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High-dose (HD) influenza vaccine

281 M doses of HD vaccine (including 142 M doses of 
QIV-HD) have been distributed, as of October 20236

HD vaccine is a split inactivated influenza vaccine  containing 60 µg of hemagglutinin (HA) 
per strain1,2

● It contains 4× the amount of HA compared with standard-dose influenza vaccines

● It was first developed in a trivalent formulation (US license in 2009)

● It was then developed into a quadrivalent formulation (US license in 2019: Fluzone HD quadrivalent® and EU 
license in 2020: Efluelda®3–5)

HD vaccine is indicated for the prevention of influenza in people 607 or 652 years of 
age and older depending on the country 

EU: European Union; HA: hemagglutinin; HD: high-dose; M: million; QIV-HD: high-dose quadrivalent influenza vaccine; TIV-HD: high-dose trivalent influenza vaccine; US: United States.
References in slide notes.
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Randomized phase 3 immunogenicity study demonstrated improved 
immune response with HD compared with standard dose (SD)
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Superiority of immune responses achieved for A (H1N1) and A 

(H3N2); non-inferiority for B.  All comparisons, P <0.0001

Reference: Falsey AR, et al. J Infect Dis. 2009;200(2):172-180. 



Designation of “superiority” would be 

granted if, in a fully-powered RCT, rVE of 

TIV-HD vs TIV-SD had lower bound of the 

95% confidence >9.1% (to give confidence 

of at least 10% higher efficacy).

6

FDA discussions on the definition of superiority

DiazGranados C a, Dunning AJ, Kimmel M, et al. Efficacy of high-dose versus 
standard-dose influenza vaccine in older adults. NEJM. 2014;371(7):635-645. 



FIM12 study 

DiazGranados CA, et al. N Engl J Med. 2014;371(7):635-645
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Proven superior efficacy versus standard dose influenza vaccine in 
preventing ILI in a RCT in adults aged 65 years and older

Primary endpoint

High-dose trivalent 
influenza vaccine (TIV-HD)

Standard-dose trivalent 
influenza vaccine (TIV-SD)

or

Laboratory-confirmed influenza associated 
with protocol defined influenza-like illness

126
sites

31,989
Adults 
≥65 years old

HD: high-dose; SD: standard-dose; TIV-HD: high-dose trivalent influenza vaccine; TIV-SD: standard-dose trivalent influenza vaccine.
References: 1. DiazGranados CA et al. N Engl J Med 2014;371:635-45. doi: 10.1056/nejmoa1315727. 2. DiazGranados CA et al. 2015 Vaccine;33:4565-71. doi: 10.1016/j.vaccine.2015.07.003. 
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Year 1
 (2011-2012)1

Year 2
 (2012-2013)1

Age
 65-74 yr2

Age
 ≥75 yr2

Similar to 
Vaccine 
Strains2

45.3

20.7 19.7

32.4 35.4

22.1
27.5

≥1 High-Risk 
Comorbidity2

1 Frailty-
Associated 
Condition2

Compared with SD influenza vaccine, the benefit of HD vaccine was 
demonstrated across age groups, comorbidities/frailty conditions in 

community-dwelling seniors over 2 influenza seasons

Randomized 1:1

Global Medical Affairs: MAT-GLB-2100860 V5.0 – June 2023

https://doi.org/10.1056/nejmoa1315727
https://doi.org/10.1016/j.vaccine.2015.07.003


Prior evidence indicated possible cardiovascular benefit of 
influenza vaccination

Observational time series from 
nearly a century ago1

1. Collins, S. D. (1932). Public Health Reports (1896-1970), 47(46), 2159–2179.
2. Macias AE, et al. Vaccine. 2021;39 Suppl 1:A6-A14. 
3. Warren-Gash C, et al. J Infect Dis. 2011;203(12):1710-1718. 

4. López-Cuadrado T, et al., Gac Sanit. 2012;26(4):325-329.
5. Zucs P, et al., Emerg Themes Epidemiol. 2005;2(1):6. 
6. Fröbert O, Götberg M, Erlinge D, et al. Circulation. 2021;144(18):1476-1484. 

Literature reviews identified a range of extra-
pulmonary sequelae of influenza infection2

Excess modeling studies of 
increasing complexity3,4,5 RCT of SD flu vaccine prevents CV events6



• Post-hoc reanalysis of FIM12 study

• Explored safety data to assess event 

rates in each arm 

• Randomization remains intact: 

possible to infer causality 

10
DiazGranados, C. A., et al., 2015. Vaccine, 33(38), 4988–4993. 
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Effectiveness of HD vs SD at preventing serious cardio-respiratory 
events: FIM12 reanalysis

DiazGranados, C. A., Robertson, C. A., Talbot, H. K., Landolfi, V., Dunning, A. J., & Greenberg, D. P. (2015). 
Prevention of serious events in adults 65 years of age or older: A comparison between high-dose and standard-dose 
inactivated influenza vaccines. Vaccine, 33(38), 4988–4993. 



Observational studies provided evidence for HD rVE against 
hospitalized events, including non-respiratory events

1. Lee J, et al. Vaccine: X. 2023;14:100327
2. Ioannidis JPA. JAMA. 2005;294(2):218-228. 

3. Nealon J, et al. npj Vaccines. 2022;7(1):1-9.

HD more effective than SD influenza vaccines irrespective across outcome, season, circulating strain, antigenic match, 
study type, study setting and age subgroup1
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Observational studies susceptible to critical biases.2 RCTs powered for rare, hospitalized 
outcomes are infeasibly large.3



Pragmatic individually RCT: an innovative approach to 
assess influenza vaccine performance1
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Only one in-person 
trial visit – attend 
appointment at 
vaccination site

All baseline, 
outcomes and 

safety data 
collected through 

national or regional 
registries

Data analyzed 
centrally at External 

Sponsor site

Digital trial 
invitation (e.g. 

email, SMS) and 
option for online 

e-consent

Real-world 
setting

Pragmatic 
Individually 
Randomized 
Controlled 

Trial

1:1
Randomization

1. Hollingsworth R, Palmu A, et al. Effectiveness of the quadrivalent high-dose influenza vaccine for prevention of cardiovascular and respiratory events in people aged 65 
years and above: Rationale and design of a real-world pragmatic randomized clinical trial. American Heart Journal. 2021;237:54-61. 



03 FlunityHD study: 
methods and 
main results

Effectiveness of high-dose influenza vaccine against 
hospitalisations in older adults (FLUNITY-HD): an individual-
level pooled analysis
Johansen, Niklas DyrbyBartholdy, Katja VuSenin, Ana Maria Abal et al. 
The Lancet, Volume 406, Issue 10518, 2425 - 2434



Flunity-HD: from feasibility to fully powered 
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2022/23 2023/24 2024/25

Denmark
≥65 years

HD-IIV vs SD-IIV against 
hospitalizations2

134k 

332k
participants

Participants

FLUNITY-HD

HD-IIV vs SD-IIV against 
hospitalizations3,4

Galicia, Spain
65-79 years

Designed and powered 
to demonstrate the 
benefit of HD-IIV vs 

SD-IIV against severe 
clinical outcomes

466k
participants

Methodologically harmonized

Feasibility study

2021/22



Trial organization and data flow

Reference: Johansen ND, et al. Am Heart J. 2025:S0002-8703(25)00287-X.

~ 1,000,000 invites 
each season

Initial 
participant data

Participant SSN

Baseline characteristics 
and outcomes

Vaccination clinic network:
• Open year-round: not just for 

flu vaccination
• Vaccinates >

200,000 persons/year and 
rapidly upscaling

• Inclusion and randomization
• Administration of study drug

• Central trial site
• Study oversight
• Database management
• Nationwide access to 

all medical records and 
lab results

Registry data:
• Nationwide tax-funded public 

health system
• Nationwide registries can be 

crosslinked using social security 
numbers (SSN)

• Every hospital contact, death, 
redeemed prescription is 
captured in the registries



Methods pragmatic, registry-based, open-label, active-
controlled, individually randomized trials 

Reference: Johansen ND, et al. Am Heart J. 2025:S0002-8703(25)00287-X.

Inclusion criteria:

Age ≥ 65 years or 65 – 79 yrs old

Signed informed consent

Exclusion criterion:

Allergy/hypersensitivity towards the 
vaccines used in the study

Enrollment, randomization, and vaccination 

Only trial

visit

End of 
follow-up 

Start of registry-based 
follow-up for clinical 

outcomes

HD-IIV

SD-IIV

1:1

Day 0 May 31Day 14



Epidemiology and vaccine match by trial/country 
and season
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Influenza 
Season

Trial
Click on each 

link for 
details

Circulating 
Strains

Season 
Duration

Activity Peak
Season 
Severity

Vaccine Match

2022/23 DANFLU-2
A:B 50:50
(A mostly H1N1)3

Long, 3 peaks 
with
late 2nd & 3rd 
peak1

Comparable 
positivity%, but 
late1

Low2

Well matched 
A(H1) & B, 
moderate for 
A(H3)4

2023/24

DANFLU-2
A(H1N1) 
predominant5 Short1 Early, lower than 

average1 Low2 Well matched6

GALFLU
A(H1N1) 
predominant9 Short8 Very high10 Moderate8,9

Well matched 
A(H1N1) & B, 
moderate for 
A(H3N2)11

2024/25

DANFLU-2
Mixed H3/H1. 
Increased B late in 
season7

Average1 High peak, 
moderately late1 Low2 Well matched12

GALFLU

A(H3N2) 
predominant, with 
B peak early 
season9

Extended8 Moderate10 Moderate8,9 Not yet published



Flunity-HD: pre-specified and powered endpoints

19Clinicaltrials.gov: NCT06506812;  Johansen ND, et al. LANCET. 2025 

• Hospitalization for influenza or pneumonia (composite endpoint based on primary ICD10 code)

Primary

Secondary

• Hospitalization for cardio-respiratory disease (composite endpoint, statistically powered)

• Laboratory-confirmed influenza hospitalization

• All-cause hospitalization

• All-cause mortality

• Hospitalization for influenza (ICD10 coded)

• Hospitalization for pneumonia (ICD 10 coded)



Balanced baseline characteristics across HD and SD 
groups
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HD-IIV (n = 233,311)* SD-IIV (n = 233,009)*

Age, years, mean±SD 73.3±5.4 73.3±5.4

Female 111,809 (47.9) 111,872 (48.0)

Presence of at least one chronic disease 114,073 (48.9) 114,052 (48.9)

Diabetes 32,489 (13.9) 32,492 (13.9)

Cardiovascular disease 54,061 (23.2) 53,639 (23.0)

Ischemic heart disease 19,033 (8.2) 18,809 (8.1)

Atrial fibrillation 19,179 (8.2) 19,043 (8.2)

Heart failure 6497 (2.8) 6536 (2.8)

Cancer 28,548 (12.2) 28,455 (12.2)

Chronic lung disease 16,022 (6.9) 15,954 (6.8)

Chronic obstructive pulmonary disease 8252 (3.5) 8100 (3.5)

Chronic kidney disease 24,062 (10.3) 24,195 (10.4)

Immunosuppression 12,308 (5.3) 12,308 (5.2)

Co-administration with COVID-19 vaccine 165,412 (70.9) 165,424 (71.0)

COVID-19 vaccine during same season 224,353 (96.2) 224,055 (96.2)

Pneumococcal vaccination after the age of 65 184,946 (79.3) 185,170 (79.5)



Superior protection versus SD against hospitalizations
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n (%)
HD-IIV 

(n = 233,311)
SD-IIV 

(n = 233,009)
Crude rVE 
(95% CI)

One-sided P 
value

Primary endpoint

Hospitalization for “pneumonia or 
influenza”

1312 (0.56) 1437 (0.62) 8.8 (1.7 to 15.5) 0.0082

Secondary endpoints

Hospitalization for any 
cardio-respiratory disease 4720 (2.02) 5033 (2.16) 6.3 (2.5 to 10.0) 0.0006

Laboratory-confirmed influenza 
hospitalization 249 (0.11) 365 (0.16) 31.9 (19.7 to 42.2) <0.0001

All-cause hospitalization 19,921 (8.54) 20,348 (8.73) 2.2 (0.3 to 4.1) 0.012

All-cause mortality 1421 (0.61) 1437 (0.62) 1.2 (-6.3 to 8.3) 0.38

Hospitalization for influenza 164 (0.07) 271 (0.12) 39.6 (26.4 to 50.5) NA

Hospitalization for pneumonia 1161 (0.50) 1187 (0.51) 2.3 (-6.0 to 10.0) NA

Reference: Johansen ND, et al. LANCET. 2025



Consistent rVE outcomes across subgroups

Subgroup analyses

HID-IIV SD-IIV Relative Vaccine 
Effectiveness 

(95% CI)

P value

no./total no. (%)

Overall 1,312/233,311 (0.56) 1,437/233,009 (0.62) 8.8 (1.7 to 15.5)

Trial 0.055

DANFLU-2 1,138/166,22 (0.68) 1,210/166,220 (0.73) 5.9 (-2.1 to 13.3)

GALFLU 174/67,093 (0.26) 227/66,789 (0.34) 23.7 (6.6 to 37.7)

Age (median 73.3 years) 0.27

<median 409/116,670 (0.35) 420/116,589 (0.36) 2.7 (-11.8 to 15.3)

≥median 903/116.641 (0.77) 1,017/116,420 (0.87) 11.4 (3.0 to 19.1)

Sex 0.60

Female 541/111,809 (0.48) 579/111,872 (0.52) 6.5 (-5.3 to 17.0)

Male 771/121.502 (0.63) 858/121,137 (0.71) 10.4 (1.1 to 18.8)

Presence of at least one chronic disease 0.72

No 266/119,236 (0.22) 283/118,950 (0.24) 6.2 (-11.2 to 21.0)

Yes 1,046/114,073 (0.92) 1,154/114,052 (1.01) 9.4 (1.4 to 16.7)

Diabetes 0.81

No 1,005/200,820 (0.50) 1,106/200,510 (0.55) 9.3 (1.1 to 16.8)

Yes 307/32,489 (0.94) 331/32,492 (1.02) 7.2 (-8.7 to 20.8)

Cardiovascular disease 0.71

No 689/179,248 (0.38) 768/179,363 (0.43) 10.2 (0.4 to 19.1)

Yes 623/54,061 (1.15) 669/53,639 (1.25) 7.6 (-3.2 to 17.3)

Cancer 0.76

No 993/204,761 (0.48) 1,080/204,547 (0.53) 8.2 (-0.2 to 15.8)

Yes 319/28,548 (1.12) 357/28,455 (1.25) 10.9 (-3.9 to 23.7)

Chronic lung disease 0.41

No 922/217,287 (0.42) 1,031/217,048 (0.48) 10.7 (2.3 to 18.4)

Yes 390/16,022 (2.43) 406/15,954 (2.54) 4.3 (-10.2 to 17.0)

Immunosuppression 0.29

No 1,123/221,001 (0.51) 1,210/220,694 (0.55) 7.3 (-0.6 to 14.6)

Yes 189/12,308 (1.54) 227/12,308 (1.84) 16.7 (-1.4 to 31.7)

-40 -30 -20 -10 0 10 20 4030

Favors SD-IIV Favors HD-IIV

Reference: Johansen ND, et al. LANCET. 2025
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Pre-specified
exploratory endpoint

rVE against hospitalization 
vs SD

Heart failure 21.3 (7.4 to 33.2)

Any cardio-vascular 
disease

6.6 (1.6 to 11.5)

Notable pre-specified exploratory endpoints from FLUNITY-HD

Johansen ND, Modin D, Pardo-Seco J, et al. High-Dose vs. Standard-Dose Influenza Vaccine and 
Cardiovascular Outcomes in Older Adults: The FLUNITY-HD Prespecified Pooled Analysis. Circulation. 
0(0). doi:10.1161/CIRCULATIONAHA.125.077801

https://doi.org/10.1161/CIRCULATIONAHA.125.077801


Potential weaknesses to using these data for regulatory purposes

Combination of two studies is not equivalent to 
one, fully-powered trial

No double-blinding (open label 
study)

Lab confirmation not routine

Multiple endpoints give rise to risk of type 1 
errors

Pre-specified individual analysis; 
analogous to >1 clinical trial site

Healthcare seeking bias unlikely for severe outcomes. 
No “better” vaccine available elsewhere

Consistent coding and outcome ascertainment; 
clinically-indicated lab testing was captured

Pre-specified, hierachal testing 

Different age inclusion criteria in different 
countries reduces comparability

Pragmatic trials demand flexibility 
according to routine healthcare practices



Conclusions
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Lessons from the 
pragmatic randomized 
trials of high-dose vs. 
standard-dose influenza 
vaccine against severe 
clinical outcomes 
(FLUNITY-HD)

Large pragmatic designs using approved vaccines are 
feasible and accepted in certain environments after prior 
demonstration of efficacy

The “magic of randomization” can be applied to 
understanding rare but important outcomes in an 
unbiased environment

What might be the scope these designs in pre-licensure 
phase or for other regulatory purposes? 

Flunity-HD has proven superiority of HD vs SD in 
protecting against influenza hospitalizations and 
complications in a individually randomized trial
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