Development of DTaP-based Hib conjugate combination vaccines:
SmithKline Beecham

Food and Drug Administration
Center for Biologics Evaluation and Research
Vaccines and Related Biological Products Advisory Committee
January 27, 2000

SmithKline Beecham waives confidentiality of the data contained in these presentation materials.
SmithKline Beecham grants FDA the authority to rel ease these presentation materialsto the public through

electronic and/or other means deemed appropriate.




I ntroduction

In response to the continuing trend for an increase in the number of injections in national
childhood immunization schedules, combination vaccines containing multiple antigens
have been developed. These vaccines usualy include diphtheria and tetanus toxoids
(abbreviated here as D and T) and acellular or whole cell pertussis components (aP or
wP). Combinations containing inactivated poliovirus (IPV), hepatitis B surface antigen

(HBV) and Haemophilus influenzae type b (Hib) conjugates have also been evaluated.

Currently the only US-licensed combination for primary vaccination which includes
acellular pertussisis DTaP. However, acellular pertussis-containing combinations
manufactured by SmithKline Beecham that are licensed elsawhere include DTaP,
DTaP/Hib, DTaP-IPV, DTaP-IPV/Hib and DTaP-HBV vaccines. Dossiers concerning the
more complex combinations DTaP-HBV-IPV and DTaP-HBV-1PV/Hib are currently
under review in many countries. The Hib component in these vaccinesis plain
polysaccharide conjugated to tetanus toxoid; it is licensed for use as a monovalent

vaccine in more than 70 countries worldwide.

Due to the relatively high rates of vaccine coverage, comparative efficacy trias are
increasingly difficult to perform. These trials, which would evaluate potential effects that
combination would have on vaccine efficacy with respect to monovalent antigens, would
need to enroll thousands of children and to ensure their follow-up over relatively long
periods of time to generate results which would be statistically valid. There is thus a shift
towards demonstration of efficacy using serological correlates, i.e. qualtitative and
guantitative criteria for the antibody response following vaccination with combination
vaccines which permit the conclusion that these combinations will provide adequate

protection against disease.

Severa criteria have been proposed as immunological surrogates of efficacy for the
registration of new conjugate Hib vaccines (1). They constitute the common features of
the immune response to monovalent Hib conjugates which have been shown to be
efficacious in large field trials. These criteria have been used to characterize the immune



response to SmithKline Beecham’s DTaP-based combinations containing a Hib
component. The types of data generated will be presented and discussed. Moreover, the
fact that two DTaP-based combinations containing Hib have been licensed in 27
countries and are now widely used has permitted the accrual of post-marketing

experience, including an assessment of field effectiveness, with this type of vaccine.

| mmunologic surrogates of efficacy to be considered in the evaluation of

Hib conjugate vaccines

The immunologic surrogates of efficacy for the evaluation of new Hib conjugate
vaccines, as discussed at the Vaccines and Related Biological Products Advisory
Committee meeting of September 5, 1991 (1), were the following:

1. Randomized comparative immunogenicity studies with currently licensed vaccines in
infants

2. Measurement of antibody persistence after the primary immunization series up to age
of the recommended booster dose

3. Determination of whether the conjugate vaccine primes infants for a subsequent
booster dose to the native polysaccharide given 6 months or more after primary
immunization

4. Comparison of 1gG, IgM and IgG subclasses following the primary immunization
series to those reported for licensed vaccines

5. Demonstration of functional capacity of conjugate-induced antibodies in infants by

measurement of opsonic or bactericidal activity

SmithKline Beecham has evaluated each of the above criteria in the context of the

development of DTaP-based combination vaccines as follows:



1. Compar ative immunogenicity studies involving SmithKline Beecham’s

DTaP-based Hib conjugate combination vaccines

Lower levels of anti-PRP have been observed in children primed with DTaP-based Hib
combinations from multiple manufactureres in comparison with parallel groups of
children receiving separately administered, monovalent Hib vaccines. This observation
has aso been made with the DTaP-based Hib conjugate combination vaccines developed
by SmithKline Beecham. As can be seen in Table 1, alower proportion of children who
receive the combination vaccine achieve titers 3 1.0 ug/ml as compared to separate
injection of monovalent products, with a corresponding 2-4-fold decrease in GMC.
However, no impact of mixing is observed on the percentage of children with post-
primary antibody titers3 0.15 pg/ml. Indeed, in studies evaluating SmithKline
Beecham'’s DTaP-based Hib conjugate combination vaccines, 3 93% of all children
administered the combination had antibody titers3 0.15 pg/ml, irrespective of the
primary vaccination schedule used. The GMCs ranged from 1.16 pg/ml to 5.06 pg/mi
(SmithKline Beecham published data given in Figure 1; refs. 2-9).

Table 1. Anti-PRP immune response following primary vaccination with SmithKline
Beecham combinations- PRP-T given either separately (+ PRP-T) or mixed (/PRP-T)

Schedule Vaccine N %>0.15 % >1.00 GMC (ug/ml)
(Reference) pug/mi pg/m - Vadue  (95% Cl)
3-4-5months | DTaP + PRP-T 185 97 91 7.2 (5.9-8.7)
2 “ | PRP-T 387 96 72 2.0 (1.7-2.3)
3-4-5 months | DTaP-HBV + PRP-T 51 100 92 79 (1.0-6.5)
(3 “ | PRP-T 42 100 71 2.1 (1.4-2.0)
2-4-6 months | DTaP-IPV + PRP-T 90 95 76 3.2 (4.0-7.4)
4 “ | PRP-T 90 96 66 1.6 (0.9-1.6)
3-4-5 months | DTaP-HBV-IPV + PRP-T 140 100 87 4.4 (3.6-5.5)
(5) “ | PRP-T 145 99 77 2.6 (2.1-3.2)

N = number of subjects




The “Guidance for Industry for the Evaluation of Combination Vaccines for Preventable
Disease” (April 1997) states :

“1f antibody levels induced by the combination vaccines are lower than those induced by
the component vaccines, a “ protective” antibody level might still be attained. In such
case, the manufacturer should provide data or information to support the premise that
the lower response will not affect the protective efficacy of the product.”

Therefore, in order to put the lower antibody titers into perspective, an extensive review
of the published data on the use of monovalent Hib conjugate vaccines was performed. It
is noteworthy that the GMCs following primary vaccination with SmithKline Beecham's
DTaP-based Hib conjugate combination vaccines are within the broad range of published
values for monovaent Hib conjugate vaccines which are licensed for use in infants in the
US (HbOC, PRP-OMP, PRP-T) i.e. 0.89-22.14 pg/ml (Figure 1). Further, values
following vaccination with SmithKline Beecham’s DTaP-based Hib conjugate
combination vaccines are above those published following primary vaccination with
PRP-D (0.28-0.73 pug/ml), a Hib conjugate product which is not licensed for infants in the
US due to demonstrated lower efficacy in a Native American population (Table 2).

Furthermore, the antibody levels considered to correlate with short-term and long-term
protection against Hib disease (3 0.15 and 1.0 pg/ml, respectively) were established
based on efficacy trials with immune globulin or plain polysaccharide vaccines. The large
body of data now available on the efficacy of Hib conjugate vaccines, and their proposed
mechanisms of conferring protection, has led to discussion on the relevance of these
levels.

Severd large field trials were designed to evaluate the efficacy of monovaent Hib
conjugate vaccines over periods of approximately 6 months to 2 years after primary
vaccination (10-17). The trias listed in Table 2 demonstrated, in general, a greater
efficacy for the Hib conjugate vaccines than would have been predicted by application of
the 1.0 pg/ml cut-off.



Figure 1. Anti-PRP titers one month after a primary series of the four types of Hib
conjugate vaccines (O), or PRP-T given as a mix with SmithKline Beecham’s DTaP-
based combinations (®) administered in the first six months of life.
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Each symbol represents the geometric mean concentration of one study group. (adapted from reference 18)

Table 2. Protective efficacy and serum antibody responses in infants after primary
immunization with Hib conjugate vaccines

Protective Anti-PRP (mg/ml)
Country Recommended efficacy post primary vaccination
(refs)) Vaccine Schedules (95% CI) N GMC % 3015 % 310
Finland (10) PRP-D 3,4,6 months 90% (70-96) 113 053 68 40
PRP-D 4,6 months 87% (69-96) 71 063 73 32
Finland (11)
HbOC 4,6 months 95% (76-99) 45 432 100 78
US (12, 13) HbOC 2,4,6 months 100% (68-100) 144 189 100 97
US (Navajo) PRP-OMP 2,4 months 95% (72-99) 735 135 91 59
14
US(Alaska) PRP-D 2,4,6 months 35% (-57-73) 88 018 48* 15
15
UK (16, 17) PRP-T 2,3,4 months 94.7-99.1% 107 501 93 0

N = number of subjects
* % > 0.1 mg/ml shown.




The lower efficacy observed in the trial conducted in Alaska with PRP-D merits
comment. The reason for this lower efficacy is likely to be multi-factorial (i.e. frequency
and intensity of exposure of infants at a much younger age with respect to other
populations, highest incidence of disease early in the first year of life). However, the low
proportion of children who achieved an antibody level of 0.15 pug/ml cannot be ignored.
Indeed, the application of alevel of 0.15 ug/ml may be a more sensitive indicator of
efficacy when one examines the datain Table 2.

2. Persistence of antibodies up age of a recommended booster dose after

primary immunization with SmithKline Beecham’s DTaP-based Hib

conjugate combination vaccines

Field experience data from the UK indicate that a high level of protection is maintained
despite waning antibody levels after priming according to a 2, 3, 4 month schedule
without subsequent administration of a booster. Nevertheless, SmithKline Beecham has

assessed the persistence of antibodies up until the time of the booster dose.

The Radiolabelled Antigen Binding Assay (RABA) is the gold standard for the
measurement of total antibody to Haemophilus influenzae type b capsular polysaccharide
PRP. Based on the performance characteristics and validation of the assay at SmithKline

Beecham, the reporting limit is 0.15 ng/ml.

Lower levels of PRP antibody can be measured with the RABA method. However, the

technical validity of the titers below 0.15 ng/ml cannot always be guaranteed because

often extrapolation from the linear regression line is used to calculate the titers.

To ensure that all PRP titers below 0.15 ng/ml are technically valid, an aternative
calculation based on a 4-parameter curve fitting method can be used instead of the classic

linear regression analysis. This allows assessment of PRP titers down to 0.05 nmg/ml
without modification of the RABA methodol ogy.



To demonstrate the feasibility of this approach, two studies with Hib conjugate
combination vaccines have been analyzed. The results, shown in Table 5, indicate that

circulating PRP antibodies can be detected in avery high percentage of children (3 89%)
at the time of booster following separate or mixed injection of Hib vaccine.

Table 5: Proportion of children with detectable antibodies pre-booster (15-20 months)
after 3 doses of Hib conjugate vaccine (3, 4, 5 months of age) given as a separate
injection or as part of a DTaP-based Hib conjugate combination vaccine

N %3 0.15pg/ml | %3 0.05 pg/ml
Study A (RABA) (RABA 4 param)
DTaP/Hib 83 64% 8%
DTaP+Hib 36 A% 97%
Study B (ELISA) (RABA 4 param)
DTaP-HBV-IPV/Hib 103 8% 98%
DTaP-HBV-IPV+Hib 109 91% 97%

N = number of subjects

3. Determination of whether SmithKline Beecham’'s DTaP-based Hib
conjugate combination vaccines prime infants for a subseguent booster
response to native polysaccharide

For the conjugate vaccines, factors other than circulating antibody levels play a crucial
role in efficacy. The importance of immune memory in assuring protection against
invasive disease has been graphicaly illustrated by experience from the United Kingdom.
In the UK, children receive only primary immunization against Hib (2, 3, 4 months of
age) and are not administered a booster dose. A decrease in antibody levels was observed
with time post-vaccination in a cohort of children vaccinated using this schedule; the

GMC for anti-PRP was 5.01 pg/ml one month after a primary course of PRP-T vaccine,
decreasing to 0.83 pg/ml at one year of age (16, 19). The percentages of children with
titers > 1ug/ml were, respectively, 90% and 48%. Despite the fact that many children had



titers below 1ug/ml, the observed efficacy up to 3 years of age remained > 94% (17). In
fully vaccinated children, the estimated efficacy over 6 years of surveillance was 98.3%
(20).

A widely used marker for the induction of immune memory following primary
immunization is the response to a plain polysaccharide booster, which is intended to

mimic natural exposure to wild type organisms.

Children initialy primed with three doses of SmithKline Beecham’s Hib conjugate
vaccine as separate or mixed injections with DTaP-based combinations consistently
mount an anamnestic response to a single dose of Hib plain polysaccharide booster with
resultant high GMCs. In most studies, the booster was administered 6 months or more
after primary immunization. In one study, a response to plain polysaccharide was
evauated following an early boost (given 4 months after completion of the primary
series). Children primed with DTaP-1PV/Hib vaccine at 2, 4, 6 months of age were
administered plain polysaccharide at 10 months of age (21). An increase in GMCs from
1.5 pg/ml prior to PRP administration to 4.8 pg/ml 10 days after PRP administration was
observed. This latter value should be contrasted with the anti-PRP levels published for
non-primed children receiving plain polysaccharide at the same age, i.e. lessthan 1
pg/ml, as shown in Figure 2. These results clearly show that the response to plain
polysaccharide is anamnestic, and that an immune memory to PRP has effectively been
induced. They furthermore demonstrated that immune memory is established early after

primary vaccination.



Figure 2: GMC 10 days after one dose of PRP in DTaP-IPV/Hib primary vaccinated
children compared to published data on GMC 1 month after one dose of PRP in
unprimed children, asa function of age
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4 and 5. Comparison of isotypes and subclasses and demonstration of
functional capacity of the anti-PRP antibodies elicited by SmithKline
Beecham' s DTaP-based Hib conjugate combination vaccines

It isimportant to ascertain that the biological activity of the antibodies elicited by a

DTaP-based Hib conjugate combination vaccine is not different from that of monovalent

Hib conjugate vaccines.

The functional capacities of antibodies induced by SmithKline Beecham’'s DTaP-based
Hib conjugate combinations were assessed using several different assays to confirm that
these parameters were not negatively affected.

10



Antibody avidity, isotype and subclass

Antibody avidity is an important marker of successful priming, as memory responses are
characterized by the production of high avidity antibodies, which are predominantly
1gG1.

Despite the differences in the levels of anti-PRP antibodies found after vaccination,
antibody avidity was not different in children administered Hib conjugate vaccines either
separately or as a mix with DTaP-based combination vaccines. The results from one

representative clinical trial are presented in Table 3.

In addition, the primary response to vaccination with the DTaP-based Hib conjugate
combinations was found to be predominantly 1gG, with higher levels of 1gG1 relative to
1gG2. Thisis not different from what has been described for licensed monovalent Hib

conjugate vaccines.

Table 3. Avidity and geometric mean concentrations (GMC) of anti-PRP antibodiesin
subjects primed with DTaP-HBV and PRP-T as mixed or separate injections and after
a plain PRP booster

Priming Avidity GMC

Vaccines Timing N nMt  (95% CI) myml (95% CI)
DTaP-HBV Post-primary 24 242  (2.01-2.91) 172 (1.12-2.64)
+ PRP-T mixed Pre-booster 7 273 (238313 040 (0.18-0.85)
Post-booster 20 275  (2.31-3.29) 173 (10.2-29.4)
DTaP-HBV Post-primary 18 254  (2.10-3.08) 707 (3.78-13.2)
+ PRP-T separate Pre-booster 24 2.67 (2.23-3.19) 089 (0.57-1.40)
Post-booster 23 2.85 (2.37-3.43) 345 (17.4-68.2)

N = number of subjects
Table taken from reference 18.
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Biological activity in an opsonophagocytosis assay

The opsonophagocytotis assay measures the ability of anti-PRP to kill Hib organismsin
the presence of complement and polymorphonuclear cells; this capacity thus represents

an important defense mechanism against infection by Hib.

When corrected for GMC, geometric mean opsonic activity did not differ. The
unconjugated PRP booster elicited antibodies with the same geometric mean ratio after
priming with either mixed or separate administration of Hib conjugate vaccine.

Table 4. Opsonic activity determined in post-booster sera from subjects given primary
courses of DTaP-based combinationswith PRP-T as separate and mixed injections,
then boosted with separate or mixed injections of PRP-T or unconjugated PRP

Priming Booster Opsonic Activity g (mo/ml) Opsonic/lgratio

Vaccines Vaccines N GMT (9% Cl) GMC (95% CI) GMR (95% CI)
DTaP + PRP-T separate ~ DTaP + PRP-T separate 34 462 (267-801) 842 (53.5-1325) 549 (3.86-7.80)
DTaP/PRP-T mixed DTaP/PRP-T mixed 64 216 (58-295) 369 (27.849.2) 585 (4.86-7.04)
DTaP-HBV + PRP-T sep. DTaP-HBV + PRP sep. 14 412 (166-1023) 582 (28.0-121.3) 7.07 (4.4-11.3)
DTaP-HBV/PRP-T mixed DTaP-HBV/PRP mixed 17 97  (41-225) 203 (11.8-35.0) 476 (2.8-8.1)

N = number of subjects
Table adapted from reference 18

Animal passive protection assay
Sera obtained post-primary vaccination with SmithKline Beecham’s DTaP-based Hib

conjugate combination vaccines were evaluated for their ability to prevent bacteremiain
the infant rat model. No differences have been found in the protective capacity with

respect to the monovalent Hib conjugate vaccines.

Therefore, combination of DTaP-based vaccines and Hib conjugates does not interfere
with the quality of the antibodies produced by the primary vaccination course or as a

result of abooster challenge with unconjugated PRP.




Post-marketing field effectiveness of SmithKline Beecham’s DTaP-based

Hib conjugate combination vaccines in Germany

SmithKline Beecham’s DTaP-based Hib conjugate combination vaccines (DTaP/Hib and
DTaP-IPV/Hib) have been in widespread use in Germany since 1996. They have become
the preferred choice for Hib vaccination in this country. Their field effectiveness against
invasive Hib disease is being evaluated in an ongoing post-marketing surveillance
program carried out under the auspices of the “Erhebungseinheit Fir Seltene Pédiatrische
Erkrankungen in Deutschland” (ESPED). Surveillance has shown that invasive Hib
disease in Germany is associated with absent or delayed vaccination. The extensive use
of DTaP-based Hib conjugate combination vaccines has not resulted in an increase in
invasive Hib disease. The overall effectiveness of these combinations has been shown to
be 97.4% (22).
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Conclusions

In conclusion, lower anti-PRP responses as assessed by % of subjects with anti-PRP
levels >1 ug/ml, are attained following vaccination with SmithKline Beecham's DTaP-

based Hib conjugate combination vaccines.

In accordance with the “Guidance for Industry for the Evaluation of Combination
Vaccines for Preventable Disease” (April 1997):

“If antibody levels induced by the combination vaccines are lower than those induced by
the component vaccines, a “ protective” antibody level might still be attained. In such
case, the manufacturer should provide data or information to support the premise that
the lower response will not affect the protective efficacy of the product.”

Evidence has been presented that supports the efficacy of our DTaP-based Hib conjugate
combination vaccines based on the following:

Adequate responses following the primary series, with attainment of seroprotection
levels of antibodies (> 0.15 pg/ml) in a high proportion of children.

Achievement of antibody titers in the range of licensed conjugated vaccines,
previously shown to be highly protective.

Early induction of immune memory with 1gG dominated anamnestic responses that
further indicate successful priming.

Functional capacity and antibody characteristics comparable to those induced by
Separate vaccination.

Demonstration of field effectiveness

It is concluded that the protection afforded by Smith Kline Beecham’'s DTaP-based Hib
conjugate combination vaccines is not different from that eicited by other licensed
conjugate Hib vaccines.
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