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ABSTRACT

This randomized trial conducted in France compared intramuscular (IM) and subcutaneous (SC) admin-
istration of two doses of a measles, mumps, rubella, and varicella (MMRV) combination vaccine
(ProQuad®) administered one month apart to 405 children 12-18 months of age (NCT00402831). The
2-dose regimen of MMRV administered IM was shown to be as immunogenic as the 2-dose regimen
administered SC for all antigens 6 weeks post-vaccination for the subjects who were initially seronega-
tive for measles, mumps, rubella, or varicella (lower bounds of the two-sided 95% Cls for the difference
in response rates for all antigens greater than —10% [range —2.1 for varicella to —3.0 for mumps]). The
antibody response rates for all vaccine antigens 6 weeks after the second dose of MMRV were > 99% in
both the IM and SC groups. Fewer subjects in the IM group experienced injection-site AEs compared
with the SC group (17.8% and 28.6% post-dose 1, and 20.4% and 29.5% post-dose 2, respectively).
From Day 0 to Day 4 post-dose 2, fewer subjects reported erythema and swelling in the IM group than in
the SC group (15.4% and 27.0%, and 6.0% and 12.5%, respectively). In both groups, most injection-site
AEs started during the first four days after vaccination; their intensity was mainly mild or <2.5 cm. The
rates of fever were comparable between the two groups after each dose of MMRV. In conclusion, two
doses of the MMRV vaccine were highly immunogenic and well tolerated when administered either SC
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Introduction

Immunization is recognized to be a highly cost-effective and
life-saving intervention that can potentially eliminate vaccine-
preventable diseases.' In 2012, the World Health Organization
(WHO) set a target date for 2020 to eliminate measles and
rubella.” The WHO also advocates routine childhood immuni-
zation against varicella in countries where the disease is an
important public health and socioeconomic problem, where
the vaccine is affordable, and where high (>80%) and sustained
vaccine coverage can be achieved.’ Since the implementation of
universal varicella vaccination in 1996 in the United States of
America (USA), the incidence of varicella declined by 9 to 10-
fold compared with the pre-vaccination period, with no evi-
dence of waning effectiveness over time.*”’

To be an effective public health tool, vaccine coverage rates
must be adequate. Pediatric combination vaccines are one
approach that might improve coverage rates through the simul-
taneous administration of multiple antigens with one injection at
the same visit.®* Combination vaccines offer many advantages for
implementing universal vaccination programs as they can

simplify immunization schedules, which are very busy for
infants in their first two years of life in many countries. They
can also contribute to reducing parents’ and physicians’ con-
cerns about the number of injections administered at each visit.

ProQuad® (measles, mumps, rubella, and varicella virus
vaccine live, Merck & Co., Inc., Kenilworth, NJ, USA, hence-
forth referred to MMRYV) is a vaccine that contains measles,
mumps, rubella, and varicella viral antigens. The viral strains
contained in the vaccine are the same as those used to man-
ufacture the measles, mumps and rubella

(M-M-R°II or M-M-RVAXPRO® Merck & Co., Inc,
Kenilworth, NJ, USA, henceforth referred to as MMR) and
varicella (VARIVAX® Merck & Co., Inc., Kenilworth, NJ,
USA) vaccines. A frozen formulation of MMRV was first
approved in the USA in September 2005, and a refrigerator-
stable formulation was approved in Europe in September 2006.
The vaccine is indicated for active immunization for the pre-
vention of measles, mumps, rubella, and varicella in children
12 months through 12 years of age. MMRV vaccine could
facilitate the introduction of varicella vaccine into crowded
national childhood immunization schedules, and thus, reduce
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the burden of varicella.>”” As of early 2018, approximately
30 million doses of MMRV were distributed worldwide.

The preferred route for vaccination varies according to
national or local recommendations and physicians’ prefer-
ences, with some physicians preferring IM and others prefer-
ring SC injections.'® Safety and immunogenicity of vaccines
can vary according to the route and the site of injection,
without affecting the level of clinical protection.'”!* Clinical
trials have shown that MMRVAX PRO (known as M-M-RII
in some countries) and VARIVAX were highly immunogenic
and well tolerated when administered either SC or IM.">""7
According to the Summary of Product Characteristics for
MMRYV, the vaccine should be administered SC based on
the route of injection assessed in pre-licensure immunogeni-
city and safety clinical trials. This study was designed to
compare the immunogenicity and safety of two doses of
MMRV when administered by the IM or the SC route to
healthy children (NCT00402831), according to the vaccina-
tion schedule followed in the European Union when the study
was conducted.

Results
Disposition of trial participants

A total of 405 subjects were randomly allocated to either the
IM group (202 subjects) or the SC group (203 subjects). All
subjects received two doses of MMRV as planned in the
protocol (Figure 1). Four subjects withdrew from the study,
one in the IM group (lost-to-follow-up) and three in the SC
group (two lost-to-follow-up and one refused the last visit). In
total, 178 (44.0%) subjects had at least one protocol deviation
that excluded them from the PPS1 or PPS2 analyses (as
defined in the Statistical Analyses section). The main reasons
for excluding subjects from the analyses were either
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seropositivity to one of the 4 antigens at baseline or possible
lack of appropriate randomization. Ninety-six (96) subjects
were seropositive for one of the 4 antigens at baseline (3
[0.7%] for measles, 4 [1.0%] for mumps, 51 [12.6%] for
rubella and 38 [9.4%] for varicella. These seropositivity rates
are consistent with previous trials. For 73 subjects, it was
unclear if the randomization procedure was followed and so
these subjects were excluded from the primary analysis
(Table 1).

The gender and mean age at first vaccination of the sub-
jects were similar between the IM and SC groups (48.0% and
53.7% males, and 13.7 [+1.4] and 13.7 [£1.5] months of age,
respectively). The characteristics of the antigen-specific PPS2
for the primary analyses are summarized in Table 1. Overall,
the baseline serostatus for measles, mumps, rubella, and var-
icella were similar between the two groups for PPS1 and PPS2.
In the full analysis sets (FAS), baseline serostatus for measles,
mumps, and varicella were similar between groups, but more
subjects in the IM group were seropositive for rubella at
baseline than in the SC group (15.8% and 9.4%, respectively).

Immunogenicity assessments

Primary immunogenicity analyses - antibody response
rates post-dose 2

The antibody response rates (stratified by region) 6 weeks
after the second dose of MMRV for the subjects who were
initially seronegative for all vaccine antigens were >99% in
both the IM and SC groups (Table 2). The 2-dose regimen of
MMRV administered by the IM route was shown to be as
immunogenic as the 2-dose regimen of MMRV administered
by the SC route for all antigens at 6 weeks post-vaccination
since the lower bounds of the two-sided 95% confidence
intervals (CIs) for the difference in response rates for all
antigens were greater than —10%. Therefore, the primary

Assessed for eligibility (n=411)

Excluded (n=6)
| *SAE (n=1)

Y

"1 « Lost to follow-up (n=1)
« Other reason (n=4)

| Randomized (n=405) |

|

|

!

Randomized to IM administration (n=202)
*» Received 1st dose (n=202)
* Received 2nd dose (n=202)

Randomized to SC administration (n=203)
* Received 1st dose (n=203)
*» Received 2nd dose (n=203)

Lost to follow-up (n=1) |—>

1
‘ Completed (n=201)

Figure 1. Disposition of trial participants
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Table 1. Characteristics of overall and antigen-specific per protocol set for primary analyses post dose 2 of MMRV (PPS2).

Overall Intramuscular (IM) administration Subcutaneous (SC) administration
IM SC Measles Mumps Rubella Varicella Measles Mumps Rubella Varicella
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Randomized 202 203 202 202 202 202 203 203 203 203
Vaccinated 202 (100) 203 (100) 202 (100) 202 (100) 202 (100) 202 (100) 203 (100) 203 (100) 203 (100) 203 (100)
Analyzed in PPS2 153 (75.7) 149 (73.4) 153 (75.7) 152 (75.2) 129 (63.9) 138 (68.3) 147 (72.4) 148 (72.9) 132 (65.0) 134 (66.0)
Not included in PPS2' 49 (24.3) 54 (26.6) 49 (24.3) 50 (24.8) 73 (36.1) 64 (31.7) 56 (27.6) 55 (27.1) 71 (35.0) 69 (34.0)
Seropositive at baseline 1 (0.5) 1 (0.5) 32 (15.8) 19 (9.4) 2 (1.0 3(1.5) 19 (9.4) 19 (9.4)
Protocol deviations? 87 (43.1) 89 (43.8) 49 (24.1) 50 (24.8) 73 (36.1) 64 (31.7) 56 (27.6) 55 (27.1) 71 (35.0) 69 (34.0)

Both doses were administered by the same route of injection (IM or SC).

'An infant could have more than one reason for not being included in the PPS2, and some deviations do not apply to all valences.

%Protocol deviations included: non-respect of the randomization procedure (73 subjects: 37 [18.3%] in the IM group and 36 [17.7%] in the SC group (some
investigators did not randomize some subjects chronologically, and thus, retrospectively, it was difficult to assess when the procedure was followed and when it
was not); vaccination route error (1subject in each group); pre, post-dose 1, or post-dose 2 blood sample not taken or taken at the wrong time (39 subjects: 18
[8.9%] in the IM group and 21 [10.3%] in the SC group); non-compliance with interval between doses (n = 22, [5.4%)]); at inclusion, 3 (0.7%) subjects were
seropositive for measles, 4 (1.0%) for mumps, 51 (12.6%) for rubella and 38 (9.4%) for varicella; 5 subjects (1.2%) were exposed to measles, mumps, rubella, or
varicella during the study (3 episodes (0.7%) occurred between the first dose and the post-dose 1 blood sample and 2 (0.5%) between the second dose and the
post-dose 2 blood sample) . Note that not all protocol deviations resulted in exclusion from the per-protocol analysis as some deviations were considered minor.

Table 2. Summary of non-inferiority analyses (stratified by region) of antibody response rates to measles, mumps, rubella, and varicella 6 weeks after the second
dose of MMRV for participants initially seronegative to measles, mumps, rubella, and varicella — antigen specific per protocol set post-dose 2 (PPS2).

Intramuscular (IM) administration

Subcutaneous (SC) administration

Number of responders

Number of responders % difference

(response rate) (response rate) IM group -
SC group
N [95% Cl] N [95% Cl] (95% Cl) Non-inferiority
Measles 153 153 (100) [97.6; 100] 147 147 (100) [97.5; 100] 0.0 [-2.5; 2.6] Yes
Mumps 152 151 (99.3) [96.4; 100] 148 147 (99.3) [96.3; 100] 0.1 [-3.0; 3.3] Yes
Rubella 129 129 (100) [97.2; 100] 132 131 (99.2) [95.9; 100] 0.7 [-2.3; 4.1] Yes
Varicella 138 138 (100) [97.4; 100] 134 133 (99.3) [95.9; 100] 0.7 [-2.1; 4.1] Yes

Response rates: measles antibody titer 2255 mlU/mL in subjects with baseline titer <255 mlU/mL; mumps antibody titer =10 ELISA Ab units/mL in subjects with
baseline titer <10 ELISA Ab units/mL; rubella antibody titer =10 IU/mL in subjects with baseline titer <10 IU/mL; varicella antibody titer =5 gpELISA units/mL in

subjects with baseline titer <1.25 gpELISA units/mL.

Table 3. Summary of non-inferiority analyses (stratified by region) of antibody response rates to measles, mumps, rubella, and varicella 6 weeks after the second dose

of MMRV - Full Analysis Set (FAS).

Intramuscular (IM) administration

Subcutaneous (SC) administration

Number of responders

Number of responders % difference

(response rate) (response rate) IM group -
SC group
N [95% Cl] N [95% Cl] (95% Cl) Non-inferiority
Measles 200 200 (100) [98.2; 100] 198 198 (100) [98.2; 100] 0.0 [-1.9;1.9] Yes
Mumps 200 199 (99.5) [97.2; 100] 198 197 (99.5) [97.2; 100] 0.1 [-2.3; 2.5] Yes
Rubella 200 200 (100) [98.2; 100] 198 197 (99.5) [97.2; 100] 0.5 [-1.4; 2.8] Yes
Varicella 200 200 (100) [98.2; 100] 1987 197 (99.5) [97.2; 100] 0.5 [1.4; 2.8] Yes

Response rates: measles antibody titer > 255 mlU/mL; mumps antibody titer > 10 ELISA Ab units/mL; rubella antibody titer =10 IU/mL; varicella antibody titer =5

gpELISA units/mL.

objective of the trial was met. Similar results were obtained for
the analyses without stratification (results not shown) and the
FAS (Table 3).

Secondary immunogenicity analyses — antibody response
rates post-dose 1 and GMTs post-dose 1 and 2

Four weeks after administration of the first dose of MMRV,
the response rates for measles, mumps, rubella, and varicella
in the antigen-specific PPS1 by the IM route were 100% (95%
CL 97.6; 100), 97.4% (95% CIL: 93.4; 99.3), 98.4% (95% CI:
94.5; 99.8), and 98.6% (95% CI: 94.9; 99.8), respectively. In the
SC group, the respective rates were 97.3% (95% CI: 93.2; 99.3),
91.3% (95% CL: 85.5; 95.3), 100% (95% CIL: 97.3; 100), and

98.5% (95% CI: 94.8; 99.8). Similar results were observed for
the FAS (results not shown).

The geometric mean titers (GMTs) for antibodies against
measles, mumps, rubella, and varicella in subjects initially
seronegative to the corresponding antigen were similar in
the IM and SC groups post-dose 1 and post-dose 2 in the
antigen-specific PPS (Table 4). The GMT for measles
increased from post-dose 1 of MMRV and remained con-
stant after dose 2; the GMTs for mumps and rubella
increased slightly after dose 2. A booster effect was
observed for varicella (>10-fold increase in GMT in com-
parison to levels achieved after the first dose of MMRV
vaccine). Most of the subjects who were initially
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Table 4. Summary of GMTs to measles, mumps, rubella, and varicella 4 weeks after the first dose and 6 weeks after the second dose of MMRYV for participants initially
seronegative to measles, mumps rubella and varicella — Antigen specific per protocol set post-dose 1 (PPS1) and post-dose 2 (PPS2).

Intramuscular (IM) administration

Subcutaneous (SC) administration

Antigen Time point N GMT [95% Cl] N GMT [95% Cl]
Measles (mIU/mL) Post-dose 1 153 4058.7 [3643.1; 4521.8] 148 3327.0 [2835.4; 3903.9]
Post-dose 2 153 3953.7 [3497.2; 4469.9] 147 3748.6 [3270.9; 4296.0]
Mumps (ELISA Ab units/mL) Post-dose 1 152 120.0 [102.2; 140.9] 149 101.9 [84.2; 123.2]
Post-dose 2 152 157.9 [138.6; 180.0] 148 168.8 [146.9; 194.0]
Rubella (IU/mL) Post-dose 1 129 46.9 [39.7; 55.4] 133 50.9 [44.9; 57.7]
Post-dose 2 129 92.8 [82.4; 104.5] 132 94.2 [83.2; 106.6]
Varicella (gpELISA units/mL) Post-dose 1 138 25.0 [22.5; 27.7] 136 23.6 [20.9; 26.7]
Post-dose 2 138 358.1 [300.1; 427.4] 134 261.8 [216.7; 316.4]

Table 5. Summary of GMTs to measles, mumps, rubella and varicella 4 weeks after the first dose and 6 weeks after the second dose of MMRV - Full Analysis Set

(FAS).
Intramuscular (IM) administration Subcutaneous (SC) administration
Antigen Time point N GMT [95% CI] N GMT [95% CI]
Measles (mlU/mL) Post-dose 1 200 4109.6 [3726.7; 4531.8] 203 3515.6 [3074.8; 4019.6]
Post-dose 2 200 4106.7 [3694.4; 4565.2] 198 3800.2 [3390.4; 4259.5]
Mumps (ELISA Ab units/mL) Post-dose 1 200 131.5 [113.9; 151.8] 203 104.9 [89.1; 123.6]
Post-dose 2 200 166.0 [149.1; 184.9] 198 169.1 [150.9; 189.5]
Rubella (IU/mL) Post-dose 1 200 53.2 [46.4; 61.1] 203 55.3 [49.4; 61.8]
Post-dose 2 200 104.3 [94.1; 115.5] 198 101.3 [91.8; 111.7]
Varicella (gpELISA units/mL) Post-dose 1 200 24.7 [22.5; 27.1] 203 24.6 [22.2; 27.3]
Post-dose 2 200 336.7 [291.6; 388.9] 198 293.7 [252.1; 342.1]

seropositive for one of the antigens achieved a 4-fold rise in
titer post-dose 1 and post-dose 2 for the specific antigen.
The GMTs post-dosel and post-dose 2 were comparable in
the FAS (Table 5).

Safety and reactogenicity results

All 405 (100%) randomized subjects (202 in the IM group and
203 in the SC group) were included in the post-dose 1 safety

analyses; 403 subjects (201 in the IM group and 202 in the SC
group) were included in the post-dose 2 safety analyses.

Day 0 to day 28 post-dose 1

At least one injection-site or systemic adverse event (AE)
was reported for 163 (80.7%) subjects in the IM group and
175 (86.2%) subjects in the SC group within 28 days follow-
ing the first dose of MMRV (Table 6). During this period,
about half of the subjects in each group reported at least one
vaccine-related injection-site or systemic AE. Fewer subjects

Table 6. Summary of injection site and systemic adverse events occurring from day 0 to day 28 post-dose 1 and post-dose 2 of MMRV.

Post-dose 1 Post-dose 2
IM administration SC administration IM administration* SC administration**

N =202 N =203 N = 201 N = 200

n (%) n (%) n (%) n (%)

Adverse events (AEs)

>1 injection-site or systemic AE 163 (80.7) 175 (86.2) 150 (74.6) 144 (72.0)
>1 vaccine-related injection-site or systemic AE 105 (52.0) 114 (56.2) 70 (34.8) 85 (42.5)
Injection-site AEs 36 (17.8) 58 (28.6) 41 (20.4) 59 (29.5)
Solicited*** 31 (15.3) 44 (21.7) 41 (20.4) 59 (29.5)
Unsolicited 6 (3.0) 18 (8.9) 0 1 (0.5)
Systemic AEs 158 (78.2) 167 (82.3) 136 (67.7) 122 (61.0)
Pyrexia 115 (56.9) 125 (61.6) 89 (44.3) 82 (41.0)
Vaccine-related pyrexia 72 (35.6) 80 (39.4) 34 (16.9) 34 (17.0)
Other systemic AE 122 (60.4) 121 (59.6) 114 (56.7) 98 (49.0)
Other vaccine-related AE 18 (8.9) 17 (8.4) 12 (6.0) 10 (5.0)
Injection-site rash of interest 0 2 (1.0) 0 1(0.5)
Measles-like rash 0 0 0 1 (0.5)

Rubella-like rash 0 1(0.5) 0 0

Varicella-like rash 0 1 (0.5) 0 0

Zoster-like rash 0 0 0 0
Non-injection-site rash of interest 9 (4.5) 11 (5.4) 4 (2.0 8 (4.0)
Measles-like rash 1 (0.5) 4 (2.0 0 2 (1.0)
Rubella-like rash 6 (3.0) 6 (3.0 4 (2.0) 2 (1.0)
Varicella-like rash 2 (1.0) 1 (0.5) 0 4 (2.0)

Zoster-like rash 0 0 0 0

Mumps/mumps-like illness 1(0.5) 0 1(0.5) 0

*0One subject lost-to-follow-up
**Two subjects were lost-to-follow-up and one subject did not attend visit 3
***From Day 0 to Day 4
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in the IM group experienced injection-site AEs compared
with the SC group (17.8% and 28.6%, respectively). In both
groups, most injection-site AEs started during the first four
days after vaccination and their intensities were mainly mild
or 2.5 cm. Injection-site erythema and injection-site swel-
ling were less frequently reported in the IM group than in
the SC group (5.0% and 14.3% and 1.0% and 3.9%, respec-
tively). In contrast, injection-site pain was more frequent in
the IM group (10.9%) than in the SC group (5.9%). There
were no reports of injection-site rash of interest in the IM
group and two (1.0%) reports of injection-site rash of inter-
est in the SC group (one rubella-like rash and one varicella-
like rash).

The rates of systemic AEs within 28 days of dose 1 were
similar between the groups (78.2% and 82.3% in the IM and
SC groups, respectively). The rates of non-injection-site rashes of
interest were also similar between the groups (Table 6). One
subject (0.5%) in the IM group reported mumps/mumps-like
illness; no mumps/mumps-like illness was reported in the SC
group. The rates of vaccine-related fever within 28 days after the
first dose were comparable for the two groups (35.6% in the IM
group and 39.4% in the SC group). In addition, a body tempera-
ture 238.0°C (rectal or equivalent) was reported by 66.3% and
71.4% of subjects in the IM and SC groups, respectively. Of these,
15.6% and 18.1%, respectively, reported a temperature >39.4°C.
Elevated temperature occurred mainly between Day 5 and Day
12 following the first dose in both groups.

There were two (1.0%) serious AEs (SAEs) reported in each
group (viral gastroenteritis and viral tonsillitis in the IM group,
and gastroenteritis and febrile convulsion in the SC group).
None of the events were considered vaccine-related by the
investigator. No deaths were reported. No AE led to withdrawal
from the study following the first dose of MMRV.

Day 0 to day 28 post-dose 2

From Day 0 to Day 28 after the second dose, at least one
injection-site or systemic AE was reported by 74.6% of sub-
jects in the IM group and 72.0% of subjects in the SC group
(Table 6). Fewer participants in the IM group reported at least
one vaccine-related injection-site or systemic AE than in the
SC group (34.8% and 42.5% of subjects, respectively). Similar
to what was observed after the first dose, the imbalance in
favor of the IM route was mainly related to two of the three
solicited injection-site AEs from Day 0 and Day 4: erythema
(15.4% vs. 27.0%, IM vs. SC group, respectively) and swelling
(6.0% vs. 12.5%, IM vs. SC group, respectively); an equal
number of subjects reported pain (10.0% in both groups).
Only one subject reported an injection-site AE of severe
intensity (pain, in the IM group).

Non-injection site rashes were reported in 2.0% of the IM
group and 4.0% of the SC group after dose 2. The most
common rash reported was a rubella-like rash or varicella-
like rash. The rates of non-injection-site rashes were similar
between the groups (Table 6).

The rates of fever, including vaccine-related fever, during
the 28-day period after the second dose of MMRV were
comparable between the two groups. During this period,
56.1% of subjects in the IM group and 55.4% of subjects in

the SC group experienced a body temperature >38.0°C (rectal
or equivalent), including 14.3% and 15.9% who experienced
a temperature >.4°C in each group, respectively. After
the second dose, the distribution of days on which children
experienced their highest body temperature throughout the
28-day follow-up period after dose 2 was uniform in both
groups.

Two non-vaccine-related SAEs were reported after
the second dose of MMRV. One subject in the IM group
reported gastroenteritis occurring 25 days post-dose 2, and
one subject in the SC group reported a digital distal amputa-
tion (due to trauma) occurring 37 days post-dose 2. No deaths
were reported and no subjects were withdrawn from the study
due to an AE following the second dose of MMRYV.

Discussion

The results from this randomized trial showed that two doses
of MMRV administered by the IM route are as immunogenic
as two doses of MMRV administered by the SC route to
healthy children aged 12 to 18 months who were initially
seronegative for measles, mumps, rubella, and varicella. The
non-inferiority of IM versus SC administration was also
demonstrated in a previous clinical trial in children 12 to
18 months of age who concomitantly received MMR and
varicella vaccines (M-M-RII and VARIVAX, both manufac-
tured by Merck & Co., Inc., Kenilworth, NJ, USA) containing
the same vaccine strains used in the MMRYV vaccine evaluated
in this study."® The serology data from this study showed
a numerically higher seroconversion rate and GMT after the
first dose in favor of the IM route for all antigens except for
rubella. This difference did not persist after the second dose of
MMRV. These results are consistent with those reported in
previous studies with the same refrigerated formulation of
MMRYV administered to infants at 12 months of age, except
for the mumps response rate which was numerically lower in
this study (91.3% [95% CI: 85.5; 95.3]) than in two previous
studies (97.7% [95% CI: 96.5; 98.6] and 99.5% [95% CI: 98.4;
99.9], respectively).'”'?A likely explanation for this difference
is the time at which the response rate was measured which
was four weeks after the first dose in this trial compared with
six weeks in the previous studies. The results are also in
agreement with those of previous studies in which the anti-
body response rate for varicella was not affected by the base-
line serostatus.'®'” The results are generally similar to those of
another study in which a different MMRYV vaccine was shown
to be highly immunogenic when administered via the IM or
SC route in the second year of life."

MMRV was well tolerated irrespective of the route of vac-
cine administration and the safety profile was consistent with
previous studies of this vaccine.'>'* The safety profile was
similar in both groups after the first and the second doses,
except fewer participants reported injection-site AEs in the IM
group after each dose, although they reported a higher rate of
injection-site pain. Lower rates of injection-site AEs were also
reported in a previous trial that compared IM and SC admin-
istration of VARIVAX concomitantly with a combination
pediatric vaccine, and another trial that compared IM and SC



administration of ZOSTAVAX (Zoster Vaccine Live, Merck &
Co., Inc., Kenilworth, NJ, USA) in adults."®*° Fewer injection-
site AEs were also reported after IM administration of another
MMRYV vaccine, with slightly less injection-site swelling within
three days after IM administration, although injection-site pain
was similar for both routes of administration.'” A meta-analysis
of 10 trials comparing administration of a first dose of the
licensed MMRV vaccines and concomitant administration of
MMR and varicella vaccine (MMR + V) reported that MMRV
vaccination resulted in significantly higher incidences of fever
(RR = 1.19 [95% CI 1.09; 1.31]) and rash (RR = 1.23 [95% CI:
1.06; 1.43]).”" The second dose of MMRV was generally better
tolerated than the first dose in both groups as previously
reported.'>!”

Based on the results of this study, the package circular for
MMRYV was updated to include the IM route of administration."
Since this study was conducted, several vaccine advisory groups,
including the US ACIP and the German STIKO, have recom-
mended or preferred separate administration of MMR and var-
icella vaccines for the first dose and the tetravalent MMRV
vaccine for the second dose.'*** These recommendations are
based on data suggesting a small increased risk of febrile seizures
with the first but not the second doses of MMRV compared with
separate MMR and varicella vaccines.

The strengths of this study include: 1) Reasonably large
sample size; and 2) Antibody responses were assessed after
each dose allowing for detection of a possible difference
between the 2 routes of administration which could be
masked if immunogenicity had only been assessed after dose
2. Limitations of the study include: 1) Although the study was
randomized, it was open label and not placebo-controlled
which could theoretically bias the safety assessment; 2)
Immediate pain after injection was not assessed. While this
is an interesting scientific question, the lack of a validated
instrument to assess pain in this young age group limits the
ability to address this question. 3) Cell mediated immunity
(CMI) was not assessed. Evaluation of CMI could be another
means to compare immune responses.

In conclusion, our results show that IM administration of
MMRV in infants 12 to 18 months of age elicited similar
antibody responses as those following SC administration,
and the IM route was well tolerated with fewer injection-
site. AEs compared with SC administration. This confirms
the IM route of administration as a valuable alternative
route for administration of MMRV. Use of the IM route
could facilitate vaccination with MMRV by physicians who
prefer using the IM route in their routine vaccination prac-
tices. The millions of children vaccinated each year in
routine immunization programs may benefit from the
slightly better benefit/tolerability ratio demonstrated in this
study. Furthermore, flexibility in using either route of
administration without impact on vaccine safety or immu-
nogenicity will diminish the number of vaccine delivery
errors and the need to revaccinate children. Overall, these
data could contribute to the improved performance of
immunization programs against the four childhood diseases
and also to the WHO’s measles and rubella elimination
initiatives.>**
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Methods
Study design and participants

A phase III, open-label, randomized, comparative clinical trial
of the immunogenicity and safety of MMRV administered by
the IM or SC route to infants 12 to 18 months of age was
performed at 33 sites in France. The primary objective was to
demonstrate that a two-dose regimen of MMRV (one-month
interval between doses) administered by the IM route to
healthy children 12 to 18 months of age at the time of the
first dose was as immunogenic as a two-dose regimen of
MMRYV administered by the SC route, i.e., was non-inferior
in terms of antibody response rates to measles, mumps, rubella,
and varicella at 6 weeks (~42 days) following the second dose.
The secondary objectives were to describe: 1) the antibody
response rates to measles, mumps, rubella, and varicella at
one month (~30 days) following the first dose and at 6 weeks
(~42 days) following the second dose of the vaccine; 2) the
antibody titers to measles, mumps, rubella, and varicella at one
month (~30 days) following the first dose and at 6 weeks
(~42 days) following the second dose of the vaccine; and 3)
the safety profile of two doses of MMRYV both administered by
the IM or the SC route.

Participants were healthy male and female subjects who
had not previously been vaccinated against MMR or varicella
and who had no clinical history of measles, mumps, rubella,
varicella, and zoster. Subjects were excluded if they had pre-
viously received measles, mumps, rubella, or varicella vaccine
separately or in any combination. They were also excluded if
they had recent (<30 days) exposure to measles, mumps,
rubella, varicella, or zoster; recent (<3 days) history of febrile
illness or any severe chronic disease or medical condition
likely to interfere with the trial assessments; known sensitivity
or allergy to vaccine components; recent (<30 days) high
doses of systemic corticosteroid therapy or other immuno-
suppressive therapy; or receipt of any vaccine in the last
30 days or scheduled in the next 30 days.

The participants were randomized (stratified by center) to
receive two doses of MMRV one month apart, either by the
IM (Group 1) or the SC route (Group 2).

The trial was conducted in accordance with applicable national
and local requirements and guidelines, the International
Conference on Harmonisation, Good Clinical Practice standards,
and the Ethical Principles for Medical Research Involving Human
Subjects of the World Medical Association, Declaration of
Helsinki. Parents or legal guardians provided written, informed
consent prior to inclusion in the trial.

Vaccine

MMRUV is a lyophilized, live virus vaccine manufactured with
recombinant human albumin for vaccination against measles,
mumps, rubella, and varicella. After reconstitution, one dose
(0.5 mL) contains a median cell culture infective dose
(CCIDs) of 210> for measles, >10*> for mumps, >10>° for
rubella, and >10>*° plaque forming units of varicella virus.
One needle was used to reconstitute the vaccine and another
(size 16 mm 25G) was used to inject the vaccine. All doses
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were injected into the deltoid muscle of the upper arm, with
the first dose in the right arm and the second dose in the left
arm. For the IM injections, the needle was to be inserted
perpendicular to the skin surface. For the SC injections, the
needle was to be inserted at a 45° angle, taking care to deliver
the vaccine only in the subcutaneous tissue.

Immunological assessment

Blood samples for immunological assessment were taken at
Visits 1 and 2 before each injection and at the 3rd visit 42 days
after the second dose of the vaccine. The serological testing was
performed at Merck & Co., Inc. (Wayne, PA, USA) using appro-
priate enzyme-linked immunosorbent assays (ELISAs) for
measles, mumps, and rubella, and the glycoprotein ELISA
(gpELISA) for varicella-zoster virus.242¢

The primary immunogenicity criteria were the response rate
for each antigen, defined as the percentage of participants who
were seronegative for the specific antigen before the first injec-
tion (baseline) and who achieved the following antibody titers:
measles antibody titer 2255 mIU/mL (baseline < 255 mIU/mL),
mumps antibody titer 210 ELISA Ab units/mL (baseline < 10
ELISA Ab units/mL), rubella antibody titer 210 ITU/mL (base-
line < 10 IU/mL), or varicella antibody titer =5 gpELISA units/
mL (baseline < 1.25 gpELISA units/mL).

Safety assessment

Safety and tolerability were monitored after each dose of
vaccine. The physician assessed any immediate AEs. The
parent or legal guardian documented any AEs within the
28 days after each injection using a vaccination report card
to record the size/intensity of solicited injection-site AEs
from Day 0 to Day 4 (pain, erythema and swelling) and the
following AEs from Days 0 to 28: axillary or rectal tempera-
ture (if the axillary temperature was >37.1°C); unsolicited
injection-site AEs; measles-, rubella-, varicella- and zoster-
like rashes, mumps and mumps-like illness, and systemic
AEs. SAEs were monitored throughout the study.

Statistical analyses

The primary hypothesis was that 6 weeks (42 days) after
the second dose of MMRYV the response rates for each antigen
in children in the IM group would not be inferior to those in
children in the SC group. Non-inferiority for each antigen was
achieved when the two-sided 95% CI around the difference in
response rate between IM and SC administration (IM - SC)
excluded a difference of 10% or more.

Under the assumption that 5% of subjects would have pre-
vaccination detectable antibodies for measles, mumps, and
rubella and 10% for varicella, and that 15% would be lost-to-
follow-up or have a protocol deviation, it was estimated that
380 subjects (190 subjects randomized in each group) would
provide 152 evaluable subjects in each group for the per
protocol analyses for the measles, mumps, and rubella ana-
lyses, and 142 for the varicella analyses.”’ Assuming
a response rate of 97% for the measles, mumps, and rubella
antigens and 95% for the varicella antigen, it was calculated

that 152 children per group would provide a power of 98.9%
and 93.0% to detect non-inferiority of the IM route compared
with the SC route for MMR and varicella, respectively, and an
overall power of 90.1%.

Randomization was stratified by center but as the center
recruitment was heterogeneous, ranging from 1 to 69 subjects,
the statistical analyses were stratified by region (center’s data
pooled based on their geographic location) to adjust for this
heterogeneity.”® The primary antibody response rate analyses,
stratified by region, were performed on the antigen-specific
PPS2 that included all randomized subjects who were serone-
gative for the corresponding antigen at baseline and who had
valid pre- and post-dose 2 immunogenicity data for the specific
antigen and no protocol violations. Sensitivity analyses without
stratification by region were also performed. The secondary
analyses of the antibody response rates were performed on
the antigen-specific PPS1 that included all randomized subjects
who were seronegative for the corresponding antigen at base-
line and who had valid pre- and post-dose 1 immunogenicity
data for the specific antigen and no protocol violations with
and without stratification by region. Confirmatory analyses
were performed on the FAS that included participants regard-
less of their initial serostatus or protocol deviations, who had
received at least 1 dose of MMRV and who had immunogeni-
city data corresponding to post-dose 1 or post-dose 2, with and
without stratification by region.

Descriptive analyses of the GMTs with their corresponding
95% ClIs were performed for measles, mumps, rubella, and
varicella within each group. In addition, descriptive analyses
of antibody responses (GMT and 4-fold rise) to measles,
mumps, rubella, and varicella at baseline after the first dose
and the second dose of MMRYV for subjects who were initially
seropositive for measles, mumps, rubella, or varicella were
performed on the FAS.

The safety and reactogenicity analyses were performed on
the safety datasets for post-dose 1 and for post-dose 2. These
datasets included all participants who had received at least 1
dose of MMRV and who had safety follow-up data at the
corresponding time-point.

All statistical analyses were performed using SAS Version
9.1.3 (SAS Institute Inc, Cary, North Carolina, USA).
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