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Background. Takeda’s dengue vaccine is under evaluation in an ongoing phase 3 efficacy study; we present a 2-year update.

Methods. Children (20 099, 4-16 years old) were randomized to receive 2 doses of TAK-003 or placebo 3 months apart and are
under surveillance to detect dengue by serotype-specific RT-PCR.

Results. Cumulative efficacy against dengue approximately 27 months since first dose was 72.7% (95% confidence interval [CI],
67.1%-77.3%), including 67.0% (95% CI, 53.6%-76.5%) in dengue-naive and 89.2% (95% CI, 82.4%-93.3%) against hospitalized
dengue. In the second year, decline in efficacy was observed (56.2%; 95% CI, 42.3%-66.8%) with the largest decline in 4-5 year olds
(24.5%; 95% CI, —34.2% to 57.5%); efficacy was 60.6% (95% CI, 43.8%-72.4%) in 6-11 year and 71.2% (95% CI, 41.0%-85.9%) in
12-16 year age groups. As TAK-003 efficacy varies by serotype, changes in serotype dominance partially contributed to efficacy dif-

ferences in year-by-year analysis. No related serious adverse events occurred during the second year.
Conclusions. TAK-003 demonstrated continued benefit independent of baseline serostatus in reducing dengue with some de-
cline in efficacy during the second year. Three-year data will be important to see if efficacy stabilizes or declines further.
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The 4 serotypes of dengue viruses (DENV-1 to DENV-4) are
primarily transmitted to humans by the Aedes aegypti mosquito
and lead to approximately 390 million dengue infections every
year, 96 million of which manifest clinically [1], with 500 000
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cases requiring hospitalization [2]. Although tropical areas
suffer the highest burden of disease, climate change is projected
to expand the population at risk to new areas in Europe, high-
altitude regions in the tropics, the United States, and Canada
[3]. The only licensed dengue vaccine (CYD-TDV, Dengvaxia;
Sanofi Pasteur) is recommended for use in individuals > 9 years
of age with evidence of previous dengue infection [4] because of
an association with increased risk of severe dengue disease and
hospitalization in seronegative individuals [5]. Hence, there is a
substantial unmet need for a vaccine that can be administered
more broadly.

Takeda’s tetravalent dengue vaccine candidate (TAK-003)
is based on a live attenuated DENV-2 virus that provides the
genetic backbone for all 4 of the vaccine viruses, which were
originally designed and constructed by scientists at the US
Division of Vector-Borne Diseases of the Centers for Disease
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Control and Prevention [6]. Phase 1 and 2 studies have dem-
onstrated TAK-003 to be well tolerated, and to induce humoral
responses against serotypes 1-4, long-term antibody persist-
ence, and cross-reactive and multifunctional T-cell-mediated
responses [7-16]. TAK-003 has a 0, 3-month dosing schedule
and is currently under evaluation in a large phase 3 efficacy trial
conducted in children 4-16 years of age. Previously we have re-
ported the interim results through 18 months after the second
dose [17]. In this timeframe, 2 doses of TAK-003 showed an
overall efficacy of 73.3% (95% confidence interval [CI], 66.5%-
78.8%) and an efficacy of 66.2% (95% CI, 49.1%-77.5%) in par-
ticipants seronegative prior to immunization. Efficacy against
hospitalized dengue was 90.4% (95 % CI, 82.6-94.7) and efhi-
cacy against dengue hemorrhagic fever (DHF) was 85.9% (95 %
CI, 31.9-97.1). Efficacy varied against individual serotypes and
the highest efficacy was seen against DENV-2.

Here we report results through 2 years after vaccination
that includes the cumulative efficacy since first dose and the
efficacy in each of the 2 years after completing vaccination.
During a similar timeframe, analysis of another dengue vac-
cine (Dengvaxia) has identified a higher risk of hospitaliza-
tion in younger children, which was subsequently attributed
to their dengue-naive serostatus prior to immunization [5, 18].
Unfortunately, studies of Dengvaxia did not collect data on
dengue cases that did not require hospitalization beyond 1 year
after vaccination, precluding detailed comparisons between
these vaccines. Subsequently, these data were collected from
5 years onwards in Dengvaxia trials in the surveillance expan-
sion phase [19].

METHODS

Study Design and Participants

Healthy children aged 4-16 years inclusive were enrolled into
a randomized, double-blind and placebo-controlled trial at
26 centers in 8 dengue-endemic countries. Informed assent
or consent forms, and the study protocol and its amendments
were reviewed and approved by applicable institutional review
boards, independent ethics committees, and health author-
ities. Written informed assent or consent was obtained from
all participants or their parents or legal guardians before en-
rolment. This trial is in accordance with the Declaration of
Helsinki [20], and the International Council for Harmonization
of Technical Requirements for Pharmaceuticals for Human Use
harmonized tripartite guidelines for good clinical practice [21].
Details of inclusion and exclusion criteria are provided in the
Supplementary Material.

Trial Procedures

This study consists of 3 parts for each participant, with active
surveillance during parts 1 and 2, and modified active surveil-
lance during part 3 (see Supplementary Material for details of
febrile illnesses assessment and the differences between active

and modified active surveillance; Supplementary Figure 1).
Each of these surveillance methods continues weekly contact
with participants and detects both nonhospitalized and hospi-
talized dengue cases. Part 1 had 12 months of follow-up after
the second dose to assess the primary endpoint, and part 2 had
another 6 months to assess the secondary endpoints (previously
reported) [17, 22]. Part 3 is an ongoing 3-year assessment of
long-term efficacy and safety. At the time of this analysis, par-
ticipants had completed 24 months since the second dose or
approximately 27 months since the first dose.

One 0.5 mL dose of TAK-003 or placebo (saline solution)
was administered subcutaneously into the upper arm at 0 and
3 months. Blood samples were collected from all participants at
baseline and 1 month after the second dose to measure dengue
neutralizing antibodies by microneutralization test (MNT). The
results were expressed as the reciprocal of the highest dilution
of test serum that shows a 50% reduction in plaque counts com-
pared with that of virus controls. Additional MNT blood sam-
ples were taken from a randomly selected subset of participants
in months 1, 3,9, and 15, and then annually. For the entire trial
duration, participants or their parents or guardians are con-
tacted at least weekly reminding them to present for evaluation
of febrile illness (defined as fever > 38°C on any 2 of 3 con-
secutive days). Dengue cases are confirmed by serotype-specific
quantitative reverse transcription polymerase chain reaction
(RT-PCR) in acute samples (virologically confirmed dengue,
VCD).

Outcomes

The exploratory analysis presented in this report was conducted
to assess cumulative efficacy since the first dose and efficacy in
the first 12-month interval after completing part 1.

Additional details of study materials, methods, statistical
methodology, trial procedures, and safety data reporting are
available in the Supplementary Material and in previously pub-
lished reports [17, 22].

RESULTS

Participants

The trial was initiated in September 2016, and part 3 is sched-
uled for completion in January 2022. A total of 20 099 partici-
pants were randomly assigned in a ratio of 2:1 to receive either
TAK-003 (n = 13 401) or placebo (n = 6698; Supplementary
Figure 2). Of the total participants, 20 071 (99.9%) received at
least 1 dose and were included in the safety set, of which 19 741
(98.4%) received 2 doses, and 19 330 (96.3%) completed 2 years
of follow-up after the second dose (safety set data). In the per
protocol set, 19 021 participants (94.6%) were included, which
had 27.7% (5259/19 014) of the participants seronegative at
baseline to all 4 serotypes (MNT titer < 10). Further informa-
tion on the baseline characteristics of the study population is
available in previous reports [17, 22].
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Serotype Distribution Among Cases of VCD and Hospitalized VCD Cases Occurring Between 30 Days After Second Dose and End of Part 1 (Year 1, Month 4-15), and Over 12 Months After End of Part

1 (Year 2, Month 16-27) Per Protocol Set Data

Table 1.

DENV-1 DENV-2 DENV-3 DENV-4

Row Total of VCD Cases

Recipients

Year 2

Year

Year 2

Year 1

Year 2

Year

2 Year 1 Year 2

Year

Year 1

0
0
0
0
0
0
0
0
0
01(0)

- T = 2 =

1)
6)
3)
g
1(0)
1)
0(0)
0(0)
0 (0)

5 (0)
32 (4)
9 (1)

13 (1)
5 (

3 (1)
(
3(0)
0
0
21 (0)

46 (5)

210 (58)

36 (4)
119 (35)

55 (19)

109 (10)

60 (43)

12 (4)
(

5 (1)
0
0

21 (0)

All participants

Age 4-5y

Age 12-16 y
Philippines

Sri Lanka

Thailand

Colombia
Dominican Republic
Nicaragua

Panama

Age 6-11y
Brazil

Data are number of cases of each serotype and hospitalized VCD cases in parentheses. Data are pooled for TAK-003 and placebo recipients.

Abbreviations: DENV, dengue virus; VCD, virologically confirmed dengue.

Febrile llinesses and VCD

In the approximately 27 months after initiating vaccination,
17 207 febrile illnesses have been reported and acute sam-
ples were taken in 98.5% of these cases for RT-PCR testing
(94.2% within 5 days of fever onset). A total of 487 VCD
cases were detected, of which 111 cases required hospitali-
zation (Supplementary Table 2). In the per protocol set, 414
VCD cases (91 hospitalized) occurred in the 23-month period
starting 1 month after second dose and were included in the
year-by-year analysis. Year 1 refers to the first 11 months with
210 cases and year 2 refers to the next 12 months with 204
cases (Table 1 and Table 2). An increase in VCD cases was
observed in Latin America from year 1 (n = 29) to year 2
(n = 77), while cases decreased in Asia from year 1 (n = 181)
to year 2 (n = 127; Table 1).

Distribution of Dengue Serotypes in Year-by-Year Analysis (Per
Protocol Set)

In the placebo group, the number of cases per 100 person-
years decreased from 2.6 in year 1 to 1.8 in year 2 (Table 2). In
this group, DENV-2 was reported in the highest proportions
during year 1 with 1.1 cases per 100 person-years, while in year
2 DENV-1 (0.8 cases per 100 person years) was most frequently
reported. In Latin America, no DENV-3 or DENV-4 was iden-
tified in either year. The vast majority of DENV-3 cases (87/90
in year 1 and 63/63 in year 2) were identified in the Philippines.
DENV-4 was the least reported serotype in both years. Across
both the placebo and vaccine groups, the dominant sero-
type resulting in hospitalization was DENV-2 (43 of 58 VCD,
74%) during year 1 and DENV-1 (19 of 33 VCD, 58%) in year
2 (Table 1). Serotype distribution data between first dose and
month 27 in the safety set is presented in Supplementary Table
2.

Vaccine Efficacy

Cumulative overall efficacy of TAK-003 over the 27 months
after initiating vaccination and the subgroup analysis is pre-
sented in Figures 1, 2, and 3. Overall efficacy was 72.7% (95%
CL 67.1%-77.3%), 74.8% (95% CI, 68.6%-79.8%) in baseline
seropositives, and 67% (95% CI, 53.6%-76.5%) in baseline
seronegatives; efficacy against hospitalized dengue was 90%
(95% CI, 81.9%-94.5%) and 87% (95% CI, 70.1%-94.3%), re-
spectively. Cumulative serotype-specific efficacy remained var-
iable against DENV-1 (69.0%), DENV-2 (90.8%), and DENV-3
(51.4%), and was inconclusive against DENV-4 (50.4%; 95%
CI, —19.3% to 79.3%). Analysis in the 3 predefined age groups
showed similarly high efficacy in the 2 upper age groups (75.4%
in 6-11 years and 76.8% in 1216 years groups), while modest
efficacy (55.9%) was seen in the 4-5 years group.

In year 1, TAK-003 had demonstrated an overall efficacy
of 80.2% (95% CI, 73.3%-85.3%) against VCD (per protocol
set data); in year 2, overall efficacy against VCD was 56.2%
(95% CI, 42.3%-66.8%). It should be noted that some of the
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Table 2. Continued

Vaccine Efficacy, % (95% Cl)

Placebo VCD Cases®

TAK-003 VCD Cases®

Year 2
75.9 (-166.4 to 97.8)

Year 1
93.4 (71.0-98.5)

100 (

Year 2
2/1676 (0.1)

Year 2 Year 1
15/1700 (1.0)

1/3354 (< 0.1)

Year 1
2/3402 (< 0.1)

SP age 12-16y

-54.6 (-1387.6 to 83.9)
64.4 (-59.0 to 92.0)

100 (.

1/334 (0.3) ..

4/1060 (0.4)

3/655 (0.5) 2/337 (0.7)
14/1065 (1.5)

3/2184 (0.1)

0/662 (0)
1/2200 (< 0.1)

SN age 4-5y

96.4 (72.5-99.5)

100 (

SN age 6-11y

)

)

For serotype-specific vaccine efficacy calculations, only the first instance of VCD due to the individual serotype in question was included, regardless of previous instances of VCD due to other serotypes; some data may differ from that previously published

[22] due to the inclusion of updated datasets and correction of an error involving censoring of 37 participants in the earlier analysis.

1/321 (0.3)

2/324 (0.7)

0/659 (0)

0/669 (0)

SN age 12-16 y

Abbreviations: Cl, confidence interval; DENV, dengue viruses; SN, seronegative at baseline; SP, seropositive at baseline; VCD, virologically confirmed dengue.

“Data under the TAK-003 and placebo groups are number of VCD/ number of evaluated participants (number of VCD per 100 person-years at risk).

differences can be attributed to changes in background se-
rotype dominance in the environment (see “Discussion” sec-
tion). A descriptive account of year-by-year case distribution
and efficacy in the various subgroups are presented in Table 2.
Efficacy against VCD was lower in year 2 than year 1 in all
3 age groups, although the largest decrease was observed in
4-5 year olds, from 72.8% (95% CI, 46.4%-86.2%) in year 1
t0 24.5% (95% CI, —34.2% to 57.5%) in year 2. Efficacy against
VCD by individual age is presented in Supplementary Figure
3. In year 1 and year 2, efficacy was similar regardless of
serostatus against either DENV-1 or DENV-2, and no efficacy
was demonstrated against DENV-3 in baseline seronegatives,
while it was shown in baseline seropositives. The efficacy
against DENV-4 remained inconclusive due to the few cases
identified.

A total of 15 cases of Dengue Case Severity Adjudication
Committee (DCAC)-defined severe dengue (n = 5) or DHF by
World Health Organization 1997 criteria (n = 11) have been
reported up to 2 years after the second dose, including 1 case
which met both criteria (11 in placebo versus 4 in TAK-003
groups). Overall, cumulative efficacy against DHF was 81.2%
(95% CI, 29.3%-95.0%) and remained inconclusive against
DCAC-defined severe dengue at 66.9% (95% CI, —97.8% to
94.5%). Additional data in subgroup analysis and details of
individual cases are provided in Figure 1 and Supplementary
Table 3.

Clinical Characteristics of Dengue Cases

Details on the clinical presentation of VCD cases are provided
in Supplementary Table 4. Plasma leakage was observed in 1
(0.8%) of 119 in TAK-003 versus 14 (6.1%) of 228 in placebo
seropositive groups; and 3 (5.4%) of 56 in TAK-003 versus 3
(3.6%) of 84 in placebo seronegative groups. Bleeding was ob-
served in 5 (4.2%) of 119 participants in the TAK-003 seropos-
itive group versus 19 (8.3%) of 228 in the placebo seropositive
group; and 3 (5.4%) of 56 in TAK-003 versus 6 (7.1%) of 84 in
placebo seronegative groups. Platelet counts of < 100 X 10°/L
were observed in 5 (4.7%) of 107 in TAK-003 versus 54 (24.8%)
of 218 in placebo seropositive groups; and 4 (8.2%) of 49 in
TAK-003 versus 11 (14.3%) of 77 in the placebo seronegative
groups. Further details on DENV-3 VCD cases are provided in
Supplementary Table 5.

Safety

Three deaths occurred during this 12-month period between
month 16 and month 27. Causes were 2 road traffic accidents
and 1 case of adenocarcinoma of the colon and none were con-
sidered to be related to any study procedures or the investiga-
tional product by the investigators or the sponsor. In this time
period, serious adverse events (SAEs) were experienced by
422 (271 [2.0%] and 151 [2.3%] participants in the TAK-003
and placebo groups, respectively; Table 3). None of the SAEs
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TAK-003 Placebo Vaccine Efficacy

n/N n/N (95% CI)
VCD Fever i
Overall 175713380 310/ 6687 : - 72.7 (67.1 - 77.3)
DENV-1 60 / 13380 96 / 6687 i — 69.0 (57.1 - 77.5)
DENV-2 23/ 13380 123 / 6687 : -- 90.8 (85.6 — 94.1)
DENV-3 82/ 13380 83 / 6687 g —_— 51.4 (34.0 - 64.2)
DENV-4 10 / 13380 10 / 6687 § - 50.4 (-19.3-79.3)
Seropositive 119 / 9663 227 / 4854 : - 74.8 (68.6 — 79.8)
Seronegative 56/ 3714 83 /1832 g — 67.0 (53.6 - 76.5)
4-5 Years Old 45/ 1702 49 / 846 E — s— 55.9(33.8-70.5)
6-11 Years Old 95 / 7387 187 / 3697 E - 75.4 (68.6 — 80.8)
12-16 Years Old 35 / 4291 74 / 2144 i e 76.8 (65.4 — 84.5)
Philippines 107 /2599 114/ 1327 : - 54.1 (40.2 — 64.7)
Sri Lanka 13/ 1394 87 /700 g =7 93.0 (87.4 —96.1)
Thailand 16 / 2003 27 / 966 é i — 72.1 (48.1 - 84.9)
Brazil 5/ 1212 13 / 560 : —e 81.6 (48.2 - 93.4)
Colombia 16 / 2564 25/ 1319 § A — 67.0 (38.3 — 82.4)
Dominican Republic 2/1043 5/ 556 ; .- 79.9 (-3.9-96.1)
Nicaragua 6/ 555 13 /270 : —_— 77.9 (41.8 - 91.6)
Panama 10 / 2010 26 / 989 i —— 81.3(61.2-91.0)
Hospitalized VCD E
Overall 20 / 13380 91 / 6687 E —- 89.2 (82.4 — 93.3)
Seropositive 13 / 9663 64 / 4854 : — 90.0 (81.9 — 94.5)
Seronegative 7/ 3714 27 / 1832 E — 87.0 (70.1 — 94.3)
4-5 Years Old 6/ 1702 8/ 846 ; - 63.0 (-6.7 - 87.2)
6-11 Years Old 10 / 7387 56 / 3697 E — 91.2 (82.8-95.5)
12-16 Years Old 4 /4291 27 / 2144 E — 92.7 (79.1 — 97.4)
DHF :
Opverall 3/ 13380 8/ 6687 § —_—.-— 81.2(29.3 -95.0)
Seropositive 1 /9663 7 / 4854 ; —_— 92.8 (41.8-99.1)
Seronegative 2/ 3714 1/1832 - ‘: -2.2 (-1027.2 - 90.7)
4-5 Years Old 2/1702 0/ 846 -
6-11 Years Old 0/ 7387 4/ 3697 : - 100 ()
12-16 Years Old 1 /4291 4 /92144 E - 87.5 (~11.9 - 98.6)
Severe’ VCD E
Overall 2 /13380 3/ 6687 - : - 66.9 (-97.8 — 94.5)
Seropositive 079663 3/ 4854 E L] 100 ()
Seronegative 2/ 3714 0/ 1832 E =
4-5 Years Old 1/1702 1/ 846 < : E 50.4 (-693.2  96.9)
6-11 Years Old 177387 2/ 3697 + ; - 74.9 (-176.4 — 97.7)
1216 Years Old - =
T T 1
-50 0 50 100

Vaccine Efficacy (%)

Figure 1. Vaccine efficacy (95% Cl) in prevention of VCD fever, hospitalization due to VCD, severe VCD, and DHF between first dose administration and 12 months after
end of part 1 (month 27, year 2 after second dose). Forest plot shows efficacy according to serotype, baseline serostatus, age, and region (safety set data; lower bound 95%
Cl values < minus 50 not shown on x-axis). For serotype-specific efficacy calculations, only the first instance of VCD due to the individual serotype in question was included,
regardless of previous instances of VCD due to other serotypes. Participants were classified as seronegative when testing seronegative for all dengue serotypes at baseline.
Participants were classified as seropositive when demonstrating a reciprocal neutralizing antibody titer > 10 against at least 1 dengue serotype at baseline. Cases of severe
VCD were determined according to Dengue Case Adjudication Committee criteria. Cases of DHF were determined according to World Health Organization 1997 criteria [23].
Abbreviations: Cl, confidence interval; DENV, dengue virus; DHF, dengue hemorrhagic fever; TAK-003, Takeda dengue vaccine candidate; VCD, virologically confirmed dengue.
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reported were considered to be related to any study procedures
or the investigational product. Additional SAE data are pro-
vided in Supplementary Table 1.

Immunogenicity

In the baseline seronegative group, analysis of geometric mean
antibody titers (GMTs) from the last 3 timepoints (months 9,
15, and 27) found a general trend of decreasing DENV-2 GMTs
over time, whereas GMTs for DENV-1, -3, and -4 remained rela-
tively stable in TAK-003 recipients (Figure 4 and Supplementary
Table 6). There was minimal change in the seropositivity rates
(Supplementary Table 7) with tetravalent seropositivity rates of
91.3% at month 9 and 85.9% at month 27. Further exploration
did not suggest any notable difference in GMTs or seroposi-
tivity rates between the 3 age groups seronegative at baseline
(Supplementary Tables 8 and 9). Additional data on the base-
line seropositive group are provided in Supplementary Tables
6and 7.

DISCUSSION

This planned exploratory analysis enabled us to assess cumulative
vaccine efficacy over 2 years and to compare efficacy in years 1 and
2. Overall, approximately 27 months after initiating vaccination,
TAK-003 has prevented 72.7% of cases of symptomatic dengue,
89.2% of hospitalized dengue, and 81.2% of DHF in a population
aged 4-16 years. Importantly, these benefits accrued regardless of
baseline serostatus. The cumulative efficacy against symptomatic
dengue was 74.8% in baseline seropositives and 67% in baseline
seronegatives, with corresponding reductions in hospitalization
rates of 90% and 87%. These estimates in the baseline seronega-
tive population translate to the prevention of 3023 cases of symp-
tomatic dengue and 1285 cases of hospitalized dengue per 100 000
vaccinees. Although the detailed subgroup analyses would suggest
some potential variation of impact in different epidemiological
conditions, these data over 2 years in diverse settings underscore
the likely overall benefit within a community. The data at this point
suggests that prevaccination screening would not be necessary.
There are several challenges in developing a dengue vac-
cine, necessitating not only the complexities of formulating a

tetravalent vaccine, but conducting and analyzing a pivotal ef-
ficacy trial against all 4 serotypes. Multiple endpoints as well
as several potential effect modifiers lead to a vast number of
subgroup analyses. Our trial design and meticulous collection
of data enables granular analyses to explore important sub-
groups previously identified during dengue vaccine develop-
ment. However, the known limitations of extensive subgroup
analyses may result in misleading random findings and invites
overinterpretation. It is likely that at a very granular level, the
trial population is no longer randomly distributed between
the TAK-003 and placebo groups, and the risk of symptomatic
infection and its manifestation are more dependent on each
participant’s individual circumstances. Therefore, each sub-
group or timeframe may not display similar efficacy, which war-
rants careful interpretation of the data.

The key finding of the year-by-year analysis was the indica-
tion of waning efficacy in the second year. This was seen across
multiple serotypes, in both seronegatives and seropositives, and
across all 3 age groups. The waning of efficacy against DENV-2
is noteworthy. While some decline in efficacy against the non-
DENV-2 serotypes may be intuitive, waning of efficacy against
DENV-2, which forms the backbone of TAK-003, was unex-
pected. This finding has implications for the field of dengue
vaccine development as it may suggest that a nonchimeric
attenuated construct may not fully replicate the decades of
protection provided by natural dengue infection. It will be im-
portant to see if vaccine performance stabilizes in the third year.
In addition, evaluation of a booster dose is under consideration.
Interestingly, little or no decline in efficacy was noted in year
2 against DENV-1 in baseline seronegatives (67.2% vs 60.7%)
or against DENV-4 in baseline seropositives (63.8% vs 69%).
These data support the role of non-DENV-2 components (ie,
the serotype-specific premembrane and envelope gene pro-
teins) in the tetravalent TAK-003 formulation.

With TAK-003 efficacy varying by serotype, dengue sero-
type distribution plays a role in determining the overall effi-
cacy against all serotypes in a given year. This was particularly
evident in the context of hospitalized dengue, for which the
lower efficacy in the second year was largely driven by a lower

Table 3. Numbers of Participants Experiencing Serious Adverse Events After Any Vaccination During 12 Months of End of Part 1 (Month 16 to Month 27;

Safety Set Data)

Adverse Events

TAK-003, No. (%) (n = 13 380) Placebo, No. (%) (n = 6687)

Any

Mild

Moderate

Severe

Related to investigational product®

Related to trial procedures

Leading to withdrawal of investigational product or trial discontinuation
Deaths

271 (2.0) 151 (2.3)
25(0.2) 12 (0.2)
199 (1.5) 108 (1.6)
47 (0.4) 31(0.5)
0 0
0 0
2 (<0.1) 2 (<0.1)
2 (<0.1) 1(<0.1)

?As assessed by investigator and sponsor.
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Figure 2. Cumulative incidence of (A) VCD cases and (B) hospitalized VCD cases (safety set data), occurring between first vaccination and 12 months after the end of part
1 (month 27, year 2 after second dose). Abbreviations: SP, seropositive; SN, seronegative; TAK-003, Takeda dengue vaccine candidate; VCD, virologically confirmed dengue.

proportion of DENV-2 (43/58 in year 1 versus 7/33 in year 2).
The lack of efficacy against DENV-3 in baseline seronegatives
continued in the second year and was reflected in the overall
lower efficacy against both VCD and hospitalized VCD com-
pared with baseline seropositives. Importantly, the relative risk
against DENV-3 in this population was similar in both years
(1.18 in year 2 versus 1.34 in the first year). During the first year,
hospitalization was necessary for 1 of the 4 DENV-3 VCD in the
placebo group versus 1 of 11 VCD in the TAK-003 group; 3 of
the 12 VCD in the second year required hospitalization versus

none of the 5 VCD in the placebo group. In this context, the
unbalanced randomization ratio of 2:1 (TAK-003 to placebo)
complicates data interpretation, and the small number of cases
limits any robust conclusion, while the noted proportions of
hospitalization may not be unusual for dengue. Therefore, con-
tinued monitoring is essential, and background rate of hospi-
talization in the participating countries will be an important
consideration.

The year-by-year analysis provides an update on the perfor-
mance of TAK-003 in different age groups. In year 1, efficacy
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Figure 3. Cumulative incidence of VCD cases for each serotype (safety set data),
2 after second dose). Abbreviations: DENV, dengue virus; SP. seropositive; SN, seron

occurring between first vaccination and 12 months after the end of part 1 (month 27, year
egative; TAK-003, Takeda dengue vaccine candidate; VCD, virologically confirmed dengue.

in the 3 age groups by serostatus was generally similar (78.4%-
86.2%) except for the seronegative 4-5-year-old population
(39.1%). This difference could be largely explained by serotype
distribution (ie, a higher proportion of DENV-3 and a lower

proportion of DENV-2) and thus no clear indication of an age
effect could be inferred. However, year 2 data showed a higher
persistence of efficacy in the 2 upper age groups (60.6% in
6-11 years and 71.2% in 12-16 years), as well as similar efficacy
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Figure 4. Serotype-specific GMTs (95% Cl) in participants seronegative at baseline (per protocol set for immunogenicity data). Abbreviations: Cl, confidence interval; DENV,

dengue virus; GMT, geometric mean titer; TAK-003, Takeda dengue vaccine candidate.

in baseline seropositives and baseline seronegatives. In com-
parison, efficacy was only 24.5% in 4-5 year olds and varied
by baseline serostatus; 46.4% in baseline seropositives and
—23.7% in baseline seronegatives. It is important to note that
the 4-5 years age group was the smallest of the 3 age groups
(12.7% of the study population) and had fewer cases, which
precludes clear interpretation in a way that distinguishes the
serotype-linked variation as described in this report from a true
age effect. In further detailed analysis (not shown), we could not
establish either a definitive age effect or an age threshold separ-
ating benefit from no benefit.

In line with our earlier reports [17, 22], the encouraging
trend of a favorable disease-modifying effect on dengue clinical
presentation continued (eg, bleeding, signs of plasma leakage,
platelet count), suggesting some impact of vaccination on
dengue pathophysiology. Unsurprisingly, this trend seemed to
be mostly driven by the baseline seropositive group, but it is
reassuring that the data in baseline seronegatives did not in-
dicate any increased severity in clinical presentation. In the
baseline seronegative group, while the small number of partici-
pants with dengue-relevant clinical signs prevents a meaningful
direct comparison with the placebo group, the low proportion
of vaccine recipients with these clinical presentations overall is
encouraging.

Two years after vaccination, the trial has answered several
key questions, but some areas require continued monitoring,
specifically the performance of the vaccine against DENV-3 and

DENV-4 in initially seronegative participants. This requires ad-
ditional cases of DENV-4 and severe dengue, as well as DENV-3
outside the Philippines, to allow for evaluation. Data from year
3 of monitoring will allow further exploration of the persistence
of efficacy, effect of age, and long-term safety. As we previously
noted, the complexities of dengue vaccines mean that this rea-
sonably large trial involving over 20 000 participants in 8 coun-
tries over 2 continents has not been able to guarantee a robust
evaluation of certain endpoints in a reasonable timeframe of
2 years. Hence, while we remain optimistic that the remaining
2.5 years of follow-up will answer these questions, some may re-
quire further specific evaluation in the postlicensure period, as-
suming TAK-003 secures marketing authorization and is used
in a wider population. Regulatory and public health authorities
will have to carefully balance these uncertainties against the
broader profile of TAK-003 and the available options for dengue
prevention.

In the context of a dengue vaccine efficacy trial, long-term
data is essential, and is critically dependent on compliance with
trial procedures. When designing the trial, we carefully planned
to optimize the surveillance methodology once primary and
secondary efficacy endpoints had been evaluated (ie, after part
2) with the intention to reduce the burden on participants and
thereby facilitate higher compliance. Modified active surveil-
lance in part 3 will still detect all cases of dengue while lim-
iting noncritical visits and blood collections. For this reason,
year 2 uses both surveillance methods, that is, active febrile
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surveillance in the first 6 months and modified active surveil-
lance in the last 6 months. We believe this would not have intro-
duced a bias because of the placebo control. SAE reporting in
the last 6 months (ie, after part 2 of the trial) was limited to
those assessed as related or relevant in the context of a dengue
vaccine trial and the safety analysis did not suggest any new im-
portant findings.

In summary, TAK-003 continues to demonstrate benefit up
to 2 years after completing vaccination in a trial population of
4-16 year olds in 8 dengue-endemic countries. The evolving
profile of TAK-003 continues to support this vaccine as a com-
ponent of a multimodal approach to dengue control. The re-
maining years of follow-up and the booster data will be valuable
to further our understanding of this promising vaccine.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
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