I N S T I T U T D E S T A T I S T I Q U E
B I O S T A T I S T I Q U E E T
S C I E N C E S A C T U A R I E L L E S
( I S B A )
UNIVERSITÉ CATHOLIQUE DE LOUVAIN

DISCUSSION
PAPER
2013/21

Assessing Vaccine Efficacy in
Influenza Clinical Trials - Challenges and Difficulties

DEWE, W., BENOIT, A. and C. LEGRAND

Title : Assessing Vaccine Efficacy in Influenza Clinical Trials - Challenges
and Difficulties
Authors: Walthere Dewe*, Anne Benoit**, Catherine Legrand**
*GSK Vaccines, Rue de l’Institut 89, 1330 Rixensart, Belgium
** Université Catholique de Louvain, Voie du Roman Pays, 1348 Louvain-La-Neuve, Belgium
Corresponding author:
Walthere Dewe
GSK Vaccines, Rue de l’Institut 89, 1330 Rixensart, Belgium
Tel. +32 2 656 36 63
E-mail walthere.p.dewe@gsk.com
Disclaimer: The views and opinions expressed in this article are those of the authors and do not
necessarily reflect the official position of GSK Vaccines.

Word counts: abstract 144 words, text 4966 words

1

Summary
The efficacy assessment of an investigational influenza vaccine often requires conducting large and
expensive clinical trials. Specificities of influenza make singular such an evaluation and increase the
complexity of the study designs and the analysis of the efficacy endpoints. Among others, these
specificities are low attack rate, seasonality, multiplicity of the flu viruses, potential mutations,
heterogeneity of the virus circulation in different region of the world, prediction of the vaccine
composition, etc. This paper discuss how all those factors may impact the design, the conduct and the
analysis of a vaccine efficacy trial and explains why such trials could fail whatever the true level of
vaccine efficacy. Based on this, we argue that extending the length of such studies to several consecutive
seasons could be an interesting alternative to the frequently-used one-year design, and we propose
refinements of the statistical models to be explored.
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1. Introduction
Influenza vaccination is used to limit the circulation of the influenza viruses, and to prevent infection
as much as possible1. The frequent antigenic changes impose the recommendation of an annual
immunization with strains identified by predictive models of virus circulation. The current standard
seasonal vaccine contains three inactivated antigens associated to the three virus subtypes that
circulate in human since 1977, i.e. A/H1N1, A/H3N2 and B. Since the Northern Hemisphere (NH) and
Southern Hemisphere (SH) have winter at different periods of the year, there are actually two flu
seasons each year, November to April in NH and May to October in SH, and therefore two vaccine
formulations as well1,2.
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As for other types of medication, the clinical development of a new influenza vaccine takes place in
three phases to seek registration3. The goal of the first two ones is to identify, in small cohorts, a
formulation (vaccine components and their dosage) sufficiently safe, well tolerated and inducing an
immune response. The clinical vaccine efficacy (VE) is then assessed in a large phase III trial where
the enrolled subjects are randomized to receive either the experimental vaccine or a comparator,
active or not, just before the influenza season. The objective of these VE trials is to estimate the
fraction of disease that the investigational vaccine would prevent with respect to the comparator
during the period of investigation. The incidence rates in both groups are compared to assess, most
of the time, superiority based on a pre-specified threshold of success4.
Although the principle is quite simple, designing, conducting and analyzing such Phase III VE trials
raise numerous difficulties, require the inclusion of a very large number of subjects and take years of
effort. Table 1 summarizes the main VE trials conducted in the last 15 years, several of them leading
to a failure.
After a short overview about design and analysis in the specific setting of influenza VE trials, the
objective of this paper is to identify and discuss the main sources of difficulties that the clinical teams
have to face in their long walk to the success and addresses some challenging questions related to
this type of trials. Our points will be illustrated using results from a detailed analysis of the main
influenza VE trials published and/or referenced on CTR over the last fifteen years (Table 1).
2. Design and Statistical Analysis
Most of the recent influenza VE trials took the form of a randomized prospective double-blind
controlled multi-center study, run usually in a particular age category and over one or eventually two
influenza seasons (Table 1). Subjects are vaccinated with the investigational vaccine or the control
and then actively followed during the subsequent influenza season. When some influenza symptoms
appear (influenza-like illness), swab samples are taken to confirm the presence of influenza virus.
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After the season, the confirmed cases are recorded in each arm and there should be evidence that
the investigational vaccine does prevent more influenza events than the control to claim efficacy.
The control arm could be either a placebo or an active vaccine with or without an established
efficacy against influenza. An influenza-efficacious vaccine should be used when its administration is
recommended in the target population in some participating countries, as it is the case for example
for VE trials targeting the elderly population run in the United States5. An influenza non-efficacious
active control could be envisaged to provide some benefit to the target population, for example
using a Hepatitis A vaccine as control in a paediatric population (NCT012183086 and NCT01439360 in
Table 1).
Though usually conducted over one or two consecutive seasons, these trials do sometimes cover
more of them (NCT006440597and NCT01439360 in Table 1), a cohort being enrolled by season. A
reason could be the difficulty to recruit enough subjects, as all the study participants should ideally
be enrolled before the start of the season to take benefit of the whole period. Another reason is an
expected low incidence rate in the target population that would not permit to accumulate enough
cases over the entire season. Interestingly, the characterization of the efficacy variations based on
the circulating strains and their matching level is never mentioned as a justification for running the
trial over several seasons. This point will be addressed later in the discussion.
Regarding the statistical analysis, the comparison of the risk of influenza disease after vaccination
between the study groups is based on the VE parameter expressing the prevented fraction of
disease8. The VE parameter is defined as one minus the ratio  of the risks between the two groups.
A (one-sided) hypothesis test can be written equivalently in term of VE or 9:

{

{
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where 0 (=10) is the clinically-relevant threshold of success. 0 should be substantially larger than
0 when the superiority over an influenza non-efficacious comparator is assessed. When the test is
performed at the  level of significance, efficacy is statistically demonstrated when the lower limit of
the two-sided (1–)100% confidence interval of the estimated VE is larger than 0.
In case of homogeneous length of follow-up, the risk is defined as the proportion of subjects with an
event (NCT0019241311, NCT0013352312, NCT0012816713, NCT0013352314, NCT0019722315,
NCT0021624216, NCT0036387017, NCT0053851218 in Table 1) and the ratio  as a relative risk19. A
variety of methods can be used to estimate  and one of the most frequently used is the logistic
regression that produces an estimated odds ratio (OR) which can be used to approximate the
relative risk when the risks are sufficiently small20. In case of heterogeneous follow-up time,  can
be defined as a ratio of incidence rates associated to either the conditional exact test3,21Erreur ! Source du
renvoi introuvable.

or to the Poisson regression including the follow-up time as offset21,23 (NCT0019220522,

NCT006440597 in Table 1).
Another approach, allowing also for heterogeneous follow-up times, is to consider hazard functions
to estimate the conditional instantaneous risks of event and to estimate the ratio  by fitting a semiparametric Cox regression model24. It has to be noted that the logistic regression, the Poisson
regression and the Cox regression models can include other covariates while the conditional exact
method cannot.
3. Sources of Difficulties
3.1. Low attack rate and heterogeneity of study participants
The VE assessment requires a sufficient number of influenza cases to have enough power to meet
the study objectives. The incidence rates of confirmed influenza cases are generally small and imply
thousands of subjects to enroll and follow. As a consequence, such trials are conducted in many
5

centers, from several countries and sometimes continents, meaning that the participants may have
quite different ways of living and behaviors, and that they may be exposed to distinct strains
inducing different immunogenicity.
Therefore the risk of confounding the treatment effect of interest with the effect of any other factor
is not negligible and it should be properly controlled as much as possible at the time of
randomization to avoid any detrimental bias that could jeopardize the study conclusions25,26.
Stratifying the randomization according to the center and other factors and/or using a minimization
algorithm to allocate the study participants to the treatment groups have to be envisaged in such a
context26.
Some influenza-specific confounding factors are well-known and include the age of the vaccinees (at
least in case of broad range)27, the history of influenza vaccination (especially in the countries
without any recommendation of vaccination where a variety of different vaccination behaviors could
be observed), the country of residence (the politics regarding vaccination are not the same around
the world and vaccination of a significant portion of a population provides protection of nonvaccinated individuals through herd immunity28), the general medical conditions, the smoking habits,
the social environment, the frequency of individual contacts, etc. One difficulty is that these factors
are frequently associated to each other, e.g. the rate of vaccination is usually higher in elderly than in
young adults.
3.2. Exposure to Several Virus Strains
Different strains of both type-A and type-B influenza viruses do circulate from one hemisphere to the
other causing the seasonal epidemics. These strains have different infectiousness levels and
consequently imply different severity levels of the disease. Strains A are also more prone to
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mutations than strains B as the formers can affect several species while the latters do circulate
among humans only.
In such a context, the heterogeneity in exposure could be huge, especially from one region to
another. By looking at the WHO FluNet surveillance database29, the following situations are
frequently observed: an important circulation of influenza viruses in some countries though almost
nothing in others, co-circulation of several viruses in some countries and circulation of a single strain
in others, different rates of co-circulation from a country to another, the occurrence of several
epidemic peaks (two most of the time) associated to the circulation of different viruses at different
moments, etc. Stratifying the statistical analysis by geographical region should then definitely be
considered as a way to manage this source of heterogeneity.
In addition, a mutation inducing a major antigenic change could, at any time, generate a pandemic
outbreak, that may jeopardize any on-going vaccine efficacy study. The 2009 H1N1 pandemic was a
recent illustration as it did not allow to gather the targeted influenza cases in study NCT00976027
(Table 1).
3.3. Vaccine Composition
The current seasonal vaccine contains three strains: one sub-type A/H1N1, one sub-type A/H3N2 and
one type B from one of the two main lineages. Those vaccine strains are annually recommended by
the World Health Organization based on their likelihood to circulate and cause significant human
suffering in the coming season. In this challenging exercise of prediction, it has already happened
that the recommendation does not perfectly fit to actual circulation (mismatch) impacting the
ongoing VE assessment15,16. This explains why in most of the studies VE assessment is restricted to
the matching cases, i.e. those induced by a strain contained in the vaccine.
3.4. Lack of Validated Correlate of Protection (CoP)
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Due to the small attack rates, the influenza VE trials are often huge in sample size, expensive and
challenging on a logistic point of view. An alternative could be to demonstrate efficacy based on an
immunogenicity data package (Hemagglutination Inhibition and Virus Neutralisation assays)
considering them as predictive of the protection against influenza illness9,30. However, more and
more influenza experts challenge such a material as sufficiently predictive31,32 in addition of its
reliability33. As a consequence, the regulatory authorities consider approval of a CoP-based
registration file only in case of an urgent medical need (annual vaccination and any pandemic
outbreak). In absence of such an emergency, the regulatory authorities request to conduct a VE trial
based on a clinical endpoint but advice to take these large trials as an opportunity for contributing to
the CoP identification.
4. Discussion
4.1. How many influenza seasons?
As previously mentioned, the efficacy of influenza vaccine is usually assessed over one and more
occasionally over two seasons (Table 1). The reasons are mainly to rapidly generate the necessary
information to apply for a licensure and to reduce the costs. However such a one-season design can
be detrimental for the success of the trial as no matter the real efficacy of the vaccine, a low
influenza season will significantly reduce the statistical power, while a mismatch will make the VE
evaluation meaningless. Such a situation has already led to a failure or an early termination for
futility15,16. An additional issue is that a low attack rate seems to be frequently associated with a
small VE estimate, although no definitive explanations are available to fully understand this
phenomenon16.
In addition, from a scientific point of view, the relevance of such a one-season trial is questionable.
Indeed, the frequent antigenic changes due to the mutations might potentially make the vaccine
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composition completely different from one year to another. In the last five years, WHO has
recommended to change each of the northern hemisphere vaccine strains at least twice. The early
phase studies provide evidence of significant variations in the immunogenicity to these different
virus types and strains. Consequently, we could also consider that the efficacy against each of them
would also vary to some extent without knowing by how much. As a result, there is little value in
estimating VE over a single season where we don’t have cases for all the vaccine strains most of the
time. It could be more interesting to cover several seasons, accumulating data from a variety of
strains and describing the efficacy of the vaccine by an interval covering most of the strain-specific
VE estimates instead of a single value. Of course, the subsequent questions would then be how
many seasons and how many strains are necessary to obtain relevant information.
In order to conciliate both aspects, i.e. rapidity of submission and relevance of information content,
innovative study designs splitting the study over several years could certainly be identified and
proposed. This, in our opinion, is an interesting subject for discussion with the regulatory authorities
in order to find a win-win way to move forward.
4.2. Which statistical model?
In the previously-mentioned models, the observations are assumed to be independent and
identically distributed, given the covariate(s) if any. The subject heterogeneity described in the
context of a VE trial does raise the question about the validity of such an assumption and about its
impact on the VE assessment. For example that the study participants covered by the same politics
of vaccination (within a region or a country) might not be considered as completely independent. To
overcome with such a potential issue, stratification of the analysis is a frequently-used option but
the specificities associated to influenza make it a real challenge. Using all the pre-cited factors could
imply small strata, and in addition to the issue of low attack rates, this would lead to very small
number of events in most of them. But considering only a part of them could imply large strata that
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would include some heterogeneity (on a geographical point of view, different viruses could circulate
(or not) within the same stratum).
An alternative is to use a shared frailty model developed for the analysis of clustered survival
data34,35, by introducing random effect(s) in the model. The value of this random effect (also called
frailty) is common to all individuals of a “cluster” or strata and take into account all unmeasured
common information shared by these individuals. As this random effect acts multiplicatively on the
hazard function, individuals with a higher value will be at higher risk of event (so more “frail”). As far
as we know, such a model has never been used in the field of influenza. It is however thought to
adequately fit because most of the sources of heterogeneity would cover the different fragility levels
of the subjects. Moreover, such models seem to be quite robust as the estimation of fixed effects
would not be significantly impacted by a misspecification of the frailty distribution36.
Another aspect that might be worth to address is the potential existence of a population fraction
that is not susceptible to the influenza strain considered because of natural or previously acquired
(by anterior vaccination or infection) immunity. In the framework of survival models, this has been
studied under the name of cure models. Several formulations of these models exist. The most
common one is to consider that the overall survival function S(t) consists in a two-term mixture
model: a first term modeling the proportion of non-susceptible people and a second term to model
how influenza would affect the susceptible persons37 over time.
To conclude, different models seem to be applicable to better estimate the efficacy of influenza
vaccines but should definitely be deeply investigated in terms of their identifiability, their accuracy
and their power.
4.3. Towards huge efficacy trials?
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More and more, the vaccine manufacturers develop new generations of vaccines to increase the
level of protection. This is particularly true in the field of influenza. So, most of the time, the
objective of the trial is to assess the superiority of the new vaccine compared to an efficacious one.
The main consequence is a significant increase of the size of the efficacy studies which makes the
difficulty level even higher. Indeed, the effect sizes to detect in such a context are usually much
smaller than the ones assumed in a placebo-controlled trial. Also, overall attack rates are much
smaller as all subjects are vaccinated. As a result, larger trials are required to reach an acceptable
power. More subjects imply more sources of variation and of heterogeneity to manage when
designing and analyzing the study as well as more difficulties on a logistic point of view.
Two recent trials illustrate that point perfectly. On one hand, a 7000-subject study was designed to
reach 90% of statistical power to demonstrate that the absolute efficacy of an influenza vaccine
assumed to prevent 70% of influenza events was at least 35%17. On the other hand, 43000 subjects
were necessary to ensure a power of 90% to detect the nominal superiority of a novel adjuvanted
vaccine when compared to the standard of care, assuming that the new formulation should prevent
30% of the failures of its comparator38.
4.4. CoP in flu – A Far Future Challenge
Addressing the request of the authorities to identify a correlate is far from being easy and is still a
matter of discussion. First of all, some ambiguity exists around the concepts, the objectives and the
methodologies though there is a trend to harmonize39. If the aim is to predict individual protection,
we probably need to take into account the information about the individual exposure. Such an
ambitious objective cannot be met in a single trial, as large it could be. A meta-analytical approach
could be envisaged with all the risks of confounding and sources of difficulties already mentioned to
manage (different age ranges, different vaccine composition, risk of mismatching, variations in virus
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circulation ...). The analytical variability in the different assays should not be neglected as another
potential source of difficulty.
What’s the likelihood to get a validated correlate of protection in Flu? Some key opinion leaders
think that we are still quite far from reaching this goal33,40. The good news is that the different parties
involved in this quest, i.e. the regulatory agencies, the vaccine manufacturers, the governmental
research institutes …, are currently realizing that the best and fastest way to succeed is to join all
their efforts. Nevertheless it will definitely take time.
5. Conclusions
Without caricaturing too much, the question addressed in an influenza VE trial could often be
formulated as follows: how to assess as quickly as possible the efficacy of a vaccine for which the
composition frequently changes, for which the antigens could not always perfectly match the
targeted viruses, in a heterogeneous population that could be exposed to different pathogens? In
our opinion, the current way to manage such studies should change to better characterize the level
of protection the vaccinees could expect from the investigational vaccine and to ensure the efficacy
of a good vaccine will be successfully evaluated to allow the more fragile persons to benefit from it.
As a consequence, let’s prepare our-selves to design and analyze VE trials differently, we need to
find more efficient way to do so, even if they will result in being more challenging than those realized
in the recent past.
6. Acknowledgement
Walthere Dewe and Anne Benoit drafted the manuscript; all authors were involved in revising it
critically for important intellectual content, and final approval of the manuscript.
The authors want to express their gratitude to some of their colleagues who kindly reviewed the
manuscript and provided valuable comments. In particular, we thank Christelle Durand, Fabian
12

Tibaldi, François Beckers, Géraldine Drevon, Lidia Oostvogels, Marc Fourneau and Ping Li (GSK
Vaccines).
This work was partially supported by a grant from GSK Vaccines to University of Louvain-La-Neuve.
Support from the IAP Research Network P7/06 of the Belgian State (Belgian Science Policy) is
gratefully acknowledged.
7. References and Bibliography
1 World Health Organization. Influenza (Seasonal): Fact Sheet 211, April 2009. Available from
http://www.who.int/mediacentre/factsheets/fs211/en/
2 Barr IG, McCauley J, Cox N, et al. Epidemiological, antigenic and genetic characteristics of seasonal
influenza A(H1N1), A(H3N2) and B influenza viruses: Basis for the WHO recommendation on the
composition of influenza vaccines for use in the 2009–2010 Northern Hemisphere season. Vaccine.
2010;28: 1156-1167
3 Chan I. Exact tests of equivalence and efficacy with a non-zero lower bound for comparative
studies. Stat Med. 1998;17:1403–1413
4 Nauta J. Statistics in Clinical Vaccine Trials. Springer, 2010
5 Centers for Disease Control and Prevention. Morbidity and Mortality Weekly Report. Available
from www.cdc.gov/mmwr/mmwr_wk/wk_cvol.html/
6 Jain VK, Rivera L, Zaman K, et al. Prevention of mild and moderate-severe influenza in children by
an inactivated quadrivalent influenza vaccine: a randomized, controlled trial. N Engl J Med.
Submitted.
7 Vesikari T, Knuf M, Wutzler P, et al. Oil-in-Water Emulsion Adjuvant with Influenza Vaccine in
Young Children. N Engl J Med. 2011;365:1406-16

13

8 Halloran ME, Longini IM, Struchiner CJ. Design and interpretation of vaccine field studies.
Epidemiologic Reviews. 1999;21:73-88
9 Food and Drug Administration. Guidance for Industry, Clinical Data Needed to Support the
Licensure of Seasonal Inactivated Influenza Vaccines, May 2007. Available from
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation
/Guidances/Vaccines/ucm091990.pdf
10 Belshe B, Mendelman M, Treanor J, et al. The efficacy of live attenuated, cold-adapted, trivalent,
Intranasal influenzavirus vaccine in children. N Engl J Med. 1998;338:1405-1412
11 Forrest BD, Steele AD, Hiemstra L, et al. A prospective, randomized, open-label trial comparing
the safety and efficacy of trivalent live attenuated and inactivated influenza vaccines in adults 60
years of age and older. Vaccine. 2011;29:3633-3639
12 Ohmit SE, Victor JC, Rotthoff JR, et al. Prevention of antigenically drifted influenza by inactivated
and live attenuated vaccines. N Engl J Med. 2006;355:2513-22
13 Belshe B, Edwards KM, Vesikari T, et al. Live Attenuated versus Inactivated Influenza Vaccine in
Infants and Young Children. N Engl J Med. 2007;356:685-696
14 Ohmit SE, Victor JC, Teich ER, et al. Prevention of Symptomatic Seasonal Influenza in 2005–2006
by Inactivated and Live Attenuated Vaccines. J Infect Dis. 2008;198(3):312–317
15 Beran J, Wertzova V, Honegr K, et al. Challenge of conducting a placebo-controlled randomized
efficacy study for influenza vaccine in a season with low attack rate and a mismatched vaccine B
strain: a concrete example. BMC Infect. Dis. 2009;9:2

14

16 Jackson LA, Gaglani MJ, Keyserling HL, et al. Safety, efficacy, and immunogenicity of an inactivated
influenza vaccine in healthy adults: a randomized, placebo-controlled trial over two influenza
seasons. BMC Infectious Diseases 2010, 10:71
17 Beran J, Vesikari T, Wertzova V, et al. Efficacy of Inactivated Split-Virus Influenza Vaccine against
Culture-Confirmed Influenza in Healthy Adults: A Prospective, Randomized, Placebo-Controlled Trial.
J. Infect. Dis. 2009;200:1861–9
18 Monto AS, Ohmit SE, Petrie JG, et al. Comparative Efficacy of Inactivated and Live Attenuated
Influenza Vaccines. N Engl J Med. 2009;361:1260-7
19 Agresti A. Categorical Data Analysis. New-York: Wiley; 2002
20 Ingram DD and Kleinman JC. Empirical comparisons of proportional hazards and logistic regression
models. Stat. Med. 1989;8:525–538
21 Agresti A. Exact inference for categorical data: recent advances and continuing controversies. Stat
Med. 2001;20:2709–2722
22 Ashkenazi S, Vertruyen A, Aristegui J, et al. Superior relative efficacy of live attenuated influenza
vaccine compared with inactivated influenza vaccine in young children with recurrent respiratory
tract infections. Pediatr Infect Dis J. 2006;25: 870–879
23 Hoberman A, Greenberg D, Paradise J, et al. Effectiveness of inactivated influenza vaccine in
preventing acute otitis media in young children – a randomized controlled trial. J Am Med Assoc.
2003;290: 1608-1616
24 Kleinbaum DG, Klein M. Survival Analysis: A Self-Learning Text. Springer, 2012
25 Friedman LM, Furberg CD, DeMets DL. Fundamentals of Clinical Trials. Springer, 1998
26 Senn S. Statistical Issues in Drug Development. Wiley, 2007
15

27 Boraschi D, Del Giudice G, Dutel C. Conference report. Aging and immunity - Addressing immune
senescence to ensure healthy ageing. Vaccine. 2010;28:3627–3631
28 John TJ, Samuel R. Herd immunity and herd effect: new insights and definitions. Eur J Epidemiol
2000;16:601-6
29 World Health Organization. Flunet. Available from
http://www.who.int/influenza/gisrs_laboratory/flunet/en/
30 European Medicines Agency. Report from scientific workshop on serology assays and correlates
of protection for influenza vaccines. November 2010. Available from
http://www.ema.europa.eu/ema/
31 Rappuoli R, Del Giudice G. Influenza Vaccines for the Future. Springer, 2011
32 Ohmit SE, Petrie JG, Cross RT, et al. Influenza hemagglutination-inhibition antibody titer as a
correlate of vaccine-induced protection. J Infect Dis. 2011;204:1879-85
33 Haaheim LR, Katz JM. Immune correlates of protection against influenza: challenges for licensure
of seasonal and pandemic influenza vaccines, Miami, FL, USA, March 1–3, 2010
34 Duchateau L, Janssen P. The Frailty Model. Springer, 2008
35 Longini IM, Halloran ME. A Frailty Mixture Model for Estimating Vaccine Efficacy. Appl. Statist.
1996;45:165-173
36 Pickles A., Crouchery R. A comparison of frailty models for multivariate survival data, Stat Med.
1995;14:1447–1461
37 Berkson J, Gage RP. Survival curves for cancer patients following treatment. J Am Stat Assoc.
1952;47:501-515

16

38 McElhaney JE, Beran J, Devaster J-M et al. Relative efficacy of AS03-adjuvanted versus nonadjuvanted trivalent inactivated influenza vaccine against seasonal influenza in elderly people;
lessons learned from a large randomized trial. Lancet Infect. Dis.. Submitted.
39 Plotkin SA, Gilbert PB. Nomenclature for Immune Correlates of Protection After Vaccination. Clin
Infect Dis Advance Access published March 20, 2012
40 Monto AS, Ohmit SE. Seasonal Influenza Vaccines: Evolutions and Future Trends. Expert Rev.
Vaccines. 2009;8(4):383-389

17

Table 1. Characteristics of the main influenza vaccine efficacy trials conducted from 1996
Investigational vaccine

Ratio

Seasons

Population

Statistical methodology

CTR Reference

LAIV (N = 1070)
Placebo (N = 532)

1:1

1996-1997
(+ revacc)

15 – 71 months

Relative risk based on the observed proportions of cases, Koopman’s method for the
ratio of binomials to estimate 95 percent confidence intervals

NA10

TIV (N = 531)
Placebo (N = 262)

2:1

1999-2000
2000-2001

6 – 24 months

Risk of Poisson rates with confidence interval based on the assumption of asymptotic
normality of the log ratio

NA23

Failure,

LAIV (N < 3000))
Placebo (N < 3000)

unknown

2000-2001

6 – 36 months (Asian)

NA

NCT00192244

No result published

LAIV (N < 3000))
Placebo (N < 3000)

unknown

2000-2001

6 – 35 months (Day Care
Centers)

NA

NCT00192283

No result published

LAIV (N <3000))
Placebo (N < 3000)

unknown

2001-2002

60 years and older

NA

NCT00217230

No result published

LAIV (N < 1920))
Placebo (N < 1920)

unknown

2002

6 – 35 months

NA

NCT00192374

No result published

TIV (N = 1501))
LAIV (N = 1508)

1:1

2002 (SH)

60 years and older

Relative risk based on the observed proportions of cases

NCT0019241311

LAIV (N = 1086)
TIV (N = 1101)

1:1

2002-2003

6 – 71 months (with recurrent
respiratory tract infections)

Conditional exact test

NCT0019220522

LAIV (N = 1114)
TIV (N = 1115)

1:1

2002-2003

6 – 17 years (with asthma)

NA

NCT00192257

TIV (N = 522)
LAIV (N = 519)
Placebo (N = 206)

5:5:2

2004-2005

18 – 46 years

Relative risk based on the observed proportions of cases, confidence intervals were
constructed using an exact method; Chi-square test and Fisher’s exact test were used
for group comparison

NCT0013352312

LAIV (N = 4179)
TIV (N = 4173)

1:1

2004-2005

6 – 59 months

Relative risk based on the observed proportions of cases, confidence intervals were
constructed using an exact binomial method for multiple strata, conditioned upon
the total number of cases, with mid-probability adjustment

NCT0012816713

TIV (N = 818)
LAIV (N = 787)
Placebo (N = 338)

5:5:2

2005-2006

18 – 48 years

Relative risk based on the observed proportions of cases, confidence intervals were
constructed using an exact method; Chi-square test and Fisher’s exact test were used
for group comparison

NCT0013352314

Failure, Low attack
rate

TIV (N = 4137)
Placebo (N = 2066)

2:1

2005-2006

18 – 64 years

Relative risk based on the observed proportions of cases, confidence intervals of VE
were constructed using a conditional exact method; Fisher’s exact test was used for
group comparison

NCT0019722315

Failure, B Mismatch
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TIV (N = 3783)
Placebo (N = 3828)

1:1

2005-2006
2006-2007

18 – 49 years

Relative risk based on the observed proportions of cases, statistical methodology to
compute the confidence intervals of VE is not mentioned

NCT0021624216

TIV (N = 5103)
Placebo (N = 2549)

2:1

2006-2007

18 – 64 years

Relative risk based on the observed proportions of cases, confidence intervals of VE
were constructed using a conditional exact method; Fisher’s exact test was used for
group comparison

NCT0036387017

TIV (N = 813)
LAIV (N = 814)
Placebo (N = 325)

2:2:1

2007-2008

18 – 49 years

Relative risk based on the observed proportions of cases, confidence intervals were
constructed using an exact method; Fisher’s exact test was used for group
comparison

NCT0053851218

CC (N < 11104))
TIV (N < 11104)
Placebo (N < 11104))

unknown

2007-2008

18 – 49 years

NA

NCT00630331

Adjuvanted TIV (N = 1941)
TIV (N = 1773)
Placebo (N = 993)

2:2:1

2007-2008
2008-2009
2009-2010*

6 - 72 Months

Poisson regression

NCT006440597

CC (N = 3626)
Placebo (N = 3624)

1:1

2008-2009

18 – 49 years

Relative risk based on the observed proportions of cases, confidence intervals were
constructed using Miettinen and Nurminen method

NCT00566345

CC (N < 7252)
Placebo (N < 7252)

unknown

2008-2009

18 – 49 years

NA

NCT00800605

TIV in patients (N < 360)
TIV in healthy subjects (N < 360)
Placebo in patients (N < 360)

unknown

2008-2009

subjects with Coronary Artery
Diseases

NA

NCT00607217

CC (N = 10033)
Placebo (N = 2011)

2:1

2008-2009

18 – 65 years

NA

NCT00562484

Adjuvanted TIV (N = 21893)
TIV (N = 21802)

1:1

2008-2009
2009-2010

65 years and older

NA

NCT0075327238

Failure,
B mismatch

TIV high dose(N = 6000)
TIV (N = 3000)

2:1

2009-2010

65 years and older

NA

NCT00976027

Study terminated,
low attack rate

Adjuvanted MIV (N < 4000)
MIV(N < 4000)

unknown

2009-2010

18 years and older

NA

NCT00979602

No result published

QIV (N < 5219)
Non-active control (N < 5219)

unknown

2010-2011
2011-2012

3 – 8 years

NA

NCT012183086

QIV (N < 8200)
Non-active control (N < 8000)

unknown

2011-2012 (NH)
2012 (subtropical)
2012-2013 (NH)

6 – 35 months

NA

NCT01439360

Failure, B Mismatch
Low attack rate

No result

25 years and older

No result published
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1-dose Adjuvanted MIV (N < 6200)
2-dose Adjuvanted MIV (N < 6200)
MIV (N < 6200)

unknown

2010-2011
2011-2012

6 months – 10 years

NA

NCT01051661

No result published

TIV HD (N < 26000)
TIV (N < 26000)

unknown

2011-2012
2012-2013

65 years and older

NA

NCT01427309

On-going

LAIV Live Attenuated Influenza Vaccine (intra-nasal)
MIV/TIV/QIV : Monovalent/Trivalent/Quadrivalent Inactivated Vaccine
* VE not the primary objective
** Not performed due to H1N1 pandemic
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