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DISCLAIMER STATEMENT
The attached package contains background information prepared by the Food and
Drug Administration (FDA) for the panel members of the Advisory Committee. The
FDA background package often contains assessments and/or conclusions and
recommendations written by individual FDA reviewers. Such conclusions and
recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division
or Office. We have brought a possible pathway for approval of rabies virus
monoclonal antibodies for use as the passive-immunization component of postexposure prophylaxis to this Advisory Committee in order to gain the Committee’s
insights and opinions. The background package may not include all issues relevant to
the final regulatory recommendation and instead is intended to focus on issues
identified by the Agency for discussion by the advisory committee. The FDA will
not issue a final determination on the issues at hand until input from the advisory
committee process has been considered and all reviews have been finalized. The final
determination may be affected by issues not discussed at the advisory committee
meeting.
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1. Introduction and Charge to the Committee
Anti-rabies virus monoclonal antibody (mAb) cocktails are being developed as an
alternative to anti-rabies virus immunoglobulin (RIG) as a component of post-exposure
prophylaxis (PEP). The development pathway for these cocktails will be uniquely
challenging. The purpose of this backgrounder is to provide the Division of Antiviral
Products’ perspective on these challenges and a proposed development pathway to
support approval. Notably, issues related to the development of monoclonal antibodies
(mAb) for use in rabies PEP were discussed at a 2017 Public Workshop.
The Advisory Committee will be charged with discussing and rendering opinions on
whether the components of the proposed approach are acceptable. This includes the
information needed prior to starting clinical studies in rabies-exposed subjects, the
information needed from clinical studies in rabies-exposed subjects, and the appropriate
balance of information obtained prior to approval versus post-approval from clinical
studies in rabies-exposed subjects.

2. Background
2.1.

Rabies Post-Exposure Prophylaxis

Rabies has an almost 100% case fatality rate after clinical symptoms develop and there is
no proven treatment. However, the long incubation period between rabies virus exposure
and the development of clinical disease (generally between 20 and 60 days1) allows for
post-exposure intervention, with current rabies PEP almost 100% effective in preventing
rabies. Globally, approximately 17 million people per year receive PEP after rabies virus
exposure2, including approximately 23,000 people in the United States (U.S.)3. Despite
this available prophylaxis, approximately 59,000 people die from rabies worldwide each
year4,5. Most cases of rabies occur either because PEP was not administered or because
PEP was administered incorrectly1,5.
PEP consists of three components (in people not previously vaccinated against rabies):
1. thorough washing of the wound;
2. prompt initiation of a rabies vaccine series; and
3. prompt administration of RIG in and around the wound (outside of the U.S., RIG
is only included for World Health Organization [WHO] category III exposures,
which include any transdermal bites or scratches, contamination of mucous
membrane or broken skin with saliva from animal licks, or exposures due to direct
contact with bats). See Appendix A5.
2.2.

Importance of RIG After Severe Rabies Virus Exposures

While thorough washing of the wound and prompt completion of a modern rabies
vaccination series alone has been estimated to prevent rabies in approximately 99% of
people exposed to rabies virus5, RIG is vital to rabies prevention after more severe
exposures, particularly bites to the head and neck. The importance of RIG was
demonstrated in a 1954 clinical study among 29 Iranian subjects bitten by the same rabid
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wolf6. The 11 subjects without head wounds all survived with wound care and vaccine
regardless of whether they also received RIG. However, among subjects with severe
head wounds, all treated with wound care and vaccine, rabies mortality was 60% (3/5
subjects) without RIG versus 8% (1/13 subjects) with RIG. The one subject who died
despite receiving RIG failed to develop more than trace rabies virus neutralizing antibody
(RVNA) after the seventh day, in contrast to the subjects who received RIG and vaccine
and survived7. Of note, this study used older versions of the vaccine and nonuniform
doses of RIG and occurred before randomized controlled trials were standard, but it is the
only comparative study of RIG versus no RIG after rabies exposure. However,
subsequent observational reports supported these findings8,9, including a review which
noted that 90% of 28 reported PEP failures were likely due to absent or incorrect RIG
administration10.
The pathophysiology of rabies virus infection also supports the importance of RIG after
severe rabies virus exposures. After a person is exposed to saliva from rabid mammals,
rabies virus replicates in muscle cells surrounding the wound, enters the peripheral
nerves, and travels approximately 15-100 mm/day to the spinal cord and eventually the
brain1,5. Once in the brain, rabies virus replicates and rapidly disseminates throughout
the body. Rabies symptoms do not develop until rabies virus reaches the brain, which
leaves a window during which PEP can be effective. People vaccinated with a rabies
vaccine series develop RVNAs greater than 0.5 IU/mL within 7-14 days5. It should be
noted that 0.5 IU/mL is the level used by WHO as a measure of adequate vaccine
response11, but it is unknown what level offers protection after RIG administration in the
period before the vaccine-induced RVNAs develop. Because wounds to the head and
neck are closer to the brain, rabies virus would be more likely to reach the brain in the 714 days before vaccine-induced RVNAs develop, increasing the importance of the
protection provided by RIG.
It should be noted that it is not possible to precisely quantify the contribution of RIG to
the efficacy of PEP with current rabies vaccines, particularly as estimates of the efficacy
of the vaccine and wound washing alone vary considerably based on numerous factors.
These factors include the vaccine used, the interval between exposure and vaccination,
the location and severity of the bite, the prevalence of rabid animals in the area (i.e., the
likelihood that the biting animal was rabid), and the rabies virus inoculum in the saliva12.
In addition, following the Iran study and its impact on standard of care, evaluation of
RIG’s contribution to efficacy through placebo-controlled trials was not considered
acceptable. However, based on widespread assumptions regarding likely efficacy of
modern vaccines and wound washing, for many patients the efficacy contribution of RIG
may be unclear (see Appendix B).
2.3.

Types of RIG

RIG is produced from the pooled serum of individuals hyperimmunized against rabies
virus, and currently is either of human (HRIG) or equine (ERIG) origin. HRIG and
ERIG are considered to have equal effectiveness5. Older formulations of ERIG had high
rates of adverse events, including serum sickness in 40% of adult recipients1. Current
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formulations of ERIG are highly purified and contain F(ab´)2 fragments instead of the
whole equine immunoglobulin, and serum sickness rates are now around 1%1. Adverse
events associated with HRIG are generally limited to pain at the administration site and
low-grade fever1, but rare cases of hypersensitivity reactions and anaphylaxis have been
reported in the post-marketing setting13-15. Although WHO previously recommended
HRIG over ERIG for severe bites, the 2018 recommendations do not distinguish between
HRIG and ERIG5,16. In the U.S., only HRIG is commercially available (KEDRABTM,
HyperRab®, and Imogam®). Globally, in developing countries where rabies is endemic,
ERIG is used more often because of its lower cost versus HRIG17.
2.4.

Challenges with Current RIG

Despite its effectiveness in preventing rabies after severe exposures, RIG is administered
in less than 2% of WHO category III exposures worldwide5. Reasons for RIG’s
worldwide underutilization include cost, insufficient supply, and dependence on the coldchain.
Even in the U.S., where RIG is generally not underutilized among patients who present
for PEP, an alternative to RIG could be useful. First, an alternative product that can be
rapidly produced would be beneficial in the event of an HRIG shortage. The U.S. supply
is dependent on three manufacturers, with one manufacturer responsible for an estimated
80% of HRIG used, so any event that compromises manufacturing facilities could result
in a shortage. HRIG shortages occurred in the U.S. in 2004 and 2007-2008, in one case
related to vaccine supply issues. Secondly, pooled human plasma products such as HRIG
have a theoretical risk of transmitting yet-to-be-identified blood-borne pathogens. Bloodborne pathogen transmission has not been reported with HRIG, and the current HRIG
products are required to include donor screening for risk factors, serologic and nucleic
acid testing for viral pathogens, and at least two viral inactivation/clearance steps. The
risk of pathogen transmission with HRIG is considered to be remote but still exists.
2.5.

Potential Advantages of mAb Cocktails for Rabies PEP

For these reasons, mAb cocktails have been investigated as an alternative to RIG. WHO
has recommended a cocktail of at least two mAbs that target different, non-overlapping
antigenic sites on the rabies virus envelope G glycoprotein, the protein that is the sole
target of RVNAs2,18. These mAb cocktails could have improved consistency, possible
improved safety by eliminating the potential for transmission of blood-borne pathogens,
and production methods capable of being increased in response to need19.
There is substantial international interest in potential availability of RIG alternatives, as
illustrated by the 2016 approval of a single-mAb product in India and by reports of
several mAb cocktail products under development5,20,21. Of note, in August 2018, rabies
was added to the list of tropical diseases for which certain products can qualify for a
Tropical Disease Priority Review Voucher upon approval, which may offer additional
incentives to stimulate development of new products for rabies treatment or
prevention22,23
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2.6.

History of U.S. HRIG Approvals

The U.S. approvals of the biologics license applications (BLAs) for the three marketed
HRIG formulations were primarily based on serologic outcomes in clinical trials
enrolling healthy subjects, with reference to field experience for supporting efficacy data
for RIG in general13-15. The BLAs for HyperRab (1974) and Imogam (1984) were
approved when no or only one other HRIG preparation was available, so tolerance of
greater uncertainty was considered acceptable. In addition to the clinical trial data, the
BLA for recently licensed KEDRAB (2017) included information that >250,000 people
had received it as part of PEP in the post-marketing setting in other countries, without
any PEP failures or excessive toxicity reported24. For HRIG preparations standardized to
the same potency as HyperRab, and with similar RVNA profiles and pharmacokinetic
parameters, it was reasonable to assume that these new products would likely have
similar efficacy and breadth of activity as HyperRab. This cannot be extrapolated to
mAb cocktails, which will contain as few as two antibodies targeting two epitopes instead
of the numerous antibodies targeting multiple epitopes that would be expected in
polyclonal HRIG. Thus, these new products are qualitatively different from HRIG
preparations. The development pathway for mAb cocktails will not be the same as
additional data will be needed to provide adequate assurance of the efficacy and safety of
these new products.

3. Challenges Concerning Rabies PEP mAb Cocktail Development
and Approval in the U.S.
The development pathway for rabies PEP mAb cocktails is currently not clearly defined.
Challenges in determining an appropriate pathway include the following:
1. Clinical Trial Design Issues:
a. Definitive clinical endpoint (mortality) trials that demonstrate
noninferiority versus RIG are not feasible due to prohibitively large trial
sizes for adequate power. Furthermore, placebo-controlled trials (in which
the control group receives vaccine and wound washing plus placebo) are
widely considered to be unacceptable. Without RIG, wound washing and
rabies vaccine by themselves are estimated to be approximately 99%
effective at preventing clinical rabies5. Complete PEP with RIG is thought
to increase this rate to around 99.9% (Appendix B), but the contribution
of RIG is not precisely known.
b. Use of historical control data is challenging because multiple factors affect
the risk of clinical rabies after potential exposure including whether the
animal was truly rabid (which is usually unknown), the location of the bite
on the body, the number and depth of bites, the type of vaccine used, and
the time interval between the bite and initiation of PEP12. There is not
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even a clear consensus on the definition of “prompt” initiation of PEP, but
only a general recommendation that PEP be initiated as soon as possible
after exposure.
c. Enrollment of rabies-exposed subjects will be particularly challenging for
the following reasons:
i. PEP should be given as soon as possible for optimal efficacy. So,
prompt referral of potential subjects from outlying areas to a
centralized study center may not be possible.
ii. Large bite centers exist in places such as the Philippines that
provide PEP to thousands of patients with WHO category III rabies
exposures annually, but most provide RIG, and many provide RIG
free of charge. Given the consequences of ineffective treatment,
patients may be unwilling to receive an experimental product when
RIG is available.
iii. Practical knowledge demonstrates that enrollment might be slow.
A rabies mAb clinical trial in rabies-exposed subjects took >2
years to enroll 200 total subjects at 5 hospitals across India20.
However, another study is reportedly being planned in 4000
subjects with WHO category III rabies exposure, so larger studies
may be feasible21.
2. Surrogate Endpoint Issues: Serologic correlates of rabies virus protection, which
have been used in many PEP trials, have no established thresholds for protection for
passive immunization with RIG or mAb cocktails. The serologic correlate
traditionally used is RVNA measured through the rapid fluorescent foci inhibition test
(RFFIT). The RFFIT is a cell culture assay that measures neutralizing activity in a
sample (e.g., serum) against rabies virus (typically the CVS-11 strain). The RFFIT
was developed to measure RVNA that forms in response to rabies vaccination and
does not distinguish between vaccine-induced RVNA and RVNA due to passive
administration of RIG or mAb cocktail.
a. Serum RVNA levels at early time points after PEP initiation, before
vaccine-induced RVNAs are produced (up to Day 7), have an unclear
correlation to clinical outcomes. Early RVNA levels from passive
immunization with RIG usually do not surpass 0.5 IU/mL, the generally
accepted protective level for vaccine-induced immunity, even when RIG is
considered efficacious25. In addition, as RIG and mAb cocktails are
thought to be most effective for neutralizing rabies virus at the wound site
(rabies virus does not establish viremia)5,26, serum RVNA levels after IM
or wound injection provide only an indirect measure of levels in the
tissues where RVNAs are most needed.
b. Serum RVNA levels at later time points after PEP initiation (such as Day
14) are not expected to be a useful surrogate for the efficacy of mAb
cocktails, which are intended to provide neutralizing activity before
vaccine-induced antibodies are present. RVNA levels at later time points
are used to measure the interference of RIG or mAb cocktails with RVNA
production due to rabies vaccine, because most of the RVNA observed at
those time points is vaccine-induced27,28. For example, RVNA levels at
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3.

4.

5.

6.

later time points are higher in recipients of vaccine alone than in recipients
of vaccine and RIG (see Appendix C).
c. Serum RVNA levels do not measure breadth of activity against different
rabies virus strains. A major concern with mAb cocktails is diminished
breadth of activity, as mAb cocktails containing 2 antibodies target 2
epitopes versus the multiple antibodies targeting multiple epitopes in
polyclonal RIG. As such, rabies virus strains bearing polymorphisms
within antibody-targeted epitopes that confer escape to neutralization are
more likely to exist for mAb cocktails than RIG.
d. The use of different potency standards complicates direct comparisons
between a mAb cocktail and RIG. Neutralizing activity is typically
expressed in units of mg/mL for mAbs and IU/mL for RIG. Although it is
possible to calibrate the neutralizing activity of mAbs in units of IU/mL by
using the same WHO international reference antibody and virus standards
used for RIG preparations, differences in the breadth of neutralizing
activities of mAb-based products versus RIG could lead to misleading
results.
Dose Selection: Dose selection for mAb cocktails is uniquely challenging, as too
high of a dose could interfere with the vaccine response, and the vaccine response is
thought to be more important than passive immunization for rabies prevention.
Administration Issues: Administration of mAb cocktails or RIG in and around bite
wounds cannot be directly replicated in healthy subjects or animal models, but only
approximated by intramuscular (IM) administration.
Other Animal Challenge Model Issues:
a. The susceptibility to different rabies virus strains varies by animal species,
so not all rabies strains can be used in all animal challenge models.
Models can also be adapted to favor a particular product based on the
mAb susceptibilities of the challenge strain chosen.
b. The protective effect of vaccines administered post-exposure in humans is
generally not captured in the animal challenge models used to evaluate
passive administration with RIG or mAb cocktail.
c. Rabies virus inoculation through a bite wound cannot be done in animal
challenge studies for ethical reasons and can only be approximated
through IM injection.
Issues Related to the Severity of the Condition and the Importance of Prompt
Treatment at Initial Presentation:
a. While RIG is underutilized in many rabies endemic areas, it is not
generally underutilized in the U.S. in cases where rabies virus exposure is
identified. Demonstrating that the mAb cocktail has acceptable levels of
vaccine interference would not be sufficient for U.S. approval. Any mAb
cocktail would need to have adequate assurance of efficacy and safety to
support its use as an alternative to HRIG.
b. Ideally, any mAb cocktail would have neutralizing activity equal to or
superior to HRIG against a breadth of rabies virus variants found in the
U.S. (bat, fox, skunk, and raccoon isolates) and from international
exposures in returning travelers (primarily dog isolates).
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i. Although half of rabies deaths in the U.S. are due to rabies virus
variants found in bats, a third are due to canine rabies virus
variants likely acquired during international travel, with the
remainder due to other variants such as raccoon, fox, and
skunk29,30.
ii. The species of animal that bites a patient will not necessarily
correlate with the lineage of the rabies virus strain (for example, of
rabies-infected wild animals for which the rabies virus strain was
identified in the U.S. in 2016, 33% of skunks and 76% of foxes
were infected with raccoon variants)30.
c. Ideally, any mAb cocktail would have safety data from a broad population
prior to approval. It would be highly desirable to include pediatric
patients in the Phase 3 studies conducted in rabies virus-exposed subjects
after safety has been demonstrated in adults. Because HRIG and mAb
cocktails need to be administered as early as possible after rabies virus
exposure (preferably within 24 hours), it would be desirable for a health
center providing PEP to have the option to stock one product suitable for
all exposed patients.

4. Proposed Approach for Development and Approval
Adequate and well-controlled clinical trials that provide definitive evidence of
effectiveness of the mAb cocktail component towards the prevention of rabies mortality
may not be possible. Superiority trials of mAb cocktail versus placebo (both in addition
to vaccine and wound washing) are widely considered to be unacceptable because of the
approximate 100% mortality rate for rabies and the approximate 100% effectiveness of
current PEP. A noninferiority trial compared to HRIG would require enrollment of tens
of thousands of rabies virus-exposed subjects to be adequately powered, which is not
logistically feasible. Therefore, alternative approaches are needed.
To determine the optimal approach for the evaluation of mAb cocktails as part of rabies
PEP, we have had multiple discussions both internally and externally. We held a public
workshop on developing rabies mAb cocktails on July 17, 2017, with numerous rabies
experts from around the world31. We have had extensive internal discussions, including
with our counterparts involved with HRIG approvals in the Center for Biologics
Evaluation and Research (CBER). Building on these discussions, we propose the
approach that is described below. We are asking the committee to provide feedback
during the Advisory Committee meeting. Each type of data (clinical mortality data,
clinical serologic data, animal challenge studies, and cell culture data) would contribute
important information, but none are sufficient on their own. The contributions and
limitations of each component of the proposed approach are also summarized in a table in
Appendix D.
1. Information Needed Prior to Initiating Clinical Trials in Rabies Virus-Exposed
Subjects:
a. Cell culture activity studies for breadth and potency: Demonstrate at least
comparable breadth of neutralizing activity for the mAb cocktail, at clinically
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relevant concentrations, by comparison versus HRIG in cell culture against a
panel of rabies virus isolates representative of the diversity of rabies virus
strains from multiple animal species (bats, dogs, foxes, raccoons, and skunks
and possibly mongoose and raccoon dog) and from multiple locations (U.S.
and areas in Asia and Africa where rabies is endemic).
b. Animal challenge studies: Ideally, animal models of rabies PEP will
demonstrate that the mAb cocktail at the to-be-marketed concentration is
superior to placebo and similar to HRIG in reducing mortality.
i. Animal models would likely include hamster and/or dog.
ii. The selection of rabies virus challenge strains should depend on
exposure risks (e.g., dog and bat isolates) and consider the
neutralization profiles of the mAbs in the cocktail. Including challenge
strains for which each (or all) component mAbs have the least
neutralizing activity would be preferable to increase confidence that
reductions in mortality with the challenge strains could be extrapolated
to other, more susceptible strains.
c. Clinical studies in healthy subjects (not exposed to rabies)
i. Phase 1 study of mAb or HRIG alone (without rabies vaccine):
Dose-ranging study of mAb cocktail versus HRIG. Both
intramuscular and subcutaneous administrations of the mAb cocktail
and HRIG should be studied to best encompass how these products
could be administered as PEP (into and around the wound).
1. The duration (half-life) of the serum RVNAs should be similar
for the mAb cocktail versus HRIG.
2. The peak RVNA levels (in IU/mL) and the RVNA AUC
should be similar or higher for the mAb cocktail versus HRIG.
Serum should be collected at multiple time points to accurately
capture the peak RVNA levels.
ii. Phase 1 study with vaccine plus mAb or HRIG versus vaccine
alone: Dose-ranging study of mAb cocktail versus HRIG, each in
combination with the rabies vaccine series, versus the rabies vaccine
series alone (preferably in U.S.) (see Appendix C).
1. The RVNA levels at earlier time points (up to 7 days), prior to
when RVNAs produced by vaccine would be expected to
dominate, should be comparable for the mAb cocktail versus
HRIG. Of note, there is no established protective threshold at
the early time points, but HRIG is considered to be effective.
2. The amount of vaccine interference should be comparable to
that observed with HRIG at the selected mAb dose. The
dichotomous endpoint of RVNA levels ≥ 0.5 IU/mL at Day 14
was used to measure vaccine interference for HRIG approvals.
However, if the mAb cocktails alone increase RVNA levels to
≥ 0.5 IU/mL at Day 14 and later, there could be complete
interference with vaccine response, and it would not be
detected using this method. See Appendix C for alternative
methods of measuring vaccine interference in this situation.
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3. It would also be useful to compare the Day 14 RVNA
geometric mean titers for the mAb cocktail versus the HRIG
groups, acknowledging that these RVNA would be a
combination of vaccine-induced RVNA and RVNA from
passive immunization with mAb cocktail or HRIG. Based on
the pathophysiology of rabies virus infection, total RVNA at
this time point would be important for rabies virus
neutralization regardless of the RVNA source.
2. Clinical Trials in Rabies Virus-Exposed Subjects Needed Prior to Approval:
a. Phase 2/3 randomized, controlled trials of mAb cocktail versus HRIG,
each in combination with thorough wound washing and rabies vaccine
series, in subjects with WHO category III rabies virus exposure
(predominantly in rabies endemic countries).
i. Enrollment in several rabies endemic countries with different endemic
rabies strains would be preferred.
ii. Studies could start with lower risk WHO category III exposures (such
as wounds in the lower extremities) in adult subjects only. However,
after a certain number of subjects have been enrolled, and if the prespecified interim analysis finds no reason to stop the trials, the trials
should be expanded to enroll subjects with higher risk WHO category
III exposures as well as pediatric subjects (assuming the nonclinical
studies and adult PK studies support pediatric dosing).
iii. Primary endpoint: Comparability of RVNA levels at early time points
(up to 7 days) for mAb cocktail versus HRIG recipients.
iv. Secondary endpoints:
1. Comparability of vaccine interference for mAb cocktail versus
HRIG recipients (with vaccine interference measured as
described above or in Appendix C).
2. Absence of rabies mortality. Rabies mortality should not be
seen in subjects treated with the mAb cocktail. If one or more
rabies deaths occur, and PEP was given correctly and
promptly, this would raise significant efficacy concerns.
Further recommendations include:
a. Rabies virus-exposed subjects should be followed for at
least one year to monitor for rabies deaths.
b. The trials should be designed so that ≥ 750 subjects
with WHO category III exposure in rabies endemic
countries are treated with PEP including the mAb
cocktail and followed for at least one year. Lack of
rabies mortality out of these ≥ 750 subjects would
indicate that survival after WHO category III exposure
is > 99.5% with PEP that includes the mAb cocktail
(based on the 95% confidence interval, Appendix E).
c. A plan should be in place to prospectively assess
whether PEP was administered promptly and correctly,
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with this assessment recorded at the time PEP is
administered.
The detail above regarding the clinical study or studies is provided as an example for
discussion. We are seeking Advisory Committee recommendations regarding the number
of subjects that should be required, and the survival rate that should be demonstrated.
b. Safety Considerations: At least 1000 subjects should have received the mAb
cocktail at or above the to-be-marketed dose (this total can include healthy
subjects from the Phase 1 studies as well as rabies-exposed subjects).
i. Passive immunization with either RIG or a mAb cocktail in addition to
wound washing and vaccine would only benefit approximately 1% of
recipients5, so the rate of serious adverse drug reactions should be low.
ii. Lack of a serious adverse drug reaction in 1000 subjects would
provide 95% confidence that the rate of serious adverse drug reactions
in the population is < 0.3%32. The acceptability of any identified
safety issues would be a review issue.
iii. If the mAb cocktail is already approved in other countries, and there is
post-marketing data that is well-characterized in terms of number of
patients dosed, number of rabies deaths, and serious adverse events,
these data might be considered for use in place of some of the safety
data outlined above, at the discretion of the Division.
3. Postmarketing Requirements:
a. Clinical study or studies to monitor for rabies deaths and serious adverse
events among ≥ 6000 PEP-with-mAb cocktail recipients after WHO
category III exposure in rabies endemic countries, with monitoring for at
least one year.
i. The requirement for 6000 subjects is to demonstrate > 99.9% survival
after rabies exposure through receipt of PEP that includes the mAb
cocktail (see Appendices B and F).
1. For the study to demonstrate efficacy, the mortality rate for
mAb + vaccine + wound washing should be < 0.1%, based on
the 95% confidence interval. Using an alternative hypothesis
of 0.01%, approximately 6000 subjects would provide
sufficient statistical power (88%) to test such a hypothesis.
2. Pre-licensure clinical trial participants could be included in this
total.
The detail above regarding the clinical study or studies is provided as an example for
discussion. We are seeking Advisory Committee recommendations regarding the number
of subjects that should be required, and the survival rate that should be demonstrated.
ii. Although this study will not be powered to demonstrate noninferiority
versus RIG for rabies mortality, ideally these studies would be
randomized controlled trials with disproportionate randomization to
PEP with mAb cocktail versus PEP with RIG for better context to
interpret the trial results. A 6:2 (i.e. 3:1) or 6:1 allocation ratio would
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be preferred to make the efficacy data more interpretable and to allow
for a comparative safety evaluation.
iii. A plan should be in place to prospectively assess whether PEP was
administered promptly and correctly, with this assessment recorded at
the time PEP is administered. In addition, a plan for a thorough,
unbiased adjudication of any deaths would be needed. More than one
rabies death with prompt and correct mAb cocktail administration
could raise additional concerns regarding the benefit/risk assessment
for the mAb cocktail.
iv. If this data is already available from other countries in which the mAb
cocktail was previously approved, or if it is possible to obtain this
information from a registry, this requirement could potentially be
modified.
b. A plan and infrastructure to allow surveillance for new rabies virus
strains and activity of the mAb cocktail against those strains should exist.

5. Points for Advisory Committee Discussion
The Division is convening this meeting to solicit the Committee’s comments on the
following topics and questions.
Topic #1: Data needed to support trials in rabies virus exposed subjects
Please discuss the types of data (described in more detail above) needed to allow
initiation of PEP with mAb cocktail trials in rabies virus-exposed subjects.
In principle, would clinical trials of an investigational mAb cocktail product as part of
PEP in rabies virus-exposed subjects be acceptable if the data package available to
support trial initiation included the following elements? If not, what additional data
elements would be needed?
1. Cell culture data demonstrating breadth of coverage,
2. Animal challenge studies demonstrating a survival benefit, and
3. Clinical studies in healthy volunteers (not rabies virus-exposed) demonstrating a
similar half-life, comparable early RVNA levels, and comparable vaccine
interference of the mAb cocktail versus HRIG
Topic #2: Data needed to support a Biologics License Application (BLA) for a rabies
mAb cocktail for use in PEP
Please discuss the type and amount of clinical data, in addition to the cell culture, animal
challenge, and healthy volunteer clinical data described above, recommended as part of a
U.S. BLA for a mAb cocktail for passive immunization after rabies exposure.
Assuming the following:
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•
•
•

Comparable early RVNA levels and vaccine interference with the mAb cocktail
versus HRIG in a clinical trial of rabies exposed subjects
A comparable safety profile of the mAb cocktail versus HRIG in at least 1000
subjects who receive the mAb cocktail, and
Lack of mortality in ≥750 subjects with WHO category III exposures in rabies
endemic countries randomized to the mAb cocktail arm (indicating >99.5%
survival with PEP including the mAb cocktail in place of RIG, see Appendix E)

What, if any, additional assurance that survival is not compromised by use of the mAb
cocktail in place of RIG would be needed to support an initial approval? Do you agree
with the size and nature of the pre-approval and post-marketing studies described above
as examples? Please discuss any alternative recommendations.
What, if any, additional assurance that survival is not compromised by use of the mAb
cocktail would be needed to recommend use as a first line component of PEP (as an
alternative to RIG) versus as an alternative component of PEP when RIG is not available?
What additional data should be collected post-approval?
Please consider the sample size calculations from Appendix F in your discussion.
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6. Appendices
Appendix A: Rabies PEP Recommendations
Rabies PEP with wound washing, RIG, and a rabies vaccine series is recommended after
significant rabies exposure for anyone not previously vaccinated against rabies5,33. For
people previously vaccinated against rabies, only wound washing and an abbreviated
vaccine series are recommended after rabies exposure (to elicit an anamnestic response).
What is considered a significant rabies exposure is different if the exposure is in the U.S.
versus in rabies endemic countries based on the different vectors5,34. In the U.S., most
exposures are from wild animals such as bats, raccoons, skunks, and foxes, while canine
rabies is rare due to dog vaccination programs. However, globally dogs are the
predominant source of rabies exposure.
The U.S. Advisory Committee on Immunization Practices (ACIP) recommends rabies
PEP based upon associated risks including the type of exposure, epidemiology of animal
rabies in the area where the contact occurred, and the species of animal involved34. In
general, the ACIP recommends administering rabies PEP after bites, or exposure of
nonintact skin or mucous membranes to saliva, from bats, skunks, raccoons, foxes, and
most other carnivores. If the biting animal is a domestic dog, cat, or ferret, the ACIP
only recommends rabies PEP if the animal is suspected to be rabid.
In rabies endemic countries, exposures generally are evaluated based on WHO criteria.
Rabies PEP including RIG is only recommended for WHO Category III exposures, while
wound washing and vaccine alone (without RIG) are recommended for WHO Category II
exposures5. The categories are as follows:
• Category I: touching or feeding animals, animal licks on intact skin
• Category II: nibbling of uncovered skin, minor scratches or abrasions without
bleeding
• Category III: single or multiple transdermal bites or scratches, contamination of
mucous membrane or broken skin with saliva from animal licks, exposures due to
direct contact with bats
Table 1: Rabies PEP Recommendations for People Not Previously Vaccinated
Against Rabies after Significant Rabies Exposure5,33
ACIP
WHO Category III
Exposures
Extensive wound cleansing
Day 0
Day 0
RIG+*
HRIG Day 0
HRIG or ERIG Day 0
Rabies vaccine
IM Day 0, 3, 7, 14
2-sites ID Day 0, 3, 7; or
IM Day 0, 3, 7, 14-28; or
2-sites IM Day 0, 1-site IM
Day 7, 21
IM: intramuscular; ID intradermal; Day 0 refers to the day of rabies vaccine initiation
+ As much as anatomically feasible should be infiltrated in area around/in wound.
*Do not administer RIG after Day 7 of rabies vaccine (in cases where delayed RIG).
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Appendix B: Efficacy Estimates for PEP Including RIG
A literature search identified mortality results from 18 studies in which PEP including
RIG was administered to subjects after WHO category III rabies exposures6,35-39. The
failure rates of PEP including RIG from these studies are shown in Table 2 below. These
studies have numerous limitations that may lead to an inaccurate estimation of the failure
rate. These limitations include:
• Different vaccine types and schedules (including older, less effective vaccines)
• Different types of RIG
• Different time intervals between exposure and initiation of PEP
• Different locations and local rabies infection rates among biting animals
The sample sizes in Table 2 were adjusted to approximate the failure rates for PEP
including RIG for WHO category III exposures of any location when the rabies status of
the biting animal is unknown. The limitations of these approximations are noted, but our
approach was limited by the scarcity of available data.
• If the study was limited to subjects known to have been bitten by an animal with
documented rabies, the total subjects was divided by 0.53 to estimate the
equivalent number of subjects if the rabies status of the animal was unknown (the
probability that a bite is from a rabid animal in rabies endemic regions is 8 to
72%, with an average probability of 53% per bitten person based on calculations
using information in supplementary table 1 in the referenced paper4). Of note, the
rabies status of the animal is usually not known when patients present for PEP.
• For the Iran trial, the proportion of subjects bitten on the head was unusually high
given the unique circumstances (a wolf attacking multiple people on a hot night
when people were sleeping outside)6. So, the estimates were based only on
subjects bitten in the head, and the number of total subjects was divided by 0.10
to estimate the equivalent number of subjects if bites in all locations were
included (the probability that a bite is located in the head or neck is approximately
10%40).
Table 2: Efficacy Estimates Based on Published Studies for PEP Including RIG
after WHO Category III Exposure in Rabies Endemic Countries
Description

9 pooled vaccine studies (all bites from
confirmed rabid animals)35
Vaccine study37
Vaccine study (all confirmed rabid)36
Vaccine study39
5 pooled ERIG studies (344 bites from
confirmed rabid animals)38
Iran trial (all head wounds, all rabid)6
Total

Rabies
Deaths

Total
Subjects
311

Adjusted
Total
Subjects
587

Failure Rate
(95% CI, Clopper
Pearson method)
0% (0, 0.63%)

0
0
0
0
3

64
84
100
1323

64
158
100
1628

0% (0, 5.6%)
0% (0, 2.3%)
0% (0, 3.6%)
0.18% (0.04, 0.54%)

1
4

13

245
2782

0.41% (0.01, 2.3%)
0.14% (0.04, 0.37%)
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Observational data suggest that the failure rate of PEP including RIG is < 0.14% but are
limited by the fact that not all rabies deaths may have been accurately diagnosed and
recorded. Using the data from the Philippines, which is the only data we are aware of
from a rabies endemic country with an estimated denominator of patients with WHO
category III rabies exposure who received PEP including RIG, the estimated failure rate
is 0.01% (5 failures/14 years/3500 patients per year). Of note, some of these 5 failures
did not complete the rabies vaccination series, which could artificially increase the rate,
but not all failures may have been captured, which would decrease the rate.
• At a large Philippines animal bite treatment center, there were 5 failures of PEP
including RIG from 2004 - 2017. Approximately 3500 WHO category III
exposures were treated with PEP including RIG in 2016 alone (personal
communication, Dr. Beatriz Quiambao).
• In the U.S. where 23,000 people receive PEP including RIG per year, none of the
32 reported rabies deaths from 1980 to 1996 received any PEP29.
• In Thailand, 3 failures of PEP including RIG were identified from 1984 - 2007 at
a facility that treats approximately 15,000 rabies exposures annually (unclear how
many were WHO category III exposures or how many received PEP including
RIG) 41 17.
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o Assess the proportion of subjects with RVNA levels ≥ 0.5 IU/mL at a later
time point when the mAb contribution to the RVNA levels would be
expected to be much less than 0.5 IU/mL
o Estimate the proportion of subjects with vaccine-induced RVNA levels ≥
0.5 IU/mL by subtracting Day 7 RVNA levels (which would be primarily
from the passive immunization with mAb cocktail or HRIG) from the Day
14 or Day 42 RVNA levels (which would be a combination of vaccineinduced RVNA and RVNA from passive immunization). This method
could only be used if the RVNA levels from mAb cocktail administration
are close to their peak by Day 7.
o Determine the effect of the mAb cocktail on the anamnestic response (e.g.,
by assessing RVNA levels induced by a vaccine boost administered one
year after the PEP series was administered).
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