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1. EXECUTIVE SUMMARY

To address an emerging mpox virus (MPXV) threat, Emergent (the Applicant) has requested to
expand the indication of the live, vaccinia virus-based smallpox vaccine ACAM2000 to include
active immunization for the prevention of mpox disease in persons determined to be at high risk
for infection with MPXV. Since it is infeasible to directly assess the efficacy of ACAM2000
against mpox in humans, the Applicant submitted data from a controlled study evaluating the
immunogenicity and protective activity of ACAM2000 against a lethal challenge dose of MPXV
in cynomolgus macaques, as well as published reports of similar nonclinical evaluations of
ACAM2000 against MPXV lethal challenge. The effectiveness of ACAM2000 against mpox is
inferred from its protective capacity against lethal dose challenge with MPXV in the animals and
supported by a published observational study in humans that estimated prior vaccination with
the smallpox vaccine Dryvax was 85% effective in preventing infection with MPXV. CBER
granted the Applicant’s request to extrapolate effectiveness of ACAM2000 against mpox in
adults to all pediatric populations because the pathogenesis of MPXV in adults and pediatric
populations is sufficiently similar.

The safety profile of ACAM2000 in adults was documented in 2007 when it was approved for
smallpox and is described in the package insert. The safety profile of ACAM2000 in pediatric
populations has not been assessed in clinical trials and is considered to be comparable to that
of Dryvax, from which ACAM2000 was cloned.

Available data support approval of ACAM2000 for use in individuals at high risk of exposure to
MPXV. Mitigation of the observed risks and uncertainties will be accomplished through labeling
(including the existing Boxed Warning and Warnings and Precautions) and shared decision
making between healthcare providers and potential vaccinees.

2. CLINICAL AND REGULATORY BACKGROUND

ACAM2000 is a second-generation live, vaccinia virus-based smallpox vaccine. ACAM2000 was
derived by plaque purification cloning from a first-generation smallpox vaccine Dryvax [Wyeth
Laboratories, Marietta, PA, calf lymph vaccine, New York City Board of Health (NYCBH) Strain],
which is no longer available.

ACAMZ2000 was initially approved in 2007 for an indication of active immunization against
smallpox disease for persons determined to be at high risk for smallpox infection based on non-
inferiority comparisons with Dryvax in vaccine take and vaccinia-specific neutralizing antibody
titers.

To address an emerging MPXV threat, Emergent is pursuing an expansion of the ACAM2000
indication to active immunization against mpox disease for persons determined to be at high risk
for mpox infection.

2.1 Disease or Health-Related Condition Studied

Mpox, also known as monkeypox before the World Health Organization (WHO) renamed it in
2022, is a rare but serious illness endemic to the tropical rain forests of central and western
Africa. The disease has several similarities to smallpox. The pathogenic agents MPXV and
variola virus (the causative agent for smallpox) are both members of the genus Orthopoxvirus in
the family Poxviridae, and the infections have similar time courses and clinical features. In
general, the severity of mpox is intermediate between that of variola major and variola minor,



with approximately 60% of cases requiring medical care (Fine, et al., 1988). and an overall
case-fatality rate of 8.7% (Bunge, et al., 2022).

Mpox was first identified in 1959 after two pox-like disease outbreaks occurred in the Statens
Serum Institut animal facilities in Denmark among captive cynomolgus monkeys imported from
Singapore (Magnus, et al., 1959). Since then, several mpox outbreaks have been reported in
institute animal facilities in other countries among captive monkeys imported from southeast
Asia (Arita and Henderson, 1968).

The first human mpox infection was identified in 1970 in a nine-month-old child from the
Democratic Republic of the Congo (DRC) (Ladnyi, et al., 1972). As of 2019, human mpox had
appeared in 10 African countries and 4 other countries, with most of the mpox cases being
reported in the DRC (Bunge, et al., 2022). The burden of disease in endemic countries was
primarily in children with a median age of 4 to 5 years old at presentation during the 1970-1989
time frame; increasing to 10 years of age in the 2000-2009 time frame and to 21 years in 2010-
2019 (Bunge, et al., 2022). The rate of death in mpox cases in children younger than 10 years
of age was 100% (47/47) in the 1970-1989 time frame and 37.5% (6/16) in the 2010-2019 time
frame (Bunge, et al., 2022). During the 2017 outbreak in Nigeria, persons vaccinated against
smallpox prior to 1980 had a five-fold lower risk of mpox disease compared to those who had
not been vaccinated (Simpson, et al., 2020).

The first cases of mpox to be reported outside of Africa occurred in the U.S. in 2003 when
infected Gambian rats, dormice, and rope squirrels imported into the U.S. spread the virus to
captive American prairie dogs and then to individuals who handled infected animals (CDC,
2023a).

In the first half of 2022, a significant and concerning mpox outbreak occurred in the U.S. and
other non-endemic regions around the world. During January 1, 2022 to June 6, 2023, a total of
87,942 confirmed cases of mpox with 146 deaths were identified, including 86,157 cases and
127 deaths identified in 104 countries that had not historically reported mpox, and 1,785 cases
with 19 deaths identified in 7 countries that had historically reported mpox (CDC, 2023b). In the
U.S, 26,384 mpox cases were reported during May 17 to October 6, 2022 (Kava, et al, 2022).
As cases of mpox continued to rise and spread across the globe, the WHO declared a Public
Health Emergency of International Concern (PHEIC) on July 23, 2022 (WHO, 2022). Soon after,
on August 4, 2022, the U.S. government declared a public health emergency (U.S. DHHS
2022). Unlike smallpox, where the only known reservoir for the variola virus was humans, MPXV
can be transmitted through rodent reservoirs (Isidro, et al., 2022). As the 2022 global mpox
outbreak evolved, there was increasing concern over reverse zoonosis and the establishment of
an animal reservoir that would allow mpox to become endemic in regions outside of Africa
(Koening, et al., 2022). Even though establishment of the animal reservoir of mpox outside of
endemic countries was not reported during the 2022 outbreak, this possibility still exists, as
evidenced by a report of the transfer of mpox from infected owners to pets (Seang, et al., 2000).

MPXYV is transmitted from infected animals to humans via indirect or direct contact, but human-
to-human transmission can also occur through direct contact with infectious skin or
mucocutaneous lesions (Thornhill, et al., 2022). Transmission can also occur from the
environment to humans from contaminated clothing or linens that have infectious skin particles
(CDC, 2024a). Vertical transmission of mpox to the fetus and fetal deaths have been described
in the DRC (Mbala, et al, 2017). The risk of airborne transmission is considered to be extremely
low.




The MPXV strains that have been transmitted to humans can be classified into the two clades
(Antinori et al, 2023):
e Clade I (former Clade I, also known as the Central Africa [Congo Basin] clade)
e Clade lla (former Clade Il, also known as the West Africa clade)
e Clade lIb lineage B.1 | (mpox strain in the 2022 outbreak).The isolate was initially
designated as lineage B.1 of Clade Il (Isidro, et al., 2022) but was currently recognized
by WHO as Clade llb lineage B.1 (Antinori et al, 2023):

The clinical picture of mpox closely resembles that of smallpox but the major difference
distinguishing mpox from smallpox is the lymph node enlargement that occurs early, often at the
onset of fever. A rash usually appears 1-3 days after the onset of fever and lymphadenopathy,
with lesions appearing simultaneously, and evolving at a similar rate. Their distribution is mainly
peripheral but can cover the whole body during a severe iliness. The infection can last up to 4
weeks until the lesion desquamates. Patients may experience a range of complications
including respiratory distress, bronchopneumonia, gastrointestinal involvement, dehydration,
sepsis, encephalitis, myocarditis/pericarditis, corneal infection with ensuing loss of vision, and
secondary bacterial infections (Sklenovska and Van Ranst, 2018). The case fatality rate of
mpox lies between the case fatality rate of variola major (30%) and variola minor (1%) and
appears to be dependent on virus clades. As shown in a systemic review (Bunge, et al., 2022),
the reported case-fatality rates for Central African clade, West African clade, and West African
clade in African countries only are 10.6% (95%CI 8.4%, 13.3%), 3.6% (95%CI 1.7%, 6.8%) and
4.6% (95%Cl 2.1%, 8.6%), respectively.

Signs and symptoms of mpox, which was caused by clade Ilb lineage B.1 during 2022
outbreaks, were less severe compared with mpox caused by clades | and lla (Borges et al,
2023). The death rate in the 2022 global mpox outbreak was less than 1% (CDC, 2023b).
However, HIV infection was associated with a higher risk of mpox infection and higher mortality
rate after mpox infection (Yinka-Ogunleye, et al., 2023). Additionally, children and adolescents
who are immunocompromised are at increased risk of severe mpox (Beeson, et al., 2023).

2.2 Currently Available Preventions and Treatments for the Proposed Indication

Jynneos vaccine is the only FDA-approved vaccine indicated for prevention of smallpox and
mpox disease in adults 18 years of age and older determined to be at high risk for smallpox or
mpox infection. The approval of Jynneos for mpox was inferred from non-inferior vaccinia-
specific antibody titers induced by two doses of Jynneos administered 28 days apart compared
to a single dose of ACAM2000, and the protective efficacy of Jynneos from wild-type MPXV
challenge in non-human primates (NHPs).

The U.S. Centers for Disease Control and Prevention opened an Expanded Access protocol for
post-exposure prophylaxis (PEP) of ACAM2000 against mpox due to the first travel-associated
mpox case in the U.S. in July 2021 (CDC, 2024b). While no individuals received ACAM2000
vaccination during the 2022 outbreak, the protocol is maintained to allow ACAM2000 for PEP
use in the event of future isolated incidents or outbreaks.

Reviewer Comment: Even though the Expanded Access protocol is active, no individual
received ACAMZ2000 during the 2022 mpox outbreaks due to safety concerns of ACAM2000
and availability of Jynneos.

There are no approved therapies in the U.S. for the treatment of mpox disease. Antiviral
treatments indicated for smallpox, Tpoxx (tecovirimat) and Tembexa (brincidofovir) as well as



the human immune globulin CNJ-016 (vaccinia immune globulin intravenous [human]; VIGIV)
indicated for treatment of complications of replication competent vaccinia vaccine, have been
used to treat mpox in the 2022 outbreak under expanded access IND protocol or single patient
emergency use IND (CDC, 2024c, FDA 2023, FDA, 2024). Both Tpoxx and Tembexa were
approved for smallpox under the Animal Rule. The benefit of Tpoxx and Tembexa for mpox is
uncertain. Cidofovir has been shown to be effective against orthopoxviruses (OPXVs) in vitro
and animal studies; however, it is unknown whether a person with severe mpox would benefit
from treatment (CDC, 2023c).

5. SOURCES OF CLINICAL DATA AND OTHER INFORMATION CONSIDERED IN THE REVIEW

5.1 Review Strategy

No new clinical study was conducted to support the proposed indication. The data to support the
proposed indication, including non-human primate challenge data, were submitted and reviewed
in the original BLA. In the Clinical Overview, the Applicant summarized an observational study
which showed that previous smallpox vaccines offered protection against mpox. This review will
summarize the non-clinical data and clinical data in Section 6 and provide risk-benefit analysis
of ACAM2000 for the prevention of mpox in Section 11.

5.2 BLA/IND Documents That Serve as the Basis for the Clinical Review

e STN125158/297.0, Module 1.9 (Pediatric Assessment Plan)
e STN125158/297.0, Module 1.14 (Labeling)
o STN125158/297.0, Modules 2.2, 2.4, 2.5 and 2.7 (Introduction, Nonclinical Overview,
Clinical Overview, and Clinical Summary)
o STN125158/297.0, Module 5.3.5.1 (Study Reports of Controlled Clinical Studies
Pertinent to the Claimed Indication)
o H-400-009
o H-400-012
e STN125158/297.3 Module 1.11.3, Jan 17" IR regarding pediatric assessment plan
e STN125158/297.5 Module 1.11.3, Feb 12" IR regarding pediatric assessment plan
e STN125158/297.7 Module 1.11.3, May 23" IR regarding photographs showing the
progression of major cutaneous reaction after primary vaccination and revaccination
e STN125158/297.9 Module 1.11.3, Jul 26" IR regarding the time frame of scab
separation in USPI
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6. DISCUSSION OF INDIVIDUAL STUDIES/CLINICAL TRIALS

To support the proposed indication, the Applicant provided:
1. Primary nonclinical pharmacology data generated using ACAM2000 vaccine against
MPXYV lethal challenge in the nonhuman primate (NHP) model (T-400-001)
2. Published reports of nonclinical evaluations of ACAM2000 against MPXV lethal
challenge in NHPs
3. Clinical experiences demonstrating:

a. Equivalent immunogenicity between ACAM2000 and Dryvax for protection
against smallpox. This information was reviewed in the original BLA and will be
summarized briefly in this sBLA

b. Protection against mpox offered by previous vaccination with Dryvax.

The Applicant also submitted nonclinical studies of the efficacy of ACAM2000 and/or Dryvax
against challenge with multiple orthopoxviruses (OPXV) including MPXV, vaccinia, ectromelia
and rabbitpox viruses. See the CMC review for discussion of these studies.

No additional clinical data supporting efficacy claims of ACAM2000 vaccine were included in the
submission.

6.1 Non-Clinical Data

6.1.1 Immunogenicity and Protective Activity of ACAM2000 and Dryvax Smallpox
Vaccines in Cynomolgus Macaques Challenged with Mpox Virus by Intravenous Route
(Study T-400-001)

Overview of Study Design

Twenty-four (12 male and 12 female) cynomolgus macaques (Macaca fascicularis), aged a
minimum of 22 months and weighing between 2.1 and 2.8 kg, were equally randomized to
receive either placebo control (diluent), ACAM2000 (4.4 X 108 PFU/mL), or Dryvax (1.5 X 108
PFU/mL) administered using a minimum of 15 jabs percutaneously (scarification) with a sterile,
bifurcated needle on Day 0. Blood was collected on Day 0, 30, and 60 for antibody titer
determinations. Animals were challenged with 3.8 X 107 PFU MPXYV intravenously (V) on Day
61. Monkeys were monitored for a minimum of 30 days post-challenge for signs and symptoms
of clinical disease.

Results

Mortality, Morbidity, Clinical Observations

During the first 60 days of the study period (i.e., prior to MPXV challenge), there was no

mortality or morbidity observed in any animal from any study group. All animals in ACAM2000
(8/8) and Dryvax (8/8) survived the MPXV challenge. All animals in the placebo control group
(8/8) succumbed to the MPXV challenge and either died (2 animals at 8 days and 1 at 6 days



post challenge) or were euthanized when moribund (4 animals at 8 days and 1 animal at 6 days
post challenge). All animal deaths were attributed to the MPXV challenge.

No pox lesions developed in any monkey in either ACAM2000 or Dryvax groups following
MPXYV challenge. All 8 animals in the control group developed significant mpox-related clinical
symptoms post-challenge which included cessation of voluntary eating, lethargy, diarrhea, non-
responsiveness, and skin or mucosal lesions (i.e., pox, >100 pox lesions in every monkey),
especially in the head, mouth, and leg regions.

Mean temperatures in the ACAM2000 and Dryvax groups remained relatively consistent
throughout the 30 days post-challenge observation period, with an overall mean temperature of
102.2°F. Each monkey in the control group displayed at least one day of elevated temperature
(104°F or greater).

Antibody Response

All monkeys were seronegative for vaccinia neutralizing antibodies prior to immunization.

All monkeys immunized with ACAM2000 or Dryvax vaccines seroconverted by Day 30 and
remained unchanged at Day 60. There were no statistical differences in geometric mean
neutralizing antibody titers (GMTs) between ACAM2000 (Day 30 GMT=160 and Day 60
GMT=174) and Dryvax (Day 30 GMT=174 and Day 60 GMT=190) treatment groups at either
Day 30 (p>0.8473) or Day 60 (p>0.6505).

Post-challenge antibody results (Day 91) showed a marked boost in the antibody titers in all
monkeys vaccinated with ACAM2000 or Dryvax. The GMTs on Day 91 for the ACAM2000 and
Dryvax groups, respectively, were 43782 (range 12047 to 88037) and 46072 (range 33483 to
74688). There was no statistically significant difference in GMTs between these groups
(p>0.8456).

Several monkeys in the control group developed a detectable antibody titer by the final day of
serum collection (Day 67 or 69) with a GMT of 227 (range 70 to 946).

Conclusions

ACAM2000 was immunogenic and efficacious in protecting cynomolgus macaques from a fatal
MPXV challenge. All ACAM2000 vaccinated animals were protected from a lethal MPXV
challenge, demonstrating robust antibody titers following vaccination that were substantially
boosted upon challenge with MPXV.

Reviewer Comment: For a comprehensive review of the non-clinical studies, please refer to
the CMC review memo. All ACAM2000-vaccinated animals had pre-challenge vaccinia-specific
antibody titers of 1:80 to 1:640, which was similar to the range of titers observed in human
recipients of ACAMZ2000. In the animal study, a PRNT50 of 21:80 was associated with 100%
survival against MPXV challenge and the absence of illness, cutaneous lesions, viremia and
virus shedding. Since the same PRNT50 assay was used to determine the PRNT50 titer in both
NHPs and humans, it is reasonable to infer a protective effect of ACAM2000 in humans.

6.1.2 Supportive Nonclinical Evidence in Literature

The Applicant also summarized two articles describing MPXV challenge studies in ACAM2000
vaccinated NHPs as supportive evidence for the proposed new indication for mpox.



The first article described a study that assessed the protective capacity of Jynneos and
ACAMZ2000 against mpox in cynomolgus macaques following an aerosolized MPXV challenge
(Hatch, et al., 2013). Cynomolgus macaques were randomized into 4 groups (n=6/group):
placebo control; single dose of Jynneos; two doses of Jynneos administered at 28 days apart;
and single dose of ACAM2000. Animals were challenged with a lethal dose of MPXV 28 days
after vaccination. All six animals in the control group died in 7 to 11 days after MPXV challenge.
Protection from MPXV challenge was achieved in 6 of 6 animals in the single-dose ACAM2000
group, 6 of 6 animals in the two-dose Jynneos group, and 4 of 6 animals in the single-dose
Jynneos group. No significant difference (P>0.05) was observed in vaccinia-specific neutralizing
antibody titers between animals vaccinated with a single dose of ACAM2000 (132 U/ml) and the
two doses of Jynneos (69 U/ml) prior to challenge with MPXV. Post MPXV challenge, viral
excretion was isolated from the throats of 2 of 6 animals in the two-dose Jynneos group,
whereas there was no confirmation of excreted live virus in the ACAM2000 group.

The second article described three studies that assessed the potential interaction between
ACAMZ2000 and Tecovirimat (Tpoxx) in a post-exposure prophylaxis NHP model (Russo, et al.
2020). Animals in all three studies were vaccinated with ACAM2000 vaccine and immune
responses to the vaccine and protective efficacy versus a lethal MPXV challenge were
evaluated. Vaccinated animals were treated with Tpoxx at 10 mg/kg or a vehicle for 14
consecutive days. Animals in Study 1 (n=3 in vehicle control, n=6 in ACAM2000+placebo, n=7
in ACAM2000+Tpoxx) and Study 2 (n=3 each for ACAM2000+placebo and ACAM2000+Tpoxx)
were cynomolgus macaques and were challenged via IV injection with MPXV (1.65 x 107 to 5.4
x 107 PFU/mL) at 45 and 30 days, respectively, after vaccination. Animals in Study 3 (n=3 each
for ACAM2000+placebo and ACAM2000+Tpoxx) were rhesus macaques and were challenged
with MPXV at 32 days after the vaccination.

In Studies 1 and 2, primary and anamnestic humoral immune responses were similar regardless
of Tpoxx treatment while Study 3 showed reduction in vaccine elicited humoral immunity with
concomitant administration of Tpoxx. Following lethal MPXV challenge, 12 of 12
vaccinated/placebo-treated animals survived (100%), and 12 of 13 vaccinated/Tpoxx-treated
animals survived (92.3%). No animal in the control group (0%, n=3) survived MPXV challenge.
Clinical signs of disease were evident in Tpoxx treated animals compared to placebo treated
animals. The authors concluded that the result suggests that Tpoxx may affect the
immunogenicity of ACAM2000 if administered concomitantly.

Reviewer Comment:

The results of the concomitant studies of Tpoxx and ACAM2000 were from a limited number of
animals. The clinical relevance and significance of the potential interaction between Tpoxx and
ACAM2000 are unknown.

The Applicant also summarized data from publications showing that ACAM2000 or Dryvax
protected animals from lethal challenge with ectromelia (mousepox) and rabbitpox in mice and
rabbits, respectively. Results from published non-clinical studies are consistent with those of the
Applicant’s non-clinical study (T-400-001) and provide supportive evidence for protective
efficacy of ACAM2000 against mpox. Please refer to the Non-Clinical Studies review memo for
details.
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6.2 Clinical Data

6.2.1 Safety in Humans

The safety profile of ACAM2000 in adults has been established and documented in the original
Biologics License Application (BLA) and are described in the U.S. package insert (USPI). No
new safety signal has been identified since the original approval of the vaccine on 31 August
2007.

Reviewer Comment: In the USPI, the Applicant included Section 6.2 Postmarketing
Experience. Events described in Section 6.2 are also described in Section 6.1 Overall Adverse
Reaction Profile, or are known to be associated with live, replicating vaccinia-based vaccines as
described Section 5. Please refer to the Pharmacovigilance review memo for details.

The safety profile of ACAM2000 was not assessed in pediatric populations. However, Dryvax,
the precursor of ACAM2000, was routinely administered to children prior to smallpox eradication
era, and its estimates of the risks of occurrence of serious complications following primary
vaccination and revaccination in pediatric populations are presented in Tables 1 and 2,
respectively, in the current USPI. It was concluded that the safety profile of ACAM2000 would
be comparable to the historical safety data associated with Dryvax.

Reviewer comment: This section describes the safety profile of ACAM2000 in humans. The
risk-benefit assessment of ACAMZ2000 in prevention of mpox is discussed in Section 11 Risk
Benefit Analysis and Assessment.

Note, the 2007 approval of ACAM2000 weighed the risks of the vaccine against the benefit of
preventing smallpox (if used as a bioweapon). A key safety consideration for expanding the
indication to include prevention of mpox is that individuals at high risk of infection with mpox via
skin-to-skin contact would also be at high risk of contact transmission of live vaccina virus via
skin-to-skin contact. Following the approval of ACAMZ2000, rates of contact transmission of
vaccinia virus in vaccinated military personnel were estimated at approximately 5.4 events per
100,000 vaccinees (Tack, et al., 2013; Wertheimer, et al., 2012). However, this is from
surveillance data and likely underestimates the actual rate of contact transmission. Cases of
tertiary transmission of vaccinia from non-vaccinated individuals to their close contacts have
been described (Martin, et al., 2020; Garde, et al., 2004). Contact transmission of live vaccinia
virus typically manifests as a limited, local skin reaction, but it can be life-threatening in persons
with eczema (CDC, 2007) and immunocompromising conditions. ACAMZ2000 for
orthopoxviruses is contraindicated where household contacts have such conditions (ACIP 2022)

Applicant Proposed Labeling Changes and Rationale

The Applicant proposes changes to the USPI regarding scab separation, virus shedding, and
postmarketing experience.

e Scab separation: The original USPI described that vaccination scab separation occurs
within 14 to 21 days after primary vaccination. This description is incorrect based on the
pre-licensure clinical studies. The Applicant revised the scab separation in the proposed
USPI based on the post-licensure study VA-008 from “within 14 to 21 days” to “4 to 6
weeks” after vaccination. The objective of study VA-008 was to vaccinate healthy adults
with ACAM2000 to product vaccinia immune globulin intravenous (VIGIV) for treatment
of human orthopoxvirus infection in adults and children. The scab separation timelines in
VA-008 were consistent with those observed in the pre-licensure studies. An information
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request (IR) was sent to the Applicant on 26 July 2024 to verify the time frame of scab
separation. The Applicant submitted its response to STIN125158/297.9 on 02 August
2024 confirming that the time frame of scab separations ranged from 3 to 6 weeks.

Reviewer Comment: Based on the Applicant’s input, the scab separation of 3 to 6 weeks was
the final wording for the label.

e Virus Shedding: The virus shedding window was changed from 14-21 days after
vaccination to state that virus could shed until the lesion is re-epithelialized, typically 3-6
weeks after vaccination. The Applicant stated that re-analyzed data from the Dryvax,
ACAM2000 and ACAM2000 precursor vaccine clinical studies, as well as data from the
VA-008 study, suggest that the cessation of viral shedding does not coincide with the
scab separation (can occur until the skin is fully healed) and that the scab separation
generally occurs over a longer time frame than 14-21 days after vaccination.

o Postmarketing experience: The Applicant added a subsection listing adverse events
(AEs) reported since licensure of ACAM2000 in August 2007.

Reviewer Comment: The AEs listed in Postmarketing Experience were either reported in pre-
licensure studies of ACAM2000, or reported to be associated with another vaccine, Dryvax, and
are considered adverse reactions because there are reasonable possibilities that they are
caused by the vaccines. Per 21 CFR 201.57(c)(7)(ii)(B). "the post-marketing experience section
labeling must list the adverse reactions, as defined in paragraph (c)(7) of this section, that are
identified from domestic and foreign spontaneous reports. This listing must be separate from the
listing of adverse reactions identified in clinical trials.”

This reviewer recommends deleting the Postmarketing Experience subsection from the USPI to
limit this section to adverse reactions that are unknown prior to licensure. This recommendation
was communicated to the Pharmacovigilance reviewer, as well as OVRR leadership during
internal labeling meetings. OVRR leadership decided to include the adverse events in the
subsection of Postmarketing Experience to include serious adverse reactions reported in
postmarketing to be consistent with other vaccine labels.

6.2.2 Vaccine Effectiveness in Humans

No clinical effectiveness study of ACAM2000 against mpox has been conducted. The
effectiveness of ACAM2000 against mpox is inferred from the non-inferior vaccinia-specific
neutralizing antibody titers generated by ACAM2000 compared with those generated by Dryvax
in the pre-licensure studies. In the clinical trials to support the original BLA of ACAM2000 for the
indication of smallpox, the data was reviewed and documented in the original BLA review and
was also submitted to this supplement as a reference. The effectiveness data of ACAM2000 are
summarized below.

In addition, the effectiveness of ACAM2000 against mpox is supported by the effect of Dryvax
against mpox as reported in an observational study published by other investigators in the
literature. The Applicant also submitted two additional published reports from which conclusions
regarding effectiveness of ACAM2000 and mpox cannot be drawn.
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Summary of Effectiveness Data from the Original BLA

Two phase 3 studies, H-400-009 and H-400-012, were performed to support the original BLA of
ACAM2000 indicated for smallpox and are described in the current USPI. H-400-009 and H-
400-012 were randomized double-blind studies in vaccine-naive and previously vaccinated
participants, respectively. In both studies, the co-primary efficacy endpoints were: 1) Proportion
of participants with a take (a major cutaneous response considered to be an indicator of
successful vaccination/revaccination) on Day 6-11; and 2) Vaccinia-specific neutralizing
antibody GMT on Day 30. Both studies were terminated early due to myopericarditis observed
in H-400-009. ACAM2000 was non-inferior to the comparator in the rate of major cutaneous
reaction in those naive to the vaccine, and the strength of the neutralizing antibody immune
response in those previously exposed to vaccinia-based smallpox vaccines.

Summary of the Historical Observational Study of Dryvax Against Mpox

Shortly after routine smallpox vaccination stopped around the world, the WHO instituted an
active surveillance program for mpox during 1981-1986 in Zaire (now the DRC). In the
epidemiological surveillance study, Fine, et al. identified 209 mpox-infected individuals and their
1573 contacts in the five years of study and estimated that previous smallpox vaccination (3-19
years prior to the outbreak) provided 85% effectiveness against mpox infection based on MPXV
infection rates in close household contacts who had a history of vaccination in comparison to
those who were unvaccinated (Fine, et al., 1988). Because ACAM2000 was cloned from
Dryvax, which was used during the vaccination program that led to smallpox eradication, the
Applicant states that it is reasonable to conclude that efficacy against MPXV observed in this
study would also be seen after ACAM2000 administration.

Reviewer Comment: The surveillance study conducted by Fine, et al. was based primarily
upon health institutions in endemic regions. The protective efficacy of smallpox vaccination
against mpox was based on mpox attack rates among individuals who had received smallpox
vaccination (i.e., skin scars) and individuals who had not been vaccinated with smallpox
vaccines (i.e., no skin scars). The authors did not discuss the potential for bias and confounding
in estimating vaccine effectiveness against mpox. In addition, details of the study and datasets
are not available for our review. The results should be interpreted with caution.

Summary of Two Additional Studies Submitted by the Applicant

The Applicant cited a report using Dryvax to prevent mpox in a 2003 mpox outbreak in the U.S.
(CDC, 2003). In the report, 30 participants received Dryvax in either a pre-exposure prophylaxis
or post-exposure prophylaxis setting and one of the 30 vaccinated participants developed mpox.
Since there was no control, no meaningful conclusion regarding the effectiveness of ACAM2000
for prevention of mpox disease could be reached from the report.

Additionally, the Applicant cites a publication where the authors evaluated panels of serum
samples for poxvirus-induced antibodies from individuals vaccinated with ACAM2000 or
Jynneos, and those with prior mpox infection (Otter, et al., 2022). The authors concluded that
antigen recognition between smallpox vaccinated individuals and mpox convalescent individuals
is analogous; however, in the smallpox-vaccinated group, only 5 of the 45 samples were
collected from individuals vaccinated with ACAM2000. Given the small sample size and lack of
clinical correlation, these results do not inform the effectiveness of ACAM2000 for prevention of
mpox disease.
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Reviewer Comment: Results from the two additional published studies submitted by the
Applicant should be interpreted with caution with respect to effectiveness of ACAM2000 for
prevention of mpox disease due to limited information about study participants, small sample
size, and lack of a control group.

6.2.3 Safety and Effectiveness Conclusion

The safety profile of ACAM2000 has been established in adults and is described in the current
Pl, including a Boxed Warning. The safety profile of ACAM2000 in the pediatric population was
not assessed in clinical trials and is considered comparable to Dryvax, which is described in the
current PI. The benefit-risk assessment of ACAM2000 may be favorable, depending on MPXV
clades and associated disease severity during a certain outbreak.

Efficacy of ACAM2000 against mpox has not been assessed directly in humans. However,
effectiveness of ACAM2000 against mpox can be reasonably inferred through the following
evidence:
e Protection of ACAM2000-vaccinated NHPs against subsequent challenge with lethal
dose of MPXV
¢ Non-inferiority of vaccinia-specific neutralizing antibody titers compared to Dryvax in
both humans and NHPs
e Protection from mpox among Dryvax recipients reported in a published observational
study (acknowledging potential for bias and confounding)

9. ADDITIONAL CLINICAL ISSUES
9.1 Special Populations

9.1.3 Pediatric Use and PREA Considerations

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), this application is required to
contain an assessment of the safety and effectiveness of the product for the claimed indication
in all pediatric age groups. The Applicant requested to extrapolate the effectiveness of
ACAM2000 for the prevention of mpox in adults to the pediatric population ages birth to 17
years, based on the FDA statute, Section 505B(a)(2)(B)(i) of the PREA.

In the pediatric assessment document, the Applicant demonstrated that transmission and
clinical presentations of mpox in outbreaks before the most current mpox outbreak in 2022 are
similar amongst children and adults (Gessain, et al., 2022; Laurenson-Schafer, et al., 2023).
The average of the median age of mpox infection in Africa has evolved from 4 and 5 years old in
the 1970s and 1980s to 10 and 21 years old in the 2000s and 2010s (Bunge, et al., 2022).

During the 2022 mpox outbreaks, the majority of cases were reported in men who have sex with
men (MSM) and skin lesions were generally observed in genital areas. Epidemiologic and
clinical characteristics were similar for the age groups 0 to 4 and 5 to 12 years, whereas mpox
patients 13 to 17 years of age who were more likely to be sexually active and commonly
reported MSM sexual behavior, had more genital lesions than observed in adults (Hoxha, et al.
2023). The differences of clinical presentation of mpox between individuals <12 years of age
and those >13 years of age (i.e., potentially sexually active) were likely due to transmission
between MSM during the 2022 mpox outbreaks. However, the transmission in general (i.e.,
close contacts) and the pathogenesis of mpox are considered to have been similar amongst
children and adults during the 2022 mpox outbreaks.
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Based on historical data, the safety profile and effectiveness of Dryvax in prevention of smallpox
and mpox were similar in children and adults. Since ACAM2000 was cloned from Dryvax and
demonstrated non-inferiority in terms of vaccinia-specific neutralizing antibody titers and vaccine
take rates compared with Dryvax in adults during pre-licensure clinical trials, it is reasonable to
expect that ACAM2000 is effective against mpox in children. Note, for the smallpox indication,
clinical trials evaluating ACAM2000 vaccine were not conducted in children and the level of nAB
induced after smallpox vaccination in this population is not known.

Therefore, CBER agreed to grant the Applicant’s request to extrapolate effectiveness of
ACAMZ2000 against mpox disease in adults to all pediatric populations.

10. CONCLUSIONS

Based on the protective capacity of ACAM2000 of NHPs from lethal challenge with MPXV, the
non-inferior vaccinia-specific neutralizing antibody titers generated by ACAM2000 compared to
Dryvax, and potential protective capacity of Dryvax recipients against mpox in a published

study, it is reasonable to conclude that ACAM2000 may protect individuals from mpox disease.

The safety profile of ACAM2000 has been established and adequately described in the current
USPI. No additional safety data was provided in this submission. The safety profile of
ACAMZ2000 in prevention of mpox in general is acceptable; however, the final assessment of
acceptability of the safety profile of ACAM2000 for this indication depends on the virulency of
MPXYV (i.e., MPXV clades and associated disease severity) during mpox outbreaks.
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11. RISK-BENEFIT CONSIDERATIONS AND RECOMMENDATIONS

11.1 Risk-Benefit Considerations

Table 1. Risk Benefit Considerations

Decision Factor

Evidence and Uncertainties

Conclusions and Reasons

Analysis of
Condition

Mpox is a classical zoonosis, most human infections being attributable to contact with infected animals.
Mpox can be transmitted from humans to humans via close skin-to-skin contact, sexual activity or
through handling infected clothing or bedding.

The global Mpox outbreak in 2022 predominantly impacted men who have sex with men. However,
anyone in close contact with mpox patients may be at risk.

The most common symptom is rash that may be located on hands, feet, chest, face, mouth or near the
genitals and will go through painful or itchy pimples, blisters and scabs before healing.

Case fatality rates vary greatly, from over 10% to <1%, depending on MPXV clades.

It is unknown whether MPXV can be spread via the respiratory route by contact droplets and by aerosol.

MPVX infection is associated with
significant mortality.

Skin lesions caused by MPVX infection
have significant impact on physical and
psychosocial well-being. Mpox is a serious
medical condition.

Unmet Medical
Need

Jynneos is the only vaccine licensed for indication of mpox in individuals 18 years of age and older who
are at high risk to exposure to MPXV based on non-inferior vaccinia-specific neutralizing antibody titers
elicited by 2 doses of Jynneos compared with a single dose of ACAM2000 and protection against
MPXV challenge in animal studies.

No licensed drug is available for treatment of mpox.

A single licensed vaccine may not meet the public health supply-demand needs during an mpox
outbreak, as occurred with Jynneos during the 2022 global mpox outbreak.

Uncertainties: The only currently licensed vaccine against mpox, Jynneos, is a two-dose regimen
administered at 28 days apart. The effectiveness of a two-dose Jynneos regimen vs a one-dose
ACAM2000 regimen in reactive vaccination or post-exposure prophylaxis setting is unknown.

An unmet medical need exists for effective
mpox vaccine for individuals <18 years of
age.

Potential vaccine shortage was a concern
during the 2022 global outbreak and may
be a public health concern in future
outbreaks. Licensure of ACAM2000 would
provide another vaccine option during future
outbreaks.

A single dose regimen of ACAM2000 may
have advantage over a two-dose regimen
for Jynneos in reactive vaccination or post-
exposure prophylactic settings.

Clinical Benefit

A single dose of ACAM2000 in humans elicited vaccinia-specific neutralizing antibody responses that
are believed to be effective to prevent mpox.

A single dose of ACAM2000 vaccination completely protects NHPs from challenge with lethal dose of
MPXV.

An observational study in literature demonstrated that vaccination with ACAM2000’s predecessor,
Dryvax, offered 85% protection compared with people who were not vaccinated with Dryvax, although
the results should be interpreted with caution.

Uncertainties: No randomized controlled clinical efficacy study is available to confirm the efficacy of
ACAM2000 against mpox.

Available evidence indicates that a single
dose of ACAM2000 is likely effective in
prevention of mpox.

Risk & Risk
Management

ACAM2000 may cause myocarditis, pericarditis, encephalitis, encephalomyelitis, encephalopathy,
progressive vaccinia, generalized vaccinia, severe vaccinial skin infections, erythema multiforme major,
eczema vaccinatum, accidental eye infection, fetal vaccinia and fetal death.

The risks of ACAM2000 may result in
severe disability, permanent neurological
sequelae or death.

Risk mitigation strategies include
communication of risks and benefits by
including a Box Warning and Warnings and
Precautions in Section 5 of the PI to
describe the risks of ACAM2000, and direct
counseling prior to vaccination according to
individual risks and benefits.
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11.2 Risk-Benefit Summary and Assessment

Mpox is a serious condition of global relevance. Severity and fatality rates of mpox vary greatly
and appear to be dependent on MPXV clades. Recently, a systemic review showed that the
overall fatality rate of mpox regardless of clade was 8.7%, with the fatality rate of 10.6% and
3.6% for the Central African clade and the West African clade, respectively (Bunge, et al.,
2022). However, the overall mortality rate was <1% during the global 2022 mpox outbreak for all
age groups (Laurenson-Schafer, et al., 2023; Kava, et al, 2022). Although symptoms of mpox
observed during 2022 outbreaks appeared to be less severe, future mpox global outbreaks
could occur with a more virulent mpox strain, impacting the overall case fatality rate for mpox
disease.

Pre-licensure clinical trials demonstrated that a single dose of ACAM2000 elicited non-inferior
vaccinia-specific neutralizing antibody titers compared with Dryvax. Historical data indicated that
vaccination with Dryvax protected the vaccine recipients from mpox. In addition, vaccination
with ACAM2000 prevented NHPs from subsequent challenge with a lethal intravenous or
inhalational dose of MPXV. It is reasonable to expect that ACAM2000 can prevent mpox in
humans.

The risks of ACAM2000 are well established and described in the current USPI. ACAM2000
vaccination may result in myocarditis, pericarditis, severe disability, permanent neurological
sequelae or even death.

Uncertainties in the benefit-risk assessment include severity of mpox during actual outbreaks
and the potential effectiveness of ACAM2000 for the prevention of mpox, in the context of the
risks of ACAM2000. It is possible that the benefit-risk profile could become less favorable if the
disease caused by some MPXV clades is only moderate as reported in the 2022 mpox
outbreaks (Hennessee, et al., 2022).

In conclusion, the currently available data support a benefit-risk profile that is favorable for
approving ACAM2000 for use in individuals at high risk of exposure to MPXV. Mitigation of the
observed risks and uncertainties will be accomplished through labeling, including a Boxed
Warning and Warnings and Precautions regarding the risks of ACAM2000 that are already in
the current USPI, and shared decision making between healthcare providers and potential
vaccinees.

11.3 Discussion of Regulatory Options

In the opinion of this reviewer, the available data support the approval of the proposed labeling
changes to expand the indication to mpox.

11.4 Recommendations on Regulatory Actions

This reviewer recommends approval of the proposed labeling changes.

11.5 Labeling Review and Recommendations

The following major labeling changes are agreed upon by the Applicant and the Agency:
e In Section 2.7, scab separation was changed from “within 14 to 21 days” to “3 to 6
weeks” after vaccination.
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e Section 13.2 was updated to include the efficacy of ACAM2000 to protect Cynomolgus
macaques against mpox virus challenge.

e Section 14 of the Pl was updated to include a sentence, “The effectiveness of
ACAM2000 for the prevention of mpox is based on its effectiveness for the prevention of
smallpox and efficacy in animal challenge studies”.

The Applicant proposed to replace the photos of cutaneous reactions following live replicating
vaccinia virus-based vaccines in Section 2.7 of the current UPSI with the photos from CDC.
The cutaneous reaction photos in the current USPI were derived from a publication with an
unknown vaccine. The Agency asked the Applicant to provide the photos from ACAM2000
clinical trials, and the Applicant responded that such photos are not available. The Applicant
explained that, based on history of Dryvax availability, and the date the photos were taken, the
CDC images were likely cutaneous reactions following ACAM2000 vaccination, although they
could not confirm it. The Agency agreed to use the photos from CDC in the revised USPI.

11.6 Recommendations on Postmarketing Actions

No additional postmarketing assessment is recommended.
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