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ICH harmonized tripartite guideline:ICH harmonized tripartite guideline:PreclinicalPreclinicalSafety Evaluation of Safety Evaluation of 
BiotechnologyBiotechnology--Derived Pharmaceuticals. Step 4 on 16 July 1997Derived Pharmaceuticals. Step 4 on 16 July 1997

EMEA, CPMP December 1997: Note for guidance onEMEA, CPMP December 1997: Note for guidance onpreclinical phamacologicalpreclinical phamacological
and toxicological testing of vaccinesand toxicological testing of vaccines

EMEA adjuvant guidelineEMEA adjuvant guideline

FDA, CBER August 2000: Guidance for Industry. Considerations forFDA, CBER August 2000: Guidance for Industry. Considerations forreproductive reproductive 
toxicity studies for preventive vaccines for infectious disease toxicity studies for preventive vaccines for infectious disease indicationsindications

WHO 2004: Guideline on nonclinical evaluation of vaccines
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Product characterizationProduct characterization

Starting materials

In-process controls for 
intermediates

Validated process procedures

Consistency in manufacture

Lot release
Adequate specifications
Purity, potency, identity

Stability

Animal QC studiesAnimal QC studies

Immunogenicity

Pyrogenicity testing

General safety testing

Neurovirulence testing

Reversion to virulence

SafetySafety or or toxicologytoxicology studiesstudies
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““ biological toxicitybiological toxicity ””
namely the adverse response that are related to namely the adverse response that are related to 

the activation of preexisting biological the activation of preexisting biological 
processes and pathways such as the processes and pathways such as the 

exacerbation of existing autoexacerbation of existing auto --immune immune 
disordersdisorders

toxicity linkedtoxicity linked
to the to the 

pharmacodynamicpharmacodynamic
activityactivity

e.g. cross reactivity e.g. cross reactivity 
between self antigens between self antigens 
and vaccineand vaccine --produced produced 

antibodiesantibodies

the toxicity of the toxicity of 
potential potential 

contaminantscontaminants
/impurities/impurities
//excipientsexcipients

adverse reactions adverse reactions 
due to the due to the 

interaction between interaction between 
the various the various 

componentscomponents

intrinsic toxicityintrinsic toxicity

toxicity which is toxicity which is 
caused by the product caused by the product 

components components 

per seper se
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Single dose toxicity

Repeated dose toxicity

Embryo / fetal and perinatal toxicity

Safety Pharmacology

Local tolerance

Specific investigations (e.g. cross reactivity, 
pharmacokinetic)
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Repeated doseRepeated dose
toxicity studytoxicity study

Relevant speciesRelevant species

Route and dosing regimenRoute and dosing regimen

Dose levelsDose levels

Immune system evaluationImmune system evaluation

Safety pharmacologySafety pharmacology

Local tolerance Local tolerance 



Monkey study design
for ALVAC (2)-gp100 (melanoma vaccine)
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Pregnancy

Pre-mating
treatment

Mating Parturition         Weaning

Postnatal development

Gestation
treatment

Evaluation Evaluation

Postnatal
treatment



PRODUCT DEVELOPMENT CYCLE

ProductConcept

Ph 2Explo
ratory

Ph 1 Filing CTD 
or eBLA

LaunchPre-Clin Ph 3

License
SPC or PI

Ph 4

Non-clinical 
safety data from 
similar products 

or from the initial 
vaccine developer

Non-clinical safety 
studies on the new 

vaccine formulation if 
major changes occur 
(e.g. new adjuvant, 

higher concentration)

Non-clinical safety 
studies on the vaccine 
formulation planned 

to be used in clin. 
trials and on the 

adjuvant if applicable

Developmental 
toxicology studies 

if applicable

Toxicology 
package for new 

excipient/adjuvant 
if applicable

Specific non-
clinical studies 
concerning an 
issue raised in 

humans



Non-clinical safety assessment 
case studies of Meninge B vaccines

First case study



The meningococcal disease 

� Meningitis and septicemia

� In developed countries, the mean incidence varies from 0.1 to 8 /100,000

� 2,600 to 3,000 cases/year in USA 

� 1,800 cases/year in England/ Wales  

� Fatality rate is around 10 %

� Purpura fulminans 

� Septic shock

� Neurological sequelae are common

� Hearing loss,

� Mental retardation ... 

� Antibiotic resistance emerging



Meningococcal disease:  Epidemiology

� In the world, more than 90% of meningococcal 
infections are due to serogroups A, B, C 

� Serogroup distribution varies in the world

� Group B infections are mainly endemic, 
sometimes
hyperendemic situations occur

� Recent outbreaks: Norway mid-1970s Cuba 
1982-84

� Chile 1986 & 93 Brazil 1989   New Zealand: 

G ro u p  A G ro u p  B G ro u p  C G ro u p  Y

U S A U n co m m o n 1 /3 1 /3 1 /3

E u ro p e U n co m m o n 2 /3 1 /3 R a re

A fr ica >  90 % R are R a re R a re



Group B polysaccharide-based vaccines



Group B polysaccharide-based vaccines

� Group B capsular polysaccharide: not immunogenic 

� Complexed or conjugated to a protein : poorly
immunogenic

� Sensitivity or immune tolerance due to its structure?

� Homopolymer of neuraminic acid a2-8 (NeuAc)n

� H. Jennings’ approach

� Polysaccharide modification: 

N-Propionyl groups replace N-acetyl groups      B PS � N-Pr 

PS

� Conjugation to a carrier protein: tetanus toxoid

� A new conformational epitope is created



Group B capsular polysaccharide structure

� N-propionyl MenB PS
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Group B Polysaccharide-based vaccine

� Advantages

� A universal group B meningococcal vaccine 

� Independent of strain variations across epidemics

� A well-established link of protection with bactericidal antibodies

� Drawback   

� Structural similarity with a self antigen  

• B PS = homopolymer of neuraminic acid  aaaa2-8 (NeuAc)n
(NeuAc) = sialic acid

• the glycoprotein NCAM contains sialic acid chains w ith the same linkages 



The key players

� B PS

� N-Pr PS

� NCAM

On the vaccine side On the human side



The glycoprotein NCAM

� NCAM (Neural Cell Adhesion Molecules)

� adhesion molecules found in Vertebrates

� ligands in cell-cell interactions

� adult form: short chains of  4 or 5 sialic acid residues 

� embryonic form: long chains  of  > 8 sialic acid residues

��� � polysialylated form or PSA-NCAM



PSA-NCAM expression

� During embryonic development on cell surface of 

� neurons and brain cells (astrocytes, glial cells….)

� muscle, kidney, heart, lung, ...

� endocrine cells

� Persists in adulthood

� optic nerve, hypophysis, hippocampus

� secondary neurogenesis area in brain

� regenerating muscle, NK cells,...

� Reexpressed in cancers

� medulloblastomas and neuroblastomas, rhabdomyosarcoma

� Willm’s tumor (kidney cancer of child), lung tumor (SCLC) ...



Cross-reactivity of antibodies
with PSA-NCAM

� Antibodies specific to B PS induced by meningococcus B
� Polyclonal and monoclonal antibodies

• Strong binding to PSA-NCAM in vitro

� Antibodies induced by the N-Pr PS-TT conjugate

� Freund’s adjuvant in animals: slight recognition of PSA-NCAM

� Al(OH)3 in monkeys: very slight recognition

� Al(OH)3 in humans (clinical trial): no recognition



Anti-group B polysaccharide antibodies in man 

� Natural antibodies
� appear progressively with age
� mostly IgM, sometimesIgG
� bactericidal with rabbit complement

� After infection
� IgM and IgG and bactericidal antibodies

� No associated pathology



Conclusion for the 
Group B polysaccharide-based vaccines



� Molecular mimicry : shared amino 
acid or polysaccharide sequences 
leading to a crossreactivity by 
antibodies or by T cells

� P.H. Lambert & M Goldman, 
Lancet,  2003

Protein A Protein B

Molecular mimicry



more a concern

if the disease to be prevented is known to benaturally
associatedwith autoimmune manifestations (e.g. Lyme

disease)



ALVAC CEA/B7.1
Preclinical safety studies

Second case study



Poxvirus-based vaccine strains

� Vaccinia-based

� MVA

� NYVAC

� Vaccinia

� Avipoxvirus-based

� Canarypox - ALVAC

� Fowlpox - TROVAC

� Large DNA genome

� Capacity for multiple foreign 
gene inserts

� Cytoplasmic replication

� Experiences in humans

� Good stability profile



Canarypox

� Poxviridae - Chordopoxvirinae - Avipoxvirus - Canarypoxvirus

� Large virus (250 x 350 nm)

� Linear DNA genome, completely sequenced (326,700 bp)

� Replication in the cytoplasm of the cell

� Lytic replication

� Produced in chicken embryo fibroblasts (CEF)



ALVAC

� Isolated from a pox lesion from an infected canary at 
Rentschler Bakterologishes Institute, Germany

� 200 serial passages in CEFs��� � attenuated strain

� Commercialized as a live-attenuated vaccine for 
canaries (KANAPOX) by Merial

� More than one million doses sold

� No safety concerns to date

� Plaque purification ��� � ALVAC CPpp



Commercial ALVAC-based vaccines

� Veterinary vaccines marketed by Merial
� RECOMBITEK ® 1998

dog & ferret, USA: F and HN from CDV

� PUREVAX ® 1999
cats, USA: G from rabies virus

� Eurifel FeLV ® 2001
cat, Europe: env and gag/pro from FeLV

� PROTEQFLU® 2003
horse, Europe: HA of equine flu



Why focus on ALVAC for humans?

� Perceived safety compared to vaccinia-derived vectors

� No replication in mammalian cells

• Due to intrinsic vector properties
• BSL2 � BSL1

� Vector-specific immunity

� Not affected by anti-vaccinia immunity

� Multiple immunizations possible



SAFETY ASSESSMENT FOR SAFETY ASSESSMENT FOR 
ALVACALVAC --CEA/B7.1CEA/B7.1

� Single dose studies in rodents for ALVAC recombinants

� Mouse interaction study with chemotherapy and repeateddose toxicity
study in the Rhesus monkey (GLP pivotal studies).

� Data from previous clinical trials with other ALVAC

3 Key Supportive Data Sets3 Key Supportive Data Sets



ACUTE (SINGLE DOSE) 
TOXICITY STUDIES

� Virulence

� LD50 by intracerebral route in mice :

� ALVAC more than 104 less virulent than other vaccinia viruses tested

� LD50 by IP route in nude mice :

� No virus related mortality observed for ALVAC  at 109 pfu/mouse.

� LD50 by IP route in cyclophosphamide treated mice :

� No virus related mortality observed for ALVAC  at 5x108 pfu/mouse.



ALVAC-CEA/B7.1 preclinical
safety studies and their rationale

� Mouse interaction study (Alvac -CEA/B7.1 +/- adjuvants and 
chemotherapy)

• Justification: existing interaction between Adenovirus vector and 
chemotherapy cytotoxicity. 

� Rhesus repeated dose study (Alvac-CEA/B7.1 +/- adjuvants)

• Potential cross-reactivity of the CEA immune response with CEA-
like glyco proteins (e.g. NCA)

• Close homology between Macaca and human immune system 
• Large animal species to perform intranodal administrations

� Biodistribution study (generic study for Alvac (2))

• Requirement for phase II/III



� Rhesus repeated dose study 

� (ALVAC-CEA/B7.1 +/- adjuvants)



First Rhesus monkey study design

Gr.4 (ALVAC)
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Gr.4 (ALVAC + GM-CSF low
dose 25µg)

Rhesus monkey study design
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Microscopic evaluation of kidneys
from the second study

� Treatment-related changes in the kidneys of animals dosed with
ALVAC-CEA/B7.1 and GM-CSF (low and high doses)

� Minimal to moderate changes

� Findings more prominent in males than females

� Unusual morphological changes

• Periglomerular interstitial cellular infiltrate (eosinophils, 
macrophages, multinucleated giant cells)

• Extension of the process to the peritubular interstitium associated
with tubular degeneration/regeneration

� No recovery after a 1-month treatment-free period for the high dose 
group

• Multifocal interstitial nephritis with periglomerular/peritubular
fibrosis and tubular regeneration



Normal glomerulus

Capillary loops

Mesangial cells

Bowman capsule 
normal lining

Thickening of lining 
of Bowmans capsule

Peri-glomerular fibrosis

Vaccine + GMCSF treated animal: 
Fibrosis and increased cellularity



4 days after the last treatment



1 month after the last treatment



� GM-CSF related finding boosted by ALVAC-CEA/B7.1

GM-CSF immunogenicity data

� ALVAC-CEA/B7.1 (including expressed proteins)effect

No enhanced anti-CEA humoral response with GM-CSF
Anti-B7.1 antibodies was plan to be assessed

Immunological examinations



Anti-GM-CSF data (NIBSC)

ELISA assay
No antibodies in Control, ALVAC groups

In GM-CSF & ALVAC + GM-CSF groups, binding antibodies 
detected after treatment in 7/8 animals

Bioassay
In GM-CSF & ALVAC + GM-CSF groups, neutralising antibodies 

detected following treatment in 7/8 animals.



Aluminum and vaccine safety

Third case study



Aluminium case study
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Macrophagic Myofasciitis (MMF)
Histopathological reaction

� Observed in biopsies from patients  with muscular symptoms (myalgias, 
arthralgia …)

� Could it be observed in healthy people?

� Infiltration of the epimysium, perimysium and perifascicular endomysium
by macrophages without giant multinucleus cell and could be associated 
with lymphocytes

� Osmiophilic crystal inclusions identified as aluminium hydroxide

« MMF » wrongly used to design clinical symptoms 



The French story of “MMF”

� Started in 1997 but first cases in 1993 in Bordeaux

� Number of cases:  around 200 today, 53 analyzed by IVS

� Origin : mainly France (3 outside)

� Patient characteristics:  46.6% F/53.3% M from 7 to 69 Y-mean age =42   
30% working at hospital or retired from hospital, 42% doing sport 
intensively, exposed to chemicals (50%) and to Xray(10)

� Symptoms at the onset of the disease: myalgia 66% of the patients, asthenia 
60%, arthralgia 37.7%. Symptoms more frequent in the inferior legs

� Concomitant drugs: chloroquine (12 patients (22%)), corticosteroid (12), 
hyposensitization (1)



Vaccine status

� Aluminium containing  vaccine administration: 53/53

� Exposed to hepatitis B vaccine: 47/53 (+/- hepatitis A in few cases) 

� 6/53 tetanus vaccines  with Al only

� Number of doses: from 1 to >10 shots with a median of 3

� Duration between the last vaccine and the biopsy: median of 36 months, a 
large number 24 to 59 months after vaccination

� between the last vaccine and the onset of the clinical symptoms: randomly
distributed from 0 to 72 months



Number of cases

Hepatitis B vaccine

Tetanus vaccine

0-5 months 6-11 m.        12- 17 m.         18-23 m.        24-59 m.       60-120 m.

Time between the last vaccine dose and the onset of c linical symptoms
(IVS, March 2001)



In vivo studies in laboratory animals

Intramuscular injection of Al adjuvated vaccines to 
rabbits or monkeys

� Persistance of macrophage aggregates for several months
(one year in monkeys), localised at the injection sites 
similar to the MMF lesion observed in humans

� No systemic adverse effects observed in these animals



DT + AlOOH
1 year after injection 



MMF
Human muscle sections



In vitro study on human macrophages
Dr A.C. Rimaniol, CEA
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Conclusion

� MMF: a local histopathological reaction to Al adjuvanted vaccines

� « MMF » as a muscular disease: no scientific proof

� An issue for the vaccine world: risk of emergence of vaccine-
preventable infectious diseases



General conclusion

� It is much easier to create doubt and to damage a vaccine’s 
reputation than it is to restore it. Lancet, vol 357, April 28, 2001

� Promote research on vaccine safety

� Reinforce collaborations between industry/academic 
labs/institutions & agencies

� Educate the press, physicians

� Safety is essential for vaccine producers


