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serial # 86) and believes that they provide helpful supportive information on the clinical

relevance of the chosen ELISA cutoff for seropositivity.

Id. at 30-31 (emphasis added).
334. Merck’s April 13, 2005 letter to FDA’s Norman Baylor in response to FDA
Comment 10 stated:

Response [10]:

We acknowledge that the lower bound of the confidence interval for the group with M-

M-R™IT with 4.8 logio TCIDsy Mumps Virus Potency was below 90%. However, in

order to demonstrate that M-M-R™II with 4.1 logio TCIDsy Mumps Virus Potency was
an acceptable end-expiry potency, the primary hypothesis required that:

e The mumps immune response in children who receive M-M-R™II with 4.1 logio
TCIDsg be no Mumps Virus Potency group be no more than 5 percentage point
lower than mumps immune response in M-M-R™II with 4.8 logio TCIDso Mumps
Virus Potency group in order to declare similarity...

e M-M-R™II with 4.1 logio TCIDsg Mumps Virus Potency had to induce an
acceptable mumps immune response with the lower bound of the ... [Confidence
Interval] on the observed response being greater than >90% in subjects who

develop neutralizing antibodies.

These hypotheses were met in this study; therefore, 4.1 logi;o TCIDsy Mumps Virus
Potency Group (92.2% versus 93.3%) was declared an acceptable end-expiry titer for M-
M_R™II, There was not an acceptability hypothesis for the 4.8 logip TCIDsy mumps
virus potency.

Though the 4.8 log;o TCIDsg Mumps Potency Group had a slightly lower observed
mumps seroconversion rate than the 4.1 logip TCIDsg Mumps Virus Potency Group...
based on the mumps virus neutralization assay, this difference is not statistically
significant ... Due to an unexpectedly higher pre-positive rate in the plaque-reduction

neutralization assay (PRN) and a sample storage issue, only 437 subjects were evaluable

440
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in the 4.8 log;o TCIDso Mumps Virus Potency Group. If the study had maintained the
planned evaluable sample size of 502 subjects in the 4.8 log;o TCIDsg and the same
seroconversion rate of 92.2% was observed, the probability that the true rate was above
90% would have been ~97%.

The current M-M-R™II label states that a single injection of the vaccine induced mumps
neutralizing antibodies in 95.8% of susceptible persons. This was based on ... an earlier

version of mumps neutralization assay. Since the original mumps neutralization assay

was no longer in operation, a new plaque-reduction neutralization assay (PRN) designed

to quantitate mumps neutralizing antibody in prevaccination and postvaccination sera was

developed for this study to evaluate mumps end expiry potency. Despite the use of a

different assay, the seroconversion rate of 92.2% ... for the 4.8 10919 TCIDso Mumps

Virus Potency Group was inline with that observed in the original clinical studies used in
the licensure of M-M-R™]].

The PRN assay was developed and validated by the applicant specifically for this study,
and is not the primary assay used by the applicant to evaluate the serologic response to a
mumps virus-containing vaccine.**” Typically, the mumps ELISA is used to detected
immunoglobulin gamma antibody (1gG) to mumps virus before and after vaccination.

The observed seroconversion rates using the mumps ELISA for the 4.8 and 4.1 logio

TCIDso Mumps Virus Potency Groups were 98.1% and 96.9%, respectively. Based on

the applicant’s broad experience since the late 1980°s with this ELISA assay for

evaluating the mumps serologic response to M-M-RTII. the observed rate in the 4.8

logip TCIDsg Mumps Virus Potency Group is consistent with historical experience.

MRK-KRA00000315 at ‘44-45 (emphasis added).

87 see also MRK-KRA00051640 (January 17, 2003 email from Dr. David Krah to Dr. Leonard Rubinstein stated:
“The M-M-RII Protocol 006 study used a straightforward, non-enhanced neutralization, using several different
indicator viruses. The M-M-RII [Protocol 007] study used an anti-lIgG enhanced neutralization and the low-passage
indicator virus. We would have used the same assay used in 006 for 007 except that we could not achieve the 90%
seroconversion sensitivity with any of the wild-type mumps strains without enhancing the assay sensitivity. We
could measure >90% seroconversion using the vaccine strain as the indicator, but CBER required use to use a “wild-
type” indicator virus for 007.”)

441
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335. Merck’s April 13, 2005 letter to FDA’s Norman Baylor in response to FDA
Comment 11 stated:

Response [11]: ...

For the mumps (PRN) per-protocol analyses, 204, 229, and 235 subjects were excluded....
As displayed in Table 11 of the Protocol 007 CSR, the majority of the subjects excluded

(>55%) were excluded due to an unknown serostatus at baseline... Subjects whose blood
samples were stored at 4C for >1 year prior to testing in the PRN assay (and hence
declared invalid...) were considered as having an unknown baseline mumps (PRN)
serostatus. Thus, over half of the exclusions due to an unknown serostatus ... resulted
from the improper storage of the blood samples. In addition, since baseline and 6-week
blood samples were tested in pairs in the PRN assay, subjects who did not have both a
baseline and a 6-week blood sample were not tested. ... The second largest reason for

being excluded from the per protocol analyses was due to a positive prevaccination

serostatus ...

... Of the 204, 229, and 235 subjects excluded from the mumps (PRN) per-protocol

analyses in the 3.8, 4.1, and 4.7 logip TCIDso mumps virus potency groups, respectively,

greater than 60% ... were included in the mumps (ELISA) per-protocol analyses. The

mumps (ELISA) seroconversion rates (SCRs) based on these subjects were 95.4%...

96.3% ..., and 98.2% for the 3.8, 4.1, and 4.8 log;o TCIDs; mumps virus potency groups,

respectively, which were comparable to the mumps (ELISA) SCRs observed for the

entire per-protocol population ...
Id. at *‘47-48 (emphasis added).

335.1. A letter from FDA’s Director, Division of Vaccines and Related Products
Applications Office of Vaccines Research and Review, CBER, Dr. Karen Goldenthal, to MRL’s
Associate Director, Worldwide Regulatory Affairs, Dr. Alison Fisher, dated October 17, 2005,

stated:
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This letter is in regard to the Supplement to your License Application submitted under
Section 351 of the Public Health Service Act.

The Center for Biologics Evaluation and Research (CBER) has completed the review of
your Supplement received on April 13, 2005, for Measles, Mumps and Rubella Virus
Vaccine Live (M-M-R®II), to include a change in the labeled potency of the mumps
component of M-M-R®II from 20,000 TCID50 to 12,500 TCID50. Our review finds that

the information and data submitted are inadequate for final approval at this time based on

the deficiencies described below.

1. The clinical trial described in your supplement is inadequate to support
this label change for the mumps component due to the following deficiencies:

a. A substantial amount of sample data was excluded from the

analysis. We note that only 437 out of 672 immunized control group
subjects contributed to the pre-protocol analysis. This large proportion of

missing data precludes a conclusion of success...

C. The control lot failed the acceptability criteria as you acknowledge

in your April 13, 2005 response.

If you intend to pursue the proposed changes in labeled potency, we recommend that you

support the proposed label change by correlating these study data and/or other relevant

mumps vaccine immunogenicity data with the immunogenicity data from the original

efficacy studies. You could also consider shortening the end-expiry dating period based

upon these data.
MRK-KRA00000479 at <79-80 (emphasis added).

335.2. A letter from MRL’s Associate Director, Worldwide Regulatory Affairs, Dr.
Alison Fisher, to FDA’s Dr. Norman Baylor, Office of Vaccines Research and Review, CBER,
regarding “Measles, Mumps and Rubella Vaccine Live (MMRII) STN 101069/5061,

RESPONSE TO REQUEST FOR INFORMATION,” dated November 15, 2006, stated:
443
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“Reference is made to a letter from CBER on October 17, 2005 regarding the above
supplement.” MRK-KRA00000393.
335.3. Merck’s November 15, 2006 letter, responding to FDA’s Comment 1.a stated:

We acknowledge the deficiency concerning the mumps plaque reduction neutralization
(PRN) assay. However, we believe that the clinical trial described in our supplement,

and further described in this response, is adequate to support the proposed MMRII label

change to revise the mumps end-expiry potency ...

Furthermore, additional analysis performed by MRL has shown a strong correlation

(93.6%) between ELISA and PRN serology results suggesting that the majority of the
non-evaluable samples would have tested positive by PRN (BB-IND 1016, serial 86, June
2002).

Given that we have mumps ELISA antibody titers for a substantial portion of the subjects
with missing (or non-evaluable) PRN data, the observed ELISA results and the strong

correlation between ELISA and PRN assay provide indirect evidence about the likely

outcome for the missing data.
MRK-KRA00000393 at ‘99-00 (emphasis added).

335.4. Merck’s November 15, 2006 letter, responding to FDA’s Comment 1.c, stated:

... mumps ELISA antibody titers are available for a substantial portion of the subjects
with non-evaluable PRN data in all 3 groups, including the control group (subjects
immunized with M-M-R™II containing mumps virus potency of 4.8 logip TCIDsg/dose.

The observed mumps ELISA results (98.0%) and the strong correlation between ELISA

and PRN assay provide indirect evidence about the likely outcome for the missing data in

the 4.8 10919 TCIDsy_ mumps potency group.

Additionally, there are several factors relating to the use of a neutralization assay that
should be considered:
e Although virus neutralization assays may be the most predictive method for
assessing protective immunity, these assays are not standardized making them
444
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poorly suited to evaluate large numbers of human sera due to assay variability
(Mauldin et al. 2005. Mumps Virus Specific Antibody Titers from Pre-Vaccine
Era Sara: Comparison of the Plague Reduction Neutralization Assay and Enzyme
Immunoassays. J. Clin. Microbiol. 2005; 9:4847-4851). ...

Given the suitability of the internal control group in this clinical trial (see
explanation provided in the preceding bullet point), the true performance of the

PRN assay used in this clinical trial should be assessed by responses observed in

the control group rather than by the arbitrary acceptability criteria (lower bound of

the observed response being equal or greater than 90%) set by the applicant.
The PRN assay used in the study was developed solely for the purpose of this

clinical trial. 1t was not used in any previous nor subsequent clinical trials. It is

therefore difficult to ascertain the real performance of this assay other than in the

context of this clinical trial.

Since the data show that M-M-R™II containing 4.1 logio TCIDso mumps potency

induced an acceptable antibody response to mumps, as determined by the seroconversion

rate for mumps neutralizing antibodies, which was also noninferior to M-M-RTMI]

containing a release dose of mumps virus (4.8 10g;0_ TCIDsp), 8 mumps virus potency of

4.1 log;o TCIDsy was declared an acceptable end-expiry titer for MMRII.
MRK-KRA00000393 at ‘404-405 (emphasis added).

b. WT ELISA Used to Support sBLA for Mumps End Expiry

336. In May 2007 CBER responded to Merck’s November 2006 submission and stated:
“the science related to immunogenicity testing of M-M-R®II has substantially evolved since our
initial testing requirements. Use of ELISA data to evaluate the effect of differences in product

potency on immunogenicity is now acceptable.” **® Merck prepared an Amendment to the

Supplemental Biologics License Application providing additional information to CBER, including

8% MRK-KRA00000385.
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data from rHA Protocol 009 and ProQuad Protocol 012, to support the use of Protocol 007 WT
ELISA data in support of the Mumps End Expiry application. In December 2007, FDA approved
the reduction in the end expiry claim of the MMRII label to “not less than 4.1” based on the WT
ELISA results from the Protocol 007 Clinical Study.®®
336.1. A letter from FDA’s Acting Director, Division of Vaccines and Related Products
Applications, Office of Vaccines Research and Review, CBER, Dr. Paul Richman, to MRL
Associate Director, Worldwide Regulatory Affairs, Alison Fisher, dated May 18, 2007,° stated:

This letter is in regard to the Supplement to your license Application submitted under
Section 351 of the Public Health Services Act.

The Center for Biologics Evaluation and Research (CBER) has completed the review of
your Supplement received on April 13, 2005, for Measles, Mumps and Rubella Virus
Vaccine Live (M-M-R®II), to include a change in the labeled potency of the mumps
component of M-M-R®II from 20,000 TCIDsg to 12,500 TCIDso. Our review finds that

the information and data submitted are inadequate for final approval at this time. We

cannot accept use of multiple imputation analyses of the PRN data to support the

lowering of mumps vaccine end-expiry potency.

However, the science related to immunogenicity testing of M-M-R®I|I has substantially

evolved since our initial testing requirements. Use of ELISA data to evaluate the effect

of differences in product potency on immunogenicity is now acceptable. The change in

end-expiry potency can be supported by the following analyses:

1. Product consistency

%99 MRK-KRA00000383.

%0 gee MRK-KRA00552862 (A May 21, 2007 email from Alison Fisher to Luwy Musey, Jonathan Hartzel, and
others, subject “FW:” stated: “Please let me know your thoughts here and your timeline for addressing this. Thanks
again for your hard work in bringing the FDA to the conclusion that use of ELISA, to evaluate immunogenicity for
the mumps end expiry study, can be acceptable given some further analysis.” A reply email dated May 21, 2007
from Dr. Hartzel to Dr. Fisher, Dr. Musey, and others stated: “Wow. What a bizarre twist to an already bizarre
history for this study. ...” (emphasis added).
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We request a demonstration of consistency between sublot 3 (4.8 logio TCIDsg
mumps potency) in the present study and two other lots used in previous MMR

studies, e.g. Protocols 010-012, with mumps potency of at least 4.8 logyg. ...
2. Non-inferiority

If consistency among the three lots is demonstrated ... the ELISA results of the
three lots are pooled to form a control group (C). Noninferiority of Sublot 2 (4.1
logio TCIDsp mumps potency) from this supplement will be demonstrated_by
comparing ELISA results of this sublot (T) with ELISA results of the pooled

control group which has at least 4.8 log;p mumps potency...
MRK-KRAO00133168 at “170-71 (emphasis added).

336.2. A letter from MRL’s Associate Director, Worldwide Regulatory Affairs, Dr.
Alison Fisher, to FDA’s Norman Baylor, Office of Vaccines Research and Review, CBER,
regarding “Measles, Mumps and Rubella Vaccine Live (MMRII) STN 101069/5061,
Amendment to Supplemental Biologics License Application Response to FDA Request for
Information,” dated June 5, 2007, stated:

In this amendment to the supplement we include responses to CBER’s May 18, 2007
questions regarding the change in mumps end expiry potency. These responses include
the statistical analysis requested by CBER for product consistency and non inferiority
based on the ELISA assay and support the change in mumps end expiry potency to
12,500 TCIDsp.

MRK-KRA00133168.

336.3. Merck’s responses to CBER’s Question 1 regarding lot consistency Stated:

We were able to demonstrate consistency, based on the statistical methods outlined by
CBER, between Sublot 3 (4.8 logip TCIDsy mumps virus potency) in the present study
(007) and two other lots used in previous studies in which M-M-R™I] was administered,
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M-M-R™II Protocol 009 and ProQuad™ Protocol 012.%* Below, we describe how we

arrived at selecting the two other lots and the consistency analysis itself.

Lot Selection: The pool of studies used to select two other lots of M-M-R™II was limited
to studies in which the Mumps Enzyme-Linked Immunosorbent Assay (ELISA) with a
mumps Jeryl Lynn™ 135 antigen was used for mumps immunogenicity testing (to
coincide with the assay used for Protocol 007). There were three such studies (see Table
1), one from the M-M-R™II clinical program and two from the ProQuad™ clinical
program. Ultimately the two lots that were chosen were 1) the control lot used for M-M-
R™II Protocol 009 and 2) ...the control lot used for the ProQuad™ consistency lot study,

Protocol 012. All studies measured mumps antibody levels at baseline and at Day 42

postvaccination and used a seroconversion definition of <10 ELISA Ab units at baseline

to >10 ELISA Ab units at Day 42 postvaccination.

Table 1 provides a summary of the observed, per-protocol mumps immunogenicity

results from the pool of studies selected from along with the 4.8 log10 TCID50 mumps

virus potency control arm from Protocol 007. The results from Protocol 009 (M-M-R™I]

with recombinant human albumin [rHA] study) are from the subjects who received M-M-
R™II (without rHA) with a mumps potency of 5.4 logio TCIDso. The results from the
two ProQuad™ studies are from the subjects who received M-M-R™I][ and VARIVAX
concomitantly. Both studies used the same lot of M-M-R™II, which had a mumps
potency of 5.0 logip TCIDsg, but ProQuad™ Protocol 012 was selected over ProQuad™

Protocol 013 ... due to the substantially larger number of subjects tested in that study.

%1 gee Sections IX.A.6.b and c¢(1) above regarding MMRII Protocol 009 and ProQuad Protocol 012; see also MRK-
KRA00140056 at ‘0109 (Protocol 009 using the WT ELISA with 10 Ab cutoff); see also MRK-KRA00162963 at
‘3016-17 (Protocol 012 using the WT ELISA with 10 Ab cutoff).
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Table 1. Summary of Mumps Immunogenicity Results in Studies Administering M-M-R™]]
(Mumps I’olencf >4 8 logyy TCID5p) and Using the Mumps Jeryl Lynn™ 135 ELISA (Per-Protocol)

Mumps Potcm;_\-+ Observed SCR Observed GMT
Program Protocol Description Vaccines Administered (logw TCIDs) N n (95% CI) (93% CI)
08.0% (576/588) 852
. n) - v M-RTM [ ™ 3
007: Mumps End Expiry M-M-R™Il + VARIVAX 438 672 | 588 (96.5%. 98.9%) (189.92.0)
M-M-R"™I]
07.9% (522/533) 858
CMM-RTM . M-RTM 5 533
009; M-M-R™I] with rHA M-M-R™]] 54 638 | 533 (96.3%, 99.0%) (80.1.92.0)
07.9% (854/872) 897
o 1ete r M-RTM 4 ™
012: Consistency Lot Study M-M-R™][ + VARIVAX . nI 1012 | 872 (96.8%, 98 8%) (847,94 9)
ProQuad™ 5.
08.6% (143/145) 08.1
e T MN-RT™M [ ™ 5
013: Concomitant Use M-M-R™][ + VARIVAX 479 | 145 (95.1%, 99.8%) (85.7, 112.3)

'Calibrated 1o the House Standard.

*ProQuad™ Protocols 012 and 013 used the same lot of M-M-R™I[].

N=Number of subjects vaccinated.

n=Number of subjects imtially seronegative to mumps contributing to the per-protocol population.
SCR=Seroconversion rate.

GMT=Geometric mean titer (in ELISA Ab units).

ClI=Confidence Inierval

ELISA=Enzyme-linked immunosorbent assay.

rHA=Recombinant human albumin,

MRK-KRAO00133172 at “72-74 (emphasis and highlight added).

336.4. Merck’s responses to CBER’s Question 2 regarding non-inferiority stated:

Since the three control lots of M-M-R™II were shown to be consistent, these lots were

pooled and compared with Sublot 2 (4.1 logio TCIDso mumps virus potency) from

Protocol 007. A conclusion of similarity was found between Sublet 2 and the pooled lots

for both seroconversion rates and GMTSs, as shown in Table 3.

Id. at “177.

336.5. Table 3 in Merck’s response to Question 2 stated:
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Table 3. Statistical Analysis of the Similarity of Mumps Antibody Responses at 6 Weeks Postvaccination
Between Sublot 2 of Protocol 007 and a Control Lot! of M-M-R™II in Subjects Initially Seronegative to Mumps
(Per Protocol Analysis)

M-M-R™II 007 Sublot 2 Control M-M-R™(]
(4.1 log,, TCIDs, mumps virus potency) (=4.8 log,, TCID;, mumps virus potency) Difference*/ _
Fold Difference®
N n Response N n Response (93% CI) p-Value' | Conclusion
SCR . B} 97.4% 97.9% 05 (22.07 | <001* | Similar
.| 662 583 2322 1993 : .
GMT ” ? 84.7 ’ g 873 0.97 (0.89,1.05) | <001* | Similar

TGMTs, their fold-differences, associated confidence intervals, and p-values are based on a sii;li:;hcal analysis model with the natural logarithm of the individual titers as the
dependent variable and treatment as a fixed effect.

*M-M-RTMTL 007 - Control M-M-RTI

EM-M-RTMIT 007 / Control M-M-RTMI,

l The control lot contains subjects who received M-M-R™I] (4.8 log,, TCLDg, mumps virns potency ) plus VARIVAX™ from M-M-R™II Protocol 007, M-M-R™II (5.4 log,
TCIDsy mumps virus potency ) from M-M-R™II Protocol 009, and M-M-R™II (5.0 log,, TCIDsy mumps virus potency ) plus VARIVAX™ from ProQuad™ Protocol 012.

* The lower bound of the two-sided 95% C1 on the difference or the fold difference being = -5.0 percentage points or = (0.67-fold , respectively, implies that the difference is
statistically significantly less than the prespecified climically relevant decrease of 5 percentage points or 1.5-fold | respectively, and allows for a conclusion of similarity
(non-mfenonty ). This corresponds to a p-value < 0.05 and implies that the difterence 1s statistically sigmificantly less than the prespecified difterence of’ 3 percentage pomts or
1.5-fold.

N=Number of subjects vaccinated in each group.

n=Number of subjects inttially seronegative to mumps contributing to the per-profocol analvses.

CI=Confidence interval,

SCR=Seroconversion rate.

GMT'=Geometric mean titer.

Id. at *79 (highlight added).

336.6. A letter from MRL’s Director, Worldwide Regulatory Affairs, Dr. Alison Fisher,
to FDA’s Dr. Norman Baylor, Office of VVaccines Research and Review, CBER, regarding
“Measles, Mumps and Rubella Vaccine Live (M-M-R™II) STN 101069/5061, AMENDMENT
TO SUPPLEMENTAL BIOLOGICS LICENSE APPLICATION,” dated December 3, 2007,
stated:

This submission is an amendment to the supplemental BLA, STN 101069/5061, that was

submitted to the FDA on 29 January 2004. ... This submission is intended to amend the

submission from January 2004 with a new annotated label that is built on the current

label (9739302). Revisions are in the DESCRIPTION, the revise the mumps end expiry

from 20,000 TCIDs to 12,500 TCIDsp, and INDICATIONS AND USAGE sections,

minor editorial change, as described in the initial submission (STN 10169/5061).
MRK-KRA00133313.

336.7. The December 3, 2007 AMENDMENT TO SUPPLEMENTAL BIOLOGICS

LICENSE APPLICATION included “Proposed Labeling Text of the Package Circular” and
450
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attached a document titled “CURRENT CIRCULAR SHOWING REVISIONS” for M-M-R®II”
that stated:

The reconstituted vaccine is for subcutaneous administration. Each 0.5 mL dose contains

not less than 1,000 TCIDs (tissue culture infectious doses) of measles virus; 20,000

12,500 TCIDsg of mumps virus; and 1,000 TCIDs of rubella virus.
MRK-KRA00133294 (strikeout, underline in original).

336.8. A letter from FDA’s Acting Division Director, Division of Vaccines and Related
Products Applications, CBER, Dr. Loris D. McVittie, to MRL’s Associate Director, Worldwide
Regulatory Affairs, Dr. Alison Fisher,”* dated December 6, 2007, stated:

We have approved your request to supplement your biologics license application for

measles, Mumps, and Rubella Virus VVaccine Live, to include a change in the labeled

potency of the mumps component from no less than 20,000 TCIDsg to no less than
12,500 TCIDsg per dose at end of expiry.
MRK-KRA00141976.

4. Merck’s Statements in Its Applications for Regulatory Approval Were
Misleading Because They Omitted That WT ELISA Assay Study Results
Were Not Related to Protection

337. In my opinion, the measure of immunogenicity in the five clinical studies cited for

support in the three applications were represented to be linked to protection against disease,

illustrated by the following statements:*%?

92 MRK-KRA01300697 at ‘698 (An email from Alison Fisher to Donna Zacholski, dated December 17, 2008
stated: “It took several rounds of questions from CBER and responses from Merck to get MEE [Mumps End Expiry]
approved. We also submitted_an additional statistical analysis of ELISA data in place of PRN assay for CBER
which was key to approval.”) (emphasis added.)

%3 See also MRK-KRA00126540 at 40-41 (sBLA for Mumps End Expiry: “One year persistence serology samples
will not be tested in the mumps plaque reduction neutralization (PRN) assay. The PRN assay correlates well with the
mumps ELISA and therefore only the ELISA testing will be conducted for this time point. Revaccinations will be
based solely on ELISA results.”); MRK-KRA00138137 at 144 (sBLA for rHA: “A single clinical trial, Protocol
009 ... supports the replacement of HSA with rHA ... as the study results demonstrated that M-M-R™II with rHA
induced acceptable antibody response rates for ... mumps ...that are similar (noninferior) to those induced by M-M-
R™]L.””); MRK-KRA00140056 at ‘0196 (SBLA for rHA: “Overall, the study results suggest the M-M-R™II with
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- sBLA for Mumps End Expiry (Protocol 007): “The data presented here indicate

with a high level of assurance that decreasing the mumps end-expiry titer from 4.3
[20,000] to 4.1 log10 [12,500] TCID50 per dose in children 12 to 18 months of
age will ensure that M-M-R™II remains a highly effective vaccine.”*

- SBLA for rHA (Protocol 009): — “Serum level of antibodies to ... mumps ... will
be determined by enzyme-linked immunosorbent assays (ELISAs). Protective
levels of antibody will be defined as ... > 10.0 ELISA antibody units for
mumps.”®

- BLA for ProQuad (Protocol 012, Protocol 013, Protocol 014) — “The data

summarized in this clinical summary demonstrate that ProQuad is immunogenic
59906

... and is as efficacious as its parent products.

a. The sBLA for Mumps End Expiry
338. The Supplemental Biologics License Application to change the MMRII mumps
end expiry specification from “not less than 4.3” to “not less than 4.1 was supported by a single
clinical study that included analysis of the subjects using a WT ELISA with a cutoff of 10 Ab
units to report a mumps seroconversion rate of 97.4%%’ for children who received the 4.1 logso
[12,500] TCIDs, dose.
339. With regard to the AIGENT measuring mumps neutralizing antibodies, the SBLA

for Mumps End Expiry stated that “[m]umps neutralizing antibodies were measured immediately

prior to vaccination and 6 weeks postvaccination using the plaque-reduction neutralization

rHA is highly immunogenic, well tolerated, and will be as effective as M-M-R™II with HSA in preventing measles,
mumps, and rubella.”); MRK-KRA00158320 at 350 (BLA for ProQuad: “Merck & Co., Inc. has assessed the
correlation between neutralizing antibody ... and a wild-type enzyme-linked immunosorbent assay ... These data
support the use of the results of a wild-type ELISA as a correlate for protection.”)

%4 MRK-KRA00135723 at *46.

%5 MRK-KRA00140056 at ‘0941.

%% MRK-KRA00158320 at 338- 339.

%7 MRK-KRA00135759 at *5782 (sBLA for Mumps End Expiry, Module 5, Protocol 007 Clinical Study Report).
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(PRN) assay. PRN assay was used as the primary endpoint because it is a functional assay that

measures the ability of the vaccine-induced immune response to inhibit viral replication in vitro,

and can, therefore, be considered a surrogate for vaccine effectiveness.”%

340. In my opinion, Merck’s statement to FDA is misleading because it omitted that
Merck had not performed a formal specificity analysis® for the AIGENT assay, and the
AIGENT had not been validated as a measure of mumps neutralizing antibodies. Furthermore,
the statement omitted that the endpoint measured by the AIGENT had not been demonstrated to
have a connection to protection from disease.

341. With regard to the efficacy of a 4.1 mumps dose, the SBLA for Mumps End Expiry

stated that that “[t]he data presented here indicate with a high level of assurance that decreasing

the mumps end-expiry titer from 4.3 to 4.1 log10 TCID50 per dose in children 12 to 19 months

of age will ensure that M-M-R™II remains a highly effective vaccine.”*°

342. In my opinion, Merck’s statement to FDA was misleading because it omitted that
the assays used in Protocol 007 had not been shown to be connected to protection from disease
and therefore the results of the assays could not be used to provide reliable information about the
effectiveness of MMRII with a mumps potency of not less than 4.1 log10 TCID50.

343. With regard to the seroconversion rate as a measure of protection, the sBLA for
Mumps End Expiry stated that “[1Jowering the mumps virus potency to 4.1 log10 TCID50 per

dose maintains >90% seroconversion using a neutralization assay, thus preserving the excellent

safety and efficacy profile of the vaccine.”**!

%8 MRK-KRA00135723 at ‘30-31 (emphasis added).

%9 Deposition of Florian Schodel, December 22, 2016, 352:14-365:15.
%10 MRK-KRA00135723 at ‘46 (emphasis added).

911 MRK-KRA00135723 at *29.
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344. In my opinion, Merck’s statement to FDA was misleading because it omitted that
the seroconversion rates measured by the AIGENT assay had not been shown to relate to
protection from disease. Furthermore, unlike the neutralization assay used in the early efficacy
studies to support the licensure of mumps vaccines, the seroconversion rate measured by the
AIGENT assay did not “parallel protection from disease.”

b. The sBLA for rHA

345. The Supplemental Biologics License Application to replace HSA with rHA in the
M-M-R®II manufacturing process was supported by a single clinical study, Protocol 009, that
used a WT ELISA with a cutoff of 10 Ab units to report a mumps seroconversion rate of
99.4%.°"

346. With regard to the effectiveness of MMRII with rHA, the sBLA for rHA stated
that “[o]verall, the study results suggest that M-M-R™II with rHA is highly immunogenic... and
will be as effective as M-M-R™II with HSA in preventing. .. mumps...”""

347. In my opinion, the statement to the FDA is misleading because it omitted that the
Protocol 009 clinical study to support the manufacturing change to rHA used the WT ELISA
assay that had not been shown to have a connection to protection. Furthermore, since the WT
ELISA assay used was not connected to protection, it is misleading to state that the WT ELISA

assay results demonstrate that the manufacturing change from HSA to rHA did not impact the

efficacy of the vaccine.

%12 MRK-KRA00140056 at ‘075 (SBLA for rHA, Module 5, Protocol 009 Clinical Study Report).
3 MRK-KRA00140056 at 0196 .
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C. The ProQuad BLA

348. The Biologics License Application to approve a license to sell ProQuad was based
on five clinical studies, three that used a WT ELISA with a cutoff of 10 Ab units to report
mumps seroconversion rates in Protocol 012 of 96.0%;** in Protocol 013 of 95.4% and
95.2%:%*° and in Protocol 014 of 99.5%.%*® This Biologics License Application stated that the
WT ELISA used in Protocols 012, 013, and 014 to support licensure of ProQuad was a “correlate
of protection.”®"’

349. With regard to the efficacy of ProQuad, the BLA for ProQuad stated that “The
data summarized in this clinical summary demonstrate that ProQuad is immunogenic ... and is as
efficacious as its parent products.”®*®

350. In my opinion, the statement to the FDA is misleading because the seroconversion
rates reported using the WT ELISA assay that was used in three of the five clinical studies
supporting the application were not related to protection and could not support the assertion that
ProQuad was as efficacious as its parent products.

351. The BLA for ProQuad stated that ““...Merck & Co., Inc. has assessed the
correlation between neutralizing antibody (as measured in plaque reduction neutralization [PRN]
assay) and a wild-type enzyme-linked immunosorbent assay (ELISA). The overall agreement
rate was 93.6% (480/513). These data support the use of the results of a wild-type ELISA as a

: 1
correlate for protection.”®*

914 MRK-KRA00158320 at ‘407 (Protocol 012, Combined Lots Mumps Antibody Responses).

%15 1d., at “420 (Protocol 013, Mumps Antibody Response, Concomitant and Nonconcomitant Use).

%16 1d., at “431 (Protocol 014 Observed Mumps Antibody Response in subjects who previously received MMRII and
Varivax).

" MRK-KRA00158320 at *47-48, *50.

1% MRK-KRA00158320 at *338- 339.

9 MRK-KRA00158320 at *47-48, °50.
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352. In my opinion, the statement to FDA was misleading because it omitted that the
correlation data comparing the results of Protocol 007 clinical subjects tested by the WT ELISA
and AIGENT assays did not demonstrate that the WT ELISA was connected to protection from
disease because neither assay had been shown to relate to protection. It was also misleading
because Merck’s assessment of the correlation between the AIGENT and the WT ELISA
provided no reliable data from which to conclude that the WT ELISA results were a correlate for

protection.

D. Merck’s Labels Are Misleading Because They Omit That the WT
ELISA Merck Used Did Not Relate to Protection From Disease

1. MMRII Label 2005
353. In 2005, after Merck obtained approval to use tHA, Merck’s label referenced the
rHA in the Description section of the label. The one clinical study supporting the manufacturing
change was not included in the Clinical Pharmacology section of the label.

353.1. In 2005, the “Description” section in Merck’s MMRII label stated:

456

HIGHLY CONFIDENTIAL — ATTORNEYS’ EYES ONLY



Caase 23328533 [Oocoumeert 7352 FRagellV/ [OasteHHied 11202629233

M-M-R® 11
(MEASLES, MUMPS, and
RUBELLA VIRUS VACCINE LIVE)

DESCRIPTION

M-M-R" 1T (Measles, Mumps, and Rubella Virus Vaccine Live) is a live virus vaccine for vaccination
against measles (rubeocla), mumps, and rubella (German measles).

M-M-R IL is a sterile lyophilized preparation of (1) ATTENUVAX" (Measles Virus Vaccine Live), a more
attenuated line of measles virus, derived from Enders' attenuated Edmonston strain and propagated in
chick embryo cell culture: (2) MUMPSVAX" (Mumps Virus Vaccine Live), the Jeryl Lynn™ (B level) strain
of mumps virus propagated in chick embryo cell culture; and (3) MERUVAX® I (Rubella Virus Vaccine
Live), the Wistar RA 27/3 strain of live attenuated rubella virus propagated in WI-38 human diploid lung
fibroblasts.1.2

The growth medium for measles and mumps i1s Medium 199 (a buffered salt solution containing
vitamins and amino acids and supplemented with fetal bovine serum) containing SPGA (sucrose,
phosphate, glutamate, and recombinant human albumin) as stabilizer and neomycin.

The growth medium for rubella is Minimum Essential Medium (MEM) [a buffered salt solution
containing vitamins and amino acids and supplemented with fetal bovine serum] containing recombinant
human albumin and neomycin. Sorbitol and hydrolyzed gelatin stabilizer are added to the individual virus
harvests.

The cells, virus pools, and fetal bovine serum are all screened for the absence of adventitious agents.

The reconstituted vaccine is for subcutaneous administration. Each 0.5 mL dose contains not less
than 1,000 TCIDsg (tissue culture infectious doses) of measles virus; 20,000 TCIDsg of mumps virus; and
1,000 TCIDs; of rubella virus. Each dose of the vaccine is caleulated to contain sorbitol (14.5 mg), sodium
phosphate, sucrose (1.9 mg), sodium chloride, hydrolyzed gelatin (14 .5 mg), recombinant human albumin
(0.3 mg), fetal bovine serum (<1 ppm), other buffer and media ingredients and approximately 25 mcg of
neomycin. The product contains no preservative.

Before reconstitution, the Iyophilized vaccine is a light yellow compact crystalline plug. M-M-R II, when
reconstituted as directed, is clear yellow.

Schedule 1 (collecting MMRII labels including label in effect in 2005).

353.2. In 2005, the Clinical Pharmacology section of Merck’s MMRII label stated:
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CLINICAL PHARMACOLOGY

Measles, mumps, and rubella are three common childhood diseases, caused by measles virus,
mumps virus (paramyxoviruses), and rubella virus (togavirus), respectively, that may be associated with
serious complications and/or death. For example, pneumonia and encephalitis are caused by measles.
Mumps is associated with aseptic meningitis, deafness and orchitis, and rubella during pregnancy may
cause congenital rubella syndrome in the infants of infected mothers.

The impact of measles, mumps, and rubella vaccination on the natural history of each disease in the
United States can be quantified by comparing the maximum number of measles, mumps, and rubella
cases reported in a given year prior to vaccine use to the number of cases of each disease reported in
1995. For measles, 894,134 cases reported in 1941 compared to 288 cases reported in 1995 resulted in
a 99.97% decrease In reported cases; for mumps, 152,209 cases reported in 1968 compared to 840
cases reported in 1995 resulted in a 99 45% decrease in reported cases; and for rubella, 57 686 cases
reported in 1969 compared to 200 cases reported in 1995 resulted in a 99.65% decrease.?

Clinical studies of 284 triple seronegative children, 11 months to 7 years of age, demonstrated that
M-M-R II is highly immunogenic and generally well tolerated. In these studies, a single injection of the
vaccine induced measles hemagglutination-inhibition (HI) antibodies in 95%, ‘mumps neutralizing
antibodies in 96%, and rubella HI antibodies in 99% of susceptible persons. However, a small percentage
(1-5%) of vaccinees may fail to seroconvert after the primary dose (see also INDICATIONS AND USAGE,
Recommended Vaccination Schedule).

A study#4 of 6-month-ald and 15-month-old infants born to vaccine-immunized mothers demonstrated
that, following vaccination with ATTENUVAX, 74% of the 6-month-old infants developed detectable
neufralizing antibody (NT) titers while 100% of the 15-month-old infants developed NT. This rate of
seroconversion is higher than that previously reported for 6-month-old infants born to naturally immune
mothers tested by HI assay. When the 6-month-old infants of immunized mothers were revaccinated at
15 months, they developed antibody fiters equivalent to the 15-month-old vaccinees. The lower
seroconversion rate in 6-month-alds has two possible explanations: 1) Due to the limit of the detection
level of the assays (NT and enzyme immunoassay [EIA]), the presence of trace amounts of undetectable
maternal antibody might interfere with the seroconversion of infants; or 2) The immune system of 6-
month-olds is not always capable of mounting a response to measles vaccine as measured by the two
antibody assays.

There 1s some evidence to suggest that infants who are born to mothers who had wild-type measles
and who are vaccinated at less than one year of age may not develop sustained antibody levels when
later revaccinated. The advantage of early protection must be weighed against the chance for failure to
respond adequately on reimmunization 5.5

Efficacy of measles, mumps, and rubella vaccines was established in a series of double-blind
controlled field tnals which demonstrated a high degree of protective efficacy afforded by the individual
vaccine components.7-12 These studies also established that seroconversion in response to vaccination
against measles, mumps, and rubella paralleled protection from these diseases 13-15

Following vaccination, antibodies associated with protection can be measured by neutralization
assays, HI, or ELISA (enzyme linked immunosorbent assay) tests. Neutralizing and ELISA antibodies to
measles, mumps, and rubella viruses are still detectable in most individuals 11 to 13 years after primary
vaccination.16-13 See INDICATIONS AND USAGE, Non-Fregnant Adolescents and Adult Females, for
Rubella Susceptibility Testing.

The RA 27/3 rubella strain in M-M-R II elicits higher immediate post-vaccination HI, complement-fixing
and neutralizing antibody levels than other strains of rubella vaccine19-25 and has been shown to induce a
broader profile of circulating antibodies including anti-theta and anti-iota precipitating antibodies 2627 The
RA 27/3 rubella strain immunologically simulates natural infection more closely than other rubella vaccine
viruses 2729 The increased levels and broader profile of antibodies produced by RA 27/3 strain rubella
virus vaccine appear to correlate with greater resistance to subclinical reinfection with the wild
virus,27.2%-21 and provide greater confidence for lasting immunity.

Schedule 1 (collecting MMRII labels including label in effect in 2005).

354. From 2005 when Merck made the rHA change to MMRII, until December 2007,
when Merck changed the mumps end expiry specification, the Clinical Pharmacology Section of
the MMRII label cited the efficacy studies supporting the licensure of the monovalent mumps
vaccine and stated that these “these studies established that seroconversion in response to

vaccination against ... mumps ... paralleled protection from ... disease[].” Furthermore, the
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Clinical Pharmacology section stated: “antibodies associated with protection can be measured by
neutralization or ELISA assays.”

355. In my opinion, the MMRII label from 2005 — 2007 was misleading because it omits
that the seroconversion rate measured by the WT ELISA assay used in the clinical study
supporting the change from HSA to rHA had not been shown to “parallel protection from disease”
as the earlier studies cited in the label had demonstrated. Furthermore, because the WT ELISA
assay used in Protocol 009 did not measure “antibodies associated with protection” it is misleading
to omit that the WT ELISA assay could not provide reliable information about protection from

disease.

2. MMRII Label 2007
356. In 2007, after Merck obtained approval to lower the mumps end expiry potency
claim on the MMRII label, Merck’s label stated “not less ... 12,500 [4.1 log10] TCID50” of
mumps in the Description section of the label. The one clinical study supporting the change in
potency, Protocol 007, was not included in the Clinical Pharmacology section of the label.
356.1. After the mumps end expiry change to the MMRII label in 2007, the “Description”

section of the MMRII label stated:
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M-M-R® 11
(MEASLES, MUMPS, and
RUBELLA VIRUS VACCINE LIVE)

DESCRIPTION

M-M-R™ II (Measles, Mumps, and Rubella Virus Vaccine Live) is a live virus vaccine for vaccination
against measles (rubeola), mumps, and rubella (German measles).

M-M-R 11 is a sterile lyophilized preparation of (1) ATTENUVAX" (Measles Virus Vaccine Live), a more
attenuated line of measles virus, derived from Enders' attenuated Edmonston strain and propagated in
chick embryo cell culture; (2) MUMPSVAX® (Mumps Virus Vaccine Live), the Jeryl Lynn™ (B level) strain
of mumps virus propagated in chick embryo cell culture; and (3) MERUVAX"II (Rubella Virus Vaccine
Live), the Wistar RA 27/3 strain of live attenuated rubella virus propagated in WI-38 human diploid lung
fibroblasts.1.2

The growth medium for measles and mumps is Medium 199 (a buffered salt solution containing
vitamins and amino acids and supplemented with fetal bovine serum) containing SPGA (sucrose,
phosphate, glutamate, and recombinant human albumin) as stabilizer and neomycin.

The growth medium for rubella is Minimum Essential Medium (MEM) [a buffered salt solution
containing vitamins and amino acids and supplemented with fetal bovine serum] containing recombinant
human albumin and neomycin. Sorbitol and hydrolyzed gelatin stabilizer are added to the individual virus
harvests.

The cells, virus pools, and fetal bovine serum are all screened for the absence of adventitious agents.

The reconstituted vaccine is for subcutaneous administration. Each 0.5 mL dose contains not less
than 1,000 TCIDgp (tissue culture infectious doses) of measles virus; 12,500 TCIDs; of mumps virus; and
1,000 TCIDsg of rubella virus. Each dose of the vaccine is calculated to contain sorbitol (14.5 mg), sodium
phosphate, sucrose (1.9 mg), sodium chloride, hydrolyzed gelatin (14.5 mg), recombinant human albumin
(=0.3 mg), fetal bovine serum (<1 ppm), other buffer and media ingredients and approximately 25 mcg of
neomycin. The product contains no preservative.

Before reconstitution, the lyophilized vaccine is a light yellow compact crystalline plug. M-M-R II, when
reconstituted as directed, is clear yellow.

Schedule 1 (collecting MMRII labels including label in effect in 2007).
356.2. After the mumps end expiry change to the MMRII label in 2007 the “Clinical

Pharmacology” section of the MMRII label stated:
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CLINICAL PHARMACOLOGY

Measles, mumps, and rubella are three common childhood diseases, caused by measles virus,
mumps virus (paramyxoviruses), and rubella virus (togavirus), respectively, that may be associated with
serious complications and/or death. For example, pneumonia and encephalitis are caused by measles.
Mumps is associated with aseptic meningitis, deafness and orchitis; and rubella during pregnancy may
cause congenital rubella syndrome in the infants of infected mothers.

The impact of measles, mumps, and rubella vaccination on the natural history of each disease in the
United States can be quantified by comparing the maximum number of measles, mumps, and rubella
cases reported in a given year prior to vaccine use to the number of cases of each disease reported in
1995 For measles, 894,134 cases reported in 1941 compared to 288 cases reported in 1995 resulted in
a 99.97% decrease in reported cases; for mumps, 152,209 cases reported in 1968 compared to 840
cases reported in 1995 resulted in a 99.45% decrease in reported cases; and for rubella, 57 686 cases
reported in 1969 compared to 200 cases reported in 1995 resulted in a 99.65% decrease.®

Clinical studies of 284 triple seronegative children, 11 months to 7 years of age, demonstrated that
M-M-R 1I is highly immunogenic and generally well tolerated. In these studies, a single injection of the
vaccine induced measles hemagglutination-inhibition (HI) antibodies in 95%, mumps neutralizing

antibodies in 96%, and rubella HI antibodies in 99% of susceptible persons. However, a small percentage
(1-5%) of vaccinees may fail to seroconvert after the primary dose (see also INDICATIONS AND USAGE,
Recommended Vaccination Schedule).

A study4 of 6-month-old and 15-month-old infants born to vaccine-immunized mothers demonstrated
that, following vaccination with ATTENUVAX, 74% of the 6-month-old infants developed detectable
neutralizing antibody (NT) titers while 100% of the 15-month-old infants developed NT. This rate of
seroconversion is higher than that previously reported for 6-month-old infants born to naturally immune
mothers tested by HI assay. When the 6-month-old infants of immunized maothers were revaccinated at
15 months, they developed antibody titers equivalent to the 15-month-old vaccinees. The lower
seroconversion rate in 6-month-olds has two possible explanations: 1) Due to the limit of the detection
level of the assays (NT and enzyme immunoassay [EIA]), the presence of trace amounts of undetectable
maternal antibody might interfere with the seroconversion of infants; or 2) The immune system of
B-month-olds is not always capable of mounting a response to measles vaccine as measured by the two
antibody assays.

There is some evidence to suggest that infants who are born to mothers who had wild-type measles
and who are vaccinated at less than one year of age may not develop sustained antibody levels when
later revaccinated. The advantage of early protection must be weighed against the chance for failure to
respond adequately on reimmunization.s.6

Efficacy of measles, mumps, and rubella vaccines was established in a series of double-blind
controlled field trials which demonstrated a high degree of protective efficacy afforded by the individual
vaccine components. 7-12 These studies also established that seroconversion in response to vaccination
against measles, mumps, and rubella paralleled protection from these diseases.13-15

Following vaccination, antibodies associated with protection can be measured by neutralization
assays, HI, or ELISA (enzyme linked immunosorbent assay) tests. Neutralizing and ELISA antibodies to
measles, mumps, and rubella viruses are still detectable in most individuals 11 to 13 years after primary
vaccination.16-1% See INDICATIONS AND USAGE, Non-Pregnant Adolescents and Adult Females, for
Rubella Susceptibility Testing.

The RA 27/3 rubella strain in M-M-R 1I elicits higher immediate post-vaccination HI, complement-fixing
and neutralizing antibody levels than other strains of rubella vaccine13-25 and has been shown to induce a
broader profile of circulating antibodies including anti-theta and anti-iota precipitating antibodies 26.27 The
RA 27/3 rubella strain immunologically simulates natural infection more closely than other rubella vaccine
viruses.27-2% The increased levels and broader profile of antibodies produced by RA 27/3 strain rubella
virus vaccine appear to correlate with greater resistance to subclinical reinfection with the wild
virus,27.28-31 and provide greater confidence for lasting immunity.

Schedule 1 (collecting MMRII labels including label in effect in 2007).

357. From 2007 when Merck’s sBLA to lower the end expiry potency of the mumps
component of MMRII, through the present (2018), the Clinical Pharmacology Section of the
MMRII label cited the efficacy studies supporting the licensure of the monovalent mumps
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vaccine and stated that these “these studies established that seroconversion in response to
vaccination against ... mumps ... paralleled protection from ... disease[].” Furthermore, the
Clinical Pharmacology section stated: “antibodies associated with protection can be measured by
neutralization or ELISA assays.”

358. In my opinion, the MMRII label from 2007 through the present (2018) was
misleading because it omitted that the seroconversion rate measured by the WT ELISA assay
used in the clinical study supporting the change in the mumps end-expiry potency had not been
shown to “parallel protection from disease” as the earlier studies cited in the label had reported.
Furthermore, because the AIGENT and WT ELISA assays used in Protocol 007 did not measure
“antibodies associated with protection” it is misleading to omit that Protocol 007 data could not
provide reliable information about protection from disease.

359. In my opinion, the MMRII label after 2007 failed to state that the assays used in
the clinical study to support a 12,500 [4.1 log;o] TCIDso potency were not able to assure that the
vaccine dose at 12,500 [4.1 logio] TCIDso was protective against disease. Furthermore, the
reasons why Merck could not assure the vaccine at 4.1 log was protective were:

- Neither the AIGENT nor the WT ELISA measured protection against disease;
- In the AIGENT, the “large proportion of missing data precluded a conclusion of
success” at 4.1 log [12,500];%%°

3. ProQuad Label
360. In 2005, after Merck obtained an FDA-approved license to sell ProQuad the
ProQuad label has included the following sections: “Description,” “Clinical Pharmacology” and

“Clinical Studies.” From 2005 until 2018, there have been two relevant revisions to the ProQuad

90 MRK-KRA00000479.
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label. The five clinical studies supporting the BLA for ProQuad are cited in the Clinical Studies
section of the label.

360.1. In 2005, the “Description” section in Merck’s ProQuad label stated:

ProQuad®

[Measles, Mumps, Rubella and Varicella (Oka/Merck) Virus Vaccine Live]

DESCRIPTION

ProQuad” is a combined attenuated live virus vaccine containing measles, mumps, rubella, and
varicella viruses. ProQuad is a sterile lyophilized preparation of (1) the components of M-M-R’ll (Measles,
Mumps and Rubella Virus Vaccine Live): Measles Virus Vaccine Live, a more attenuated line of measles
virus, derived from Enders' attenuated Edmonston strain and propagated in chick embryo cell culture;
Mumps Virus Vaccine Live, the Jeryl Lynn™ (B level) strain of mumps virus propagated in chick embryo
cell culture; Rubella Virus Vaccine Live, the Wistar RA 27/3 strain of live attenuated rubella virus
propagated in WI-38 human diploid lung fibroblasts; and (2) Varicella Virus Vaccine Live (Oka/Merck), the
Oka/Merck strain of varicella-zoster virus propagated in MRC-5 cells. The cells, virus pools, bovine
serum, and human albumin used in manufacturing are all tested to provide assurance that the final
product is free of potential adventitious agents.

ProQuad, when reconstituted as directed, is a sterile preparation for subcutaneous administration.
Each 0.5-mL dose contains not less than 3.00 logyy TCIDg (50% tissue culture infectious dose) of
measles virus; 4.30 log;y TCIDsg of mumps virus; 3.00 logyg TCIDsg of rubella virus; and a minimum of
3.99 logq PFU (plague-forming units) of Oka/Merck varicella virus.

Each 0.5-mL dose of the vaccine contains no more than 21 mg of sucrose, 11 mg of hydrolyzed
gelatin, 2.4 mg of sodium chloride, 1.8 mg of sorbitol, 0.40 mg of monosodium L-glutamate, 0.34 mg of
sodium phosphate dibasic, 0.31 mg of human albumin, 0.17 mg of sodium bicarbonate, 72 mcg of
potassium phosphate monobasic, 60 mcg of potassium chloride; 36 mcg of potassium phosphate dibasic;
residual components of MRC-5 cells including DNA and protein; <16 meg of neomycin, bovine calf serum
(0.5 mcg). and other buffer and media ingredients. The product contains no preservative.

MRK-KRA00177125.

360.2. In 2005, the Clinical Pharmacology section of Merck’s ProQuad label stated:
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CLINICAL PHARMACOLOGY

Background

Measles, mumps, rubella, and varicella are 4 common childhood diseases caused by measles virus,
mumps virus, rubella virus, and varicella virus, respectively. These diseases may be associated with
serious complications and/or death. For example, measles can be associated with pneumonia and
encephalitis; mumps can be associated with aseptic meningitis, deafness, and orchitis; rubella occurring
during pregnancy can cause congenital rubella syndrome in the infants of infected mothers; and wild-type
varicella can be associated with bacterial superinfection, pneumonia, encephalitis, and Reye's syndrome.
Mechanism of action

In clinical efficacy studies, seroconversion in response to vaccination against measles, mumps, and
rubella paralleled protection from these diseases. Also, in previous studies with varicella vaccine,
antibody responses against varicella virus =5 units/mL in a glycoprotein enzyme-linked immunosorbent
assay (gpELISA) (not commercially available) similarly correlated with long-term protection. Clinical
studies with a single dose of ProQuad have shown that vaccination elicited rates of antibody responses
against measles, mumps, and rubella that were similar to those observed after vaccination with a single
dose of M-M-RIl (see CLINICAL STUDIES) and seroresponse rates for varicella virus were similar to
those observed after vaccination with a single dose of VARIVAX (see CLINICAL STUDIES). The duration
of protection from measles, mumps, rubella, and varicella infections after vaccination with ProQuad is
unknown.

Persistence of Antibody Responses after \Vaccination

The persistence of antibody at 1 year after vaccination was evaluated in a subset of 2107 children
enrolled in the clinical trials. Antibody was detected in 98.9% (1722/1741) for measles, 96.7%
(1676/1733) for mumps, 99.6% (1796/1804) for rubella, and 97.5% (1512/1550) for varicella
(=5 gpELISA units/mL) of vaccinees following a single dose of ProQuad.

Experience with M-M-RIl demonstrates that antibodies to measles, mumps, and rubella viruses are
still detectable in most individuals 11 to 13 years after primary vaccination.! Varicella antibodies were
present for up to ten years post-vaccination in most of the individuals tested who received 1 dose of
VARIVAX.

Id. at “125-126.

360.3. In 2005, the Clinical Studies section of Merck’s ProQuad label stated:
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CLINICAL STUDIES

Formal studies to evaluate the clinical efficacy of ProQuad have not been performed.

Efficacy of the measles, mumps, rubella and varicella components of ProQuad was previously
established in a series of clinical studies with the monovalent vaccines. A high degree of protection from
infection was demonstrated in these studies.2-2
Immunogenicity

Immunogenicity was studied in 5835 healthy children 12 months to 6 years of age with a negative
clinical history of measles, mumps, rubella, and varicella who participated in 5 randomized clinical trials.
The immunogenicity of ProQuad was similar to that of its individual component vaccines (M-M-RIl and
VARIVAX), which are currently used in routine immunization.

The presence of delectable antibody was assessed by an appropriately sensitive enzyme-linked
immunosorbent assay (ELISA) for measles, mumps (wild type and vaccine type strains), and rubella, and
by gpELISA for varicella. For evaluation of vaccine response rates, a positive result in the measles ELISA
carresponded to measles antibody concentrations of 2255 mlU/mL when compared to the WHO I
(66/202) Reference Immunoglobulin for Measles.

Children were positive for mumps antibody if the antibody level was 210 ELISA units/mL. A positive
result in the rubella ELISA corresponded to concentrations of 210 |U rubella antibody/mL when compared
to the WHO International Reference Serum for Rubella; children with varicella antibody levels
=5 gpELISA units/mL were considered to be seropositive since a response rate based on
25 gpELISA units/mL has been shown to be highly correlated with long-term protection.

Children who received a single dose of ProQuad at 12-23 months of age

In 4 randomized clinical trials, 5446 healthy children 12 to 23 months of age were administered
ProQuad, and 2038 children were vaccinated with M-M-RIl and VARIVAX given concomitantly at
separate injection sites. Subjects enrolled in each of these trials had a negative clinical history, no known
recent exposure and no vaccination history for varicella, measles, mumps, and rubella. Children were
excluded from study participation if they had an immune impairment or had a history of allergy to
components of the vaccine(s). Except for in 1 trial (see Studies With Other Vaccines), no concomitant
vaccines were permitted during study participation. Following a single dose of ProQuad, the vaccine
respanse rates were 97.4% (95% CI: 96.9, 97.9) for measles, 95.8 (95% CI: 95.1, 96.4) to 98.8% (95%
Cl: 97.9, 99.4) for mumps, and 98.5% (95% Cl: 98.1, 98.8) for rubella. The vaccine response rate was
91.2% (95% Cl: 90.3, 92.0) for varicella. These results were similar to the immune response rates
induced by concomitant administration of single doses of M-M-RIl and VARIVAX at separate injection
sites. Fever and measles-like rashes were the only adverse experiences that occurred more frequently in
recipients of a single dose of ProQuad compared with recipients of single doses of M-M-RIl and
VARIVAX (see ADVERSE REACTIONS).

Id. at “126.

360.4. The 2005 ProQuad Clinical Studies section also stated:

Children Who Received a Second Dose of ProQuad

In 2 of the 4 randomized clinical trials described above, a subgroup (N=1035) of the 5446 children
administered a single dose of ProQuad were administered a second dose of ProQuad approximately 3
months after the first dose. Children were excluded from receiving a second dose of ProQuad if they were
recently exposed to or developed varicella, measles, mumps, and/or rubella prior to receipt of the second
dose. No concomitant vaccines were administered to these children. The proportion of initially
seronegative vaccinees with positive serological responses following two doses were 99.4% (95% CI:

98.6, 99.8) for measles, 99.9% (85% Cl: 89.4, 100) for mumps, 98.3% (95% Cl: 97.2, 99.0) for rubella,
and 99.4% (95% CI: 98.7, 99.8) for varicella (=5 gpELISA units/mL). The geometric mean titers (GMTs)
following the second dose of ProQuad increased approximately 2-fold each for measles, mumps, and
rubella, and approximately 41-fold for varicella.

In these trials, the rates of adverse experiences after the second dose of ProQuad were generally

similar to, or lower than, those seen with the first dose. The fever rate was lower after the second dose
than after the first dose.

Id. at “126-127.

360.5. The 2005 ProQuad Clinical Studies section also stated:
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Children Who Received ProQuad at 4 to 6 Years of Age After Primary Vaccination With M-M-RIl and
VARIVAX

In a clinical trial involving 799 healthy 4- to 6-year-old children who had received M-M-RIl and
VARIVAX at least 1 month prior to study entry, 399 received ProQuad and placebo while 205 received
M-M-RIl and placebo concomitantly at separate injection sites. Another 195 healthy children were
administered M-M-RIl and VARIVAX concomitantly at separate injection sites. Children were eligible if
they were previously administered primary doses of M-M-RIl and VARIVAX, either concomitantly or non-
concomitantly, al 12 months of age or older. Children were excluded if they were recently exposed to
measles, mumps, rubella, and/or varicella, had an immune impairment, or had a history of allergy to
components of the vaccine(s). No concomitant vaccines were permitted during study participation.

Following the dose of ProQuad, seropositivity rates were 99.2% (95% Cl: 97.6, 99.8) for measles,
99.5% (95% CI: 98.0, 99.9) for mumps, 100% (95% CIl: 99.0, 100) for rubella, and 98.9% (95% CI: 97.2,
99.7) for varicella (=5 gpELISA units/mL). Approximate geometric mean fold-rises in antibody titers (pre-
vaccination to post-vaccination) for measles, mumps, rubella, and varicella were 1.2, 2.4, 3.0 and 12,
respectively. Post-vaccination GMTs for recipients of ProQuad were similar to those following a second
dose of M-M-RIl and VARIVAX administered concomitantly at separate injection sites. Additionally, GMTs
for measles, mumps, and rubella were similar to those following a second dose of M-M-RIl given
concomitantly with placebo. The rates of adverse experiences, including the most commonly reported
adverse experiences of injection site reactions, nasopharyngitis and cough were generally similar among
the 3 treatment groups.

Id. at “127.

360.6. The 2005 ProQuad Clinical Studies section stated:

Studies With Other Vaccines

In a clinical trial involving 1913 healthy children 12 to 15 months of age, 949 received ProQuad plus
Diphtheria and Tetanus Toxoids and Acellular Pertussis Vaccine Adsorbed (DTaP) and Haemophilus
Influenzae type b Conjugate (Meningococcal Protein Conjugate) and Hepatitis B (Recombinant) Vaccine
concomitantly at separate injection sites. Another 485 healthy children received ProQuad at the initial visit
followed by DTaP and Haemophilus b Conjugate and Hepatitis B (Recombinant) Vaccine given
concomitantly 6 weeks later while 479 children were immunized with M-M-RIl and VARIVAX given
concomitantly at separate injection sites at the first visit. Seroconversion rates and antibody titers for
measles, mumps, rubella, varicella, anti-PRP and hepatitis B were comparable between the 2 groups at
approximately 6 weeks post-vaccination indicating the ProQuad and Haemophilus b Conjugate
(Meningococcal Protein Conjugate) and Hepatitis B (Recombinant) Vaccine may be administered
concomitantly at separate injection sites. There are insufficient data to support concomitant immunization
with diphtheria, tetanus and acellular pertussis vaccine. No clinically significant differences in adverse
experiences were reported between treatment groups.

Id. at 127.

360.7. In 2009 the “Description” section in Merck’s ProQuad label stated:
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ProQuad®
Measles, Mumps, Rubella and Varicella Virus Vaccine Live 9950900

11 DESCRIPTION

ProCiuad (Measles, Mumps, Rubella and Varicella Virus Yaccine Live) is a combined, attenuated, live
virus vaccine containing measles, mumps, rubella, and varicella viruses. ProQuad is a sterile lyophilized
preparation of (1) the components of M-M-R Il (Measles, Mumps, and Rubella Virus Vaccine Live):
Mezasles Virus Vaccine Live, a more attenuated line of measles virus, derived from Enders' attenuated
Edmonston strain and propagated in chick embryo cell culture; Mumps Virus Vaccine Live, the Jeryl
Lynn™ (B level) strain of mumps virus propagated in ¢hick embryo cell culture; Rubella Virus Vaccine
Live, the Wistar RA 27/3 strain of live attenuated rubella virus propagated in WI-38 human diploid lung
fibroblasts; and (2) Varicella Virus Vaccine Live (Oka/Merck), the Oka/Merck strain of varicella-zoster
virus propagated in MRC-5 cells. The cells, virus pools, bovine serum, and human albumin used in
manufacturing are all tested to provide assurance that the final product is free of potential adventitious
agents

ProQuad. when reconstituted as directed, is a sterile suspension for subcutaneous administration.
Each 0.5-mL dose contains not less than 3.00 logyg TCIDso of measles virus; 4.30 logyg TCIDgg of mumps
virus; 3.00 loge TCID;q of rubella virus; and a minimum of 3.99 logy, PFU of OkafNerck varicella virus

zach 0.5-mL dose of the vaccine contains no more than 21 mg of sucrose, 11 mg of hydrolyzed
gelatin, 2.4 mg of sodium chlcride, 1.8 mg of sorbitol, 0.40 mg of monosodium L-glutamate, 0.34 mg of
socium phosphate dibasic, 0.31 mg of human albumin, 0.17 mg of sodium bicarbonate, 72 mcg of
potassium phosphate monobasic, 60 mcg of potassium chloride; 36 meg of potassium phosphate dibasic;
residual components of MRC-5 cells including DNA and protein, <16 mcg of neomycin, bovine calf serum
(0.5 meq), and other buffer and media ingredients. The product contains no preservative.

MRK-KRAO01634450 at ‘465.

360.8. In 2009 the “Clinical Pharmacology” section in Merck’s ProQuad label stated:

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

ProQuad has been shown to induce measles-, mumps-, rutella-, and varicella-specific immunity,
which is thought to be the mechanism by which it protects against these four childhood diseases.

The efficacy of ProQuad was established through the use of immunological correlates for protection
against measles, mumps, rubella, and varicella. Resulis from efficacy studies or fizld effectiveness
studies that were previously conducted for the component vaccines were used to define levels of serum
antibodies that correlated with protection against measles, mumps, and rubella. Also, in previous studies
with varicella vaccine, antibody responses against varicella virus 5 gpELISA units/mL in a glycoprotein
enzyme-linked immunosorbent assay (gpELISA) (not cammersially available) similarly correlated with
long-term protection. In these efficacy studies, the clinical endpeint for measles and mumps was a clinical
diagncsis of either disease confirmed by a 4-fold or greater rise in serum antibody titers between either
postvaccination or acute and convalescent titers, for rubella, a 4-fold or greater rise in antibody titers with
or without clinical symptoms of rubella; and for varicella, varicella-like rash that occurrec =42 days
postvaccination and for which varicella was not excluded by either viral cultures of the lesion or
serological tests. Specific laboratory evidence of varicella either by serology or culture was not required to
confirm the diagnosis of varicella. Clinical studies with a single dose of ProQuad have shawn that
vaccination elicited rates of antibody responses against measles, mumps, and rutella that were similar to
those observed after vaccination with a single dose of M-M-R Il fsee Clinical Studies (14)] and
seroresponse rates for varicella virus were similar to those observed after vaccination with a single dose
of VARIVAX [see Clinical Studies (14)]. The duration of protection from measles, mumps, rubella, and
varicella infections after vaccination with ProQuad is unknown.

Id. at ‘465.
360.9. In 2009 the “Clinical Studies” section in Merck’s ProQuad label stated:

14 CLINICAL STUDIES

Formal studies to evaluate the clinical efficacy of ProQuad have not been performed.

Efficacy of the measles, mumps, rubella, and varicella components of ProQuad was previously
established in a series of clinical studies with the monovalent vaccines. A high degree of protection from
infection was demonstrated in these studies."*"”
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Id. at “466.

360.10. In 2009 the ProQuad Label also stated:

immunogenicity in Chifdren 12 Months to € Years of Age

Prior to licensure, immunogenicity was studied in 5845 healthy children 12 months to 6 years of age
with a negative clinical history of measles, mumps, rubella, and varicella who participated in
5 randomized clinical trials. The immunogenicity of ProQuad was similar to that of its individual
component vaccines (M-M-R [l and VARIVAX], which are currently used in routine vaccination.

The presence of detectable antibody was assessed by an appropriately sensitive enzyme-linked
immunosorbent assay (ELISA) for measles, mumps (wild-type and vaccine-type strains), and rubella, and
by gpELISA for varicella. For evaluation of vaccine response rates, a positive result in the measles ELISA
corresponded to measles antibody concentrations of «255 mIU/mL when compared to the WHO |l
(66/202) Reference Immunoglobulin for Measles.

Children were positive for mumps antibody if the antibody level was #10 ELISA units/mL. A positive
result in the rukella ELISA corresponded to concentrations of «10 U rubella antibody/mL when compared
to the WHO International Reference Serum for Rubella; children with varicella antibody levels
«5 gpELISA units/mL  were consicered tc be seropositive since a response rate based on
-5 apELISA units/mL has been shown to be highly correlated with long-term protection.

Id. at “466.

360.11. In 2009 the ProQuad Label also stated:

immunogenizity in Children 12 to 23 Months of Age After a Single Dose
In 4 randomized clinical trials, 5446 healthy children 12 to 23 months of age were administered

ProQuad, and 2038 children were vaccinated with M-M-R Il and VARIVAX given concomitantly at
separate injection sites. Subjects enrolled in each of these trials had & negative clinical history, no known
recent exposure, and no vaccination history for varicella, measles, mumps, and rubella. Children were
excluded from study participation if they had an immune impairment or had a history of allergy to
components of the vaccine(s). Except for in 1 trial [see ProQuad Adminisiered with Diphtheria and
Tetanus Toxoids and Acellular Pertussis Vaccine Adsorbed (DTaP) and Haemophilus influenzae type b
Conjugate (Meningocaccal Protein Conjugate) and Hepatifis B (Recombinant) Vaccine below], no
concomitant vaccines were permitted during study participation. The race distrioution of the study
subjects across these studies following a first dose of ProQuad was as follows: €6.3% White; 12.7%
African-American; 9.9% Hispanic; 6.7% Asian/Pacific; 4.2% other; and 0.2% American Indian. The
gender distribution of the study subjects across these studies following a first dose of ProQuad was
52.6% male and 47.4% female. A summary of combined immunogenicity results 6 weeks following
administraticn of a single dose of ProCuad or M-M-R Il and VARIVAX is shown in Table 10. These results
were similar to the immune response rates induced by concomitant administration of single doses of
M-M-R Il and VARIVAX at separate injection sites (lower bound of the 95% ClI for the risk difference in
measles, mumps, and rubella seroconversion rates were >-5.0 percentage points and the lower bound of
the 95% CI for the risk difference in varicella seroprotection rates was either >-15 percentage points [one
study] or =-10.0 percentage points [three studies]).

Id. at ‘466.
360.12. The 2009 ProQuad Label Table 10 stated:

Table 10
Summary of Combined Immunogenicity Results 6§ Weeks Following the Administration of a Single Dose of ProQuad (Varicella Virus Potency
+3.97 logyy PFU) or M-M-R || and VARIVAX (Per-Protocol Population)
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Observed Response Obsarved GMT
Group Antigen n Rate (95% CI) {895% CI)
ProCuad Waricella 4381 91.2% 155
(N=544-E1'} {S0.3%, 92.0%) (15.0, 15.9)
Measles 4733 97 4% 31248
(96.9%, 67.9%) (3038.9, 3213.3)
Mumps o973 98.8% 105.3
[{o]n] cutuﬂf (97.9%, 99.4%) (98.0, 113.1)
Mumps (wild-type 3736 95.8% g3
ELISAY {95.1%, 96.4%) (90.2, 96.00
Rubella 4773 98.5% 91.8
(88.1%, 92.8%) (39.5, 84.1)
M-M-R 1l + VAR VAX Waricella 1417 94.1% 166
(N=2038") (§2.8%. G53%) (156, 17.4)
Measles 1516 98.2% 22398
{97.4%, S8.8%) (21383, 2345 6)
fMurmps 501 99 4% 875
[{a]n] |:L.|t|:|n‘f}i {98.3%, 99.9%) (79.7, 96.0)
Mumpsz (wild-type 1017 92.0% G0.2
ELISMI (97.0%, 98.8%) (862 95.7)
Rubella 1528 98.5% 102.2
(97.7%, 99.0%) {97.8, 106.7)
T Includes ProQuad + Placebo followed by ProCuad (\isit 1) (Protocol 009), ProQuad Middle and High Doses {Wisit
1) {Protocol 811), ProCuad (Lot 1, Lot 2, Lot 3) (Protoceol 012). beth the Concomitant and Non-cancomitant
groups (Protocol 013).

The mumps antibody response was assessed by a vaccine-strain ELISA in Frotocols 009 and 011 and by &
wild-type ELISA in Protocols 012 and 012, In the former assay, the serostatus was based on the OD cutoff of
the assay. In the latter assay, 10 mumps ELISA units was used as the serostatus cutoff.

n = Mumber of per-protocol subjects with evaluable serology.
Cl = Corfidence interval.

GMT = Geometric mean titer.

ELISA = Enzgyme-linked immunoscerbent assay.

PFU = Plague-forming units,

QD = Optical density,

. at ‘466-467.

360.13. The 2009 ProQuad Label also stated:
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immunogenicity in Children 15 to 31 Months of Age Affer a Seccnd Dese of ProGuad

In 2 of the 4 randomized clinical trials described above, a subgroup (N=1035) of the 5446 children
administered a single dose of ProQuad were administered a second dose of ProQuad approximately 3 to
9 months after the first dose. Children were excluded from receiving a second dose of ProQuad if they
were recently exposed to or developed varicella, measles, mumps, andfor rubella prior to receipt of the
second dose. No consomitant vaccines were administered to these children. The race distribution across
these studies following a second dose of ProQuad was as follows: 67.3% Whte, 14.3%
African-American; 8.3% Hispanic; 5.4% Asian/Pacific; 4.4% other; 0.2% American Indian; and 0.10%
mixed. The gender distribution of the study subjects across these studies following a second dose of
ProQuad was 50.4% male and 49.6% female. A summary of immune responses following a second dose
of ProQuad is presented in Table 11. Results from this study showed that 2 doses of ProQuad
administered at least 3 months apart elicited a positive antibody response to all four antigens in greater
than 98% of subjects. The geometric mean titers (GMTs) following the second dose of ProQuad
increased approximately 2-fold each for measles, mumps, and rubella, and approximately 41-fold for
varicella.

Table 11
Summary of Inmune Response to a First and Second Dose of ProQuad
in Subjects < 3 Years of Age Who Received ProQuad with a Varicella Virus Dose » 3.97 LoG PFU'

Dose 1 Dose 2
N=1087 N=1087
Observed Observed
Serostatus Response Rate Observed GMT Response Rate Observed GMT
Cutoff/
Antigen Response n (95% CI) (85% CI) n (95% Cl) (95% Cl)
Criteria
Measles | «120 miUmL* | 915 98.1% (97.0%, 2958.8(2786.3, 915 99.5% (98.7%, S958.0(5518.9,
98.9%) MITT 99.8%:) B432.1)
255 miU/mL | 943 97.8% (96.6%, 2088.0 (27934, 943 99.4% (98.6%, 5819.3 (54862,
98 5%) 349.2) 98.8%) 6386.6)
Mumps + QD Cutoff 20 98.7% (97.7%, 106.7 89.1, 114.8) 920 99.9% (98.4%, 253.1(237.8,
(ELISA 99.3%) 100%) 2€9.2)
antibody
units)
Rubella + 10 UL 937 97.7% (96.5%, 91.1(85.8, 96.6) 937 98.3% (97.2%, 158.8(149.1,
93.5%) 99.0%) 168.2)
Varicella =1.25to 864 86.6% (84.1%, 11.6{10.8, 12.3) 264 99.4% (98.7%, 47754378,
+5gpELISA 88.3%) 99.8%) 520.M
units
+ CD Cutoff 695 87.2% (84.5%, 11.6{10.8, 124) 696 99.4% (98.5%, 478.7 (4348,
(gpELISA 89.6%) 99.8%) £827.1)
units)
TIncludes the following treatment groups: ProQuad + Placebo followed by ProQuad {(Visit 1) {Protocel 008) and ProQuad (Middle and High

Dose) (Protecol 011).

t Samples from Protocols 008 and 011 were assayed in the legacy formai Measles ELISA, which reported antibody titers in Measles ELISA
units. Ta convert titers from ELISA unils to miUimlL, titers for thase 2 protocols were divided by 0 1025 The lowest measurable titer
postvaccination is 207.5 mIU/mL. Tha response rate for measles in the legacy format is the percent of subjects with a negative bassline
measles antibody titer, as definad by the optical density (OD) cutoff, with a pestvaccination measles antibody titer - 207 5 mlUmL.
Sarmples from Protocols 009 and 011 were assayedin the legacy format Rubella ELISA, which reperted antibedsy titers in Rubella ELISA
units. To convert titers from ELISA units to IUfmL, titers for these 2 pratocols were divided by 1.28.

ProOuad (Middle Dese) = ProOuad containing a varicella virus dose of 3.97 legin PFU.

ProQuad (High Dose) = ProQuad containing a varicella virus dose of 4 25 log, PFU.

ELI3A = Enzyme-linked immunosorbent assay.

gpELISA = Glycoprotein enzyme-linked immunosorbent assay,

N = Number vactinated at baseline.

n = Mumber of subjects who were per-protacol Postd 1 and Postd 2 and satisfied the given pr ination serostatus cutoff.

Cl = Confidence interval.

GMT = Geometric mean titer.

PFU = Plague-farming units.

Id. at “467-468.

360.14. The 2009 ProQuad Label also stated:
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immunogenicity in Children 4 to 6 Years of Age Who Received & First Dose of ProQuad After Primary
Vaccination With M-M-R It and VARIVAX

In a clinical trial, 799 healthy 4- to §-y=ar-old children who had received M-M-R || and VARIVAX at
least 1 month prior to study entry were randomized to receive ProQuad and placebo (N=399), M-M-R Il
and placebo cancomitantly at separate injection sites (N=208), ar M-M-R Il and VARIVAX concamitantly
at separate injection sites (N=195). Children were eligible if they were previously administered primary
doses of M-M-R Il and VARIVAX, either concomitantly or nan-concomitantly, at 12 months of age or
older. Children were excluded if they were recently exposed to measles, mumps, rubella, andfor varicelia,
had an immune impairment, or had a history of allergy to components of the vaccine(s). No concomitant
vaccines were permitted during study participation, [See Adverse Reactions (6.1) for ethnicity and gender
information. ]

A summary of antibody responses to measles, mumps, rubella, and varicella at 6 weeks
postvaccination in subjects who had previously received M-M-R Il and VARIVAX is shown in Table 12.
Results from this study showed that a first dose of ProQuad after primary vaccination with M-M-R Il and
VARIVAX elicited a positive antibody response to all four antigens in greater than 98% of subjects.
Post-vaccination GMTs for recipients of FroQuad were similar to those following a second dose of
M-M-R Il and VYARIVAX administered concomitantly at separate injection sites (the lower bound of the
95% Cl around the fold difference in maasles, mumps, rubella, and varicella GMTs excluded 0.5).
Additionally, GMTs for measles, mumps, and rubella were similar to those following a2 second dose of
M-M-R Il given concomitantly with placebo (the lower bound of the 85% CI around the fold difference for
the comparison of measles, mumps, and rubella GMTs excluded 0.5).

Table 12
Summary of Antibody Responses to Measles, Mumps, Rubella, and Varicella at 6 Weeks Post in i 410 6 Years of Age
Who Had Previously Received M-M-R Il and VARIVAX (Fer-Frotocol Pogulaﬂml
% «4-Fold Rise in Geometric
GMT Seropositivity Rate Titer Mean Fold Rise
Group Number (95% CI) (95% Cl) (95% CI) (95% CI)
(Description] n Measles'
Group 1 (N=329) a7 19859 100% 4.9% 1.21
(ProQuad + placebo) (1817.8, 2169.9) 99.0%, 100%) (2.0%, 7.6%) {1.13, 1.30)
Group 2 (N=205) 135 20469 100% 43% 1.28
(M-M-R Il + placeba] (18152, 2308.2) (98.0%, 100%) (1.9%, 8.3%) (1.17, 1.40)
Group 3 {N=195) 17 20843 99.4% 4.7% 1.31
(M-M-R 1l + VARIVAX) (18523, 2346 5) (96.8%, 100%) {2.0%, 9.0%) {117, 1.46)
Mumps*
Group 1 (N=399) 387 206.0 99.5% 272% 243
(ProQuad + placeho) (188.2, 225.4) {98.0%, 99.9%) (22.8%, 32.1%} (2.19, 2.55)
Group 2 (N=208) 185 308.5 100% ANA% 3.69
(M-M-R Il + placeboi (269.6, 362.8) (98.0%, 100%) (33.9%, 48.5%: (3.14, 4.32)
Group 3 (N=195) 171 2059 100% 415% 3.36
(M-M-R Il + VARIVAX) (2625, 332.5) (97.6%, 100%) (34.0%, 46.3%) (2.84, 3.97)
Rubella®
Group 1 {N=389) 387 2173 100% 32T% 3.00
(ProQuad + placebo] (200.1, 236.0) (99.0%, 100%) (27.9%, 37.8%i (2.72,3.31)
Group 2 (N=205) 185 174.0 100% 31.9% 2.81
(M-M-R Il + placebo] (157.3, 192.6) (98.0%, 100%) 25.2%, 38.1%i (2.41, 3.27)
Group 3 (N=195) 171 154.1 $%.4% 26.9% 247
(M-M-R Il + VARIVAX) (138.9, 170.9) (96 8%, 100%) {20.4%, 34.2%;) (217, 2.31)
Varicella®
Group 1 (N=388) 287 3222 98.9% 80.7 1243
(FroQuad + placebo) (278.9, 372.2) (97.2%, 98.7%) {76.2%, 84.6%,) {1083, 14.53)
Group 2 (N=205) 185
(M-M-R Il + placebo NA NIA NIA NIA
Group 3 {N=195) 171 2093 99 4% 71.9% 8.50
(M-M-R 11+ VAR AX) (171.2, 255.9) (96.8%, 100%) (64.68%, 7TE.5%1 (6.6, 10.81)
TMeasles GMTs are reparted in mIU/mL; seroposilivity corresponds to = 120 mIUimL.
T Mumps GMTs are reported in mumps Ab unitsfmL; seropesitivity corresponds to » 10 Ab unitsfmL.
¢ Rubela titers obtained by the legacy format were converted to their corresponding titers in the modified format. Rubella serostatus was
defermined after the conversion to IL/mL: sercpositivity comesponds to =10 IUfmL.
“Waricella GMTs are reported in gpELISA units/mL; seropositivity rate is reported by % of subjects with postvaccination antibedy titers
+ 5 gpELISA units/m L. Percentages are calculzted as the number of subjscts who met the criterion divided by the number of subjects
contributing to the per-protocol analysis,
gpELISA = Glycopretein enzyme-linked immunosorbent assay; ELISA = Enzyme-linked immunosorbent assay; Cl = Confidence interval;
GMT = Geometric mean titer: N/A = Mot applicable; N = Number of subjects vaceinated; n = number of subjects in the per-protocol
analysis,
<
Id. at “468-469.
360.15. The 2009 ProQuad Label also stated:
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immunogenicity Following Concomitant Use with Gther Vaccoines
ProQuad with Pneumococcal 7-valent Conjugate Vaccine and/or VAQTA

In a clinical trial, 1027 healthy children 12 to 15 months of age were randomized to receive ProQuad
and pneumococcal 7-valent conjugate vaccine concomitantly (N=510) at separate injection sites or
ProQuad and pneumococcal 7-valent conjugate vaccine non-concomitantly (N=517) at separate clinic
visits. [See Adverse Reactions (6.1) for ethnicity and gender informafion.] The statistical analysis of
hon-inferiority in antibody response rates to measles, mumps, rubella, and varicella at 6 weeks
postvaceination for subjects are shown in Table 13. In the per-protocol population, seroconversion rates
were not inferior in children given ProQuad and pneumococcal 7-valent conjugate vaccine concomitantly
when compared to seroconversion rates seen in children given these vaccines non-concomitantly for
measles, mumps, and rubella. In children with baseline varicella antibody titers <1.25 gpELISA unitsimL,
the varicella seroprotection rates were not inferior when rates after concomitant and non-concomitant
vaccination were compared 6 weeks postvaccination. Statistical analysis of non-inferiority in GMTs to
S. pneumoniae serotypes at 6 weeks postvaccination are shown in Table 14. Geometric mean antibody
titers (GMTs) for S. pneumoniae types 4, 6B, 9V, 14, 18C, 19F, and 23F were not inferior when antibody
titers in the concomitant and non-concomitant groups were compared 8 weeks postvaccination.

Table 13
Statistical Analysis of Non-Inferiority In Antibody Response Rates to Measles, Mumps, Rubella, and vancella at 6 Weeks Postvaccination for
Subjects Initially Seronegative to Measles, Mumps, or Rubella, or With Varicella Antibody Titer <1.25 gpELISA units at Baseling in the
ProQuad + PCVT" Treatmant Group and the ProQuad followed by PCVY Control Group (Per-Protocol Analysis)

ProQuad + PCVT ProQuad followed by PCWT
(N=510} (N=259) Difference

Assay Estimated Estimated {percentage points)™

Parameter n Response’ n Response” (95% Cl)
Measles

% 255 mIUmL 406 97.3% 204 99.5% -2.2{-48,02)
Mumps

W =10 Ab unitsfmL 403 96.6% 208 88.6% 1.8 (45,100
Rubella

% =10 IUAmL IFT 88 7% 195 a7 8% 0.8{-13 41)
Varicella

% =5 gpELISA unitsimL 379 92.5% 192 g87.9% 4.5(-0.4, 104)

* PCWT = Pneumococcal 7-valent cenjugate vaccine.

Seronegative defined as haseline measlzs antibody titer <265 miUfmL for measles, baseline mumps antibody titer <10 ELISA
Ab untsimL for mumps, and baseline rubella antibedy titer <10 [UfmL for rubella.

? Estimated responses and their differences were based on statistical enalysis models adjusting for study center.

" ProQuad + PCVT - ProQuad followed by PCWT.

The conclusion of nen-inferierity is based on the lower bound of the 2-sided 5% Cl on the risk difference being greater than -
10 parcentage points (fe. exeluding a decrease equal to or more than the prespacified criterion of 10.0 percentage points).
This indicates that the difference is statistically significantly less than the prespecified clinically relevant decrease of 10.0
percentage points at the 1-sided alpha = 0,025 level.

N = Mumbker of subjects vaccinated in each treatment group.

n = Number of subjects with measles antibody titer <255 mlUfmL, mumps antibody titer <10 ELISA Ab unitsfmL, rubella
antibody titer <10 IL/mL, or varicella antibody titer =1.25 gpELISA unitsiml at baseline and with postvaccinaticn serclogy
contributing to the per-protocol analysis.

Ab = antibody: ELISA = Enzyme-linked immunosorbent assay; grELISA = Glyceprotein enzyme-linked immunoesorbent assay;

Cl = Confidence interval.

- A

Id. at “469-470.

360.16. The 2009 ProQuad Label also stated:
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Table 18
Summary of the Comparison of the Imnmunegenicity Endpeints for Meas!es, Mumps. Rubella, Varicella, Haemophifus irfluenzae type b,
and Hepatitis B Responses Fellowing Vaccination with ProQuad, Haemophilus inflenzae type b Conjugate {(Meningococcal Protein
Ceonjugate), and Hepatitis B (Recombinant) Vaccine and DTaP Administered Concomitantly Versus Non-Concomitant Vaceination with
ProQuad Followed by These Vaccines

Concomitant Group Nan-
Concamitant
Group
N=949 N=485
‘accine Antigen Parameter Response Response Risl((g[s);geee;'lce Critzrion for Mon-inferiority
|
Measles %« 120 miUimL a7 8% 98.7% -0.9 LE=-E.0
-2.3, 0.8)
Mumps “h «10 95 4% 95.1% 0.3 LE =-5.0
ELISA Ab unitsfmlL {-1.7, 2.8)
Rubella % =10 IL/mL 98 6% 99.3% -0.7 LB=-5.0
_ _ {-1.8, 0.5)
\aricella % +5 gpELISA unitsimL 39 6% 90 8% -1.2 LE =100
-4.1,2.0)
HiB-PRP %% «1.0 meg/mlL a4 6% 9E 5% -1.9 LE >-10.0
(-4.1, 0.8)
HepB | % =10 miUfmL | 95 9% | 98.8% -2.8 LB =100
(-4.8_-0.8)
HIB-PRP = Haemophius influenzee type b, polyribosy| phosphate; Hepb = hepatitis B; LB = lower Eaund, limit for non-inferionty comparisen.

Id. at “472-473.

360.17. The current ProQuad package insert states:

FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

ProQuad® is a vaccine indicated for active immunization for the prevention of measles, mumps,
rubella, and varicella in children 12 months through 12 years of age.

available at
https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm123796.
pdf (accessed 2018-02-22)

360.18. The “Description” section of the ProQuad label states:
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Id at “15-16.

360.19. The Clinical Pharmacology section of the ProQuad Package Insert states:

Id. at “16.
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