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2017. With a better understand-
ing of the incentives that drive
development of rare-disease ther-
apies, tax incentives could be bet-
ter targeted. A return to the pro-
vision of tax credits equal to 50%
of clinical testing expenses may be
appropriate for therapies for ultra-
rare diseases or those that are use-
ful for a single rare disease, with
the 25% rate being applied for all
other (including secondary) or-
phan indications. Alternatively, tax
credits could be scaled (e.g., from
25 to 50%) according to the rarity
of a disease or conditioned on
reasonable-pricing commitments.
In all cases, direct subsidies could
be clawed back once revenue ex-
ceeds $1 billion.

Because patent life now typi-
cally persists past the 7-year post-
approval period, extended exclu-
sivity has become less relevant to
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manufacturers and is unlikely to
be a meaningful policy lever. We
believe a revenue-based incentive
cap and scaled tax credits hold
more promise for encouraging
orphan-drug development.

Many rare diseases remain
understudied, and the trajectory
of drug prices is increasingly un-
sustainable. More thoughtfully
targeted incentives are therefore
required to sustain advances in
orphan-drug development for the
next four decades.
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he United States benefits

from a robust federal immu-
nization program that has been
successful in controlling and elim-
inating many diseases. However,
the widespread vaccine hesitancy
observed during the Covid-19 pan-
demic suggests that the public is
no longer satisfied with the tra-
ditional safety goal of simply de-
tecting and quantifying the asso-
ciated risks after a vaccine has
been authorized for use. The pub-
lic also wants public health au-
thorities to mitigate and prevent
rare but serious adverse reactions
— which no longer seem rare
when vaccines are given to mil-
lions or billions of people.

Postauthorization studies are
needed to fully characterize the
safety profile of a new vaccine,
since prelicensure clinical trials
have limited sample sizes, follow-
up durations, and population
heterogeneity.! It is critical to ex-
amine adverse events following
immunization (AEFIs) that have
not been detected in clinical tri-
als, to ascertain whether they are
causally or coincidentally related
to vaccination. When they are
caused by vaccines (vaccine ad-
verse reactions), the risk attribut-
able to vaccination and the biolog-
ic mechanism must be ascertained.
That science becomes the basis
for developing safer vaccines, if
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possible, and for determining con-
traindications to vaccination and
the compensation that should be
offered for AEFIs. Currently in the
United States, when the Adviso-
ry Committee on Immunization
Practices (ACIP) recommends a
new routine vaccine, the only auto-
matic statutory resource alloca-
tions that follow are for vaccine
procurement by Vaccines for Chil-
dren (VEC) and for the Vaccine In-
jury Compensation Program (VICP).
Although the ACIP acknowledges
the need,? there are currently no
resources earmarked for postau-
thorization safety studies beyond
annual appropriations, which must
be approved by Congress each year.
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FUNDING POSTAUTHORIZATION VACCINE-SAFETY SCIENCE

Understanding of the Biologic Mechanisms of Vaccine Adverse Reactions.*

Year
Identified

1969

1976
1998
2000

2009

2021
2021

2021
2024

Vaccine

Oral polio vaccine

Swine influenza vaccine
RotaShield

Inactivated intranasal
influenza vaccine

Pandemic influenza
vaccine

mRNA Covid-19 vaccine
AZ—J&) Covid-19 vaccine

AZ-)&J Covid-19 vaccine
GSK—Pfizer RSV vaccine

Vaccine Adverse Reaction

Vaccine-associated paralytic
polio

Guillain—Barré syndrome
Intussusception

Bell’s palsy
Narcolepsy

Myopericarditis

Thrombosis with thrombocytopenia
syndrome

Guillain—Barré syndrome

Guillain—Barré syndrome

Understanding of
Biologic Mechanism

Understood

Not understood
Not understood

Hypothesized but
uncertain

Not understood

Not understood

Hypothesized but
uncertain

Not understood

Not understood

* Updated from Salmon et al.! AZ denotes AstraZeneca, GSK GlaxoSmithKline, J&] Johnson & Johnson, and RSV respiratory syn-
cytial virus.

Progress in vaccine-safety sci-
ence has understandably been
slow — often depending on epi-
demiologic evidence that is de-
layed or is inadequate to support
causal conclusions and on an un-
derstanding of biologic mecha-
nisms that is incomplete — which
has adversely affected vaccine ac-
ceptance. For example, though
there were eventually more than
a dozen well-conducted epidemio-
logic studies that led the Institute
of Medicine (IOM, now the Na-
tional Academy of Medicine) to
conclude that measles—mumps—
rubella vaccines and thimerosal
in vaccines were not causing au-
tism, the results were not avail-
able until years after these possi-
bilities were raised publicly.! The
slow speed of science contributed
to widespread public concern and
consequent decreases in immuni-
zation coverage, as well as out-
breaks of measles.

In 234 reviews of various vac-
cines and health outcomes con-
ducted from 1991 to 2012, the
IOM found inadequate evidence

N ENGL J MED 391;2

to prove or disprove causation in
179 (76%) of the relationships it
explored, illustrating the need for
more rigorous science. In 2024,
the National Academies of Sci-
ences, Engineering, and Medi-
cine issued a report on potential
harms from Covid-19 vaccines
and was unable to find sufficient
evidence of a causal relationship
in 65 conclusions (76%) (there
was sufficient evidence in only
20 conclusions). The growing ca-
pacity of large health care data-
bases affords new opportunities
to obtain real-world data and con-
duct rigorous studies to quickly
investigate AEFIs. The biologic
mechanism remains unelucidated
for most vaccine adverse reactions
— notably, Guillain—Barré syn-
drome after administration of the
1976-1977 influenza vaccine and
several other vaccines thereafter,
myocarditis after mRNA-based
Covid-19 vaccines, and intussus-
ception after the first rotavirus
vaccine (see table).! Identifying
the biologic mechanisms of ad-
verse reactions — how and in
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whom they occur — is critical for
developing safer vaccines, pre-
venting adverse reactions by ex-
panding contraindications, and
equitably compensating vaccinees
for true adverse reactions. Recent
advances in genomics, “adverso-
mics,” and understanding of the
biology of adverse health out-
comes have created unprecedent-
ed opportunities to elucidate the
biologic mechanisms of vaccine
adverse reactions.’

Historically, the Centers for
Disease Control and Prevention
(CDC) and the Food and Drug
Administration (FDA) have led
postauthorization vaccine-safety
surveillance and research in that
they comanage the Vaccine Ad-
verse Event Reporting System
(VAERS) passive-surveillance sys-
tem, which is used to detect sig-
nals that require further investi-
gation. But though VAERS is
large and events may be reported
to it in a timely fashion, few
VAERS reports include the spe-
cific laboratory or clinical find-
ings required for determining
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causality. In most VAERS cases,
establishing a causal link would
require rate calculations showing
that there is a higher rate of AE-
FIs in vaccinated groups than in
unvaccinated control groups, but
VAERS reports lack much of the
information needed for such cal-
culations. Active surveillance us-
ing health care databases such as
the Vaccine Safety Datalink and
the FDA’s Biologics Effectiveness
and Safety (BEST) System man-
aged by the CDC and the FDA
has this capacity to ascertain or
rule out associations between vac-
cines and AEFIs. Other govern-
ment databases (e.g., the Medicare
database) have also been used for
active surveillance, and the CDC
conducts clinical assessment of
AEFIs by means of the Clinical
Immunization Safety Assessment
Network.

Over the past two decades,
many new vaccines have been in-
troduced for children and for vul-
nerable populations such as preg-
nant women and older adults.
However, aside from emergency
appropriations for the HIN1 in-
fluenza and Covid-19 pandemics,

FUNDING POSTAUTHORIZATION VACCINE-SAFETY SCIENCE

$20 million per year. Although
these resources have been used
efficiently, this inadequate level
of funding has adversely affected
the speed and completeness of the
science.

Postauthorization vaccine-safety
research requires adequate and
timely funding directly linked to
the introduction of new vaccines,
just as VFC and VICP funding is.
The VICP is funded by an excise
tax on each dose of routinely rec-
ommended vaccines ($0.75 per case
of disease prevented), which goes
to the VICP Trust Fund. Trust fund
income has exceeded expenditures
by about $120 million per year
since 1991, and there was a bal-
ance of $4.3 billion as of April 30,
2023. Using this balance for vac-
cine-safety science and reduction
of vaccine reactions would benefit
immunization programs and the
public, in keeping with the VICP’s
intent.

During the 5 years of legisla-
tive hearings that led to the VICP,
Senator Paula Hawkins (R-FL), its
sponsor, noted, “Although com-
pensation of the injured children
is a key component...other pro-

Postauthorization vaccine-safety research

requires adequate and timely funding directly

linked to the introduction of new vaccines,

Jjust as Vaccines for Children and Vaccine Injury

Compensation Program funding is.

the budget for vaccine-safety mon-
itoring at the CDC (which is re-
sponsible for the majority of U.S.
federal efforts) has remained stag-
nant during this period, at about

visions of this bill are of equal
importance, perhaps more impor-
tant, because they are designed to
improve the entire immunization
program to prevent the injuries
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in the first place.™ Furthermore,
as explained by Senate Bill 827,
passed by the Senate Labor and
Commerce Committee in August
1986 but never enacted, this activ-
ity is a federal (not an industry)
responsibility, “because communi-
cable diseases are a national prob-
lem, because the primary thrust
for childhood vaccination pro-
grams has come from the Federal
Government, and because child-
hood vaccine-related injuries which
may tend to undermine the pub-
lic’s confidence in these vaccina-
tion programs are a national con-
cern.”®

Though the clear intent of the
law creating the VICP included
improving vaccine-safety monitor-
ing and reducing vaccine injuries,
the funding to implement it was
established by a separate tax code,
which permits funds to be used
only for payment of compensa-
tion and administrative costs of
operating the compensation pro-
gram — not for vaccine-safety
monitoring and science. This omis-
sion may have been somewhat
understandable in 1986, when ca-
pacity for safety monitoring and
science were less mature, but they
have since evolved.

We propose amending the VICP
tax code to link funding for vac-
cine-safety monitoring with vac-
cine usage. Doing so would not
interfere with existing funding for
vaccine-injury compensation, since
the program has always run a
substantial surplus, using only
about a third of available funds.
Thus, a budget-neutral path is
feasible even if the remaining
funds are used for vaccine-safety
research conducted both within
and outside of federal agencies and
departments. Expanded activities
could include capacity building,
epidemiologic studies, and investi-
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gations (including genomic stud-
ies) of the biologic mechanisms
of adverse reactions. A research
agenda could be developed to fo-
cus efforts on meeting the needs
of federal agencies, the medical
and public health communities,
and the public. The independent
National Academies of Sciences,
Engineering, and Medicine could
be charged with reviewing the
vaccine-safety system and recom-
mending the optimal structure
and governance for an adequately
funded system. Allowing the use
of a portion of the existing fed-
eral excise tax to fund vaccine-
safety research would ensure that
the United States has the surveil-
lance, science, and rapid-response

FUNDING POSTAUTHORIZATION VACCINE-SAFETY SCIENCE

capacity to both detect and prevent
vaccine injuries. This long-over-
due action would be an impor-
tant step toward rebuilding pub-
lic confidence in the immunization
system.

Disclosure forms provided by the authors
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On Her Own Two Feet

Michael A. Incze, M.D., M.S.Ed., and Laura Stolebarger, B.S.N.

It was 13 minutes past the start
of her appointment, and we
were getting worried that Ms. S.
wouldn’t show. We were accus-
tomed to waiting; in the past,
Ms. S. had often been hours late
to her visits. Of course, once one
had seen the hill she had to climb
in her wheelchair to get to our
clinic — often in snow or broil-
ing heat — any twinge of annoy-
ance at her tardiness would van-
ish. Today was different, though.
For the first time in the 4 years
we had known her, we expected
Ms. S. to walk through the door.

We first met Ms. S. in 2019,
just weeks after she had a below-
the-knee amputation because of
osteomyelitis, most likely stem-
ming from injection-drug use. At
our first visit, her proximal goal
was clear: to get out of the
wheelchair she had been relying
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on since discharge and start walk-
ing again. Working together as
patient and primary care team,
we quickly got her established
with a rehabilitation specialist and
fit for a prosthesis. She was seeing
us regularly for buprenorphine
treatment of her opioid use disor-
der as well. But after a couple of
visits with a physical therapist,
she was having trouble. Her op-
posite knee was so arthritic that
she couldn’t walk with the pros-
thesis. We referred her to an or-
thopedist who said the knee need-
ed to be replaced. There was just
one catch: she would have to be
abstinent from all illicit drugs for
a year before he would consider
operating.

Unable to find any evidence to
support this stipulation, we first
inquired about it and then plead-
ed with the surgeon for a meeting
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to discuss his rationale and open-
ness to a more patient-centered
plan. He was concerned about
the increased risk of postoperative
complications given the patient’s
history of injection-drug use,! and
despite the fact that Ms. S. had
been actively engaged in addiction
treatment for nearly 3 months, the
surgery would have to be deferred.
The news was a crushing blow for
our patient. Facing the reality of a
year confined to a wheelchair, she
gave up. Her substance use spi-
raled, she stopped engaging with
her specialists altogether, and we
never saw her prosthesis again.
For the next 3 years, Ms. S. was
stuck in a pattern of erratic sub-
stance use, depression, and pain.
Through all that adversity, and
despite the stigma she encoun-
tered regularly in health care set-
tings, she still came to see us in
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