution-based studies and those conducted in
the field with nen-instituticonalized volunteers. Therefore baseline
information on symptomatology should be obtained and noted on appropriate
questionnairas,

3.3.2.4 Planning, performance and evaluation

The planning of the vaccine triél will be based on the prescribed




TDR/IMMAL-FIELDMAL/VAC/85.3
page 15

technical documentation issued for the trial vaccine(s). The protocol for the
trial should specify clearly the objectives, target group (together with all
inclusion and exclusion criteria) and Iiavestigatioms to be carried oet,
together with their timing, It should contain a deseription of the facilities
available, of the staff and their responsibilities, as well as of the arrange-
ments for recording and evaluating data, When agreed upon, the protoecol
should be signed by the principal investigator, the administrative authority
of the institution concerned and the independent trial monitor. The signed
protocol should then be submitted for ethical clearance. The investigations
must be performed in strier accordance with this protocol unless modifications
are agreed upon with the monitor, Laboratory methods should be standardized
prior to the trial and the appropriate instruments and equipment calibrated at
the beginning and at appropriate intervals during the trial to ensure proper
performance of all tests. Utmost care should be taken in the correct, timely
completion of patient record forms, Upon completion of the study and the
recording of all data, the volunteers' record forms should be signed by the
investipator and forwarded for evaluation, if such evaluation is not carried
out at the trial centre. Care should be taken that all trial records are kept
at each centre.

Although the Phase I trials may be conducted with relacively small
groups, the wealth of individual data in these and subsequent trials will Be
such that computer storage and analysis of data should goon be carried out.
Computer processing will be facilitated by the use of precoded record sheetrs
that should be developed on the basis of the trial protocol.

Since malaria vaccine trials may be performed over a long period (for
the detectlon of late secondary effects and the assessment of the duration of
functional immunity)}, it may be appropriate to adopt a staged evaluation in
order to avoid delay in the analysis of early observations {e.g. wvaccine
reactions)., This would not entail breaking the code in double-blind trials if
record transcripts {photocopies) are used for data processing and if the data
analysis is not carried out at the trial centre.

3.3.2.5 Davelopment of parasitaemia during trials

Episodes of parasitaemia stemming from infection with hetervologous
species of parasites may develop iIin wvaccinated persons during trials in
endemic areas. Only the clear demonstration of homologous parasitaemia in
previously uninfected persons is indicative of wvaccine fallure. The
pogsibility of vaccine failute due to antigeniec diversity may alsoe be
congidered. Thus, whenever possible, blood samples should be taken during
egeh episode of parasitaemia and the antigenic charscteristics of the isclated
parasites determined, The same consideration would apply to the asexual
erythrocytic—stage vaccine, if it induces complete immumity to these stages,
or with regard to heavy parasitaemia when the effect of the vaccine is only
suppressive.

3.3.2.6 Vaccine type and phasing

It is evident that sporozoite and asexual erythrocytic-stage waccines
will have to pass through Phases I, IL, III and IV. However, studies under
¢hallenge in Phases II and III are dirrelevant to the development of
transmission—blocking vaccines, the efflcacy of which can only be studied in
Phase LV trials. Transmission—blocking vaceines should therefore be submitted
to exhaustive Phase I studies in order te provide adequate evidence of
tolerabiltity, safety, ilmmunogenicity and functional immunity in all groups
targeted for registration of the vacecine(s). These would then pess directly
to Phase IV trials in which vaccine impact would be the major criterion.

3.3.3 Phase I malaria vaccine trials

Phase T trials are concerned with an evaluation of the safety and
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immunogenicity of candidate vaccines. 1In the case of malaria, a wide variety
of possible approaches involving different parasite species and stages or
different types of vaccines are being considered. The following pertains to
P. falciparum only and is restricted to wnonliving wvaccines; sporozolite,
asexual erythrocytiec, and transmisgsion—blocking or gamete-related vaccines are
examples currently being considered. Obviously other species of parasites
will be important targets for future development efforts.

While Phase 1 trials are not designed to assess the efficacy of the
candidate vaccine, their evaluation will alloew the appraisal of potential
constraints and advantages in its use. Relevant factors include: acceptabl-
lity of the wvacecine by target populatiens;  immunogeniclty (profile and
kinetics of the immune respeonse); provision of sufficient information teo
initiate Phase 11 trials.

3.3.3.1 Conduct of Phase I trials

(a) Objectives

The primary objective of the initial Phase I study in man of a candidate
malaria vaccine containing elther a single malarial antigen or a combinatiom
of antigens should be to evaluate, both objectively and subjectively, the
local and systemic effects which follow its administration. A secondary
abjective should be to determine the immune responses elicited by the vaccine.
Different formulations, dogages, lntervals and routes of admipistration may be
compared.,  Another objective of the Phase T study may be to compare safety and
immunogenicity in persons with and without previous exposure to malaria.

For practical purposes, Phase I trials are denoted Ia if they involve
non=-target, non—immune individuals in non-malarious areas, and Ib 1f they

Involve persons from the potential target population in malaricus aresas.

{(b) Relarion to other phases

Phase I trials will have to be planned and prepared during the early
preclinical Phage O stage and initiared afrer the completion of the Investipa-—
tional New Vaccine (INV) application, or equivalent, and the "New Vaccine
Document™. They will have to be continved, mainly in eéendemic areas, until the
end of the Phase I1 stage. Figure 3 indicates the steps foreseen. The
following points should he noted:

(i) The actual preparation of Phase I trials (demonstration of local
and systemic tolerability, safety and specific immunogenicity)
starts during early Phase 0.

(ii) Phase Ib trials in the target population are to start after
completion of Phase Ia (Initial or expanded) or Phase Ila (challenge
after sporozoite vaccine and asexusl erythrocytic—stage vaccine),
according to evidence of local and systemic tolerability/safety and
induction of functional fmmunity,

(11ii) The chart does not generally indicate the follow-up period of one
year of more for determining safety and fmmune kinetics, which will
take place in Phase I and early Phase IT human trials.

{iv) Upon evidence of acceptable local and systemic tolerability and
safety and adequate immune responses, the early (initial) Phase In
trial will be followed by expanded Phase Ia studies for optimizing
the vaccine regimen.

(v) Txpanded Phase Ib trials in target populations will continue
through Phase IIbv in order to cover all specific target groups
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{e.z. infants, young children, pregnant women, malnourished persons)
prior to Phase III.

In the case of unacceptable adverse local or systemic effects, or
in the absence of adequate immunogenicity, the clinical trials
would be suspended and, If feasible, a new vaccine formulated.

Phase I studies may start with geveral galenic formulations using
the same antigen In parallel (double blind)}, but all such formula-—
tions would first have to go through Phase O,

For the development of transmission-blocking wvaccines, Phase I
studies (a and b, initial and expanded) are the only trials to be
conducted prior to Phase IV. They should therefore provide adequate
evidence, for registratiom purposes, of vaccine safety, toler-
ability, Iimmunogenicity and functional immunicy.

{¢) Impunological tests

At least one laboratory will be responsible for specific immunological
tests and will correlate in vitro evidence of protective or functional
immunity, crossceactivity with other malaria species or developmental stages,
as well as immunopathelogical and other immune responses to the components of
the vaccine. Some aspects of the cellular immune response will have to he
investigated locally. The serum can be stored and transported. For each test,
aliquots of serum will be kept frozenm. As the pre-vaccination serum will have
to be compared In all subsequent tests, an adequate number of aliquots will be
stored prior to the vaccination of volunteers. Similar arrangements may be
required for storage, transport and proceasing of leukocytes,

3.3.3.2 Phase I protocols

Individual protocols will be prepared for each study. They should
provide concise information on the vaccine to be employed, the objectives of
the study, details of the trial population and directives related to all
investigarional activities. The protocol, signed by the principal
investigator and the trial monitor, needs to be approved by an ethical
committee and to meat national regulations governing such trials.

Sugpestions for protocol development arve given in Aanex VI.

3.3.3.3 liaison with regulatory agencies

The conduct of trials with experimental vaccines in man generally
requires that an Investigational New Vaccine (INV/IND) Exemptlon or equivalent
be obtained from national conttol authorities. This means that a completed
INV application should be submitted to the appropriate agency before FPhase 1
studies begin. Preliminary discussions with the regulatory agencies before
submission of the necessary documents may facilitate completion of the
application, The application should include detailed infotmatien on vaccine
manufacture, composition, preclinical studies, proposed ¢linical protocols
(including & description of the subjects to receive the vaccine and the
parameters to be evaluated), a description of the faciliries, the
qualifications of the clinlecal investigators, consent forms, and details of
appropriate institutional and ethical reviews.

3,3,3,4, Special considerations related to vaccine type

Evaluation of the immunogenicity of the vaccine through in vitro tests
reflaecting functional immunity will differ in the three different types of
vacclnes., Specific assays, such as those described in Ammex III, section 1.2,
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will be required. The availability of a specialized laboratory capable of
performing these gspecial assays 1s critical to a successful Phase I study.

3.3.3.5 Sites for Phase I trials

(a) Non-endemic areas

The firat Phase I testing of malaria vaccines should be dome in healthy
volunteers with no previous malaria experience. This 1s most feasible In a
non~endemic area. Later studies In endemic areas could consider ethnic and
genetic influences.

Sites most guitable for the studies are those with experience in vaccine
development, c¢linfcal pharmacology and Phase I vaccine or drug studles. Most
important, perhaps, is access to cooperative and understanding volunteers with
the flexibility to participate fully in the study.

Services of trained and experienced c¢linicians, clinical Ilaboratory
personnel, immunologists, malariclogists, vaccine developers, statisticians
and, if so indicated, entomclegists will be required.

Results of Phase Ia testing on healthy non-immune individuals will sexve
as a basis for additional Phase Ib testing in endemic areas on those more
¢losely related to the ultimate main population that will be the targer of
malaria vaceine use.

(b) Endamic areas

Phase I malaria vaccine trials in endemic countries are to include a
variety of trial populations/target groups. Since the trials ave ¢ssentially
carried out without challenge, the Iintensity of loeal malaria transmission
during the observation period ghould ideally be minimal., In selecting the
gite for a Vaceine Trial Centre, consideration should alse be given to the
motivation of the trial population in acceptiog/demanding the vaccine. There
are specific aspects of site selection that should be considered when
contemplating Phase T trials:

(i} The Phase 1 Vaccine Trial Centre should be situated in an area/
country/population with a strong motivation for the eventual uwse of
the specific type of vaccine in malaria control, e,g. areas/
countries with active malaria control programmes and possibly
afflicted by major technical problems, such as drug resistance of
malaria parasites, insecticide resistance of vecters, exophily of
vectors, and/or population movements, Similarly, areas/countries
with a substantial and evident Interest in future malaria control
could be considered for the establishment of a Vaccine Trial Centre.

{11) Placing a Phase I trisl in an area/country where malaria contrel is
impeded by major political, administrative, infrastructural or
logistic constraints, or in & pelitieally unstable area, could
affect the performance of the trial and should be aveided.

{11i)} The establishment of a Vaccine Trial Centre is a complex undertaking
and should not be undertaken if there are doubts about the
feasibllity of creating and maintaining a viable and efficlent
infrastructure,

3.3.3.6 Facilities for Phase I trials

Phase I malaria vaccine trials require well-developed facilities for
clinical and laboratory investigations and the capability of following up
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trial subjects over relatively lomg periods. “Facilities” include adequately
trained, experienced personmnel, physical resources and good communications.

The staff of the Vaccine Trizl GCentre should have expertise in the
¢linical and laboratoty studies to be undertaken there. Administrative and
technical support structures should also be adequate and qualified. The
Vaccine Trial Centre may also require the services of a soecial worker.

Physical resources include suitable premises and equipment for clinical
and laboratory studies, a reliable and stable electricity supply, adequate
water supply, appropriate transport, amd facilities for the extramural
follow—up of trial subjects.

The logisties must be efficient, with particular emphasis on postal,
telephone and telex/telegraphic communications; customs clearance of supplies
from abroad; conveyance of records and biological samples for laboratory
quality control; access of the trial monitor to site, premises and records;
and post=-institutional follow—up of trial subjects.

Overall, the establishment of Vacclne Trial Centres in malaria endeamlc
countries 1s a substantial task that will often require the development of
staff resources and physical facilities.

3.3.3.7 Conclusions for Phage I trials

The development of an effective antimalaria vaccine requires new
approaches and methods and offers a degree of complexity not often encountered
in the prevention of infectious diseasas,

The desired outcome of Phase I aetivitles will be the validation of a
candidate malaria vaccine comprising one or more antigens inm a suitable
forpulation and well tolerated, both locally and systemically, in the human
target population. This will allow initiation of Phase I1 trials. However,
(expanded) Phase I studies will continue for other target population groups.

Phase I studies should alsc give indications as to the type of jmmune
response, the diffevent doses and dose intervals administered, so as to
determine optimum vaccination schedules and the best kinetics of induced
lomunity. They are also expected to provide conclusive information on vaceline
tolerance, safety and immunogenicity as related to age and previous or current
malaria experience of the subjects of the human trials.

3.3.4 Phase 1% malaria vaccine trials

Ag pointed out in section 3.3.1 of this report, Phase II aims at demon-
strating the protective impmune response elicited by the malariaz vaccine as
well as continuing to indicate its degree of sgafety and acceptabllity. Thus,
these trials will constitute o bridge between Phase I and the commencement of
field trials. Naturally the Vaccine Trial Centres in which Phase II studies
will be carried out will be expected to keep in close touch with the
institutions inwvolved in Phase I studies (if they are not identical with the
lacter) and to play a major role in the planning and conduct of Phase ITI
aperations,

Phage II is an Important period in which vaccine safety and efficacy are
assesgsed 1In persons with different malaria experience in whem age-specific
protection/functional immunity is being assessed and in whom practical vaccine
dosages and schedules are being defined and conditions for wvaccination
determined.

3.3.4.1 Objectives of Phase IT trials

The efficacy of sporozoite and asexual bleod-stage vaccines, although




TDR/IMMAL-FIELDMAL/VAC/85.3
page 20

already assessed by in vitre systems during Phase I, will now alsg be
determined accotding to the abiliry of participating subjecrts to resist an
infection with the homclogous parasite species. This may be done either by an
experimental challenge {in nonpregmant adults only} as in Phase IIla trlals or
by matural challenpe under field conditions as in Phase LIb.

In Phase I1la, vaccination {and one or more boosters at the optimal time
based on Phase 1 experience)} will be followed by exposure te sn experimental
challenge that would produce an infection in unprotected control subjects. The
challenge would be effected when antibody titres and/or functional dimmunity
arc expected to be at their highest level. The challenge may act as a
potential boostet and the immunological parameters will have te be monitored
as carefully as during Phase I. These ttials may also be instrumental in
assessing the duratiom of functional immunity follewing primary immunization
and in redetermining the best timing for booster vaccination.

These studies can only be undertaken in speclal centres where auch
challenge is currently undertaken and, of c¢ourse, legally accepted., They
generally last longer than those in Phase I, Readalssion to institutional
studies after prolonged periods of outside residence may be consldered for
repeated experimental challenge or repeated vaccination of volunteers.

Phase IIa studies with challenge infection may also be carrled out in
adult male volunteers from malarious areas, e.g. if natural challenge is too
infrequent to give unequivocal results for FPhase IIb within an acceptable
time=span.

Tn Phase IIb, studies will be extended to population groups expesed to
natural challenge. Thus, different lines of study may be pursued during this
phase, as for example observations in healthy male adults from non-malarious
areas and withoat previous malaria experience. After inirial immunization and
confirmation of vaecine safety and a laboratory assessment of functional
induced immunity, the volunteers may be exposed to natural challenge., If
protection has been induced, the duration of protection/functional immunity
can be determined both in the absence and in the presence of challenge, Post~
booster obsarvations follow the same lines., Parallel or consecutive studies
among adults from target populations will be undertaken, in separate groups,
according to the following categories of malaria experience; without past or
current malaria experlence; with past malaria experience but without current
infection; with current oligosymptomatic infection; vaccinated after
treatment; vacclnated without treatment,

Recruitment for these trials will therefore reflect a variety of earlier
and current malaria experience, which will need to be determined carefully in
each individual case in order te arrive at a meaningful evaluation.

After institutional obgervation for safety and the assessment of
subsequent post-vaccimation functional immunity, the veolunteers are usually
exposed to an enviromment with malaria transmission {usually their habitual
one) and thug with natural challenge. Post—institution follow—up, will
evaluate the long—term safety of the vaccine and the duration of funetional
immunity wnder natural challenge.

A special group may be constituted of non-immunes whe arve exposed to
natural challenge after vaccination. Such opportunities for trial wvarisnts
with non-lmmunes exist, if adequate faclilities can be made available, in
military and police forces or in labour forces in comstruction campe.

When appropriate, Phase II studies will alse be carried out in
adolescents and children over five years of age. Expanded FPhase 1 studies
will be needed beforehand to define the tolerability and immune response in
young children and pregnant women. Whether or not other types of Phase II
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triale will be desirable in these groups will depend on the results of efficacy
studies in other groups.

3.3.4.2 Planning, performance and evaluation of Phase IT trials

The planning of Phase T1 wvaccine trials essentially follows the guide-
lines for Phase I trials given above but in addition includes specific
provisions for coping with challenge infections and for rapid diagnosis and
treatment of possible overt malaria infections awmong the volunteers, Agaln
the Investigational New Vaccine (INV) and the updated vaccine brochure are
essential documents for the develgpment of the trial protocol. The planning
and design of Phase IIb trials are likely to be influenced by the degree and
seasonality of endemic malaria prevalent in the trial area., It is envisaged
that trials will be carried out concurrently in different countries and in
different endemic situations.

3.3.4,3 Parameters to be assessed

The eclinical and laboratory parameters relevant to Phase Il trials are
practically identical with those of Phase 1 but need to be complemented by
intensive parasitological cbservation following experimental challenge and
during exposure to natural infection.

The malaria immune profile of all volunteers must be determined before
vaccination and regularly monitored following vaccination and challenge, as
well as during exposure to natural infection. In addition, longitudinal
observations should be made to detect delayed adverse effects, While trials
involving artificial challenge (In the por—immune) inply a known type of
infective event, it may be quite difficult to determine the Ilatensity of
natural challenge, but a suitably planned double-blind trial (vaccine compared
te placebo) may provide appropriate 1indications as long as the level of
naturally acquired protective immunity does not Interfere unduly with the
evaluation of the specific type and effect of vaccine,

3.3,4.4 Site of trial and required facilities

In selecting the site for Phase L1Ib malaria vaccine trials with possible
natural challenge, it will be important to have a precise idea of the risk of
infection in the place of residence of the wolunteers and to relate it to
group size as well as to duration and season of follow—up, in order to
deterpine whether meaningful results can be expected from studies there,

Prospective Vaccine Trial Centres should be able to organize and under-
take entomological investigations on local vector species, including recording
of vector behaviour relevant to malaria transmission. Information on the
frequency with which these vectors transmit the prevalent plasmodial species
during the different seasons will be of great JIwportance. Centves should,
therefore, consider how some of the new techniques to detect, identify and
quantify sporozoite loads in mosquitos can best be applied te loecal
cirgumstances, They should also ecarry out fileld survey studies in areas of
potential interest as trial sites to determine the dynamics and current
prevalence of parasitaemia and seroepidemiclogical indices.

Phase 11 trials will also be expacted to include standardization of the
storage conditions of biological samples and vaceines as well as methods of
transport. Assessment of storage 1life of wvaccines will also continue in
Fhase IIL.

In addition to all the facilities needed for Phase I work, the Phase Ila
Trial Centres involved 1In challenge studies need to provide continucus
diagnostic services and medical care for the diagnosis and management of
malaria. Similarly, Phase IIb Trial Centres in malarious areas need to
provide adequate treatment facilities. All Phase II Trial Centres must be
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equipped for the emergency treatment of severe and complicated malaria, and
the range of antimalarial drugs available for treatment must correspond to the
tocal drug sensitivity situation se as to ensure radical cure in all cases of
breakthrough (challenge studies must employ P. faleiparum isolates/clones of
high sensitivity to ome or more of the standard antimalarials available on
site).

Phase II Trial Centres also need to be able to cope adequately with data
recording and follow-up of volunteers after they bhave lefr the jnstitution.
This 1z a major task that requires substantial clinical and adminfstrative
back-up.

3.3.5 Phase III malaria vaccipe txials

FPhagse III malaria vaccine trials are conducted in malarious areas within
the natural setting of communities exposed to the disease. They are a logical
extension of the Phase 11 studies, provided that these have demonstrated the
efficacy, safety, tolerability and acceptability of the vaccine. Fhase III
malaria vaccine trials are still focused on the individual —- 1in contrast to
Phase IV trials where the main objectives are the assessment of the epidemio-
logical impact of the vaccine(s), determination of the strategies for Its
deployment in malaria control and the monitoring of safety and acceptability.

Tt is realized, of course, that Phase III trials are only applicable teo
sporogoite and asexual blood-stage vaceines and not to transnission—blocking
vaceines, which do not confer individual protection agalnst infection —= the
most important element in the evalwation of Phase IIL trials.

3.3.5.1 Objectiveg of Phase TII trials

The primary objective of Phase III trials is the study of the efficacy,
immunogenicity, safety, tolerability and acceptability of a malaria vaccipe
(incorporating single or multiple antigems) iIn population groups within their
nermal, malarious enviromments. Phase III studies are carried out in
population groups larger than those in FPhase TI trials and are generally
performed accordimg to a much simpler protocol than that used in Phase II,
gince the experience gathered during Phases I and II should serve to identify
the key parameters. Phase LII experience coupled with the results of Phases 1
and 11 is expected to provide the data required for the registration of the
new vaccine by the appropriate regularory authority (NDA/NVA = New Drug/
Vaccine Application). Although a New Vaccine Registration cam, in principle,
be restricted to the persons in whom the new vaccine can be used, it would be
preferable 1if the results of Phase III studies would permit reglstration
covering all major target groups who would ultimately require protection by
the vaccine.

Phase III rrials should also confirm vaccine dosage schedules according
to age groups and previous malaria experience. Since Phase I11 trials are the
bridge from ¢linical {Phases I and I1) trials te wider field studies (FPhase
1V), they are subject to wide variation of specific objectives and target
population groups, comparability with other methods of {ndividual protection,
degree and timing of natural exposure to infection, and iIntensity of post-
vacelination followup. Phase III trials are designed to provide all
information required to permit, ultimately, full-coverage field trials in
Phase IV,

3.3.5.2 Planning of Phase III trials

Protocol development will follow the same general pabttern as that set
out in section 3.3.3.2 (Phase I protocols) and Annex VI, since the principles
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of Phase I trials alse apply to Phase III studies with regard to product
information, vaceine handling and storage, vaceine administration, pre-—
vaceination examinations and follow up, laboratory operation, recording,
ethical considerations, monitoring of the studies and liaison with regulatory
agencies (see section 3.3.3.3). However, there are some aspects specific to
Fhase I1I:

(a} Timing

Phage II1T gtudles are undertaken after Phase II tyials have provided
evidence of efficacy and safety, As in Phase 1II, Phase II1 trials are often
staged: e.g. when ¢linlcal trials have demonstrated vaceine safety and
efficacy in adult and juvenile males, Phase TI1 trials may be implemented in
these groups, while studies In other age groups may still be only in Phase II
{or even 1), Ian the timing of vaccination, special considetation may have to
be given to the periodicity of transmission (natural challenge).

{bh) Vaccine formulatiocun

Vacelne formulations usad 1n Fhase III trials must already have been
tested in Phases 1 and II. It 15 not permissible to introduce medified
vacelnes dirveetly into Phase LTI without having tested them in Phases I and
IT., The product information in the Phase TIT protocol should provide a
succinct summary of the Phase II performance of the formulation to be tested.
Phase III 1is based on the administration of the £finalized pharmaceutical
preparation.

(¢} Study design

The design of Phase ILI malaria vaccine trials is flexible and will
depend ont the precise objectives of the study, the subjects included, the type
of vaccine uvsed and the intensity of observation practicable in the project
site.

As in Phase Il studies it is usual to start Phase IIT trials wirth adelt
males and proceed gradually to the lower age groups and to nonpregnant females
of child-bearing age.

Double-blind study design, with vaccine compared to placebo, is normal’
in groups and conditions where such a procedure does not constitute an undue
risk for the population involved in the trial. There is, for exawmple, little
risk in conducting such a double-blind trial in male adults and juveniles in
aregs with highly stable malaria and iatensive transmission. In specific,
particularly wvulnerable groups, the risk of placebe use may not be acceptable
(e.g. children under three years and pregnant women —— both groups could be
included after expanded Phase I trials). Such trials can be rendered
relatively safe by chemoprophylaxis with retention of the double-blind design.

Some Phase IIT trials lend themselves t¢e comparisons between the trial
vaceine and cother forms of individual protection, or between different
formulations or types of vaccines. Other, especially relativaly late, Phase
IIT trials may involve major feasibility and acceptability studies designed to
ensure adequate coverage of whole communities.

(d) Trial population and area

Phase III trials are usually carrled out in areas with populations in
which the routine use of the {candidate) vaccine being tested would be
¢ontemplated. Tt should be emphasized that Phase IIT trials are conducted
with the final pharmaceutical formulation, i.e. a very advanced vaccine in the
last pre-registration stage.
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SGince the Phase III studies have to provide a validation of the vaccine
and furnish all the elements needed for its subsequent safe operational use,
they have to cover all major population groups, especlally those recognized as
specific target groups for protection (e.gz. children wunder five years In
hyper/holoendemic¢ areas with intensive malaria transmission).

Resides conslderations of age, sex, pregnancy and nutritional status,
attention should also be given to previous or current malarla experience. By
the time Phase TIT trials are undertaken, it <an be expected that Fhase TII
studies will have provided information on vaccine response in relation Lo past
or current malaria infection and omn the potential need for administering
antimalarial treatment prior toe or in associatiom with vaccination. Phase IL1
trial protocols ate to be developed accordingly.

The Phase 1I1 getting in the natural, malarious enviromment will be
particularly suitable for studying vaccine-induced immunity and its dynamics
and the gorrelation of induced immunity with natural challenge. Thus, 1t may
be expected that Phase III studies will also assess optimum timing of
vaccination in relation to the local epidemioleogical situation.

While malaria vaccines will have to be studied in Phase IIL trials in a
variety of major ethaie groups in malarious areas and under different
epidemiological conditfons, it is also conceivable that previously non~immunes
(e.g. constructlion workers, etc.) may become suitable for trials when they
move to malarious areas,

(e) Pretrial examination and follow-up

All subjects emtering a Phase III trial have to be examined befere thelr
inclusion in the trial and at set times during and after vacclnation. The
parameters to be used will have been determined at the end of the Phase II
trials. Phase III will wusually employ a few essential parameters designed to
monitor the efficacy and safety of the vaccine and, to some extent, to
demonstrate any indirect beneficlal effects of vaceination (&.g. increases in
haemoglobin levels).

Specific groups within Phase IIL trials may be submitted te & more
intensive observation/examination schedule according Lo the specific
objectives of the study and the target group concerned,

The duration of follow-up in Phase III trlals depends on the objectives
of the study, the target group concerped and the local epidemiological
¢lroumstances. Ln previocusly non-immunes vislting a malarious area for only a
few weeks or months, it may suffice to study safety and tolerabllity of the
vaccine and its efficacy over the time of exposure and for a relatively short
period thereafter.

In naturally exposed groups residing in areas with seasonal malarla
transmission it may be necessary to assess vaccine efficacy through the
transmission period, to observe immune profiles throughout the non—transmission
interval and to continue the observation of efficacy in the following trans-
mission peried(s) in the absence or presence of vaccine boosters.

In naturally exposed groups residing in areas with perennial malaria
transmission the longitudinal study should consolidate information on the
duratlon of vaccine-induced protection (apainst infectiom or morbidity) and
its correlation with the intensity/frequency of parasite challenge.

Apart from the examinations required for the evaluation of vaceine
safety and efficacy, it will be necessary to make provisions for the speedy
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detection and treatment of malaris cases In the trial area, in order te avoid
severe morbidity and meortality., Such surveillance will also help in the
detection of any vaccine failures and thus be an essential instrument for
monitoring vaccine response and efficacy.

(f) Meonitoring of trials

Like earlier phases, Fhase III triale also require independent monitoring
by a trial monitor (see section 3.3.2.2).

(g) Adverse effects

Phase III trials cover a much larger population than Phases I and II
together, Thus, adverse effects of moderate or low frequency are more likely
to be detected in Phase III and the observations will have to be directed
towards their discovery. For example, extensive urine testing may permit the
detection of incipient renal ilmmuncpathological manifestations.

{h) G&Sites and facilitias

Phage III malaris vaccine trials are to be carried out in endemic areas
{with the possible exception of zome previously non—immune groups in which the
pre—exposure and post—exposure observations may be carried out in a nen-
malaricus area).

The wmajor target groups of Phase IIT trials are resident populations
exposed to malaria risk, preferably in areas where the ultimate use of vaccines
for malaria contrel is envisaged and where the inhabltants are highly motivated
to accept vacciration.

It will be necessary to conduct .Phase IIT trials in prototype areas for
all major epidemiclogical conditions in which the particular vaccine may be
used later. Adequate epidemiological documentation of the trial area is a
condition sine qua non for the implementation of such studies.

The getting of a Phase IIL trial in a malarious (usually rural or perji-
urban) area does not mean that it can be handled through occasional visits or
by proxy. Although the number of parameters to be obgerved in each individual
is less than in Phase II, the large number of individuals to be observed will
eventually produce a quantity of data not less than that of Phase IXI. The
malaria risk to which the population may be exposed during the trial calls for
specific provisions for the diagnosis and treatment of malaria.

Thus, the necessary physical resources will have teo be established in or
very closa to the trial area (with a resident principal investigator).
Diagunostic and medical facilities should be available around the clock. Labo—
ratary services, though less sophisticated than for Phase II, ag they are
mafinly concerned with blood wicroscopy, simple haematological techniques and
urinalysis, need to be efficient and up-to—date. The highly ghkilled technical
services will require a competent support structure ineluding, i1if =0
indicated, social workers.

(i) Development of Phase III facilities

At present few areas or countries meet the egsential conditions for
establighing Fhase III trxials, i.e. the availability of adequate epidemio-
logical information on prospective trial areas and the availability of
experienced staff, It will therefore be necessary to develop such facilities
through appropriate training of personnel and the dmplementatiou of study
projects on the epidemiology of malaria which, in due course, can he extended
te Phase 111 centres.
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3.3.6 Phase IV malaria vaccine trials

Final proof of the practical usefulness of a wvaccine lles 1in the
evaluation of 1ts impact on the health of the population. Fhase 1V trials
are, therefore, needed before a vaccine can be used as a routine public health
tool, The two major aspects of guch trials are: 1) the impact on the health
of the vaccinated population and 2) the impact on transmission. These two
aspects are ¢losely related but require distinet study designs. In addition,
Phase IV trials should evaluate social, economic and other factors that may
influence the deployment of malaria vacecines and thelr acceptance by the
poepulation concerned.

3.3.6.1 Objectives of Phase IV trials

The main objectives of Phase IV trials are the evaluation, under field
conditions, of the efficacy of a licensed malaria vaccine, and the monltoring
for associated adverse reactions in large population groups covered by this
vacgination., The essential aims would be:

(a) for the sporozoite vaccine: prevention of infection, as well az
reduction in frequency of disease and (malaria-related) death;

(b) for the asexual blood-stage vaccine(s):; reduction of the burden of
malaria~specific morbidity, of the frequency and severity of sarious
complications and of death;

(¢) for the transmission—blocking, gamete-related vaceine(s) {(alone or
in combination with others): reduction of transmission of malaria;

(d) 1investigation of special problems that become apparent only in
studies of large populations. Such problems may already be
identified in Phase IT but mostly at various stages of Phases 111
and 1V; arrangements should therefore be made to recognize these
problems and implement appropriate investigations,

3,3,6,2 Prerequisites for Phase IV trials

Az the design of protocols for Phase IV trials depends on the detailed
information of Phase I to IIl vaccine trials, it 15 assumed that the following
information should be available at the plamning stage of Phase IV trials:
target Plasmodium species and stages affected by the vaccine; duration of
protection; degree of protectlion, qualitative and duantitatlive; contra-
indications and special risk factors; route of administration and vacclnation
schedule; logistics of vaccine tramsport and storage; iInteractlons between
natural infection and vaccine-induced immunity; effect of antimalarial drugs
on vaccine tesponses; effect of immunization on efficacy of chemotherapy;
minimem and optimal ages for vaccine application leading te protectlon;
features of the vacelne that may interfere with compliance and acceptability
of vaccination campaligns,

It is alse assumed that sufficient general baseline data on the
epidemiology of malaria in the selected area and communities will be avallable
aud that high rigk groups and gpecific target populatioms (children, pregnant
women, migrants, occupational groups, etc.) are known,

Satisfactory baseline data are indispensable for evaluation. These
should include mortality rates by age~groups, sex and season. Rause-specific
mortality data from retrospective studies are usually unreliable. The value
of clinical diagnosis of symptomatic malariz must be determined from local
information, as well as from case detection and population surveys.
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Routine procedures useful for evaluation include collection of duplicate
blood samples to determine the prevalence and intensity of infection by
parasite specles and stage. Special emphasis will be placed on the validation
of astablished and the evaluation of new serological rests to monitor specifie
antibodies induced by infection and immunizatien. Should any new tests for
antigen determination under fileld conditions become available, special
evaluation studies would be indicated.

Monitoring of vaccine efficacy in large population groups will also have
to include observation of the effects of a F. falcipavum vacelne on infections
with and determination of the prevalence of P. malarime, P. vivax and/or
P. ovale.

The monitoring of entomological data on transmission is essential for
Phase IV trials. Entomological surveillance has a dual role: to determins
the transmission level in the study area and to estimate any vacclne-induced
changes in transmission trends. When studying transmission-blocking vaccines,
it would be advisable to determine whether they prolong the usefulness of
antimalarial drugs by partially or wholly preventing transmission in foci of
drug-resistant malaria and thus inhibit the spread of resistant parasite
populations.,

Provision for training of staff for such studies is essential in the
early planning of Phase III and IV trials. The categories of personnel that
will be needed must be identified. By the time the study areas have been
determined, additional manpowexr will also be required aand training needs must
be identified both quantitatively and qualitatively, Institutions where
training c¢an be carried out will have to be identified, and it will be
important t¢ commence institutional strengthening at an early stage, as soon
as there are genulne indications of an effective candidate vaccine becoming
available, i,a, usually late in Phase 0.

3,3.6,3 Relationship of vaccine trials to health and social services

In view of the fact that total vaccine coverapge will probably not be
achieved, that the reduction of transmission may only be partial and that new
neonates and non-immunes will be comtinually added to the local population, it
will be essential to ensure that adequate services for the rapid diagnosis and
appropriate treatment of malaria cases are established.

The health care delivery system of the area should include community
health workers capable of recognizing suspected malaria cases. There should
also be laboratory facilities for the confirmation of diagnosis, an adequate
supply of effective antimalarial drugs and an efficient referral system, where
facilities exist for emergency treatment and alternative medication. This
will require appropriately trained personnel, with the necessary supplies and
equipment. ‘

Recognition and reporting of vaccine side-effects constitute an fmportant
part of these studies, and appropriate information and trained personnel will
be needed if the less common side-effects ave to be detected, as this is only
possible in Phase 1V,

A vaccination delivery system will have to be developed and supervised
to ensure that the target population receives vacciuations at the appropriate
times and intervals, with vaccines that have been stored and transported under
prescribed conditiens. This will require a careful recording system derailing
the amounts of vacecine required, the amounts used, the remaining stocks and
the ¢riteria used for recording. Such a system must be accessible at all
levels to ensure the best possible maintenance of supplies,
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An pverall information system will meed to be developed to provide the
necessary operational and epidemiological data.

The effect of wvaccines on transmission will be influenced by the extent
of population coverage and this is related to acceptability of the vaccine,
the population's pereeption of its value, social customs, the wmovement of
individuals into the ¢owmunity and the extent to which such movements are
known to the health system.

Special attention should be given to the development of rapid appralsal
of socloeconomic changes so that the relevant informatlom can be used
ef fectively.

3.3.6.4 Effects of the vaccine on morbidity and mortality

In areas where the incidence of malaria is high, the major objective of
a malaria vaccine is the reduction of disease and malaria-related deaths,
There are areas in the world where the traditional control measures have not
been applied or applied effectively due to shortage of fimaneial or managerial
resources and manpower. Moreover, increasing drug resistance has greatly
reduced the value of chemoprophylaxis as a method of disease control., DBecause
ot concomitant diseases, it has also been difficult to interpret the impact of
malaria alone on general morbidity and mortalicy.

Even in countries where the mean prevalence of malaria is low, there
may, due to special circumstances, be high-risk groups. For instance, new
economic development projects and agricultural or other opportunities are
attracting non—immune individuals and families to areas of high exposure to
malaria. Seasonal or temporary movements of populations, either labourers or
nomads, may also increase the risk of malaria for these groups. Full-scale
control activities based on traditiomal measures may not be feasible in these
situations and a target programme of vaccination may be the only practicable
solution for preventing much illness and death from malaria in these groups,

3.3.6.5 Characteristics of some epidemiological conditions

Thare are epidemiological situations where malaria vaccines might have an
impact on morbidity and mortality. Im highly endemic areas, the commuinities
to be included in Phage IV trials should be selected on the basis of relative
stability, absence of major development projects in the area, and availability
of basic demographic data and basic health services. Curremt examples of
places whaere these conditions may be met are rural tropical Africa and Papua
New Guinea.

Studies of speclal risk groups would best be considered in non-immune
settlers moving into areas of high malaria tramsmission. In these groups it
iz essentfsl to determine the origin and destination of the population. The
non-immune population would be expected to remain at some risk of malaria
infection for a sufficlently long period to indicate vaccine efficacy. Current
examples of areas where these conditions may be met are Brazil, S5ri Lanka,
patrts of the Sudan and Thailand.

3.3.6.6 Methods and study design

Phaze IV studies are mest likely to be designed as total coverage studies
with adequate comparison areas.

The measurement of mortality and morbidity must be glven speclal
attention, Age—specific mortality will be the most practical indicatoer of
change and can be determined by perloedic surveys, by using the results of some
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studies done for other purposes and by careful extrapolation from existing
health records, supported by wvalidation of the data at the community level.
The recognition of 2 c¢ase of malaria and its definition as such in hyper— and
holoendemic sreas is complicated by the high fregquency of fever of unknown
origin that may coexist with asymptomatic parasitaemia. Nonetheless, it is
important to establish parameters for morbidity measurement in a specific area.

(a) Case detectlon

This will be based on the local health services, strengthened ox
developed to the extent vequired to provide effective evaluation of the impact
of vaccination on infection, disease and death. The variables to be assessed
in detected cases will include clinical, parasitoleogical and immuncological
components, including vaccination status (especially in severe cases).

{b) FPopulation surveys

Sutveys cartied out once or twice a year, possibly on a2 sample basis,
will assess parasiteloglical and jimmunclogical variables.

(¢) Death registration and certification

This will be done to the extent possible; the vaccination status of the
daceased should be determined if possible.

(d) TLaboratory support

The lahoratory service should provide the level of competence needed In
the field and facilirles for specimen collaection, transport and analysis.

{(e) Entomeclogical monitoring

An assessment of the {epidemiclogical) inoculation rate over time and
between the vaccinated and unvaccinated areas willl be necessary, using sporo—
zoite rates, vector density indices and man—biting rates.

(f) Monitoring of social/human behavioural aspects

This would cover attitudes and responses of the population towards
malaria and wvaeeination, iIncluding those associated with compliance over rhe
study period, In this context, the experience of the WHO Expanded Frogramme
of Immunization could be most useful. Special problems may be encountered due
to reactions at the site of injection. It will alsc be important to collect
bageline data on individual and family behaviour with regard to malaria
transmission and malaria control measures and how this may have changed over
the study period. Such momitoring may be carried out on a seasonal basis.

3.3.6.7 Time frame

Phase IV trials will requive a preparatory phase, which will depend on
the availability of trained personnel and the quality and extent of baseline
data., This preparatory phase will involve the collecting of parasitologiecal,
entomological and epidemioclogical data to establish comparability between
areas with and without intervention. Definitive selection of sites should
thus be accomplished as soon as candidate vacclnes have cleared Phase II
evaluation. In fact, possible gites for Phase IV trials may include those
used for Phase IIL. This decision should be anticipated early, at the
beginning of Phase II trials.

Certain studies, particularly those dealing with the evaluation of
highly specific and sensitive diagnostic tests, both parasitological and
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epidemiological, should be conducted once more undet different epidemiological
conditions in the field, as soon as the appropriate techniques have passed
rigorous laboratory and/or c¢linical validation. A period of at least two
years will be required to assess the impact on morbidity and mortality inr high
transmission areas and high-risk groups.

3,3,6,8 Evaluation of the impact of malaria immunization ¢n transmission

{(a) Conditions under which studies mipht be conducted

Situatiens where it would be most useful to study the reduction of trans-
mission as a result of vaccination are areas where transmission has already
been lowerad im intensity but not interrupted by antimalaria activities, In
these circumstances, malaria vaccination might be sufficient to stop trans-
mission, Of equal importance are studies in areas where there is currently a
problem in malotaining control with existing methods.

An appreclation of the importance of boosters from natural transmission
may emerge from projects on individual protection. Reductlion of malaria
incidence 1in the randomized unvaceinated population might provide some
information concerning the reduction of transmisslon when a fraction of the
co-resident population 1s immunized. More likely, if a high level of indivi-
dual protection is obtained for a sufficiently long period of time, there will
be a demand for extension of vaccinatiom to whole communities {i.e. to all whe
are likely to benefit). Measurement of transmission inm such communicies, in
comparison with unvaccinated communities, may give an estimate of the impact
of wvaccination on transmicsion.

The number of vaceinated and unvaccinated communities to be included in
a trial is important. If the unit for evaluation 1s a "transmlssion unit” (a
village, say), the number of such units required for statistical analysis must
be determined. The more "transmission units” independently observed, the less
ambiguous the Interpretation of the results. In practice the limit for the
number of villages that can be independently observed is usually set by the
capacity for adequate malariological and entomological measuremente.

In some areas vaccination may interrupt transuission either alone or,
more likely, in combination with other control measures. This ¢an be monitored
by using standard epidemiological/malariological teols,

Other factors of obvious importance for lomg-term lnterruption of trans-
misson include financial and administrative resources, and manpower, and their
appropriate availability in relation to the problem. Maintemance of eradi-
cation, should this be achieved, depends on the vulnerability and receptivity
of the area, the capacity for early detection and the comntrel of episodes of
renewed transmission.

(b} Study design

In a comparison betwesn wvaccinared and unvaceinated communities before
and after introductiom of the vaccine, target groups for vaccination would
include the entire community except for persons in whon there are contra=
indications., Other control methods would be the same in both communities.

Inttially, all individuals of the target population would have to be
considered susceptible and exposed to infection, although the degree of
susceptibility, especially to blood infection, might vary accerding to malaria
experience and other factors.

Clear indications would need to be given with vegard to the vaccination
of neonates (how soon after birth?) and immigprants, amd the rationale of and
criteria for revaccination should emanate from the Phase III studies.
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Complementary wmeans of i{ntervention would include at Jleast early
diagnosis, treatment and follow-up of clinical malaria, but it is likely that
other measures against malarla transmission, such as vector control and
reduction of man-vector contact (e.g. behavioural aspects, use of mosquito
netg), would have to be considered in many circumstances.

Mags drug administration may have a place with the initial round of
vaccination if Phase II and 111 studies have provided evidence that the degree
of wvaceine-induced immunity is seriously diminished by current malaria
infection., Otherwise mass drug admiulstration is unlikely to be a meauns of
Intervention during Phase IV malaria vaccine trials.

A subdivigjon of the study population into vacclinated and unvaccinated
groups will have to be made. These subdivisions will differ, as far as
possible, only in that respect, with little or no interchange between them.

4n unvaccinated group may not be strictly necessary if the object is to
determine whether or mnot transmission i1is interrupted in the intervention
group. However, the presence of a comparison group will allow evaluation of
the impact on transmission of both natural and man-made changes, The latter
are probable, as contrel measures other than wvaccination are 1likely to be
strengthened in the course of the intensive studies.

The timing sequence of the study may be: preparatory phase, six months
to 2 year; baseline phase (prior to interventicn), one to two years; iuter—
vention phase, flexible, initially three years, with annwal review and the
possibility of prolongation or early termination. However, these periods wmay
be amended in the light of further experience,

The evaluation of reduction or dinterruption of transmission requires
critical review., The following data would be needed; gporozoite rate;
parasite rate (criteria to be developed); and immune response to blood stages
(seropositivity rate or antibedy titres) 1if no asexual erythrocytiec=stage
vaccines are being used, A decline in these parawmeters is 1likely 4if trans-
mission is reduced, byt the rate of decline corresponding to the interruption
of transmission is unknown (the determination of that rate of decline may be a
valuable by-product of a successful trial, bearing in mind that the use of
drugs may be a complicating factor).

Malaria incidence in the unvaccinated will be another valuable parametar.
The unvaccinated are likely to include persons missed, refusals, immigrantsg,
visitors, exemptions (coatraindications), infants not yer vaccinated. A
special effort should be made to detect P, falciparum iInfections in these
groups apd to classify them by origin, However, these groups may be small
and/or difficult to assess (e.g. refusals, vigitors). Incidence of malaria
among the vaccinated will indicate local transmission plus vaccine failure or
loss of protection,

In individuals immunized with antisporozoire wvaccines it would be
important to show whether the assays available are sufficiently specific and
sensitive to detect g rvise in antisporozoite antibody titre after natural
sporozeite inoculation, If so, this may be the most sensitive assay for the
detection of persisting or repewed transmiscion.

It is likely that a transmission-blocking vaccine willi be used in
combination with other types of malaria vaccine. But even by itself, it may
have a special value in reducing or praventing the propagation of antigenic
mutants or in operations aimed at containing drug-resistant malaria. These
considerations call for village or larger scale trials to evaluate the impact
of transmigsion-blocking vaccine on the entomological inoculation rate and
other parameters of transmigsion.
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ANNEX I#*

CRITERIA FOR GUIDELINES ON THE ROLE OF THE INDIVIDUAL
AND THE COMMUNITY IN THE RESEARCH, DEVELOFMENT AND USE OF BIOLOGICALS®

Biologicals differ from drugs aud other therapeutic agents in that they
have commonly been developed for the prevention ¢f communicable diseases; they
are generally used in healthy people, frequently infants and young children;
and they usually provide long—term protection for communities as well as
individuals, A special characteristic of biologicals is the need in most
instances for large—scale field tests of safety and effectiveness before the
product is licensed. Continuing local, mational and interpational surveillance
of the benefits and risks of biologicals in uvse is also essential.

Both developed and developing countries need biologicals, and mutually
beneficial collaboration and partnership could lead te substantive advances.
In addition, such ¢ollaboration would help to strengthen the geientifle and
technical competence of the developing countries.

The ethical principles governing all bicmedical research apply generally

to research on biologicals. However, field trials and other tests and
evaluations of biologicals pose special conditions that contemporary ethical
codes for clinical research may not cover adequately.,. These criteria are

based in principle om the Declaration of Helsinki? which needs to be
amplified to encompass rtesearch In the biolegicals field, particularly when
groups and communities are dianvolved. Ag in all research an essential
prerequisite is the moral integrity and seiontific skill of the investigators.

These criteria are designed to assist governments, agencies, or
investigators in developing their own codes of practice when undertaking
research in biologicals including field trials. They should also be useful 1n
developing educational and orientation programmes for subjects in field trials
and for the community.

GENERAL CRITERTA

A, National and international bodies, in recegnizing the special charae-
teristics of biologicals research, development and use, should take inte
account:

1. Procedures to identify systematically the needs for biologicals and
the sclentific and technical possibilities for their development. This is of
particular impertance as regards the needs of developing countries and of some
special populations at high risk for certain diseases.

lad WHO publications (marked with a single asterisk 1o this Annex) are
available through the WHO network of designated sales agents (listed in
all WHO publications) or may be obtained directly from the World Health
Organization, Distribution and Sales Service, 1211 Geneva 27, Switgzerland.

t From: Proceedings of the Interrational Confersnce on the Role of the
Individual and the Community in the Research, Development, and Use of
Biologicals, Bulletin of the World Health Qrganization, 23 (Supplement
No. 2): 173=176 (1977).*%

As revised by the 29th World Medical Assembly, Tokye, Japan, 1975,
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2, Economic and soclal strategies for supporting the research,
development and use of biologicals including the reguired skilled manpower and
other egsential resources.

3. Social and legislative action to be taken to provide for the needs
of subjects dinveolved in biologicals research and recipients of bioclegicals in
general use who suffer dicabling adverse effects,

B. To enhance progress in research, development and use of biolopicals,
collabeoration between national and international bodies should be improved to
extend knowledge and experience in the pre-licensing field trials of new
biclogicals and in the continuing survelllance of safety and efficacy of
products in routine use. Inforwation obtained from these activities should be
widely shared,

c. National and international bodies should seek to increase publie
awareness of both the individual and the community henefits that accrue from
systematic use of safe and effective vaccines. They should stress the
importance of public support of, and involvement in, biologicals research,
development and use as a demonstration of social responsibility in health
protaction,

D. Flield trials in one country proposed by investigators and sponsors from
another should be ipitiated only after there has been mutual agreement on the
technical detalls, the appropriateness of the trial in the selected population
of the host country and the provision of adequate surveillance and evaluation.
It is the responsibility of supervisors of field trials, investigators and the
authorities of the host country to deal with ethical issues in accordance with
accepted international standards based on the Declaration of Helsinki and the
particular ethical concerns of the host country and the communities in which
the trial will take place. Provision should be made for an international bedy
to offer assistance in technical and ethical review of protocols on request
from countries engaged in internaticnal trials.

SPECIFIC CRITERIA

The feollowing criteria require interpretation based on the particular
needs of countries or bodies planning to use them. No biological should be
used in humans until it has been judged by evidence from laboratory and animal
tests to be safe. Guidance in assuring essentjal safety c¢an be found in the
Appendix to this Memorandum ("The development of a biclogical product before
marketing™),

I. Design of field trials

1. Field trials must be designed to provide definitive results with
regard to safety and effectiveness of biologicals.

2. A gubgroup of the wearly-phase participants should be evaluated
periodically over many years for evidence of long—term safety and effective—
ness.

3. Protoeols for field trials must he reviewed critically by an
independent review group for evidence of s=scientific quality, assurances of
safety and full respect for the dignity and integrity of human beings.
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4, Protocol review for the protection of the rights of participants at
local, national and internatiomal 1levels should dsnvelve technical and
non—technical persons who are competent and responsible members of the
community.

5. A sufficient amount of data on safety, potency and effectiveness
must be derived from trials in communities or population groups that in age,
sex and other characteristics are comparable to those expected to be the
principal recipients when the product becomes generally available.

6., Field trials should be continuously evaluated and should be
terminated ac scon as the resulte are conclusive. If the product ie effective,
control groups should receive it as a matter of prioriry. Results of trials
ghould be made available to the review committee and, once meaningful studies
have been completed, made available upon request to interested persons.

IT. Human involvement in field trials

1. Ethical selection of research subjects must be made on the basis of
their free choice to participate in studies that offer possible personmal and
public benefit, and this consent should be recorded before the studies begin.

2, The first administration to human beings should be carried out
under careful observation on a small number of persons presumed to be least at
risk from the vaccine and in whom a reaction might reascnably be expected to
be the Jeast Injurious.

3. Consent to participate in biologicals research must also be
consistent with existing national legal requirements, sociocultural attitudes
and professional codes of conduct. Special care must be used in obtaining
consent for emotionmally or intellectually handicapped individuals living in
ingtitutions or other custedial enviromments as well as for prisoners, military
personnel, students and other similar groups whose general freedom of cholce
to participate may be questioned. Parents or legal guardians may give the
regearchers consent for thejir minor children to take part 1f the biologleal to
be studied is intended for these children's benefit; special care wmust be
used in obtaining consent for children 1living In inztitutions or other
custodial environments. All these points should receive the particular
attention of the review committee.

4, Porential research subjects (or thelr legal guardians) should be
informed of the objectives of the study, Including full and clearly
intelligible disclosure of the risks of the procedure and the individual and
community benefits that may be reasonably expected. Slnce large fileld trials
pose special problems of commmunication, appropriate information should be
disseminated to communities and individuals in a wvariety of ways and well in
advance of, as well as during, the trials. The results should be made
avallable quickly.

5. Review of multinatiomal trials should take into account the ethical
principles contained in accepted international standards based on the Declara-
tion of Helsinki and the particular ethical concerns of the hogt country and
the communities in which the trial will take place.

b. Individuals in any sector of a population should not be excluded
tfrom being invelved inm well conceived f£ield rrials of biologicals which are
desipgned for their benefit, unless this is contrary to existing loeal statute,
regulation or soclal custom.
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II1. SBurveillance of safety and effectiveness
1. There most be assurance of a high degree of qualiry control in the

production, distribution and use of blologicals.

2, There should be continuing assgssment of the safety, effectiveness
and pattetns of the use of biolopicals based on balancing their benefits and
risks and the alternatives that may have become available. The c¢ollection,
analysis and dissemination of data, particularly on safety, on a 1local,
national and iaternational basis, is essential for confidence in recommending
their continued use,

3, Efforts should regularly be made to improve biolegicals, It is
recognized that substantially modified products may need to be evaluared in
studies in which they are compared with the previous product to determine
safety and effectiveness,

4. In order to minimize misuse, health workers invelved in immunization
prograwmes should be fully informed of the chavacteristics of, and contraindi-
cetions to, the blologicals they are using.

ANNEX 1: APPENDIX

THE DEVELOPMENT OF A BIOLOGICAL PRODUCT BEFORE MARKETING

There are two stages for the testing of a new vaccine,

Stage }. The development of the "seed”

As goon as the etiological agent of an infectious disease has been
identified and grown in vitro, the possibility of producing a vaccine may be
considered. The first stage in development, however, is the production of a
"seed” from which future batches of vaccine will be prepared, Frequently a
process of attenuation iIs necessary but eventually a stage 15 reached when all
laboratory tests have been completed and there has not been evidence of any
untoward reaction, At this stage, however, the potential “seed” must be
administered teo small groups of subjects, including representatives of those
in whom the vaccine is most likely to be usad.

When such trials have shown that the "sead" is =arisfactory the
production of vaccine may be considered and the production and testing passes
on to Stage 2,

Stage 2, The developmeat and testing of the vaccine before large-scale
trials and marketing

Before a vaccine is subjected to trials ir volunteers, the following
criteria for the production and testing of the vaccine should be satisfied:

1. The vaccine shall be produced in premises and by staff in compliaace
with "The general requirements for the manufacturing establishments and control
laboratories.”!

2, The wvaccine shall have been made from a seed approved by the
national control authority in the country in which it is produced,

1 WHO Technical Report Series, No 323, 1966, pp. 11-22.%
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3. The method of production ghall have been approved by the national
contrel authority. Tests on the substrate used for the growth of the

mlcroorganism, together with any added excipient, shall have shown them to be
cafe and free from any kind of toxicity. The rasults of such tests shall he
made available.

4. Each barch of the vaccine, identified by bateh number, shall have
been sghown by appropriate in vivo and in vitro tests approved by the natiomnal
control authority to be free from detectable extraneous agents and toxicity.

3, Whenever possible an animal model should be developed and used for
the assay of potency. Where such a model exists the vaccine shall have been
shown to protect against challenge or induce a specific antibody response or
state of sensitivity, whichever is appropriate.

6. The manufacturer shall show consistency of production from tests on
serial batches of wvaccine. The results of all such tests shall be made
available.

7. Tn those countries in which a safety committee exists the vaceine

shall have been approved for trial in human beings by that commlittree. Written
approval to this effect shall be made available, Countries without such a
commictee should establish one as soon as their resources permit.
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ANNEX 1T1%
PRECLINICAL EVALUATION OQF NEW INACTIVATED VACCINES

The pature and extent of the dats that are required today before any new
inactivated vaccine may be first administered to a human being undergo constant
revision in the light of experience. The following cutline of preclinical data
expected to be available for the planning of trialsl is relevant to the main
topic of the report,

Biological preparations contain substances which are derived from living
organisms or cells, or from equivalent substances prepared by synthesis, which
cannot be adequately tested by physical or chemical means. The biological
preparations used in medicine may be divided into three groups (Table 1).
These of group 1, hormones, enzymes, ete., exert their effects by means of a

Table }. Classification of types of bicological products

Group 1: direct Group 2: Group 3;
pharmacological vaccines antisera
action
Purity of active Variable Usually Low
substance low
Immunological Rare Frequent, Rare,
complications ugually mild but serilous
Mode of acrion Direct Indirect Direct
Onget of activity Rapid Delayed Rapid
Specificity of action Low tligh High
Examples Hormoues - Killed and Antisera against
Enzymes attenuvated pathogens and
Antibiotics vaccines against toxins
pathogens;

allergens, skin
test antigens,
tuberculin

* WHO publications {marked with a single asterisk in this Anmex) are
available through the WHO network of designated sales agents (1isted in
all WHO publicatiens) or mway be obtained direcrly frem the World Health
Organization, Distribution and Sales Service, 1211 Geneva 27, Switszerland.

1 FREESTONE, D.5. & EKNIGHT, P.A, Freclinical data =supporting first
clinical trials of new inactivated vaccinmes. Lapcet, 2: 786-789 (1976),
Thanks are due to the authors of this paper and to the editor of the
Lancet for permission to include parts of the published text in the

present Annex to this report.
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direct and usually short-lived pharmacodynamic action and are not highly
immunogenic. Their preclinical assessment, development and activities are
similar to those of chemically defined pharmaceutiecal compoundz.. Vaccines
{group 2) act primarily on immunccompetent cells to eliclt Tesponses which are
of long duration and ideally should be devoid of direct pharmacodynamic
activities. Antisera {group 3) contain preformed antibodies which are
antigen—specific and exert their effects directly. Their activities last
longer than those of most pharmaceutical compounds.

The clinical use of vaccines differs considerably from that of other
therapeutic agents and the preclinical assessment and development of =such
agents pose quite different problems. Vaccines are normally administered to
bealthy subjects, usually invelving a substantial proportion of the populatioen.
Thus, the incidence and severity of adverse effects must be less than for a
pharmaceutical compound usually administered in the treatment of disease to
subjects already under close medical control.

They differ from chemically defined therapeutic agents in that previous
experience of vaccine or of specific or cross—protecting natural infectlion may
tnfluence the nature and extent of both the desired response and undesirable
reactions to administration. With few exceptions biological products including
vaccines are regarded as virtwally free from serious adverse effects and many
have high therapeutic indices. This consideration and the knowledge that most
vaccines and antisera are rarely given on mote than four or five occasions
during life have discouraged the development of extensive animal studies before
clinical investigation, The species specificity of most live vaccines and the
immunological specificity of responses to antigens is a further hindrance to
preclinical laboratory evaluation. The prevailing attitude 1s that extensive
formal subacute or chronle toxicity studies are, in most cases, lrrelevant.

Preclinical studles for a new pharmaceutical compound, such as a local
ansesthetic to be given by injection, will include the development of a
standardized method of manufacture, analytical specifications for the active
gubstance and its galenical form, and of analytical procedures for starting
materials, intermediates and the final substance, An investigation will have
been made of the compound's structure, general and specific pharmacological
properties, pharmacokinetics and metabolism. Results from acute and subagute
toxicity tests would be available, which would include at least some haemato—
logical and biochemical monitorimg and histopathological examination of
animals. A study of effects on reproduction 1s alse lilkely to have been
performed in a minimum of two species of animals. In contrast, a vaccine may
be proposed for clinical trial with what seems to be little preclinical data
(Table 2). The active primciple 4s rarely chemically defined and 1s frequently
mixed with 8 host of substances, any of which may exhibit biological and
pharmacological activities. Furthermore, the measurement of activities 1is
dependent upon bioclogical systems which are noteriously impre¢ise and may
conceal substantial inconsistencies between batches.

It is important, however, that there should be some generally accepted
guidelines for the pretrial testing of any new biological product, as is the
case for pharmaceutical compounds.

1. PRODUCTION AND SAFETY TESTING OF BIOLOGICALS

These require careful consideration of the selection and acceptablility
of strains of bacteria or virus for culture and the circumstances surrounding
their isolation. Records of their origins and handling must be maintained. It
is expected that biological substances intended for trial in man will be
prepared in accordance with the guldelines recommended by the World Health
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Work preceding clinigal trials

Type of work Pharmaceutical Inactivated
vaccine
Manufacture:
Standardization of method of manufacture ++ ++
of active material
Development of specification for active + ++
material
Development of analytical methods for final, +H+ +
starting and intermediate materials
Formulation and development of +H+ +
galenical form
Animal testing:
General pharmacological, screening ++ -
Assessment of specific pharmacological = e
and immunologiecal characteristics
Pharmacokinetics — metabolism i+ -
Toxicity
- acute +H +

— Repeat adaministration studies

- Studies of embryotoxicity and
teratogenicity

- Assessment supported by routine
haematology and biochemistry

= Necropsy and histology

— Special studies: e.g. electrocardiogram

Toxlie levals
asgessed

+

!

!

Safety at multiples
of human doses

Rare

Rare

+, +F, +H indicate the extent of the scientific data 1likely to have been

obtained.
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Organization Bxpert Committee on Biological Standardizationl and

accordance with the Guide to Good Pharmaceutical Manufacturing Practice. 2
In soma cases detalls of manufacturing and safety test procedures may parallel
exlating methods that are already in use., In other cases the agents themselves
may be novel or may be derived by mew manufacturing methods which depend on
the use of reageats not previously used in pharmaceutical manufacture, The
possible persistence of such reagents or their derivatives in the final product
must be considered and tests defimed on the basis of their toxicity. In cases
where the nature and proposed use of the new vaccine differ profoundly from
those of existing preparations, careful attention should be paid to the
formulation and development of appropriate safety and activity test procedures.

Z. ASSESSMEMT QF TOXICITY AND ACTIVITY

A study of the pathology of the disease apainst which the new wvaccine Iis
directed may provide guidance on some of the possible toxic effects that might
be anticipated. Many of the mnicrobial products from which vaccines are
darivaed have considerable pharmacological aectivity and im this respect
bacterial toxins are particularly potent,

In other cases a vaceine may possess severszl other pharmacological
activities not directly related to 1Llts protective effect (e.g., pertussis
vaceines have been shown in animal systems to produce hypoglycaemia, histamine
sensitization, PB—adrenergic blockade, lymphocytosis and non-specific Immuno-
stimulation while Corynebacterium parvum suspension has been shown to influence
the effects of pentobarbltone and tribromoethanal in mice). Although the rele
of such pharmacological activities in the etiology of vaccine reactions is
uncectain, they should be thoroughly investigated and, as far as possible,
aveided,

A further important source of active substances present in vacelnes is
the growth medium. Bacterial growth media frequently contain peptide fragments
that may possess considerable biological activity as well as the ubiguitous A
blaoad-group substance. They are 1ikely to be substantially excluded from
vaccines prepared from washed organisms or purified antigens but may be
present im considerable quantity in the ecrude culturas. Furthermore, the
inactivation brocess, which destroys or diminishes much of the hilological
activity in a culture, may at the same time render homologous and therefore
non—antigenic components, allergenic. It is therefore important to ensure
that extraneous substances are effectively excluded from the final vaccine.

The tests For abnormal toxicity in the British and European Pharma-
copoeias provide control for production batches of existing toxoids and
vaceines, However, these tests are ingufficient to gauge the toxicity of a
new hiological agent since they comprise only a superficilal inmspection of a
small number of guinea~pigs and mice which have received a single standard
dose of the test material. They do not ineclude any assessment of the nature
or extent of any toxic effects that might be provoked by larger doses,

Many biological products are given on several occasions within a faw
months, and as & wmatter of principle it seems appropriate that some animal
toxicity testing should be carried out with animals treated more than onece.

1 Requitements for bilological substances. Manufacturing establishments
and control laboratories. WHGQ Technical Report Series, No.323, 1966.*

2 Published by HM Stationery Office in 1974,
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Such testing cannot be expected to detect those hypevsensitivity reactions
that occur rarely and may in any event be species—specific, but ir does provide
a safeguard against excessively allergenic material. However, conventional
chronic towicity studies with daily administration of test substances are
irrelevant in view of the lack of serial administration iu clinical practice
and wmisleading because of the immuneclogical complications that could be
expected fo arise,

Feral sbunormalities. These have occurred following the administration
of many wild viruses, including rubella, cytomegalovirus, varicella, mumps and
influenza and any attenuated vaccines derived from them are sugpect. However,
tests of embryotoxicity and teratogenicity of wvaccires in animals are
inappropriate since human pathegens rarely infect animals similarly to man,
Pyvexial infections have been assoclated with an increased risk of abortion
and abnormalities have been described in the fetuses of hyperthermic pregnant
rats. Nevertheless, although inactivated wvaccines may produce non—specific
febrile respomses they have not been Incriminated as teratogens despite wide-
spread worldwide use for may decades. Formal rests of teratogenicity in
animals de not, therefore, appear relevant. However, as with all drugs,
administration ¢f vacecines should be avoided In pregnancy or be subject to
caution.

Stability, The stability of new substances should be carefully assessed.
Initially a small dose is administered to perhaps only one ot twoe subjects.
With increasing knowledge of responses, reactogenicity and the results of
reutine haematological and biochemical screening, confidence increases
allowing the administration of successively larger doses to larger numbers of
subjeets. This method may be time consuming and several wonths may elapse
during the course of the first trial. Although it is unlikely that the results
of long-term stability studies will be available when the first clinical trial
is wundertaken, some information on the stability of the preparation is
essential since potency may decline and toxicity increase with storage, It is
clearly unacceptable that the results of a clinical trial should be open to
quastion because the potency of the test material was not assured for the
duration of the trial.

Pyrogenicity. This may be anticipated in almost all killed vaccines. In
general, vaccines which are pyrogenic in animals are likely to produce febrile
responses also in man and these are clearly undesirable., Inadvertent intra-—
venous administration (or administration to subjects transiently sensitized to
endotoxin through intercurrent infection) could be invelved in some of the
rare serious sequelae to lumunization. For these reasons the pyrogenicity of
new vaceines should be lowered ag far as possible and assessed gquantitatively
by appropriate tests,

Preclinical evidence of efficacy., For a mew bioclogical product to be
used in human subjects, preclinical evidence of its efficacy should be
supported by the results of in vivo and in vitro experiments which demonstrate
desirable pharmacodynamic and immunodypsmic properties, In the case of
inaetivated vaccines, efforts should be made te show that the measured Immune
responses elicited in animals correlate with protection even though such
activity In animals offers ne guarantee of protectiom in man. Some quanti-
tative measure of the potency of the new material is desirable so that results
from the clinical trial of the first lot prepared cam be related with
subsequent production lots and later perhaps with materials produced by other
manufacrurers,

Justification for a first trial in man. The admirnistration of any new
agent to man demands caution and inevitably carries a degree of risk. The
importance of the study must therefore be clearly defined: mere academic
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curipsity or confirmation in man of c¢linically irrelevant results cbtained in
animals are insufficient justifications. However, even theorough preclinical
animal experimentation provides omly limited indications of possible responses
in man. In most instances, the aim of a first clinieal trial of a new pharma-
ceutical or biological substance Is to characterize its cliniecal properties.
In this context the investigator should plan to collect, within the limits of
practicability, the maximum ameunt of Iinformation on the propertics and
activities of the new substance with the least possible risk to the subjects
taking part, Failure to collect all reasonable information endangers
volunteers unnecessarily and is thus open to criticism on ethical grounds.
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ANNEX III

S5YSTEMS FOR EFFICACY TESTING IN MALARTA VACCINE DEVELOFMENT

Test systems appropriate for measuring immunity, the assessment of which
plays a major role in evaluating the efficacy of a vaccine, are considered in
this Annex.

1. HUMORAL IMMUNITY

1.1 Common Test Systemz for Assaying Antimalaria Antibodies

Common assay procedures For measuring antimalaria antibodies include
indirect haemagglutination (IHA), dindirect £luorescent antibody (IFA) and
golid phase Iimmuncassays using enzyme- or radio-labelled anti-immunoglobulin
reagents for antibody detection (enzyme-linked immuncsorbent assay [ELISA],

‘ radiolmunoassay [RIA])., An important conditien for their usefulness is that
the defined individual antigens that will be included in the vaccines will
alse be available as test antigens in the assays. Many of the problems of
standardization or interpretation that are encountered when complex antigen
mixtures are used as test antigens should be resolved when defined antigens
are used. An example of this is a recently developed immunoradiomerric assay
using a synthetic peptide containing the repeat of the ecircumsporozoite (CS)
protein as antigen, This makes possible the large-scale application of a test
system Wwhich is very semsitive and specific, and which is able to provide
results that are comparable over time and between different studies,

In the context of preclinical trials, both IFA and ELISA or RIA may he
expected to reflect rhe immune response induced by a vagceine and its kinetics
in different recipients with a good degree of precision and satisfactory
sensitivity, With access to antigenic fragments or synthetic peptides, the
golid-phase immuncassays could also be used to analyse further a given
polyclonal response with regard to the involvement of different antigenic
epitopes == a question which may be of importance when the immunogen contains
both variant and invariant structures, These assays (as well as the IFA) are
also easily modified to weasure the isotype or Ig6 subclass of the anti-

. plasmodial antibodies induced by vaccination. These aspects should be of
interest in relariom to the possible protective potential of the antibodies or
the capacity of vaceine antigens to elicit allergic reactions,

1.2 Test Systems for Specific Antiparasite Antibodies

If available at an adequate level, antibodias directed to antigens
located in cellular structures that are easily accessible to the immune system
{e.g, the sporozoite or merozoite surface, the membrane of infected erythro-
cytes, etc.) are likely to be protective for the host, or fumctional in the
case of antibodies directed to surface antigens of the early sporogomic
forms., This 1s also the case with antibodies which in an in vitro assay
inhibit parasite infectivity. Although the in vitro test may correlate with
protection in vive, such evidence is indirect and does not always hold true.
This is not surprising, as the conditions of the in vitro test are designed to
factlitate interference of the antibodies with parasite function, a situation
which may differ from that occurring in the infected host. Nevertheless,
these specialized tests provide important information on the functional
potential of autiplasmodial antibodies amd some have & place in vaccine
assessment,
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1.2,1 Sporozoltes

Two tests of antibody activity appear to be useful din evaluating
protective antisporozoite Immunity., The circumsporozoite precipitation {CSP)
reaction has been found to correlate with protection in immunized animals and
human volunteers, The test has low sensitivity and requires live sporozoltes
but nonetheless should be used in evaluating the immunogenicity of candidate
antisporozoite vaccines until simpler equivalent test systems have been
developed and validated.

An assay which measures the ability of antibodies to prevent penetration
of live Plasmodium falciparum sporozoites into normal humam liver cells In
primary culture is currently the best in vitro test of functional antibody
activity. Assays of this type have been successfully used with polyelonal and
monoclonal antibodies against P. berghei, P. falciparum and P. vivax, and the
results correlate well with the sporozoite—neutralizing activity of these
antibodies, {i.e., their ability to abelish sporezeite Infectivity in a
susceptible host,

1.2.2 Agexual erythrocytic stages

Antibodies to several plasmodial antigens inhibit the invasion of
grythrocytes by merozoites inm in vitro cultere and a number af simple assay
systems are availahble, Such antibodies have been shown to correlate with
¢linical protection in certain cases, but neot in others. Results obtained
with scera which are only inhibitory at low dilution may be of doubtful
significance. To give useful information, the antibodies should be tirrated
and have high inhibitory titres.

Some of the parasite antigens present in the wembrane of 1infected
erythrocytes are putative candidates for vaccines agalnst the asexual blood
stages. Such antigens may either be inserted into trhe membrane by the
intraerythrocytic parasite or be deposited there by the invading merozolite.
Several assay systems for antibodies against the former antlgens exisct,
including haemagglutination, indirect Iimmunofluorescence and blocking or
reversal of binding of imfected erythrocytes to endothelial cells in ‘vitre,
the last test reflecting inhibition of sequestration in the P. falciparum
system. Some of thegse tests show correlation with in vivo protection and may,
therefore, be important adjuncts in the evalvations of those vaccines
containing the appropriate antigems., A possible problem when testing for some
of these antigens 1s antigenic variation within clones and/or diversaity
between different isclates.

1.2.3 Sexual and related stages

The target of tramsmission—-blecking jmmunity eouwld be the intraecythro-—
cytic gametocytes within the host or the extracellular forms in the mosquito
mid-gut: gametes, zygotes and ookinetes. Antibodies to the extracellular
forms takem with blood meals into the mosquite mid-gut can block fertilization
fn the absence of complement, lyse gametes and zygotes in the presence of
complement and block the development of zygotes Into ocokinetes. Antibodies to
proteine or peptides from these stages can be assayed by indirect immune=
fluorescence. Such antibodies can be mixed with gametocytes with or without
complement and fed to mosquites through 2z membrane to test their effect on
mosquito infectivity. Gametocytes for this test can be obtalned frem in vitro
cultures in the case of P. falciparum and from Infected individuals in the
case of P. vivax. Evidence for antigenic heterogeneity should be sought.
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2. CELLULAR IMMUNITY

T-lymphoecytes play a crucial role in the regulation of immune responses
goccurring in the course of an infectious disease. This is true regardless of
whether protective Immunity is mediared by antibodies, by cells or by hoth.,
Thus, although certain antigens may induce B-cells to produce antibodies
directly, efficient and lasting antibody responses are generally T-cell
regulated. Similarly, although cell-mediated protection against an invading
parasite way occur witheut T-¢ell participatiom, the antigen-specific induction
and regulation of cell-mediated jmmunity is T-cell dependent.

Antibodies have beent shown to be protective in malaria but there is zlso
convinedng evidence from experimental malaria that specific immunity against
infection can be elicited and maintained in the absence of a functioning
B-cell system. Even in the presence of antibodies, destruction of the parasite
or of parasitized erythrocytes may be largely or entirely cell mediated, These
cell-mediated reactions may be antibody independent or may be directed,
amplified or even induced by antibodies,

The immunoregulatory aspects of cellular immunity should be distinguished
from those dealing with cell-mediated effector fumctionms, although the two are
interrelated, This distinction is made below.

2.1 Immunoregulation

T=lymphocytes can enhance or suppress cell-mediated and humoral immune
responses, and the capacity of any immunogen to elicit or suppress immune
responses can be assayed by a suitable combination of in vive and in vitro
assays. The traditional ipm wvitro test assays proliferative responses of
T-lymphocytes to antigen. In addition, wmeasurements of the production of
lymphocyte growth factors (interleukin 1 and 2), receptors (for interleukin 2),
and potential effector molecules (e.g. gamma interferon) are informative and
may correlate with protection. Hence they may be useful for selecting immuno-
gens. In the case of suppression, antigen-specific effects and nonspecific
effects (e.g. mediated by prostaglandin E5) can be assayed. As in the case
ef antibody assays, defined antigens including protein fragments or synthetic
polypeptides should be used to obtain full information of relevant T-cell
activating structures, This is of particular importance for candidate vaccine
immunogens from the asexual blood stages, where cell-mediarad lmmunity may
have an important role in protection even in the absence of protective
antibodies. :

2,2 Cell-Mediated Effector Svatems

Available evidence from experimental ‘malaria indicates that cytotoxic
T-cells, which have effector functions ia viral and certain parasitic
infections, do not kill blood-stage malaria parasites or parasitized erythro-
eytes. The effector cells that play a role in immune protection against
malaria parasites include cells of the menocyte—macrophage series and possibly
also various granmulocytes and natural killer (NK) cells. Although these cells
may become activated nonspecifically, the major pathway of activation appears
to be initiated by antigen-stimulated T-¢ells and controlled by soluble
regulatory factors. Thus, while inductionm of cellular immunity in malaria is
uvgually antigen specific, its execution is not, unless it involves cooperation
between effector cells and antibodies, Killing of the parasites or
parasitized erythrocytes may involve phagocytosisg, However, the most
important mechanism appears to involve release from the effector cells of
nonspacific parasitotoxic serum factors (TNF, CFF, etc.) or, in particular,
reactive oxygen intermediates that kill intraerythrocytic parasites.

o e P e e TR e
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These mechanisms may elicit immunity in the abgence of antibodies. How~
ever, macrophages, polymorphonuclear and WK ce2lls have receptors for IgG.
Therefore, antimalaria antibodies, if pressnt, may s5exrve as antigen—-speciflc
recognition factors which will both direct and enhance the cell-mediated
killing of parasites or parasitized erythrocytes {phagocytosis, antibody-
dependent cellular cytotoxicity [ADCC]).

The elassical test for cellular lmmunity is teo elicit cutaneous delayed
type hypersensitivity (DTH) by intradermal injection of antigen. In several
vaccination triazls in mice, and even in some monkey expevriments, induction of
immune protection against malarla has been found to correlate with DTH and
other changes, such as macrophage activation. Im man, available informarion
is scarce, although reduced skin test reactiviry to both bacterial and
plasmodial antigens has been reported in acute infectioms. Mevertheless, the
performance of skin tests with defined malarial antigens in vaccine evaluations
should be considered.

3. TESTS FOR PROTECTION IN PRIMATES

0f the three types of malaria vaccine, the asexual arythrocytilc vaccline
should be tested in primates, since in vitro tests cannot predict its effect
in vive. Tests in vaccinated animals before and after challenge should
include antibody assays and tests for cellular immunity as describad in
section ? of this Annex. Parasites from vaccine failures should be preserved
to allow comparisen of the peptide used for vaccination and the protain
gspectrum of the parasite.

Vaccine trials in primates are probably not indicated for transmission=
blocking immunity, since the in vitro tests (i.e. feeding of antibedy and
gametocytes to mosquitos) probably mimic the way in which antibody would
function to block transmissien.

Testing of sporozoite vaccines in primates may also not be necessary,
since the in vitro tests correlate with immunity and the infection of primates
with sporozoites, at least in the case of P. falciparum, is variable.

1 WHO guidelines for the use of non-human primates ia malaria vaccine
research are given in the document: Report of the $ixth Meeting of the
Scientific Working Group on the Immunolegy of Malaria. Document

TDR/IMMAL/SWG(6)/84.3 (1984), (Available upon request from: The Office
of the Director, HO/TDR, World Health Organization, 1211 Geneva 27,
Switzerland.)
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ANNEX Iv#

TECBNIQUES AND PARAMETERS FOR ASSESS5ING THE SAFETY
OF ANTIBACTERIAL AND ANTIVIRAL VACCINESL

Classical anbtibacterial and antiviral vaceines are recommended and
administered to willions of persons every year on the assumption that the
benefits far outweigh the risks, In the risk-benefit equation, benefit can be
defined on the basis of vaccine efficacy and the frequency and severity of the
disease, On the risk side of the equation are adverse reactions to
vaceloation., Evaluation of risk requires gurveillance of adverse events, not
only during the clinical (Phases I and II) and the field trials (Phase III),
but also during the post-marketing period (FPhagse IV) which, in the case of
malaria vaccines, is devoted also to studving vaccine impact and developing
strategies for the best use of vaccines.

Surveillance of adverse reacrions fellowing vaccination can be aetive or
pessive. Actlve surveillance is always carried out during Phase I and II
clinical trials and at least partly during Phase III fileld trials. An active
surveillance system iovelves a systematliec and iutemsive effort to obtain
reports of all adverse effects associated with the administration of the
vacceline, It requires contacting all vaccinees and inquiring about sll adverse
effects experienced. An  active surveillance system requires substantial
financial and persomnel rescurces, It can only be applied to a limited number
of vaccine recipients and therefore detects only common side-effects. Rare
but possibly serious reactions are not detected by this form of surveillance.
These typee of reactions can only be detected by a passive or, at best, by a
gemi-active survelllance after the vaccine has been approved by health
sutherities and has been commercialized and widely administered. It is much
more difficult to recognize their relationship to vaccination and to estimate
their rate of occcurrence,

For convenience this Annex largely reflects the current regulations for
vaccine development in the United States. However, they should lend
themselves te adaptation to the regulations of other countries, if so required,

* WHO publications (marked with a single asterisk in this Annex) are
available through the WHO network of designated sales agents (listed in
all WHO publicationg) or may be obtained directly from the World Health
Organizatlon, Distribution and Sales Service, 1211 Geneva 27, Switzerland.

See alao:
Requirements for biological substances; General requirements for the

sterility of biological substances. WHO Technical Report Series, No. 200,
1960.*

Proceedings of the International Conference on the Role of the Individual
and the Comuunity in the Research, Development, and Use of Bialogicals.
Bulletin of the World Health Organization, 55 (Suppl. No., 2), 1977.%

WHO Expert Committee on Biological Standardization. Thirtieth report.
WHQ Technical Report Series, No, 638, 1979.%

Biclogical Substances. International Standards, Reference Freparations and
Reference Reagents. Geneva: WHO, 1984.%
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1. BIOLOGICAL SAFETY TESTS

The safety of a vaccine must first be proven in animals before its use
can be permitted ip human subjects. The requirements for these safety tests
are described in detafl in the Code of Federal Regulations (21, pp. 610-630,
1984) and in the various pharmacopoeias. They include:

{(a) 4 sterility test for inactivated vaccines or for attenvated live
vaccines, and a test demenstrating the absence of other microorganisms, in
particular the absence of the microorganisms from which the vaccine 1is derived;

fb) a general safety test for the detection o¢f abnormal toxicity.
According to the Furopean pharmacopoeias, this test is performed in wice,
whereas the Federal Regulations of the United States require that the test be
performed on at least two animal species (mice and guinea~pigse);

{c) a pyrogenicity test in rabbits.

For newly developed vaccines, these three tests can only be performed
after an exemption has been obtained from the United States Federal Drug
Administration (FDA), so that the new vaccine can be tested in humans ag an
Investigational New Drug (submission for IND). For vacclnes that have already
been approved and commercialized, the same tests have to be carried ocut omn
gach final lot.

1.1 Phase I Clinjical Trials: Safety

The first time a vaccine Ls used in man is during the Phase I clinical
trials. The main purpose of these Phase I trials is to establish vaccline
safety. Usually the vaccine is administered to healthy adult volunteers in a
doge—escalation experiment, starting with a concentration chosen to be
especially safe and ending with a concentration higher than that expected to
induce optimal protectiom. It is essential that already in these trials
placebo controls be included. 5ide—effects, such as headache, naugea,
vomiting, dizziness, etc., have often been reported followling the adminis-
tration of a harmless placebo, Phase I trlals usually require a total of
about 20-100 velunteers. Even though demonstration of efficacy is not the
objective of Phase I trials, the immune response to the various dosages
should, nevertheless, be measured, as this will allew a better estimation of
the optimal vaccine dosage needed to induce protection.

1f the vaccine is shown to be safe in adults but is intended for use in
children or infants, the same Phase 1 trials must be wholly or partially
repeated in children or infants.

1.2  Phase II Clindcal Trials: Efficacy

Because of the relatively low frequency of infectious diseases, vaccine
efficacy can be tested in clinical trials enly by wolunteer challenge studlies.
For obvious reasons such challenge studies can only be performed with mild,
gasily treated and easily cured diseases. Survelllance of side-reactions
during such trials is identical to that of Phase I trials.

1.3 Phase III Field Trialg: Safety and Efficacy

The main objective of Phase III trials is to prove vaccinme effectlveness
when used under field conditions, to confirm safety as determined in clinical
studies and to detect more uncommon side—effects. Depending on the frequency
of the disease and on the number of cells in the trial (one placebo group and
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one oY geveral vaccine groups with various dosages or vaccination schemes),
the participation of between 10 000 and 1 000 000 individuals is necessary to
allow statistical evaluation of wvaccine efficacy., To nminimize risks in such
large trials, they are frequently carried out in two steps. Prior to the field
trial proper, a pilot study is performed invelving about 1000 individuals.
Vigorous active surveillance to detect all side-reactions associated with
vaccination is required during this pilet study. Only when the results are
gatisfactory is the mafin trial started. During the main trial active
surveillance should also be carried out whenever possible.

1.4 Phage IV: Post—Marketing Surveillance

After rthe vacciune has been approved by health authorities, the manu-—
facturer i1s permitted to produce and sell ir, During this post—-marketing
period, surveillance of side-effects continues throwgh s strictly passive
system, Reports of adverse reactions following vaccine administration are
sent to the vaccine manufacturer. This system has the advantage of operating
without any substantial expenditure of time oy resources. Lt is far from
being comprehensive, but can be used ¢ detect uncommon but severe reactions,
The rates are calculated on the basls of the frequency of rhese reports and
the number of vaccine doses sold; they are, therefore, grossly underestimated.
Furthermore, caugality or lack of causality between vaccine and adverse effect
cannot be established with certainty.

In 1978, & formal monitoring system, intermediate between active and
passive, was designed by the Immunization Division of the Centers for Digease
Gontrol (CDC), Atlanta, GA, USA. Vaccine recipients are specifically asked to
report any adverse health events that occur within 30 days after vaccination.
Any illness serious enough to require hospitalization or a visit to a physician
gshould be reported, wheteas reactions invelving only redness, swelling and
soreness at the site of injection should not be reported. Reporting illness
that occurs within 30 days after wvaccination is now mandatory for all federally
funded immunizatjon projects and is voluntary for the private sector. Reports
are ¢ollected by local health offices and forwarded to €DC, where they are
enteved inte a computer file for storage aud analysis. The diagnosis and
symptomatology described in the reports are coded in accordance with the
International Classification of Diseases (ICDY9-CM), which allows symptom—
specific data to be retrieved and analysed. Clinical illness reported so far
includes local reactions, fever only, rash, allergic reactions, arthriris,
convulsions (febrile and non—febrile), encephalopathy, Guillain-Barré syndrome,
paralysis, other neurological symptoms, sudden infant death syndrome and death
from all causes. Information can also be retrieved by vaccine type and
vaccine lot pumber.

A system to moniter adverse effects after vaccinmation in the post—
marketing period has three wain roles. The first and most important role is
to learn about previcusly unrecognized side-reactions of low incidence that
might become apparent only after wide—scale vaccine use, The second role is
to wateh for clustering of wvaccine reactions associated with a specific
vaccine lot. The third role is to refine estimstes of the occurrence of known
adverse reactions to vaccines. The definition of vates is a major problem in
defining vaccination risk. In the strictly passive surveillance system, there
are problems in ascertaining both the frequepncy of side reactioms and the
total number of doses of vaccine administered, Because of incomplete reporting
of adverse events, the rates as estimated by the CDC surveillance system will
probably still be underestimated. The calculated rates will, however, be much
closer te the actual situation,
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The data reported through this system cannot, in all clrcumstances, be
used to document causality berween receipt of vaccine and adverse events.
They can, however, be used to highlight areas that need special studies.

2. PHASE 1 TRIALS WITH ANTIBACTERIAL VACCINES

The following considerations pertain, in particular, to the role of
Phase I trials of antibacterial vaccines carried out in the United States in
preparation of documentation required for regilstration of a new vaccine under
the auspices of the Federal Drug Administration (FDA).

2.1 Some General Considerations

The objectives of clinical investigation are to assess whether or nob a
drug is of value in the treatment or prophylaxis of disease, to assess its
risk and undesirable effects, and to evaluate the relative relatlonship of
these assesgments. The United States regulations applicable te the study of
Investigational New Drugs, including biologicals, have divided the planned
clinical investigatlions into thvee phases. The first of these, Fhase I, is
defined as a part of clinical pharmacology. This FPhase starts when the new
drug is first introduced inte man. For typical drugs, it ig used to agsess
human toxicity, metabolism, absorptiom, elimination and other phatrmacelogical
actions, as well as the preferred route of administration and the safe dosage
range. Phase II covers the initial trials in a limited number of patients for
specific disease control or prophylaxis. These twe phases may, In faet,
overlap. Phase 111 provides the assessment of the drug's safety and effective—
nege in diagnosis, treatment or prophylaxis in larger groups of subjects with
a glven disease or condition., This phase depends on the observations made in
Phases T and 1T.

For biologicals such as antibacterial vaccines, which are usually
administered in a limited number of doges rather than frequently ox in large
volumes and which are often chemically heterogeneous, all the types of studies
done on drugs in Phase T may not bhe possible or indicated, f.e. metabolism and
eglimination studies. Most often, safety and immune responses have bheen
observed in Phase 1 studies of antibacterial vaccines. Phase 1 studies, by
definition, are those undertaken when only animal and im vitro data are
available or when the amount of data in man is limited., The types of studles
performed in Phase 1 may be expanded as new kinds of antibacterial products
are introduced.

Most of the major types of antibacterial vac¢cines now in use in the
United States were licensed according to tegulations promulgated under the
Public Health Service (PHS) acts first enacted inm 1902 prier to the enactment
of the 1967 amendments to the Federal Drug Control (FDC) Act, and thus, before
the concept of Phase I studies per ge was applied to their initial clinical
evaluation. Even so, comparable types of studies are likely to have been
performed when these earlier bacterial products were evaluated. Since 1962,
Phase I studles have generally been performed with new unlicensed biologicals
shipped interstate or into the United States for c¢linleal investipgation. For
bacterial products, as for other bielogical drugs, the concept of generic
equivalence has not been applied. Thus, any new vaccelne or toxeld must
undergo some clinical testing of safety and efficacy before 1t is licensed
for sale. For some vaccines and toxeids, induction of antibedy has been
equated with efficacy. For others, disease prevention has been required, and
then clinical correlates of efficacy, such as antibody, have been sought.

Before initiating studies in humans, there should be adequate pre-
clinical investigation to show that they are indlcated with the product. The
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products to be used should be defined and characterized as completely as
possible., This charvacterization will naturally vary with the particalar
product, Product definition should include descriptions of the methods of
manufacture. (What is the source of the bacterial saed? What mediz and
ingredients are used for culture? Are media components, such as heterologous
proteins or blood group substances, present ian the fisal product? Do they
sencitize animal recipients or elicit allergic reactions? How is the organism
inactivated? How is the antigen purified? What is the composition of any
preservative or adjuvant? What data are available on the safety of any known
ingredient, such as the adjuvant?) The physicochemical properties of the
product and, ideally, the composition of the immunogen should be defined using
state-of-the—art techniques.l

As regards stabllity of the product, the specifications for acceptable
product lots should be established prior to their use. These specifications
should include a measure of potency. Animal models should bhe used, if
appropriate, to demonstrate the immunogenicity of a product and to establish
the basis of a potency test to be used for lot-to-lot evaluation. Other
models may be ugeful for demonstrating that a protective effect agailnst an
organism or a toxin can be achieved, not Jjust that an antibody can he
induced. However, for some antigens, animal tests may not be feasible or may
be congidered lnapptopriate. Animal testing is also Indicated for some safety
evaluations, Some studles may be needed ro Jdentify bacterial antigens or
antibacterial antibodies that are crossreactive with human tissue, e.g. soume
streptococcal antigens have been shown to share crossreactive determipants
with ecardiac tissues. The uze of such products may or may not he deemed
appropriate in certain clinical settings.

Once the product has been defined, evidence is avallable to show that it
will exert a bicloglcal effect that might be gssociated with the prevention or
treatment of disease and once the decision to perform Phase I trials has been
made, it is appropriate to discuss the type of c¢lialcal studies to he
performed. Because the types of hacterial products studied to date have been
varied, many types of Phase I studies have heen performed. Adequate planning
requires time and input from persons with differing expertise. It iz helpful,
if not essential, to include & biostatistician in imitial discussions of study
design and evaluation. Among other things, the <¢linical investigators or
sponsors should have considered the following polnts:

What is the objective of this Phase T study? What criteria will be used
to select or exclude participants in the ianitial studies? How will they be
recruited? How many subjects will be included in these studies? How will the
product be administered? What criteria will be used to evaluate the safety of
the product? What criteria will be used teo evaluate the eliniecal potency of
the product? What criteria will be used to determine whether or not additiounal
subjects can be given the product, i.e. what conditions would prevent new
subject entry? Will a comparison with a control product or placebo be needed

The Office of Biologicsz Research and Review has prepared a document,
entitled "Points to Consider in the Production and Testing of New Drugs
and Biologicals Produced by Recombinant DNA Technology”, for monoclonal
antibodies, products prepared by use of recombinant technolegy and
various cell substrates that may be used to prepave products. This
docvment may be useful when considering new types of antigens: it is
avallable upon request from:; Dr Darrell Liu, Director, Division of
Biochemistry and Biophysies, Office of Biologics Research and Review,
Center for Drugs and Biologics, Food and Drug Administration, 8800
Rockville Pike, Bethesda, MD 20205, USA.







