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No More Surprises — New Legislation on Out-of-Network Billing
Karan R. Chhabra, M.D., Erin Fuse Brown, J.D., M.P.H., and Andrew M. Ryan, Ph.D.

he passage of the No Surprises Act — which

banned “surprise billing” in many scenarios

— on December 27, 2020, was an unexpected
step forward during an otherwise dysfunctional year

of U.S. policymaking. As many
as one in five patients visiting an
emergency department or under-
going elective surgery receives an
out-of-network bill from a clini-
cian whom they had no ability to
choose, and more than 70% of
ambulance rides are out of net-
work.! Since insurance plans aren’t
required to pay out-of-network
providers their full charges, clini-
cians may bill the patient for the
difference between the insurance
payment and their charges. These
surprise bills can lead to thou-
sands of dollars in unanticipated
costs and have been nearly im-
possible for patients to avoid.
Folded into the 2020 year-end
spending and Covid-19 relief pack-
age, the new legislation will bene-
fit patients and is likely to have
little effect on most physicians
who don’t engage in surprise bill-
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ing. Its effects on health insurance
premiums, networks, and overall
health care costs remain unclear,
but they could be favorable.
Surveys show that unexpected
medical bills are Americans’ top
financial fear. Nearly a dozen
surprise-billing proposals were
introduced in the 116th Congress.
Despite bipartisan support, these
proposals sparked intense dis-
agreement within the health care
industry about how out-of-net-
work clinicians should be reim-
bursed. Insurers, employers, and
consumer groups favored setting
a benchmark price for services
based on in-network rates, where-
as hospitals and clinicians fa-
vored an arbitration process that
would determine reimbursement
on a case-by-case basis. In 2019, a
year-end compromise was thwart-
ed by a campaign funded by pri-
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vate-equity firms that control
large physician-staffing compa-
nies notorious for using surprise
billing as a business tactic (e.g.,
Envision and TeamHealth). A year
later, Congress acquiesced to many
of the demands of physician
groups and passed the No Sur-
prises Act.

Effective January 1, 2022, pa-
tients receiving out-of-network
emergency services, air-ambulance
transportation, or out-of-network
nonemergency services at in-net-
work facilities may be billed only
the amount they would owe for
an in-network provider. The law
applies to all health plans, includ-
ing employer-based, small-group,
and individual-coverage plans.
Out-of-network providers and in-
surers will have 30 days to agree
on payment and then may invoke
a binding arbitration process, in
which each party submits a final
offer and an arbitrator chooses
between the two (see diagram).
The arbitrator is instructed to
consider the median in-network
rate for the service, previous con-
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tracted rates between the parties,
and specific information about
the patient’s disease and the cli-
nician’s experience but not pro-
vider charges or Medicare rates.
The law also advances billing
and payment transparency. Three
days before scheduled procedures,
clinicians and insurers must in-
form patients of their expected
out-of-pocket costs and clinicians’
network status. Only after receiv-
ing this information and infor-
mation on in-network alternatives
and consenting to out-of-network
bills can patients be balance-
billed. This notice-and-consent
exception doesn’t apply to emer-
gency services, urgent or unan-
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ticipated care, situations in which
there are no in-network alterna-
tives, or “ancillary” services, such
as anesthesiology, radiology, pa-
thology, or neonatology. In other
words, patients cannot be bal-
ance billed in these cases or for
these services, even if they pro-
vide consent.

Recent evidence may help pre-
dict the new law’s effects. A sim-
ilar arbitration process has been
in place for several years in New
York and New Jersey. One key
difference is that arbitrators in
these states are instructed to
consider the 80th percentile of
provider charges for a given ser-
vice, which is typically many
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times higher than the median in-
network rate. For example, the
median in-network rate for a com-
prehensive emergency department
evaluation in New York is $320,
whereas the 80th percentile of
charges is $1,211.? Clinicians won
the majority of decisions in 2018
in both New York and New Jersey,
with awards gravitating toward
the 80th percentile of charges.??
Because providers can receive gen-
erous arbitration awards by stay-
ing out of network, they have the
upper hand in negotiating in-net-
work rates with payers, who may
prefer to pay high in-network
rates over going to arbitration.
This dynamic may inflate prices
in the long run.

California’s surprise-billing
ban, by contrast, established a
benchmark for out-of-network re-
imbursements, set at the higher
of the payer’s local average in-
network rate or 125% of the
Medicare rate, coupled with an
optional arbitration process that
has been used infrequently. After
this law was enacted in 2017, the
share of out-of-network claims in
affected specialties decreased from
21.5% to 17.8%.* Benchmarking
reduces the incentive for physicians
to be out of network, since reim-
bursement for out-of-network ser-
vices is pegged to average in-net-
work rates. It may also reduce
long-term spending, because it
doesn’t allow physicians to seek
higher reimbursements using an
arbitration approach anchored at
a higher rate. This approach may
reduce the negotiating leverage of
physicians in hospital-based spe-
cialties linked to surprise billing.
The decrease in out-of-network
services suggests that the policy
hasn’t substantially disrupted Cali-
fornia’s provider networks, though
questions remain about its effect
on physician reimbursement.*
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The No Surprises Act blends
these approaches and may pre-
vent unfair practices on both sides.
Unlike in New York and New Jer-
sey, arbitrators will be prohibited
from considering charges and
will instead refer to median in-
network rates for services. This
approach may help avoid the in-
flationary effects seen in these
states. On the other hand, unlike
California’s policy, the legislation
doesn’t set a benchmark price and
requires arbitrators to consider
case-specific nuances, such as the
clinician’s expertise and both par-
ties’ history of good-faith nego-
tiation — which may prevent in-
surers from unfairly dropping
clinicians from their networks.
The law will probably reduce re-
imbursements for providers who
use surprise billing as a business
tactic, such as large physician-
staffing firms in emergency med-
icine and anesthesia. The Con-
gressional Budget Office estimates
that the law will reduce payments
for some clinicians, reduce in-
surance premiums by up to 1%,
and save the federal government
nearly $17 billion over 10 years.

The law’s transparency provi-
sions — particularly the require-
ments to provide advance price
and network-participation informa-
tion — may have a larger effect
on day-to-day prac-
tice than its balance-
billing provisions.
Providing an advance
explanation of benefits for sched-
uled procedures requires provid-
ers to anticipate all clinicians in-
volved in the procedure and
submit their identifiers and bill-
ing codes to insurance plans,
and requires insurers to cross-
reference this information against
provider directories and records
of patients’ deductibles and out-

N ENGL J MED 384,15

NEW LEGISLATION ON OUT-OF-NETWORK BILLING

of-pocket maximums. Although
standard in fields such as den-
tistry (and certainly worth pursu-
ing), this process would represent
a seismic change for clinicians
and insurers — particularly for
underresourced practices and
hospitals.

Before passage of the No Sur-
prises Act, most states had laws
protecting patients from surprise
bills, although they have histori-
cally applied to only fully insured
health plans, which cover a mi-
nority of commercially insured
people.” The new law defers to
states’ various approaches for de-
termining out-of-network rates,
including binding arbitration, non-
binding arbitration, benchmarks,
or other methods. The benefits
of state deference are that states
can test approaches and can pass
more protective standards if fed-
eral ones prove inadequate. The
downsides are that state defer-
ence permits state laws that may
err too far in favor of clinicians
or insurers, could allow states to
undermine federal protections,
and leaves providers, arbitrators,
regulators, and patients with a
confusing patchwork of standards.

Although the new legislation is
fairly comprehensive, more work
on surprise billing remains. The
law’s omission of ground-ambu-
lance surprise bills is an impor-
tant weakness, and the ground-
ambulance advisory committee it
created may not be up to the
delicate task of designing a pol-
icy that could upset local govern-
ments — some of which rely on
balance billing to sustain their
ambulance corps. Researchers and
policymakers will need to evalu-
ate the law’s effects on network
participation (since it may induce
low-paid providers to go out of
network or insurers to drop high-
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priced providers), in-network pric-
es, physician supply, and overall
health care spending.

Despite some flaws, the No
Surprises Act is a major victory
for the public. Like any compro-
mise, it is imperfect and will re-
quire close scrutiny as it unfolds.
Yet in a time of tremendous eco-
nomic uncertainty, it represents
an important step toward reduc-
ing financial harm to patients
and restoring trust in the health
care system.

Disclosure forms provided by the authors
are available at NEJM.org.
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he Covid-19 pandemic has

challenged clinicians to find
innovative ways to provide essen-
tial services while minimizing
risks for themselves and their pa-
tients. These approaches increas-
ingly leverage remote patient mon-
itoring (RPM), using technology
to support treatment for chronic
conditions. As the use of RPM
services grows, clinicians, pay-
ers, and patients face important
questions regarding the volume,
value, and appropriate use of this
care model.

RPM has long been integrated
into focused areas of disease
management, such as care of pa-
tients with pacemakers or im-
plantable cardioverter—defibrilla-
tors. RPM for these patients can
reduce costs and supplement or
replace in-office care, while offer-
ing convenience and heightened
surveillance for clinical events.
In recent years, RPM technology
has expanded into new areas, in-
cluding chronic and acute care
management for multiple com-
mon conditions. Devices used in
patients’ homes now capture phys-
iological parameters such as
weight, blood pressure, oxygen
saturation, and blood glucose
levels and transmit these data to
clinicians for review. For exam-
ple, wrist-worn pulse oximeters
transmitting oxygen-saturation
data may be used to monitor
lung function in patients with
chronic obstructive pulmonary
disease, and continuous glucose
monitors may wirelessly transmit
to physicians information about
blood-sugar control in diabetic
patients at different times of day
and between office visits.
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In 2019, the Centers for Medi-
care and Medicaid Services (CMS)
issued a final rule on changes to
the Medicare Part B Physician Fee
Schedule establishing three new
billing codes for Chronic Care
RPM.! These codes allowed reim-
bursement for initial setup of
RPM devices and associated pa-
tient education; collection and in-
terpretation of physiological data;
and RPM treatment management
services. A 2020 update expand-
ed coverage for RPM services and
created an add-on code for reim-
bursement for an additional 20
minutes of RPM services per pa-
tient per month, raising the maxi-
mum to 40 minutes per month.?

In response to Covid-19 and
associated legislation,> CMS ex-
panded RPM coverage further,
specifying that it is not limited
to patients with chronic condi-
tions but also includes those with
acute conditions such as Covid-19.
The interim rule also established
that for the duration of the na-
tional emergency, consent for RPM
services can be obtained just
once a year for both new and es-
tablished patients. Providers are
also permitted to waive copay-
ments for services rendered out-
side an “in-person face-to-face”
encounter, including telehealth
and RPM. This confluence of
technological advancement and
assurance of reimbursement in a
fee-for-service environment —
particularly as health care pro-
viders lose revenue because of the
pandemic — may lead to dramat-
ic increases in RPM utilization
and expenditures.

RPM has the potential to en-
hance management of acute and
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chronic conditions and to help
personalize treatment plans with
the use of high-frequency health
data. It is possible, although not
yet demonstrated at scale, that
evidence-based RPM can improve
clinical outcomes for individual
patients while, at the health sys-
tems level, reducing downstream
health care costs, such as those
associated with preventable hos-
pital admissions. There are, how-
ever, several reasons to worry
about a short-term explosion in
RPM expenditures.

First, makers of RPM tools can
currently pursue marketing ap-
proval (if needed) and subsequent
reimbursement coverage under
standards that do not require
demonstration of clinical effec-
tiveness in overall disease man-
agement. A pulse oximetry sys-
tem for patients with chronic
lung disease, for example, may
have to meet certain engineering
and manufacturing standards but
does not need to be shown to
improve patient outcomes to be
legally marketed. For these de-
vices in general, the Food and
Drug Administration (FDA) places
the burden on health care provid-
ers to “develop appropriate pro-
cesses and procedures to assess
and manage risks associated with
the integration of [radiofrequency]
wireless technology into medical
systems.”* In the FDA’s risk-based
classification of devices, most
RPM devices will not be consid-
ered high-risk, so meeting the
statutory standard of reasonable
assurance of safety and effective-
ness generally will not require
clinical trials, nor will the soft-
ware for many commercial wear-
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ables, which is expected to be
regulated through the FDA’s Dig-
ital Health Software Precertifica-
tion Program in the future.

Second, to date CMS has of-
fered few stipulations on what
specifications or standards must
be met for coverage of an RPM
device. Even well-studied devices
in common diseases, such as hy-
pertension, heart failure, and atrial
fibrillation, have shown highly
variable benefits of different prod-
ucts and care pathways.” Ran-
domized, controlled trials have
revealed variable effects on out-
come measures such as hospital
readmission, cardiovascular mor-
tality, or all-cause mortality. Even-
tually, high-quality, prospective
studies either designed as clinical
trials or leveraging real-world
data will be necessary to support
the clinical case for RPM systems.

Third, even without high-
quality clinical data, expansion
of fee-for-service reimbursement
for RPM services provides incen-
tives for rapid uptake. With more
and more devices available, pro-
viders may enroll large numbers
of patients in RPM programs with
little regard for who will see a
meaningful benefit. Alternative
payment models such as bundled
payments may shift these incen-
tives, but fee-for-service reimburse-
ment remains a dominant fea-
ture of U.S. health care. The
costs of RPM expansion may also
be borne partially by patients.
RPM could increase out-of-pocket
expenditures, depending on co-
insurance and access to devices,
since one established RPM Cur-
rent Procedural Terminology (CPT)
code allows providers to bill for
up to 30 minutes per patient per
month without having to com-
municate with the patient or
caregiver.

With few data to guide fore-

REMOTE PATIENT MONITORING — OVERDUE OR OVERUSED?

2-3 Chronic M 4-5 Chronic M =6 Chronic
conditions conditions conditions

18+
v $37.0 Billion Total
< 16
= 16.0
S 14+
3]
2 12
2
3 10+ -~
= $18.5 Billion Total
= 8_
g 8.0
O 6
3
£ 4 4.7
E 2 $3.7 Billion Total

0-

10% 50% 100%
Level of Uptake

N ENGL J MED 384,15

Estimated Cost to Medicare of Remote Patient Monitoring (RPM) Services.

Beneficiaries are categorized according to the number of documented chronic condi-
tions. The bars indicate the estimated contribution of each category to overall expen-
ditures at a given level of uptake of RPM services.

casting, whether RPM services
and associated expenditures will
grow rapidly remains to be seen.
However, we estimated the poten-
tial impact of RPM services on
Medicare expenditures with a sim-
ple model integrating the number
of beneficiaries, chronic condi-
tions per beneficiary, utilization
of RPM, and reimbursement per
RPM service (see the Supplemen-
tary Appendix, available at NEJM
.org). A conservative estimate
would assume that RPM enroll-
ment would be limited to pa-
tients with multiple chronic con-
ditions, yet dissemination in that
subpopulation alone could trans-
late into annual expenditures ex-
ceeding $18 billion, even with just
50% uptake (see graph).

This estimate is based on the
assumption that 68% of Medi-
care fee-for-service beneficiaries
— about 25.4 million patients as
of September 2020, according to
CMS — have two or more chron-
ic conditions. The maximum an-
nual cost per patient enrolled in
an RPM program is $1,460, ac-
cording to the 2020 CMS Fee
Schedule. This cost comprises
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monthly fees for device supply
and data transmission ($62.44,
CPT code 99454) and for collec-
tion and interpretation of physi-
ological data ($59.19, CPT code
99091). It is unrealistic to believe
that 100% of eligible patients will
enroll, but even with a 10% enroll-
ment rate, the annual cost to Medi-
care could reach $3.7 billion —
just under 1% of total 2018
Medicare Part A and B expendi-
tures (see Supplementary Appen-
dix). Additional costs might be
accrued as Medicare Advantage
and other private payers adopt sim-
ilar coverage and reimbursement.

Research is urgently needed to
elucidate which patients benefit
most from RPM services and
which devices and specifications
provide the highest clinical value.
This information will enable pro-
fessional societies to publish evi-
dence-based guidelines on who
should enroll in RPM programs
and which devices and support
systems should be deployed to
maximize the clinical impact of
RPM and the collection of health
data. Such studies would also
provide evidence to enable CMS
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to set standards for RPM devices
to qualify for coverage. Further-
more, private-sector efforts to cre-
ate transparency regarding the us-
ability, validation, and data-security
profiles of biosensors will sup-
port clinicians and researchers in
technology-adoption decisions.
The CMS rule changes and
the pandemic have resulted in
rapid and sweeping expansion of
reimbursement for telehealth and
RPM technologies and services
without evidence-based coverage
decisions. Given social-distancing
recommendations and the desire
to enhance patient safety, RPM
provides promising solutions for
accessible, data-driven care while
reducing exposure risks. As RPM
tools evolve, we may have oppor-
tunities to learn from other coun-
tries; for example, Germany’s 2019
Digital Healthcare Act, which
provides for insurance coverage
of certain digital health applica-
tions, includes provisions for evi-
dence generation as a requirement
for ongoing reimbursement. Rig-

REMOTE PATIENT MONITORING — OVERDUE OR OVERUSED?

orous, ongoing evaluation of RPM
devices and platforms will be es-
sential for elucidating their value
and driving coverage decisions
and adoption programs for the
most effective solutions.
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mericans protesting violent

policing of Black communi-
ties are calling for law-enforce-
ment budgets to be reallocated to
community health services. Al-
though such proposals are some-
times dismissed as naive or un-
realistic, history provides an
example of a transfer of power
and resources from police to
health services that benefited
Black communities enormously.
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Pittsburgh’s Freedom House Enter-
prises (FHE) Ambulance Service
not only supplanted the police in
a role in which law-enforcement
officers were not effective, but
also reimagined the role of Black
citizens in improving the com-
munity’s health and helped es-
tablish national standards for
emergency medical care.
Freedom House was a commu-
nity-based sociomedical program
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that aspired to “encourage Black
enterprise” during the 1960s and
1970s by training Black commu-
nity members to provide emer-
gency medical services (EMS) (see
photo).! At the time, police offi-
cers and morticians without med-
ical training supplied most pre-
hospital “care,” generally providing
transportation without medical
treatment. Even Pennsylvania Gov-
ernor David Lawrence’s 1966
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Race, Policing, and History — Remembering the Freedom

House Ambulance Service
Matthew L. Edwards, M.D.
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mericans protesting violent

policing of Black communi-
ties are calling for law-enforce-
ment budgets to be reallocated to
community health services. Al-
though such proposals are some-
times dismissed as naive or un-
realistic, history provides an
example of a transfer of power
and resources from police to
health services that benefited
Black communities enormously.
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Pittsburgh’s Freedom House Enter-
prises (FHE) Ambulance Service
not only supplanted the police in
a role in which law-enforcement
officers were not effective, but
also reimagined the role of Black
citizens in improving the com-
munity’s health and helped es-
tablish national standards for
emergency medical care.
Freedom House was a commu-
nity-based sociomedical program
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that aspired to “encourage Black
enterprise” during the 1960s and
1970s by training Black commu-
nity members to provide emer-
gency medical services (EMS) (see
photo).! At the time, police offi-
cers and morticians without med-
ical training supplied most pre-
hospital “care,” generally providing
transportation without medical
treatment. Even Pennsylvania Gov-
ernor David Lawrence’s 1966



PERSPECTIVE

Photo credit: University of Pittsburgh

death, which was partially attrib-
utable to inadequate EMS care,
failed to galvanize improvements
in emergency care.? Moreover,
EMS quality was often worse in
Black communities. In this bleak
environment, Freedom House en-
abled a group of disadvantaged
Black laypeople to establish a
model for paramedic training that
ultimately set the U.S. standard.

The problems affecting Pitts-
burgh residents in the 1960s
were similar to those we face to-
day. The National Advisory Com-
mission on Civil Disorders argued
that the urban riots of the 1960s
were a response to structural rac-
ism and socioeconomic inequity.?
Cities throughout the United States
were rife with racist systems that
precluded equal access to educa-
tion, housing, employment, politi-
cal opportunities, and social ser-
vices.? Black citizens were subject
to unfair treatment by the car-
ceral system and inadequate ac-
cess to medical care.> President
Lyndon Johnson’s War on Poverty
program sought to remedy these
inequities by expanding civil rights
and promoting public welfare,
education, urban development,
and public health programs.? The
Opportunities Industrialization
Center and the War on Poverty
initiative’s new Office of Econom-
ic Opportunity (OEO) increased
employment opportunities by im-
plementing job-training programs
such as the Freedom House Am-
bulance Service.?

After World War II, municipal
laws authorized police depart-
ments to provide emergency med-
ical services.? Many Black Ameri-
cans relied on the police for EMS
because they could not afford
private hospital transport and
because White operators of such
services often avoided Black com-
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Freedom House Paramedics with Ambulance.

munities. Though the Emergency
Medical Treatment and Labor Act
of 1986 would eventually guaran-
tee the right to emergency re-
sponse and treatment regardless
of one’s background or ability to
pay, such provisions did not exist
in the 1960s.2 Moreover, the mini-
mum training standards for emer-
gency responders fell short of
evolving treatment standards.?

Then, as now, Black citizens
faced discrimination and abuse
by police and disproportionate
rates of arrest and incarceration.
Activists’ efforts to secure redress
were rebuffed, as police leader-
ship cited difficulties obtaining
police-misconduct convictions.?
Consequently, many Black people
felt a sense of indignity and fear
when forced to rely on police of-
ficers for transportation to the
hospital.??

So a biracial group of Pitts-
burgh leaders approached physi-
cian Peter Safar for guidance on
equipping ambulance vehicles to
transport Black patients to and

RACE, POLICING, AND HISTORY
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from the hospital. In Baltimore
during the 1950s, Safar and James
Elam had not only proved the
superiority of mouth-to-mouth
ventilation in resuscitation, but
demonstrated that laypeople could
learn principles of artificial res-
piration. Safar and Elam went on
to develop public-awareness videos
and tools such as the “Resusci
Anne” doll to teach and simulate
artificial respiration. At the Uni-
versity of Pittsburgh Medical Cen-
ter, Safar had achieved renown
for developing cardiopulmonary
resuscitation principles, creating
the first multidisciplinary critical
care unit in the United States,
and designing mobile intensive
care units.

Safar agreed to provide con-
sultation on emergency vehicles
in exchange for the chance to
train Black community members
to provide prehospital transport.
The OEO helped recruit a Black
workforce to undergo training,
in a local approach to addressing
racial and health inequities.
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Fire and police departments
vigorously opposed the ambulance
service, which they saw as a
threat to their autonomy.> But
even in this hostile environment,
which persisted from the start of
the program in 1967 until its de-
mise in 1975, Freedom House
proved largely successful. One
study comparing its services with
police services found that Free-
dom House paramedics provided
improper treatment in only 11%
of cases, as compared with 62%
by the police.?

In 1973, Safar recruited physi-
cian Nancy Caroline to lead the
Freedom House training pro-
gram.>* Over her 2 years as med-
ical director of what she called
an “audacious, improbable exper-
iment,”? she transformed its lead-
ership and was a steady presence
in trainees’ lives. The program
used classroom, hospital-based,
and field training to teach basic
anatomy, physiology, disease rec-
ognition and diagnosis, and com-
mon emergency conditions. Caro-
line connected with the paramedics
personally while delivering rigor-
ous training by regularly partici-
pating in ambulance rides and
providing clinical oversight. She
understood the importance of a
sound foundation in critical care
medicine, but as a Jewish female
physician, she also recognized the
importance of offering a sense of
dignity and belonging to mar-
ginalized Black Americans.

Freedom House became the
pilot course for EMS training for
the U.S. Department of Trans-
portation and the Federal Inter-
agency Committee on Emergency
Medical Services.** Freedom House
paramedics and the surround-
ing communities were proud of
their accomplishments. Previous-
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ly deemed “unemployable,” many
trainees pursued advanced de-
grees, municipal leadership and
state-level administrative roles,
and advanced training in educa-
tion, medicine, and allied health
fields.! Although some were able
to find employment in municipal
services, state-level leadership, and
public health administration,'®
others found themselves cast out
and once again unemployed when
the service was disbanded.!
White Freedom House em-
ployees had a different experience.
As Caroline wrote, “for eight
years, [Black Freedom House
trainees] had stuck with the or-
ganization while they watched
white trainees leave FHE to as-
sume high administrative posi-
tions with City and County EMS
agencies. . . . They [White train-
ees] had all done their appren-
ticeship with FHE, and now they
were in control and Freedom
House was odd man out.”
Although Safar viewed work
toward racial equity, economic
opportunity, and health care ac-
cess as complementary to his vi-
sion of national EMS standards,
political opposition to his vision
intensified in Pittsburgh.> FHE
initially received local, state, and
federal funding, but Pittsburgh’s
administration proposed to re-
duce funding for social welfare
programs over time and cited
Freedom House’s cost as a deter-
rent to further support. The city
government’s subsequent creation
of a more expensive and predom-
inantly White citywide “super-
ambulance” service, however, sug-
gested that money was not the
issue. Freedom House began pre-
paring to close, and its board
and city officials voted to dis-
solve it on September 22, 1975.2
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The superambulance service
employed predominantly White
workers, jettisoning the social
goals of Freedom House by ex-
cluding the Black men and women
who had pioneered EMS stan-
dards. Seeing prehospital care as
the “weakest link” in a continu-
um of critical care medicine,>®
Safar focused primarily on na-
tionalizing EMS standards —
improving systems and protocols
for emergency medical care
through national organizations
such as the National Research
Council. In prioritizing standard-
ization over community develop-
ment and protection of oppressed
groups, Safar’s choice set the
tone for subsequent national struc-
turing of police and emergency
response systems, which relegated
these functions to mostly White
male professionals from outside
the communities they serve.

The history of Freedom House
is inspiring as an example of
how physicians and a multiracial
group of citizens can recognize a
need for resources in Black com-
munities and coordinate a pro-
gressive community-development
program that raises standards of
excellence for all. But it’s also a
cautionary tale, demonstrating
how well-intentioned leaders with
their own agendas can under-
mine the goals of Black commu-
nity empowerment while co-opting
the products of Black innovation.
History reveals various models of
community partnerships, from the
top-down political sponsorship
of Safar to the bottom-up coali-
tion work of Caroline. The Free-
dom House story suggests that
though community health initia-
tives offer an alternative to sys-
tems like policing, the same ra-
cial and power dynamics can
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affect both. Whether recent calls
to restructure community invest-
ment grow out of protests against
police brutality or the need to re-
think community health services,
they raise critical questions about
why we invest so heavily in racist
systems that see communities of
color as in need of help, but not
equipped to also offer it, rather
than supporting programs that
protect and involve these citizens
as agents.
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ABSTRACT

BACKGROUND

Transplantation of livers obtained from donors after circulatory death is associ-
ated with an increased risk of nonanastomotic biliary strictures. Hypothermic
oxygenated machine perfusion of livers may reduce the incidence of biliary com-
plications, but data from prospective, controlled studies are limited.

METHODS

In this multicenter, controlled trial, we randomly assigned patients who were under-
going transplantation of a liver obtained from a donor after circulatory death to
receive that liver either after hypothermic oxygenated machine perfusion (machine-
perfusion group) or after conventional static cold storage alone (control group).
The primary end point was the incidence of nonanastomotic biliary strictures
within 6 months after transplantation. Secondary end points included other graft-
related and general complications.

RESULTS

A total of 160 patients were enrolled, of whom 78 received a machine-perfused
liver and 78 received a liver after static cold storage only (4 patients did not receive
a liver in this trial). Nonanastomotic biliary strictures occurred in 6% of the pa-
tients in the machine-perfusion group and in 18% of those in the control group
(risk ratio, 0.36; 95% confidence interval [CI], 0.14 to 0.94; P=0.03). Postreperfu-
sion syndrome occurred in 12% of the recipients of a machine-perfused liver and
in 27% of those in the control group (risk ratio, 0.43; 95% CI, 0.20 to 0.91). Early
allograft dysfunction occurred in 26% of the machine-perfused livers, as compared
with 40% of control livers (risk ratio, 0.61; 95% CI, 0.39 to 0.96). The cumulative
number of treatments for nonanastomotic biliary strictures was lower by a factor
of almost 4 after machine perfusion, as compared with control. The incidence of
adverse events was similar in the two groups.

CONCLUSIONS

Hypothermic oxygenated machine perfusion led to a lower risk of nonanasto-
motic biliary strictures following the transplantation of livers obtained from donors
after circulatory death than conventional static cold storage. (Funded by Fonds
NutsOhra; DHOPE-DCD ClinicalTrials.gov number, NCT02584283.)
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ONANASTOMOTIC BILIARY STRICTURES
are a major complication after liver trans-
plantation, resulting in cholestasis and
cholangitis and, frequently, in the use of biliary
interventions or even retransplantation (i.e.,
transplantation of a new liver graft and removal
of the first graft)."? The incidence of nonanasto-
motic biliary strictures is approximately 3 times
as high after the transplantation of livers ob-
tained from donors after circulatory death as
after the transplantation of livers obtained from
brain-dead donors.>* Nevertheless, liver grafts
from donors after circulatory death are increas-
ingly used for transplantation owing to persis-
tent donor-organ shortage.**
Ischemia-reperfusion injury is a key mecha-
nism in the pathogenesis of bile-duct injury and
the subsequent development of biliary strictures
after transplantation.’® Although conventional
static cold preservation provides some protec-
tion against ischemia—reperfusion injury, more-
advanced preservation methods are needed to
improve outcomes after transplantation of livers
obtained from donors after circulatory death
and to increase the frequency of their use.*
Oxygenated ex situ machine perfusion is a
dynamic preservation method that has been de-
veloped to reduce the incidence and severity of
ischemia-reperfusion injury and to improve out-
comes after organ transplantation.®® Preclini-
cal studies have shown that a short period (1 to
2 hours) of hypothermic oxygenated machine
perfusion restores mitochondrial function and
reduces the production of radical oxygen species
and damage-associated molecular patterns after
transplantation.!®!? This relatively simple tech-
nique can be performed after static cold stor-
age.*® The first clinical experiences suggested
that this preservation method was safe, reduced
the incidence of hepatobiliary preservation injury,
and was associated with improved early graft
function, as compared with static cold preserva-
tion alone.’®® Although these findings were
promising and have increased the interest in
machine-based preservation techniques, they were
based on small single-center cohorts without a
randomized control group. We conducted a mul-
ticenter, randomized, controlled trial to com-
pare hypothermic oxygenated machine perfusion
with static cold preservation in the transplanta-
tion of livers from donors after circulatory death,
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with the incidence of nonanastomotic biliary
strictures as the primary end point.

METHODS

TRIAL DESIGN AND OVERSIGHT

The DHOPE-DCD (Dual Hypothermic Oxygen-
ated Perfusion of DCD Liver Grafts in Preventing
Nonanastomotic Biliary Strictures after Trans-
plantation) trial was investigator-initiated and
was designed as a multicenter, prospective, two-
group, randomized, controlled, clinical trial.
The trial was conducted in six liver-transplanta-
tion centers in Europe. Centralized balanced-
block randomization (in blocks of six) was
computer-generated, with stratification accord-
ing to trial center and primary sclerosing cho-
langitis as an indication for transplantation (yes
or no). Patients were randomly assigned in a 1:1
ratio to receive a liver preserved either with hypo-
thermic oxygenated machine perfusion after
static cold preservation during transportation
(machine-perfusion group) or with static cold
preservation alone (control group). Randomiza-
tion took place immediately after a donor liver
had been deemed to be suitable and had been
accepted by the transplantation surgeon for a
recipient. The trial did not interfere with the
regular process of organ allocation or acceptance.

The trial protocol, which is available with the
full text of this article at NEJM.org, has been
published previously.”” The protocol was ap-
proved by research ethics committees at each
trial site and medical-device regulatory bodies in
each country. Patients and the organ-procure-
ment teams were unaware of the trial-group as-
signments. The authors designed and imple-
mented the trial and collected and analyzed the
data. The first and last authors wrote the first
draft of the manuscript, and all the authors con-
tributed to the subsequent versions. All the au-
thors vouch for the accuracy and completeness
of the data and for the fidelity of the trial to the
protocol. Access to the data was not restricted by
confidentiality agreements.

Fonds NutsOhra supported this trial. Bridge to
Life provided the machine-perfusion fluid (Belzer
MPS UW machine-perfusion solution) free of
charge. Each participating center covered the
costs for the purchase of a machine-perfusion
device, and training of perfusionists was pro-
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vided by the manufacturer (Organ Assist) as part
of their regular after-sales responsibilities. The
funding organization and the companies had no
role in the trial design; the collection, manage-
ment, analysis, or interpretation of the data; or
the writing of the manuscript and the decision
to submit it for publication.

TRIAL PATIENTS

Patients 18 years of age or older who were un-
dergoing liver-only transplantation with a graft
from a donor after circulatory death (in con-
trolled circumstances) were eligible for inclusion
in the trial. Patients were excluded if the body
weight of the donor was less than 40 kg or if the
donor was positive for the human immunodefi-
ciency virus or hepatitis B or C virus. Patients
were also excluded if they were undergoing
transplantation for fulminant liver failure or for
primary nonfunction after a previous transplan-
tation, were incapable of providing informed
consent, were positive for the human immuno-
deficiency virus, or had a contraindication to
undergoing magnetic resonance cholangiogra-
phy. All the patients provided written informed
consent.

Donor livers were obtained, preserved, and
transported to the transplantation centers ac-
cording to standard practice, with the use of
conventional static cold preservation. The trans-
plantation surgery and postoperative care were
performed according to standard local practice.

HYPOTHERMIC OXYGENATED MACHINE PERFUSION

The Liver Assist device (Organ Assist) was used
for ex situ machine perfusion of the liver. The
device enables pressure-controlled, dual perfu-
sion through the portal vein and the hepatic
artery with the use of two centrifugal pumps,
providing continuous portal flow and a pulsatile
arterial flow at 60 beats per minute. The perfu-
sion device was primed with 4 liters of cold
Belzer machine-perfusion solution (Bridge to
Life), supplemented with 3 mmol of glutathione
per liter of solution (Biomedica). The perfusion
pressure was 25 mm Hg for the hepatic artery
and 5 mm Hg for the portal vein. The tempera-
ture of the perfusion fluid was 10°C. Oxygen-
ation was provided by 500 ml per minute of
100% oxygen flow to each oxygenator.”® The
minimum protocol-stipulated duration of ma-

chine perfusion was 2 hours, a duration that is
considered to be sufficient to restore mitochon-
dria and intrahepatic ATP and to protect organs
against ischemia—reperfusion injury.’®*> Addi-
tional details are provided in the Supplementary
Appendix, available at NEJM.org.

END-POINT MEASURES

The primary end point was the incidence of
symptomatic nonanastomotic biliary strictures
at 6 months after transplantation. The occur-
rence of nonanastomotic biliary strictures was
assessed primarily by the medical teams of the
participating centers on the basis of the pres-
ence of the following prespecified criteria: any
irregularity or narrowing of the lumen of the
intrahepatic or extrahepatic donor bile ducts,
excluding the biliary anastomosis, diagnosed
with the use of cholangiography (preferably,
magnetic resonance cholangiography), in com-
bination with clinical symptoms (e.g., jaundice
or cholangitis) or an elevation of cholestatic
laboratory variables, in the presence of a patent
hepatic artery. All clinical data, including data
from cholangiographies, were submitted to the
central data center for review. To avoid reporting
bias, magnetic resonance cholangiography was
performed after 6 months, in accordance with
the study protocol, to detect radiologic evidence
of cholangiopathy (nonanastomotic strictures)
in patients who had not already received a diag-
nosis in the preceding time period. Nonanasto-
motic biliary strictures are typically detected 3 to
4 months after transplantation, and an observa-
tion period of 6 months was therefore considered
to be appropriate for the detection of clinically
meaningful events.!'® All the cholangiographies,
both in patients who were symptomatic and in
those who were asymptomatic, were reviewed by
two independent radiologists who were unaware
of the preservation method and clinical symp-
toms. In the case of discordant readings, a third
radiologist was consulted for cases that could
not be settled by consensus.

Secondary end points included intraoperative
postreperfusion syndrome,?° defined as a de-
crease of more than 30% in the mean systemic
arterial blood pressure within 10 minutes after
reperfusion, with or without a doubling of the
norepinephrine dose; primary nonfunction, de-
fined as liver failure, without an identifiable
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cause, that necessitated retransplantation or led
to death within 7 days after transplantation; early
allograft dysfunction, assessed according to the
Olthofft criteria?'; and durations of stay in the in-
tensive care unit and hospital. Other secondary
end points included thrombosis of the hepatic
artery or portal vein, anastomotic biliary stric-
tures or leakage, and use of renal-replacement
therapy within 6 months after transplantation.
Serum markers of hepatobiliary injury and func-
tion were recorded daily during the first week
and at 1 month, 3 months, and 6 months after
transplantation. Patient and graft survival were
recorded up to 1 year after the transplantation.

STATISTICAL ANALYSIS

The trial was powered to detect a clinically rel-
evant difference in the incidence of symptomatic
nonanastomotic biliary strictures between the two
trial groups. On the basis of previous reports
about the transplantation of livers obtained from
donors after circulatory death, we presumed an
incidence of 29% among livers that had been
preserved by static cold storage, and we expected
that the incidence with machine perfusion would
be 11% (proportional reduction, 60%).>**> On
the basis of a power of 80% and a 5% signifi-
cance level (two-sided test) in two independent
groups, we calculated that 77 livers would be
needed in each trial group. We aimed to include
1 additional patient per trial group, resulting in
78 patients per group.

All end-point analyses were prespecified in
the protocol and statistical analysis plan, which
was finalized before the database was locked.
The primary end point was analyzed with the
use of a chi-square test, as well as in a log-bino-
mial regression model with calculation of risk
ratios. Prespecified covariates in this model
were based on relevant literature and included
stratification factors (trial site and primary scle-
rosing cholangitis) and donor-specific risk fac-
tors (donor risk index and donor warm-ischemia
time, defined as the time period between circu-
latory arrest and in situ cold flush-out in the
donor).**¥ For consistency with the original pro-
tocol, we also analyzed the results using logistic-
regression modeling and report them in the
Supplementary Appendix. Time-to-event outcomes
were analyzed with the use of Kaplan—-Meier
curves with a log-rank test and Cox proportion-

al-hazards regression model with the calculation
of hazard ratios. Secondary binary end points
were assessed by means of a chi-square test or
log-binomial regression to adjust for stratifica-
tion factors. Continuous (log-transformed) out-
comes were compared with the use of an inde-
pendent Student’s t-test. Missing data were
assumed to be missing at random, and multiple
imputation was performed when more than 10%
of all the patients had missing data for a spe-
cific variable. There was no adjustment for mul-
tiplicity in analyses of secondary end points, and
these analyses should be considered to be explor-
atory. Tests were two-sided, and results are re-
ported with 95% confidence intervals. A P value
of less than 0.05 was considered to indicate sta-
tistical significance. Analyses were performed with
the use of SPSS software, version 23.0 (SPSS).

RESULTS

PATIENTS

From January 2016 through July 2019, we as-
sessed a total of 245 patients for eligibility, of
whom 160 underwent randomization. After ran-
domization, four transplantations were canceled
before any trial procedure was started. In one
case, the liver was intended to undergo machine
perfusion, and in three cases, the liver had been
assigned to the control group. The reasons for
cancelation were massive steatosis in two livers
and a nonreconstructable damaged artery in
another liver. These three livers had initially
been deemed transplantable and had been ac-
cepted; they were secondarily rejected on the
basis of this new information. In one patient,
pseudomyxoma peritonei was detected after lap-
arotomy; the transplantation was canceled and the
liver was allocated to another patient outside the
trial. This resulted in the inclusion of 78 patients
in the machine-perfusion group and 78 patients
in the control group (Fig. S1 in the Supplemen-
tary Appendix).

The baseline characteristics of the donors and
recipients were well matched in the two trial
groups (Table 1). Inherent to the intervention,
the static cold-ischemia time was slightly shorter
in the machine-perfusion group than in the con-
trol group (6 hours 11 minutes vs. 6 hours 49
minutes) and the total preservation time was lon-
ger (8 hours 44 minutes vs. 6 hours 49 minutes).

N ENGL J MED 384;15 NEJM.ORG APRIL 15, 2021



HYPOTHERMIC MACHINE PERFUSION IN LIVER TRANSPLANTATION

Table 1. Characteristics of the Donors and Recipients at Baseline.*

Characteristic

Donor characteristics
Age —yr
Median
Interquartile range
Male sex — no. (%)
Donor risk indexy
Median
Interquartile range
Body-mass index:
Median
Interquartile range

Preservation characteristics
Time from withdrawal of life support to aortic flush-out — min

Median
Interquartile range

Time from circulatory arrest in the donor to aortic flush-out

—min

Median

Interquartile range
Static cold-ischemia time§

Median

Interquartile range
Machine-perfusion time

Median

Interquartile range
Total preservation timeq|

Median

Interquartile range
Recipient characteristics
Age —yr

Median

Interquartile range
Male sex — no. (%)
Laboratory MELD score|

Median

Interquartile range

Renal-replacement therapy — no. (%)

Machine Perfusion
(N=78)

52
43-57
52 (67)

2.12
1.84-2.38

25
23-27

29
22-33

11
8-13

6 hr 11 min
5 hr 16 min—6 hr 55 min

2 hr 12 min
2 hr 00 min-2 hr 33 min

8 hr 44 min
7 hr 46 min-9 hr 16 min

60
52-65
55 (71)

14
10-19
3(4)

Control
(N=78)

49
37-59
51 (65)

2.12
1.86-2.42

25
21-28

27
21-35

11
8-15

6 hr 49 min
5 hr 56 min—7 hr 57 min

NA
NA

6 hr 49 min
5 hr 56 min—7 hr 57 min

60
52-65
52 (67)

16
10-22
2(3)

* Data on additional characteristics, including causes of death of the donor and indications for transplantation, are pro-

vided in Table S1. NA denotes not applicable.

7 The donor risk index is a scoring system that was developed to quantitatively predict the risk of post-transplantation
graft failure in liver transplantation, on the basis of donor risk factors.?”

i The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ The static cold-ischemia time was defined as time between aortic cold flush-out in the donor to reperfusion in the re-

cipient, minus the machine perfusion time. P<0.001 for the comparison of the two groups.

9§ The total preservation time was defined as the time between aortic cold flush-out in the donor to reperfusion in the

recipient. P<0.001 for the comparison of the two groups.

| The laboratory Model of End-Stage Liver Disease (MELD) score ranges from 6 to 40, with higher scores indicating more
advanced disease. The laboratory MELD score is based on original laboratory variables; MELD exception points, which
are used to assign increased priority on the waiting list to patients whose severity of illness or risk of complications is
not captured by the laboratory MELD score, are not included in the scores shown here.
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Table 2. Primary and Secondary End Points.*

Machine Perfusion Control Treatment Effect
Outcome (N=78) (N=78) (95% ClI) P Value
Primary end point{
Nonanastomotic biliary strictures — no. (%) 5 (6) 14 (18) 0.03
Unadjusted risk ratio 0.36 (0.14 to 0.94) 0.03
Adjusted risk ratio 0.35 (0.14 t0 0.92) 0.03
Secondary end points
Postreperfusion syndrome
>30% decrease in systemic mean arterial pressure 9/72 (12) 19/70 (27) 0.43 (0.20t0 0.91)%
— no./total no. (%)

>30% decrease in systemic mean arterial pressure or 2100% 20/72 (28) 33/72 (46) 0.59 (0.38 t0 0.92)%
increase in norepinephrine dose — no./total no. (%)

Serum potassium after reperfusion — mmol/liter§ 4.1£0.7 4.4x1.1 -0.4 (-0.1 to -0.6)

Graft-related complication — no. (%)

Early allograft dysfunction 20 (26) 31 (40) 0.61 (0.39 to 0.96)
Primary nonfunction 0 1(1) NA
Hepatic-artery thrombosis 2 (3) 2 (3) 0.94 (0.12to0 7.19)%
Portal-vein thrombosis 0 2 (3) NA

Biliary anastomotic stricture 23 (29) 22 (28) 1.07 (0.52 to 2.20) 1
Biliary anastomotic leakage 6 (8) 8 (10) 0.69 (0.22 to 2.13)%

Renal failure leading to dialysis — no. (%) 7(9) 7(9) 0.79 (0.27 to 2.34)%

Median duration of stay (interquartile range) — days
In the intensive care unit 2 (2to5) 2 (1to4) NA
In the hospital 15 (12 to 20) 15 (12 to 26) NA

Retransplantation within 6 mo — no. (%) 3 (4) 6 (8) 0.49 (0.12 to 1.94) |
Primary nonfunction — no. 0 1
Hepatic-artery thrombosis — no. 2 1
Severe liver laceration — no.** 0 2
Nonanastomotic biliary strictures — no. 0 2
Secondary liver dysfunction in the context of multiorgan 1 0

failure of unknown origin — no.

Death of patient within 6 mo — no. (%) 6 (8) 4(5) 1.46 (0.41 to 5.21)|
Multiorgan failure — no. 2 0
Sepsis — no. 0 3
Respiratory failure — no. 2 1
Anoxic brain injury — no. 1 0
Hemophagocytic syndrome — no. 1 0

Plus—minus values are means +SD. Because of an absence of events in one group or an obvious lack of difference, some treatment differ-
ences were not assessed (NA). The widths of the confidence intervals have not been adjusted for multiplicity, and so the inferences drawn
from them may not be reproducible.

The P value for the first assessment of the primary end point is from a chi-square test. The other two P values are based on the unadjust-
ed and adjusted log-binomial regression analysis. For the adjusted analysis, the risk ratio and 95% confidence interval were adjusted for
prespecified covariates, including stratification factors (transplantation center and primary sclerosing cholangitis) and established donor
risk factors (donor warm-ischemia time and donor risk index).

The treatment effect is expressed as risk ratio and 95% confidence interval, with adjustment for stratification factors.

Data were available for 54 patients in the machine-perfusion group and for 60 in the control group. The results of statistical testing are
after multiple imputations. The treatment effect is expressed as the mean difference and 95% confidence interval.

Early allograft dysfunction was defined as any one of the following clinical indicators: a bilirubin level of at least 171 ymol per liter (10 mg
per deciliter) on postoperative day 7; an international normalized ratio of at least 1.6 on postoperative day 7; or alanine aminotransferase
and aspartate aminotransferase levels of more than 2000 U per liter within the first 7 postoperative days. Data were available for all patients.
The treatment effect is expressed as a risk ratio and 95% confidence interval, with adjustment for stratification factors.

The treatment effect is expressed as a hazard ratio and 95% confidence interval, with adjustment for stratification factors.

*% Liver laceration occurred during the donor hepatectomy and caused severe bleeding and subcapsular hematoma after reperfusion in the
recipient, necessitating gauze packing and listing for retransplantation.
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PRIMARY END POINT

Symptomatic nonanastomotic biliary strictures
occurred in 5 of 78 patients (6%) in the machine-
perfusion group and in 14 of 78 (18%) in the
control group (risk ratio, 0.36; 95% confidence
interval [CI], 0.14 to 0.94; P=0.03). When the
analysis was adjusted for stratification factors
and prespecified donor risk factors in the log-
binomial regression model, the result remained
essentially the same (Table 2). These findings
were confirmed in the time-to-event analyses
that used the Kaplan—-Meier method and Cox
regression analysis (hazard ratio, 0.32; 95% CI,
0.11 to 0.89; P=0.03; P=0.03 also by the log-
rank test) (Fig. 1).

All 19 patients who had symptomatic non-
anastomotic strictures received the diagnosis
before the trial magnetic resonance cholangiog-
raphy was performed at 6 months after trans-
plantation, and all had clinical symptoms or
cholestatic laboratory tests (or both) that sup-
ported this diagnosis (Table 3). Blinded review
of the cholangiograms in symptomatic patients
confirmed radiologic evidence of nonanastomotic
strictures.

A sensitivity analysis that involved all the
patients who completed 6 months of follow-up,
including the trial magnetic resonance cholangi-
ography, did not change the conclusion (Table
S2). Given the small between-group difference in
the static cold-ischemia time, we conducted a
post hoc sensitivity analysis with this variable as
a covariate in the log-binomial regression model;
the conclusion did not change.

SECONDARY END-POINT MEASURES
Intraoperatively, the postreperfusion syndrome,
which was defined as a decrease of more than
30% in the mean arterial blood pressure, oc-
curred less frequently in recipients of a machine-
perfused liver than in those in the control group
(12% vs. 27%; adjusted risk ratio, 0.43; 95% CI,
0.20 to 0.91). This difference remained when we
included increased inotropic support in the defi-
nition (Table 2). In line with this, the mean (£SD)
serum potassium levels immediately after trans-
plantation were lower in the machine-perfusion
group than in the control group (4.1+0.7 mmol
per liter vs. 4.4+1.1 mmol per liter; mean differ-
ence, —0.4 mmol per liter; 95% CI, —0.1 to —0.6).
Early allograft dysfunction occurred in 20
machine-perfused livers (26% of the patients), as

N ENGL ) MED 384,15
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Figure 1. Cumulative Incidence of Symptomatic Nonanastomotic Biliary
Strictures.
Shown are the time-to-event Kaplan—Meier curves for symptomatic nonanas-
tomotic biliary strictures within 6 months after liver transplantation (primary
end point). The hazard ratio was adjusted for stratification factors (trans-
plantation center and primary sclerosing cholangitis) and for prespecified,
established donor risk factors (donor warm-ischemia time and donor risk
index); the P value is from a Cox regression analysis. P=0.03 also by the
log-rank test. The inset shows the same data on an enlarged y axis.

compared with 31 control livers (40% of the
patients) (adjusted risk ratio, 0.61; 95% CI, 0.39
to 0.96). There were no cases of primary non-
function in the machine-perfusion group, but
one case was observed in the control group.
The cumulative number of treatments for
nonanastomotic biliary strictures and related
complications within 6 months after transplan-
tation was lower by a factor of almost 4 in the
machine-perfusion group than in the control
group (Table 3). Two patients, both in the con-
trol group, underwent retransplantation because
of severe nonanastomotic strictures. There were
no between-group differences in the incidence of
anastomotic biliary leakage or strictures (Table 2).
Results of the blinded review of all cholangio-
grams are presented in Tables S3 through S7.
Laboratory analyses of serum liver-function
tests are presented in Figure S2. In accordance
with the higher percentage of patients with
symptomatic nonanastomotic biliary strictures
in the control group than in the machine-perfu-
sion group, serum cholestasis markers in the
control group were higher than those in the
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machine-perfusion group at 3 months (alkaline
phosphatase and bilirubin) and 6 months (alka-
line phosphatase). There were no relevant differ-
ences between the two groups in the use of re-
nal-replacement therapy, in the durations of stay
in the intensive care unit or hospital, or in graft
and patient survival at 1 year (Table 2 and Fig. S3).

SAFETY AND ADVERSE EVENTS

The distribution of patients for whom adverse
events were reported was similar in the two
groups (Table 4). There was no relevant clinical
difference between the two groups in the sever-
ity of adverse events (Table S8).

DISCUSSION

In this trial involving patients receiving a liver
graft from a donor after circulatory death, those
who had been randomly assigned to receive the
liver graft after hypothermic oxygenated ma-
chine perfusion had a risk of symptomatic non-
anastomotic biliary strictures within 6 months
after transplantation that was approximately two
thirds lower than those who had been randomly
assigned to receive the liver graft after conven-
tional static cold preservation alone. The lower
incidence of this type of cholangiopathy was
both statistically and clinically significant.

Nonanastomotic biliary strictures are a result
of incomplete recovery from biliary ischemia—
reperfusion injury, resulting in fibrotic narrow-
ing of the bile-duct lumen and obstruction of
bile flow.' Although some patients can be
treated with endoscopic or percutaneous inter-
ventions, strictures are often resistant to dilata-
tions and stenting, and retransplantation may
remain the only definitive therapy.’®?>* In the
present trial, the cumulative number of interven-
tions for nonanastomotic biliary strictures and
antibiotic therapy for related cholangitis was
lower by a factor of almost 4 among machine-
perfused livers than among control livers. Two
patients in the control group underwent retrans-
plantation within 6 months because of severe
cholangiopathy.

The protective effect of machine perfusion
was also shown by the lower risk of postreperfu-
sion syndrome and early allograft dysfunction.
Graft reperfusion is often accompanied by he-
patic release of potassium and circulatory insta-
bility.?® In a clinical pilot study,” a reduction in

Table 4. All Reported Adverse Events within 6 Months after Transplantation.*

Event (N=78)
Total no. of events 644
Infection — no. (%) 131 (20)
Rejection of transplanted liver — no. (%) 9 (1)
Renal event — no. (%) 47 (7)
Hepatic event — no. (%) 91 (14)
Cardiovascular event — no. (%) 52 (8)
Respiratory event — no. (%) 36 (6)
Neurologic event — no. (%) 62 (10)
Gastrointestinal event — no. (%) 43 (7)
Hematologic event — no. (%) 39 (6)
Dermatologic event — no. (%) 19 (3)
Endocrine event — no. (%) 20 (3)
Cancer — no. (%) 3 (<1)
Miscellaneous adverse event — no. (%) 91 (14)
Device error — no. (%) 1 (<1)

Machine Perfusion

Control
(N=78)

694

* The data shown are the numbers of reported adverse events; the percentages
are based on the total number of reported adverse events (rather than on the
total number of patients). Patients could have had more than one event, and
no statistical test was applied to these data. Percentages may not total 100

because of rounding.

 Leakage of the disposable tubing set was reported in one case before machine

perfusion was started. After replacement of this disposable set, high flows
were noted owing to a malfunctioning pressure sensor caused by a user error.

This was immediately corrected without injury to the liver.

serum potassium levels was observed after the
transplantation of hypothermic machine-perfused
livers, and this benefit was confirmed in the
current prospective trial.

Important advantages of hypothermic ma-
chine perfusion over other dynamic preservation
methods, such as normothermic machine perfu-
sion, are its relative simplicity and intrinsic
safety. Technical malfunction leading to insuf-
ficient hepatic perfusion would not immediately
be detrimental because the organ is maintained
at low temperature. This situation differs from
normothermic machine perfusion, in which de-
vice or operator errors result in warm ischemia
and may lead to organ loss.**3* Another advan-
tage of hypothermic machine perfusion is that
it is effective after static cold storage. Although
a transportable hypothermic perfusion device is
currently under clinical investigation (Clinical-
Trials.gov number, NCT03484455), it is still
undetermined whether this provides additional
benefit.
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Despite the restoration of ATP, hepatic metabo-
lism remains suppressed and livers do not pro-
duce bile during this type of machine perfusion.
Although the release of mitochondrial flavin
mononucleotide into the perfusate has been cor-
related with hepatic function after transplanta-
tion, it remains unknown whether this also
predicts the risk of cholangiopathy.?® In contrast
to normothermic machine perfusion, hypothermic
machine perfusion is, therefore, currently not
considered to be a tool for viability testing be-
fore transplantation; rather, it is a method to
reduce the incidence of ischemia—reperfusion
injury. This makes it suited for donor livers with
an increased risk of development of ischemia-
related complications, such as livers obtained
from donors after circulatory death. To this end,
hypothermic and normothermic machine perfu-
sion serve different goals and are not competing
techniques. The two techniques can be applied
sequentially with complementary benefits.3+3¢
Whether hypothermic machine perfusion is
also beneficial in the transplantation of livers
obtained from brain-dead donors is the subject
of ongoing clinical trials (NCT01317342 and
NCT03124641).

In the present trial, machine perfusion did not
have an effect on patient or graft survival. Given
the high percentage of patients who survive after
liver transplantation and the relatively low risk
of graft loss, much larger trials would be needed
to detect an effect on these outcome measures.

Reimbursement of this new technology by
health care funders will involve a health-eco-
nomic evaluation. Costs for transplantation of a
liver from a donor after circulatory death are 25
to 30% higher than those for transplantation of
livers from brain-dead donors, mainly because
of the higher incidence of biliary complica-
tions.?”*® The prevention of post-transplantation
cholangiopathy may not only increase the ac-
ceptance for transplantation of liver grafts ob-
tained from donors after circulatory death but
may also make the use of machine perfusion
cost-effective.

In this randomized trial involving patients
who underwent transplantation of a liver ob-
tained from a donor after circulatory death, we
found that hypothermic oxygenated machine per-
fusion led to a lower incidence of symptomatic
nonanastomotic biliary strictures than conven-
tional static cold preservation.
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ABSTRACT

BACKGROUND
Psilocybin may have antidepressant properties, but direct comparisons between
psilocybin and established treatments for depression are lacking.

METHODS

In a phase 2, double-blind, randomized, controlled trial involving patients with
long-standing, moderate-to-severe major depressive disorder, we compared psilo-
cybin with escitalopram, a selective serotonin-reuptake inhibitor, over a 6-week pe-
riod. Patients were assigned in a 1:1 ratio to receive two separate doses of 25 mg of
psilocybin 3 weeks apart plus 6 weeks of daily placebo (psilocybin group) or two
separate doses of 1 mg of psilocybin 3 weeks apart plus 6 weeks of daily oral esci-
talopram (escitalopram group); all the patients received psychological support. The
primary outcome was the change from baseline in the score on the 16-item Quick
Inventory of Depressive Symptomatology—Self-Report (QIDS-SR-16; scores range
from 0 to 27, with higher scores indicating greater depression) at week 6. There
were 16 secondary outcomes, including QIDS-SR-16 response (defined as a reduction
in score of >50%) and QIDS-SR-16 remission (defined as a score of £5) at week 6.

RESULTS
A total of 59 patients were enrolled; 30 were assigned to the psilocybin group and 29
to the escitalopram group. The mean scores on the QIDS-SR-16 at baseline were 14.5
in the psilocybin group and 16.4 in the escitalopram group. The mean (+SE) changes
in the scores from baseline to week 6 were —8.0+1.0 points in the psilocybin group
and —6.0+1.0 in the escitalopram group, for a between-group difference of 2.0 points
(95% confidence interval [CI], —5.0 to 0.9) (P=0.17). A QIDS-SR-16 response occurred
in 70% of the patients in the psilocybin group and in 48% of those in the escitalopram
group, for a between-group difference of 22 percentage points (95% CI, -3 to 48);
QIDS-SR-16 remission occurred in 57% and 28%, respectively, for a between-group
difference of 28 percentage points (95% CI, 2 to 54). Other secondary outcomes gen-
erally favored psilocybin over escitalopram, but the analyses were not corrected for
multiple comparisons. The incidence of adverse events was similar in the trial groups.

CONCLUSIONS
On the basis of the change in depression scores on the QIDS-SR-16 at week 0, this
trial did not show a significant difference in antidepressant effects between psilo-
cybin and escitalopram in a selected group of patients. Secondary outcomes gener-
ally favored psilocybin over escitalopram, but the analyses of these outcomes
lacked correction for multiple comparisons. Larger and longer trials are required
to compare psilocybin with established antidepressants. (Funded by the Alexander
Mosley Charitable Trust and Imperial College London’s Centre for Psychedelic
Research; ClinicalTrials.gov number, NCT03429075.)
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AJOR DEPRESSIVE DISORDER AFFECTS

approximately 10% of the general popu-

lation in the United Kingdom, impairs
patients’ lives, and is costly to society.! Selective
serotonin-reuptake inhibitors are first-line treat-
ments for major depressive disorder; however,
these drugs take several weeks to work and, in
some patients, do not induce a response.? Esci-
talopram, a selective serotonin-reuptake inhibi-
tor, is representative of the currently used anti-
depressants in terms of safety and efficacy.??

The psychedelic compound psilocybin is the
phosphorylated ester of its metabolite, psilocin
(4-OH-N,N-dimethyltryptamine). Psilocybin and
psilocin occur naturally in the psychoactive psilo-
cybe genus of mushrooms. As with other tradi-
tional psychedelic substances,*> the main effects
of psilocin occur through serotonin 5-hydroxy-
tryptamine type 2A (5-HT,,) receptor agonism,
which is part of a pathway implicated in depres-
sion.*¢ Psilocybin showed promise as an adjunct
to psychotherapy for mood disorders and addic-
tion in the mid-20th century.”®
One open-label trial® and four randomized,

controlled clinical trials’®® of psilocybin for
depression and anxiety have been conducted.>**3
Reductions in depressive symptoms after the
administration of one or two doses of psilocybin
were observed in trials across several patient
populations,’* including a small open-label trial
involving patients with treatment-resistant de-
pression,®* the results of which informed the
current trial. We performed a phase 2, double-
blind, randomized, controlled trial involving
patients with long-standing, moderate-to-severe
major depressive disorder to compare psilocybin
with escitalopram over a 6-week period.

METHODS

TRIAL OVERSIGHT

A Schedule 1 drug license from the U.K. Home
Office was obtained by the investigators, and the
trial was approved by the Brent Research Ethics
Committee, the U.K. Medicines and Healthcare
Products Regulatory Agency, the Health Re-
search Authority, the Imperial College London
Joint Research Compliance and General Data
Protection Regulation Offices, and the risk assess-
ment and trial management review board at the
trial site (the National Institute for Health Re-
search [NIHR] Imperial Clinical Research Facility
[CRF]). Psilocybin was provided by COMPASS

Pathways, and escitalopram and placebo were
provided by the Pharmacy Manufacturing Unit at
Guy’s and St. Thomas’s Hospital.

This was an investigator-initiated, university-
sponsored trial. All medicinal products under
investigation were stored and dispensed by Invicro.
Trial visits occurred at the NIHR CRF from
January 2019 through March 2020. The first au-
thor designed the trial and wrote the first draft
of the manuscript with assistance from the sec-
ond author. The second through seventh authors
performed the trial and collected the data, and
the eighth author analyzed the data. Clinical
oversight of the trial was provided by the third,
penultimate, and last authors, and the overall
trial was overseen by the last author. The authors
vouch for the accuracy and completeness of the
data and for the fidelity of the trial to the proto-
col (available with the full text of this article at
NEJM.org). There was no industry involvement
in the collection or analysis of the data, and no
agreements were in place between the authors
and any commercial entity.

PATIENTS

Men and women between the ages of 18 and 80
years were recruited formally through trial net-
works, informally through social media, and
through other sources, which directed patients
to a recruitment website. The main exclusion
criteria were an immediate family or personal
history of psychosis, medically significant health
conditions that make a person unsuitable to par-
ticipate in the trial (as assessed by a physician),
a history of serious suicide attempts, a positive
pregnancy test, contraindications to taking se-
lective serotonin-reuptake inhibitors or undergo-
ing magnetic resonance imaging (MRI), previous
use of escitalopram (although previous use of
psilocybin was allowed), or suspected or known
presence of a preexisting psychiatric condition
(e.g., borderline personality disorder) that could
jeopardize rapport between the patient and their
two mental health caregivers within the trial.
Additional details about the trial exclusion crite-
ria are provided in the protocol.

Information about the trial, including inclu-
sion and exclusion criteria, was made available
online at the Centre for Psychedelic Research web-
site (www.imperial.ac.uk/psychedelic-research
-centre), the ClinicalTrials.gov website, the MQ
mental health research recruitment platform (www
.mgmentalhealth.org/home/), and the ISRCTN
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Registry website. Volunteers initiated contact by
emailing the recruitment coordinator after hear-
ing about the trial. Most of the recruited patients
referred themselves. Candidates were sent a pa-
tient information sheet and invited to a telephone
screening. Assessments with the 17-item Hamil-
ton Depression Scale (HAM-D-17) were performed
by means of a video call; a score of at least 17
(indicating moderate-to-severe major depressive
disorder) on a scale that ranges from 0 to 52,
with higher scores indicating greater depression,
was required for trial enrollment. Confirmation
of a diagnosis of depression and medical history
were obtained from the patient’s general physi-
cian. Eligible patients then underwent face-to-face
physical and mental health assessments with a
trial psychiatrist, which was followed by their
first psychological support session (see the proto-
col). The patients discontinued any use of a psy-
chiatric medication before starting the trial, with
full discontinuation occurring at least 2 weeks
before starting a trial medication; any use of
psychotherapy was stopped at least 3 weeks be-
fore starting a trial medication.

After the telephone screening, each patient
was assigned to two supervising mental health
professionals. The role of these mental health
professionals was to build a therapeutic alliance
with the patient before, during, and after each
day of dosing. (Additional details are provided in
Section S2.8 of the Supplementary Appendix,
available at NEJM.org.) One of the pair was a
clinical psychologist, psychotherapist, or psychia-
trist, and the other could be an equivalent grade
clinician or trainee. The mental health profes-
sionals were present for all trial visits. Baseline
assessments were completed 7 to 10 days before
trial visit 1.

TRIAL DESIGN
Randomization (performed with the use of a
random-number generator) was implemented by
staff members who were not part of the research
team. (Details regarding the randomization pro-
cess are provided in Section S2.6.) All the pa-
tients provided written informed consent and,
after screening, were required to attend six visits
over a 6-week trial period. Procedures for the
ingestion of psychotherapeutic agents and size-
and color-matched placebo capsules were con-
sistent between the trial groups.

At visit 1 (baseline), all the patients underwent

functional MRI, completed a battery of cognitive
and affective processing tasks (data not yet ana-
lyzed), and attended a preparatory therapeutic
session. At visit 2, which occurred 1 day after
visit 1, the patients in the psilocybin group re-
ceived 25 mg of psilocybin, and those in the
escitalopram group received 1 mg of psilocybin,
which was presumed to have negligible activity
(dosing-day 1). To standardize expectations, all
the patients were informed that they would re-
ceive psilocybin, but the dose was not disclosed
to them. The medications and placebos were
prepackaged with nondisclosing labels, and all
the investigators and medication administering
staff were unaware of the trial-group assign-
ments. The dosing days for each patient were
supervised by the two mental health profession-
als who had been assigned to the patient. Super-
vision consisted of caring for the physical and
psychological well-being of the patient and re-
sponding to signs of patient discomfort during
and immediately after the administration of a
trial medication.” (Additional details regarding
psychological support are provided in Section
§2.8.) A trial psychiatrist assessed eligibility for
discharge when the functional status of a patient
had returned to the baseline level.

Before the patients left the CRF after visit 2,
they received a screw-top bottle of capsules and
were instructed to take one capsule each morn-
ing until their next scheduled day of psilocybin
dosing. The capsules contained either micro-
crystalline cellulose (placebo), which were given
to the patients who had received the 25-mg dose
of psilocybin on dosing-day 1, or 10 mg of esci-
talopram, which were given to the patients who
had received the 1-mg dose of psilocybin on
dosing-day 1. Visit 3 occurred 1 day after dosing-
day 1 and included a psychological debriefing.
An additional debriefing by telephone or video
call occurred 1 week later.

At visit 4, which occurred 3 weeks after dos-
ing-day 1, the patients received their second dose
of psilocybin or placebo (dosing-day 2), and at
visit 5 (the next day), a psychological integration
session involving open, attentive listening was
held. After dosing-day 2, the patients were asked
to take two capsules each morning (either pla-
cebo in the psilocybin group or an increased
dose of 20 mg of escitalopram in the escitalo-
pram group) for the next 3 weeks.

Three weeks after visit 5, the patients returned
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for their final trial visit (visit 6) for the assess-
ment of the primary outcome. The structure of
this visit was similar to that of visit 1 and in-
volved the performance of functional MRI (6 weeks
after the first), cognitive and affective process-
ing tasks, final clinician-rated assessments, and
psychological debriefing. After these assessments,
the patient and the trial staff were informed of
the trial-group assignment, and a trial psychia-
trist discussed future treatment options. In the
escitalopram group, discontinuation of the trial
drug was managed by the patients and their
general physicians. After week 6, the patients
were followed for 6 months by the investigators,
but these data have not yet been fully collected.
The initial trial design included a placebo group
that was to receive 1 mg of psilocybin and pla-
cebo, but this group was not included in the fi-
nal protocol because it was determined that a
trial involving three groups would be too com-
plex and expensive to conduct and power ade-
quately, given the resources that were available
at the time. The data obtained from an imaging
group in the trial, in which functional MRI was
used to predict responses to the trial drugs, have
not been analyzed.

OUTCOMES
The primary clinical outcome was the change
from baseline in the score on the 16-item Quick
Inventory of Depressive Symptomatology—Self-
Report (QIDS-SR-16; scores range from 0 to 27,
with higher scores indicating greater depression)
at 6 weeks. Secondary outcomes included re-
sponse at 6 weeks according to the QIDS-SR-16
(defined as a decrease in score of >50% from
baseline); remission at 6 weeks according to the
QIDS-SR-16 (defined as a score of 0 to 5); change
in the score on the 14-item QIDS-SR (QIDS-SR-14)
from the day before to the day after dosing-day 1;
and the changes from baseline to week 6 in the
scores on the Beck Depression Inventory 1A
(BDI-1A), the 17-item Hamilton Depression Rat-
ing Scale (HAM-D-17), and the Montgomery and
Asberg Depression Rating Scale (MADRS). Other
secondary outcomes were the changes from base-
line to 6 weeks in the scores on the Flourishing
Scale (FS), the Spielberger’s Trait Anxiety Inven-
tory (STAI), the Brief Experiential Avoidance
Questionnaire (BEAQ),"® the Work and Social
Adjustment Scale (WSAS), the Snaith Hamilton
Anhedonia Pleasure Scale (SHAPS), the Warwick-

Edinburgh Mental Wellbeing Scale (WEMWBS),
and the Suicidal Ideation Attributes Scale (SIDAS),
as well as the scores at 6 weeks on the Psycho-
tropic-Related Sexual Dysfunction Questionnaire
(PRSexDQ), the Laukes Emotional Intensity Scale
(LEIS),”” and the Emotional Breakthrough Inven-
tory,”® which assessed acute subjective experi-
ences after each dosing day (Fig. S4 and Table
S5). An investigator-constructed patient-rated
scale (the Post-Treatment Changes Scale [PTCS])
was used as a safety outcome measure for as-
sessing post-treatment side effects and other
phenomena that previous work has associated
with psychedelic compounds or selective sero-
tonin-reuptake inhibitors (Section S2.11 and
Table S2). Additional details of these outcomes
are provided in the protocol.

ADVERSE EVENTS

Adverse events were recorded at every visit and
telephone call from dosing-day 1 through week 6.
Adverse events were assessed by asking “how
have you been since your last visit?” or on the
basis of events that were observed at the trial
site. Additional details of the criteria used for
the reporting of adverse events are provided in
the protocol. All adverse events that occurred or
worsened between dosing-day 1 and week 6 were
recorded and coded with the use of the Medical
Dictionary for Regulatory Activities, version 23.0.

STATISTICAL ANALYSIS

The clinical component of the trial was powered
on the basis of data from previous trials'®* and
on an assumption of equal variance for both
trial drugs with respect to the primary outcome
and the ability to detect a difference between the
groups at a two-sided level of P<0.05 with 80%
power. This would require 20 patients per trial
group, and we proposed recruiting a minimum
of 30 patients per group (60 in total for the trial).
Additional details are provided in Sections 4.2.1
and 10 of the protocol. All the patients who had
undergone randomization were included in an
intention-to-treat analysis.

The change from baseline in the score on the
QIDS-SR-16 at week 6 (the primary outcome) was
compared between the trial groups with the use
of repeated-measures analysis of covariance
(ANCOVA), with adjustment for baseline scores.
Logistic regression, with adjustment for baseline
scores, was used to analyze the secondary out-
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comes of response and remission according to
the QIDS-SR-16, as well as the additional out-
comes of response and remission according to
the BDI-1A, the HAM-D-17, and the MADRS. The
changes from baseline to week 6 in the scores
on the HAM-D-17, the QIDS-SR-14, the MADRS,
the WEMWABS, the FS, the BEAQ, the WSAS, the
SHAPS, the STAI, and the LEIS were analyzed
with the use of ANCOVA or repeated-measures
ANCOVA, with adjustment for baseline (if pos-
sible). The changes from baseline to week 6 in
the scores on the BDI-1A and the SIDAS were
analyzed with the use of the permutation test
stratified according to baseline scores. The score
at 6 weeks on the PRSexDQ was analyzed with
the use of a Wilcoxon test. The score at 6 weeks
on the PTCS was analyzed with the use of the
Jonckheere—Terpstra trend test.

The results are presented as means, adjusted
for baseline values. There was no imputation for
missing data except for the WSAS, for which
missing data were imputed with the overall
mean calculated from nonmissing data. Because
of the absence of a prespecified plan for adjust-
ment of confidence intervals for multiple com-
parisons of secondary outcomes, P values are not
reported and no clinical conclusions can be
drawn from these data.

RESULTS

PATIENTS

Approximately 1000 patients underwent screen-
ing by telephone (103 of whom also attended a
formal screening visit). A total of 891 patients
did not meet inclusion criteria (19 of whom had
a coexisting psychiatric condition), and 50 de-
clined to participate (Section S2.7). Thus, 59 pa-
tients were enrolled and underwent randomiza-
tion; 30 were assigned to the psilocybin group
and 29 to the escitalopram group. Of the 59
patients enrolled, 23 (39%) had completely dis-
continued a psychiatric medication before enter-
ing the trial, and 4 (7%) had discontinued psy-
chotherapy. In the escitalopram group, 5 of 29
patients did not complete the protocol require-
ments: 4 stopped taking their escitalopram cap-
sules because of adverse events, and 1 missed
dosing-day 2 and subsequent visits owing to re-
strictions related to coronavirus disease 2019
(Covid-19). One patient in the escitalopram group

guessed that the capsules contained escitalopram
and reduced the dose by half (from 20 mg to
10 mg) because of perceived adverse events; a
reduction in the escitalopram dose to 10 mg was
permitted in the protocol because it reflects
clinical practice. In the psilocybin group, 3 of 30
patients did not complete all dosing procedures:
2 missed dosing-day 2 and subsequent visits
because of Covid-19—-related restrictions, and
1 stopped taking daily placebo capsules after
guessing their content.

The mean age of the patients enrolled in the
trial was 41 years; 20 (34%) were women and
most were White. Depression had been present
for a mean of 22 years among the patients in the
psilocybin group and for a mean of 15 years
among those in the escitalopram group; QIDS-
SR-16 scores at baseline were 14.5 and 16.4, re-
spectively. There was more alcohol use among
the patients in the escitalopram group than in
the psilocybin group; other characteristics were
similar in the groups (Table 1).

EFFICACY OUTCOMES

The mean (+SE) change from baseline in the
score on the QIDS-SR-16 at week 6 (the primary
outcome) was —8.0+1.0 in the psilocybin group
and —6.0+1.0 in the escitalopram group (differ-
ence, —2.0; 95% confidence interval [CI], —5.0 to
0.9; P=0.17), indicating no significant difference
between the trial groups (Fig. 1 and Table 2). A
per-protocol analysis produced similar results
(Table S1).

The results of the secondary-outcome analy-
ses are provided in Figure 1, Table 2, and Figures
S3 and S4. A QIDS-SR-16 response at 6 weeks
occurred in 21 patients (70%) in the psilocybin
group and in 14 patients (48%) in the escitalo-
pram group (difference, 22 percentage points;
95% CI, -3 to 48, indicating no significant dif-
ference) (Table 2). QIDS-SR-16 remission at week
6 occurred in 17 patients (57%) in the psilocybin
group and in 8 patients (28%) in the escitalo-
pram group (difference, 28.1 percentage points;
95% CI, 2.3 to 53.8) (Table 2). Other secondary
measures of depression (changes from baseline to
week 6 in the scores on the BDI-1A, HAM-D-17,
and MADRS) and the between-group differences
in the scores on other scales mostly favored psilo-
cybin over escitalopram, although the confidence
intervals for the between-group differences were
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Psilocybin Escitalopram

Characteristic (N=30) (N=29)
Demographic
Age (range) —yr 43.3x11.7 (21-64) 39.1+9.7 (22-60)
Female sex — no. (%) 11 (37) 9 (31)
White race — no. (%) 28 (93) 24 (83)
Employment status — no. (%)

Employed 21 (70) 21 (72)

Student 2(7) 3 (10)

Unemployed 7 (23) 5(17)
University level education — no. (%) 22 (73) 23 (79)
No previous psilocybin use — no. (%) 22 (73) 21 (72)
Weekly alcohol use (range) — g 36.8+43.1 (0-160) 67.7+66.6 (0-240)
Discontinued psychiatric medication for trial — no. (%) 11 (37) 12 (41)
Clinical
Duration of illness (range) — yr 22.1+10.7 (3—-44) 15.1+11.0 (2-46)
No. of psychiatric medications previously used (range) 2.2+1.6 (0-6) 1.8+1.5 (0-5)
Previous use of psychotherapy — no. (%) 28 (93) 26 (90)
QIDS-SR-16 score at pretreatment baseline (range)§ 14.5+3.9 (7-23) 16.4+4.1 (6-22)
HAM-D-17 score at pretreatment baseline (range)9 19.2+2.3 (16-23) 18.4+3.4 (11-26)
BDI-1A score at pretreatment baseline (range) || 29.1+6.8 (16-41) 28.7+7.0 (10-44)

* Plus—minus values are means +SD. Pretreatment baseline was 7 to 10 days before dosing-day 1.

T Race was reported by the patients.
i To convert grams to U.K. units, divide by 8.

§ The scores on the 16-item Quick Inventory of Depressive Symptomatology—Self-Report (QIDS-SR-16) range from 0 to 27,

with higher scores indicating greater depression.

9§ The scores on the 17-item Hamilton Depression Rating Scale (HAM-D-17) range from 0 to 50, with higher scores indi-
cating greater depression. At screening, which was typically a few weeks before pretreatment baseline, all the patients
had a score of at least 17 on the HAM-D-17. The depression scores reported in this table are from pretreatment base-

line and not screening.

| The scores on the Beck Depression Inventory 1A (BDI-1A) range from 0 to 63, with higher scores indicating greater de-

pression.

not adjusted for multiple comparisons (Table 2).
Ratings on the Emotional Breakthrough Inventory
are provided in Figure S7. With respect to the
primary and secondary outcomes, the absolute
values that were not adjusted for baseline values
(Table S12) were in the same general direction
as those in the adjusted analyses. Multiple impu-
tation was performed for two patients with
missing baseline values on the WSAS, and the
results were similar to those in the main (base-
line-adjusted) analysis (Section S13). A post hoc
analysis for the imbalanced use of alcohol be-
tween the trial groups showed results in the
same direction as those in the main analysis
(Section S12).

SAFETY

No serious adverse events were observed in ei-
ther trial group. The percentage of patients re-
porting adverse events was similar in the two
groups: 26 (87%) in the psilocybin group and 24
(83%) in the escitalopram group (Table 3, and
Fig. S6). The percentage of patients who had
increased anxiety and dry mouth was higher in
the escitalopram group than in the psilocybin
group. Adverse events in the psilocybin group
typically occurred within 24 hours after the dos-
ing day; the most common adverse event was
headache. A complete list of the adverse events
that occurred in the trial groups is provided in
Table S5.
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Figure 1. Change in Depression Severity and in Well-Being over 6 Weeks.

Panel A shows the mean change from baseline in the score on the 16-item
Quick Inventory of Depressive Symptomatology—Self-Report (QIDS-SR-16;
on which scores range from 0 to 27, with higher scores indicating greater
depression). Panel B shows the mean change in the score on the Warwick-
Edinburgh Mental Wellbeing Scale (WEMWBS; on which scores range from
14 to 70, with higher scores indicating greater mental well-being). These
were the only outcomes for which there were data every week (QIDS-SR-16)
or every 2 weeks (WEMWBS) and for which there were prespecified hypothe-
ses (Section S2.1 in the Supplementary Appendix). P values are not shown
because there was no correction for multiple comparisons in the analyses
of the WEMWABS (a secondary outcome) or of the outcomes at any inter-
mediate time points. I bars indicate standard errors.
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psychotic symptoms, or dependency-related be-
haviors were observed or reported in either trial
group at 6 weeks.

DISCUSSION

In this 6-week randomized trial comparing psi-
locybin with escitalopram in patients with long-
standing, mild-to-severe depression, the change
in depression scores on the QIDS-SR-16 at week
6 (the primary outcome) did not differ signifi-
cantly between the trial groups. Secondary out-
comes generally favored psilocybin over escitalo-
pram; however, the confidence intervals for the
between-group differences were not adjusted for
multiple comparisons, and no conclusions can be
drawn from these data. In both trial groups, the
scores on the depression scales at week 6 were
numerically lower than the baseline scores, but
the absence of a placebo group in the trial limits
conclusions about the effect of either agent
alone. The incidence of adverse events was simi-
lar in the trial groups, and no serious adverse
events occurred. The percentages of patients who
had anxiety, dry mouth, sexual dysfunction, or
reduced emotional responsiveness were higher
in the escitalopram group than in the psilocybin
group.” Four patients in the escitalopram group
stopped taking their daily capsules entirely, and
1 patient halved the dose because of perceived
adverse events. No patient in the psilocybin group
requested to cancel the second psilocybin dose.
Three patients were unable to attend sessions to
receive the second psilocybin dose owing to the
Covid-19 lockdown (2 patients in the psilocybin
group and 1 in the escitalopram group). The
most common adverse event in the psilocybin
group was transient headache reported within
24 hours after the day of psilocybin dosing. The
incidence of headache was similar to those re-
ported in previous studies of psilocybin.>101320

Acute subjective effects of psilocybin relating

When cued to report on specific emotional
and side-effect-related phenomena through the
PTCS (a description of this scale is provided in
Section S2.11), patients in the psilocybin group
reported greater perceived improvements in the
ability to cry and feel compassion, intense emo-
tion, and pleasure and reported feeling less
drowsy than those in the escitalopram group
(Table S2). No cases of visual perceptual changes,

1408 N ENGLJ MED 384,15

to the psychedelic experience were not included
as adverse events in our trial, because previous
studies have suggested that they may have a
mediating influence on positive outcomes.* The
altered quality of conscious experience typically
induced by a 25-mg dose of psilocybin adds
complexity to this treatment model, because it
requires that psychological support be provided
to patients during and after treatment sessions."
This requirement informed this trial’s screening
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Table 2. Primary and Secondary Outcomes.*
Psilocybin Escitalopram Difference
Outcome (N=30) (N=29) (95% CI)7
Primary
Change in QIDS-SR-16 score at 6 wk — points -8.0+£1.0 -6.0+1.0 -2.0 (-5.0t0 0.9)1
Secondary
Depression-related outcomes
Change in QIDS-SR-14 score from the day before -5.7£0.9 -2.8£0.9 -3.0 (-5.5 to -0.4)
to the day after dosing-day 1 — points
QIDS-SR-16 response at 6 wk — no. (%)§ 21 (70) 14 (48) 22 (-3 to 48)
QIDS-SR-16 remission at 6 wk — no. (%) 9 17 (57) 8 (28) 28 (2to 54)
Change in HAM-D-17 score at 6 wk — points -10.5+1.0 -5.1+1.0 -5.3 (-8.2t0-2.4)
Change in MADRS score at 6 wk — points -14.4+1.7 -7.2£1.7 -7.2 (-12.1to -2.4)
Change in BDI-1A score at 6 wk — points -18.4 (-22.6 to -13.8) -10.8 (-14.3 to -7.3) -7.6 (-13.3to -1.8)
Change in WEMWBS score at 6 wk — points 15.4+1.9 7.3£1.9 8.1 (2.6t0 13.5)
Change in FS score at 6 wk — points 14.4£1.7 9.0+1.7 5.4 (0.5t010.3)
Change in STAI score at 6 wk — points -17.6+2.2 -8.5+2.2 -9.0 (-15.2t0 -2.8)
Change in BEAQ score at 6 wk — points -10.5£2.2 -1.0£2.3 -9.5 (-15.9to -3.1)
Change in WSAS score at 6 wk — points -9.7£1.7 -3.8+1.7 -5.8 (-10.7 to -1.0)
Change in SHAPS score at 6 wk — points -4.7+0.6 -2.5+0.6 -2.2 (-3.8t0-0.6)
Change in SIDAS score at 6 wk — points -2.0 (-4.3t0 0.0) -0.8 (-3.4t02.0) -1.3 (-6.5to -0.3)
PRSexDQ score at 6 wk 0(0to0) 3(0to7) -2 (-4t00)
LEIS score at 6 wk 4.1+0.9 -2.2+1.0 6.3 (3.6t09.0)

* Changes in scores represent the mean change from baseline and are reported as mean =SE, except for the changes in the BDI-1A and
Suicidal Ideation Attributes Scale (SIDAS) scores, which are reported as mean (95% confidence interval). The PRSexDQ score at 6 weeks
is reported as mean +SE, and the LEIS score at 6 weeks is reported as mean (95% confidence interval). Scores range from 0 to 60 on the
Montgomery and Asberg Depression Rating Scale (MADRS), from 20 to 80 on the Spielberger’s Trait Anxiety Inventory (STAI), from 15 to
90 on the Brief Experiential Avoidance Questionnaire (BEAQ), from 0 to 40 on the Work and Social Adjustment Scale (WSAS), from 0 to 14
on the Snaith Hamilton Anhedonia Pleasure Scale (SHAPS), and from 0 to 50 on the SIDAS; greater reductions from baseline on all of these
scales indicate greater reductions in symptom severity or impairment. Scores on the Psychotropic-Related Sexual Dysfunction Questionnaire
(PRSexDQ) range from 0 to 15, with higher scores indicating greater dysfunction. Scores ranges from 14 to 70 on the Warwick-Edinburgh
Mental Wellbeing Scale (WEMWBS) and from 8 to 56 on the Flourishing Scale (FS) range; greater increases from baseline on these scales
indicate greater improvements. Scores on the Laukes Emotional Intensity Scale (LEIS) range from -34 to +34, with positive scores indicat-
ing an increased intensity of emotional responsiveness and negative scores a reduced intensity of emotional responsiveness. The analysis
of each efficacy outcome was generated from statistical models, as described in the statistical analysis plan, available in the protocol. All
values shown were adjusted for the baseline value. Unadjusted values are provided in Table S12 in the Supplementary Appendix.

T The confidence intervals for the secondary outcomes have not been corrected for multiple comparisons, and no clinical conclusions can be
drawn from these data.

1 P=0.17.

§ A QIDS-SR-16 response was defined as a reduction in score of more than 50% from baseline. The difference between the groups is expressed
as percentage points.

9 QIDS-SR-16 remission was defined as a score of 5 or lower at week 6. The difference between the groups is expressed as percentage points.

criteria that excluded patients with preexisting
psychiatric conditions believed to be incompati-
ble with the limited psychological support that
could be made available within the trial. This ex-
clusion criterion may have biased the trial sample
toward patients who could receive psilocybin
without unacceptable side effects. However, psy-
chological support was provided for both groups
in this trial, and it is possible that the adjunc-

tive psychological support improved outcomes
among those in the escitalopram group.

A limitation of the trial is the brief duration
of escitalopram treatment, because this drug has
a delayed therapeutic action on depression.?> Had
the course of escitalopram been extended, it is
possible that better efficacy would have been
observed among the patients in the escitalopram
group. Patients who received the 25-mg dose of
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Table 3. Adverse Events Reported during the 6-Week Trial Period and on Dosing-Day 1.*
Event 6-Wk Trial Period Dosing-Day 1
Psilocybin Escitalopram Psilocybin Escitalopram
(N=30) (N=29) (N=30) (N=29)
number of patients (percent)

Any adverse event 26 (87) 24 (83) 15 (50) 8 (28)

Serious adverse event 0 0 0 0

Related adverse eventy 22 (73) 23 (79) 15 (50) 6 (21)

Adverse event reported in =3 patients during

the full trial period

Headache 20 (67) 15 (52) 13 (43) 5(17)
Nausea 8 (27) 9 (31) 4(13) 0
Fatigue 2(7) 7 (24) 0 0
Anxiety 0 4(14) 0 0
Dry mouth 0 4 (14) 0 0
Migraine 3 (10) 1(3) 0 0
Palpitations 1(3) 3 (10) 0 0
Sleep disorder 1(3) 3 (10) 0 0
Diarrhea 1(3) 2 (7) 0 0
Feeling abnormal 0 3 (10) 0 0
Feeling jittery 2(7) 1(3) 0 0
Vomiting 2(7) 1(3) 0 0

* These were the most prevalent adverse events that were reported during the trial.
T Whether an adverse event was related to the therapeutic intervention was determined by the study clinician through
dialogue with each patient. Events deemed “probably” or “definitely” related were counted.

psilocybin rated the intensity of acute subjective
effects higher than patients who received the
1-mg dose (Fig. S7). We did not assess the effec-
tiveness of blinding within each treatment group.
It was assumed that the active comparator de-
sign would mitigate expectancy bias, but we can-
not be confident that guessing of the trial-group
assignment or biased expectations in favor of
psilocybin did not influence the results. Although
efforts were made to recruit patients by external
referrals, most of the recruited volunteers re-
ferred themselves, and many expressed a prefer-
ence for psilocybin over escitalopram. This cre-
ated a selected trial population and limits
generalization of the results.

The patients in the trial were not from diverse
ethnic or socioeconomic backgrounds. Strategies
to improve recruitment of more diverse study
populations are needed in studies of psilocybin
for depression. Also, average symptom severity
scores at baseline were in the range for moderate
depression, thus limiting extrapolations to pa-

tients with severe depressive symptoms or treat-
ment-resistant depression.

Psychedelic agents have been shown to en-
hance suggestibility,”® and their psychological
effects are assumed to be context-dependent.***
In other words, the content and subjective qual-
ity of the psychedelic experience is influenced by
a person’s memories, perceptions, and degree to
which the environment is supportive at the time
of administration of the agent. In a study in
which various psychedelic compounds were ad-
ministered to rats, the compounds were shown
to increase dendritic arbor complexity, promote
dendritic spine growth, and stimulate synapse
formation in the rat cortex, mediated by sero-
tonin 5-HT,, receptor agonism,” all of which
are forms of neuronal plasticity that may be re-
lated to the principle that responses to psyche-
delics are especially dependent on contextual
conditions.**

This trial comparing psilocybin with escitalo-
pram in a selected group of patients showed that
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the change in scores for depression at 6 weeks
did not differ significantly between the trial
groups. Secondary outcomes mostly favored psi-
locybin over escitalopram, but the confidence
intervals for the between-group differences were
not adjusted for multiple comparisons. Larger
and longer trials are needed to compare psilocy-
bin with established treatments for depression.
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BNT162b2 mRNA Covid-19 Vaccine
in a Nationwide Mass Vaccination Setting
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Shay Perchik, M.A., Mark A. Katz, M.D., Miguel A. Hernan, M.D.,
Marc Lipsitch, D.Phil., Ben Reis, Ph.D., and Ran D. Balicer, M.D.

ABSTRACT

BACKGROUND
As mass vaccination campaigns against coronavirus disease 2019 (Covid-19) com-
mence worldwide, vaccine effectiveness needs to be assessed for a range of out-
comes across diverse populations in a noncontrolled setting. In this study, data
from Israel’s largest health care organization were used to evaluate the effective-
ness of the BNT162b2 mRNA vaccine.

METHODS

All persons who were newly vaccinated during the period from December 20, 2020,
to February 1, 2021, were matched to unvaccinated controls in a 1:1 ratio according
to demographic and clinical characteristics. Study outcomes included documented
infection with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
symptomatic Covid-19, Covid-19-related hospitalization, severe illness, and death.
We estimated vaccine effectiveness for each outcome as one minus the risk ratio,
using the Kaplan—Meier estimator.

RESULTS

Each study group included 596,618 persons. Estimated vaccine effectiveness for the
study outcomes at days 14 through 20 after the first dose and at 7 or more days after
the second dose was as follows: for documented infection, 46% (95% confidence
interval [CI], 40 to 51) and 92% (95% CI, 88 to 95); for symptomatic Covid-19, 57%
(95% CI, 50 to 63) and 94% (95% CI, 87 to 98); for hospitalization, 74% (95% CI,
56 to 86) and 87% (95% CI, 55 to 100); and for severe disease, 62% (95% CI, 39 to
80) and 92% (95% CI, 75 to 100), respectively. Estimated effectiveness in prevent-
ing death from Covid-19 was 72% (95% CI, 19 to 100) for days 14 through 20 after
the first dose. Estimated effectiveness in specific subpopulations assessed for
documented infection and symptomatic Covid-19 was consistent across age groups,
with potentially slightly lower effectiveness in persons with multiple coexisting
conditions.

CONCLUSIONS
This study in a nationwide mass vaccination setting suggests that the BNT162b2
mRNA vaccine is effective for a wide range of Covid-19-related outcomes, a finding
consistent with that of the randomized trial.
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ASS VACCINATION CAMPAIGNS USING

newly approved vaccines against the

severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)"? are beginning in many
parts of the world. Randomized clinical trials of
mRNA-based vaccines reported efficacies for
preventing coronavirus 2019 (Covid-19) in the
range of 94%? to 95%."

Although randomized clinical trials are con-
sidered the “gold standard” for evaluating inter-
vention effects, they have notable limitations of
sample size and subgroup analysis, restrictive
inclusion criteria, and a highly controlled setting
that may not be replicated in a mass vaccine
rollout. For example, the phase 3 trial of the
BNT162b2 mRNA vaccine against Covid-19 in-
cluded 21,720 persons who were randomly as-
signed to the vaccinated group, which permitted
estimates of vaccine efficacy in only a small
number of subpopulations.! Moreover, patients
with chronic diseases were included only if the
conditions were deemed stable by the investiga-
tors.? It is also important to see whether in a
scaled-up vaccination program such factors as
suboptimal adherence to vaccination schedules
and vaccine-handling logistics influence vaccine
effectiveness. Postauthorization analyses can thus
meet the urgent need to evaluate the effective-
ness of Covid-19 vaccines across diverse popula-
tions with a wide range of coexisting conditions,
in the midst of imperfect adherence to vaccina-
tion protocols and the challenges of cold-chain
maintenance and vaccine-deployment logistics.

We leveraged the integrated data repositories
of Israel’s largest health care organization to
evaluate Covid-19 vaccine effectiveness for five
outcomes: documented SARS-CoV-2 infection,
symptomatic Covid-19, hospitalization, severe
illness, and death. Using this observational data
set, we evaluated the effectiveness over time and
in subpopulations defined by age, sex, and co-
existing conditions.

METHODS

STUDY POPULATION

We analyzed data from Clalit Health Services
(CHS), the largest of four integrated health care
organizations in Israel, which insures 4.7 mil-
lion patients (53% of the population). A descrip-
tion of the CHS data repositories used for this

study is provided in the Supplementary Appen-
dix (Supplementary Methods 1), available with
the full text of this article at NEJM.org. Informa-
tion on authors’ access to these repositories as
well as authors’ contributions to the study is pro-
vided in Supplementary Methods 2. This study
was approved by the CHS institutional review
board. The study was exempt from the require-
ment for informed consent.

STUDY DESIGN

We designed this observational study to emulate
a target trial of the causal effect of the BNT162b2
vaccine on Covid-19 outcomes.* Eligibility criteria
included an age of 16 years or older, not having
a previously documented positive SARS-CoV-2
polymerase-chain-reaction (PCR) test, and being
a member of the health care organization during
the previous 12 months.

Population groups in which internal variability
in the probability of exposure or the outcomes is
high and controlling for the high variability is
not feasible (e.g., high variability in infection
risk among patient-facing health care workers in
dedicated Covid-19 wards as compared with ad-
ministrative staff) were excluded. Such popula-
tion groups are persons not having a document-
ed geostatistical living area, those who have had
interactions with the health care system during
the preceding 3 days that may indicate the start
of symptomatic disease and may preclude vacci-
nation, nursing home residents, persons medical-
ly confined to the home, or health care workers.

Each day during the period from December 20,
2020, to February 1, 2021, all newly vaccinated
persons were matched in a 1:1 ratio to unvacci-
nated controls. For each person, follow-up ended
at the earliest of the following events: occur-
rence of an outcome event, death unrelated to
Covid-19, vaccination (for unvaccinated controls),
vaccination of the matched control (for vacci-
nated persons), or the end of the study period.
Newly vaccinated persons were eligible for inclu-
sion in the study, even if they had previously
been selected as a control.

We matched vaccine recipients and controls
on variables associated with the probability of
both vaccination and infection or severity of
Covid-19: age, sex, sector (general Jewish, Arab,
or ultra-Orthodox Jewish), neighborhood of resi-
dence (since disease activity and vaccination
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uptake vary greatly across defined geostatistical
areas), history of influenza vaccination during
the preceding 5 years (0, 1 or 2, 3 or 4, or 25
vaccinations), pregnancy (a potential risk factor
for severe Covid-19° and associated with the rate
of vaccination owing to evolving vaccination
guidelines for pregnant women), and the total
number of coexisting conditions that had been
identified by the Centers for Disease Control and
Prevention (CDC) as risk factors for severe
Covid-19 as of December 20, 2020.%” (See Supple-
mentary Methods 3 for additional information
about the matching process. The protocol and
statistical analysis plan are available at NEJM.org.)

The five outcomes of interest were document-
ed SARS-CoV-2 infection confirmed by positive
PCR test, documented symptomatic Covid-19,
hospital admission for Covid-19, severe Covid-19
(according to National Institutes of Health crite-
ria)® and death from Covid-19. Each of these
outcomes includes the outcomes that follow it.
In a supplementary analysis, we also evaluated an
additional outcome, SARS-CoV-2 infection with-
out documented symptoms, as an imperfect proxy
for asymptomatic infection (since mild symptoms
may not be documented).

Table S1 provides details on definitions of
variables. Persons with missing data for smoking
status or body-mass index (BMI) were dropped
from the analysis.

STATISTICAL ANALYSIS

Covariate balance after matching was evaluated
with the use of a plot of the mean differences
between variable values (standardized for con-
tinuous variables) for the vaccinated and unvac-
cinated groups, with a difference of 0.1 or less
considered to be acceptable.’ Survival curves for
the vaccinated and unvaccinated groups were
estimated with the Kaplan—Meier estimator.!
We considered three periods: days 14 through 20
after the first dose of vaccine, days 21 through
27 after the first dose (administration of the
second dose was scheduled to occur on day 21
after the first dose), and day 7 after the second
dose until the end of the follow-up. For each
period, we used the Kaplan—Meier estimator with
daily outcome and censoring events to compute
the probability (“risk”) of the outcome during the
period, using matched pairs in which both per-
sons were still at risk at the beginning of the
period. We then calculated risk ratios for vacci-
nation as compared with no vaccination and

estimated the vaccine effectiveness as one minus
the risk ratio. We estimated the vaccine effec-
tiveness only in analyses in which there were
more than 10 instances of an outcome across
the two groups.

The period immediately after the first dose,
when immunity is gradually building,' was ex-
cluded in the main analyses because the risk ratio
is expected to be close to 1 during this period.
In secondary analyses, we considered the periods
from day O through day 20 and day O through
day 27, to avoid a potential selection bias in the
main analyses that were restricted to persons
whose data remained uncensored at the beginning
of each period (see Supplementary Methods 4).113
We also conducted a sensitivity analysis in the
6 days after the second dose of vaccine among
those who received a second dose. A further
sensitivity analysis estimated the hazard ratio
each day for the documented SARS-CoV-2 infec-
tion outcome.

We performed an additional sensitivity analy-
sis to assess the potential for selection bias due
to informative censoring. In this analysis, data on
controls who were subsequently vaccinated were
censored only after 7 days (i.e., after the period
with little or no vaccine effect) plus the median
time from documented Covid-19 diagnosis to the
outcome being studied.

We calculated 95% confidence intervals using
the percentile bootstrap method with 500 repeti-
tions. Analyses were performed with the use of
R software, version 4.0.2.

RESULTS

STUDY POPULATION

Of 1,503,216 CHS members who were vaccinat-
ed, 1,163,534 were eligible for the study and
596,618 were matched to unvaccinated controls
(Fig. 1). Matched persons were younger than the
eligible population overall and had a lower preva-
lence of chronic conditions because there was a
smaller pool of potential unvaccinated matches
for older vaccine recipients, owing to high vac-
cination rates in the older population (Table S2
and Fig. S1). The baseline characteristics of the
matched persons are shown in Table 1. All vari-
ables were well balanced between the study
groups (Fig. S2). About 0.6% of persons with
missing data on smoking status or body-mass
index were dropped from the analysis (Fig. 1).
Data for 44% of the unvaccinated controls and
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3,159,136 Participants (CHS members, =16 yr of age without
a documented SARS-CoV-2 PCR-positive result) as of the beginning
of the vaccination campaign (December 20, 2020) were included

1,503,216 (47.6%) Were vaccinated
before February 1, 2021

1,655,920 (52.4%) Were not
vaccinated before February 1, 2021

339,682 (22.6%) Were excluded
26,282 (1.7%) Were confined to the
home or were nursing home
residents
25,184 (1.7%) Were health care
workers
19,378 (1.3%) Did not have con-
tinuous CHS membership
59,042 (3.9%) Did not have mapped
home address available
7,970 (0.5%) Did not have BMI
or smoking status data
available
201,826 (13.4%) Had a health care
interaction within 3 days
before the vaccination date

included in the vaccination cohort

1,163,534 (77.4%) Were eligible to be

393,576 (33.8%) Were not matched

769,958 (66.2%) Were matched

259,941 Were matched as controls

before receiving vaccination

596,618 Were included in the
vaccinated the cohort

1:1 596,618 Were included in the
- . — .
Matching unvaccinated cohort

86,

601 Were rematched to the
vaccinated cohort after -~
receiving vaccination

Figure 1. Study Population and Cohort Enroliment Process,

Clalit Health Services.

The 1,503,216 persons vaccinated before February 1, 2021, were also required to be without a documented SARS-CoV-2
PCR-positive result before the vaccination date. Absolute numbers and percentage changes are shown for each in-

clusion and exclusion criterion. The exclusion process was gradual and occurred in phases; persons could have had
more than one reason for exclusion. The same exclusion criteria were applied to the unvaccinated persons for each
index date in which they were considered for matching. The chart focuses on the vaccinated population. CHS denotes

December 20, 2020, to February 1, 2021.

their matched pairs were censored when the con-
trols received the vaccine.

VACCINE EFFECTIVENESS

During a mean follow-up of 15 days (interquar-
tile range, 5 to 25), 10,561 infections were docu-
mented (0.6 infections per 1000 person-days), of

which 5996 (57%) were symptomatic Covid-19
illness, 369 required hospitalization, 229 were
severe cases of Covid-19, and 41 resulted in death.
Hospitalizations, severe disease, and death oc-
curred at increasing time spans from diagnosis
(median times, 1, 5, and 11 days, respectively;
see Fig. S3). Of persons who had 21 or more days
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Table 1. Demographic and Clinical Characteristics of Vaccinated Persons and Unvaccinated Controls at Baseline.*
Unvaccinated Controls Vaccinated Persons
Characteristics (N=596,618) (N=596,618)
Median age (IQR) — yr 45 (35-62) 45 (35-62)
Age group — no. (%)
16to 39 yr 213,090 (35.7) 213,090 (35.7)
40t0 49 yr 130,752 (21.9) 130,752 (21.9)
50t0 59 yr 85,609 (14.3) 85,609 (14.3)
60 to 69 yr 88,153 (14.8) 88,153 (14.8)
70to0 79 yr 56,946 (9.5) 56,946 (9.5)
>80 yr 22,068 (3.7) 22,068 (3.7)
Sex — no. (%)
Female 298,059 (50.0) 298,059 (50.0)
Male 298,559 (50.0) 298,559 (50.0)
Population sector — no. (%)
General Jewish 463,234 (77.6) 463,234 (77.6)
Arab 120,896 (20.3) 120,896 (20.3)
Ultra-Orthodox Jewish 12,488 (2.1) 12,488 (2.1)
No. of risk factors according to CDC criteria — no. (%)
0 338,384 (56.7) 338,384 (56.7)
1 140,779 (23.6) 140,779 (23.6)
2 55,766 (9.3) 55,766 (9.3)
3 29,273 (4.9) 29,273 (4.9)
>4 32,416 (5.4) 32,416 (5.4)
No. of influenza vaccinations during preceding 5 yr — no. (%)
0 351,141 (58.9) 351,141 (58.9)
lor2 116,200 (19.5) 116,200 (19.5)
3or4 50,441 (8.5) 50,441 (8.5)
=5 78,836 (13.2) 78,836 (13.2)
CDC “certain” risk criteria— no. of persons (%)
Cancer 11,946 (2.0) 11,595 (1.9)
Chronic kidney disease 40,568 (6.8) 40,587 (6.8)
Chronic obstructive pulmonary disease 12,667 (2.1) 11,131 (1.9)
Heart disease 39,165 (6.6) 38,913 (6.5)
Solid-organ transplantation 495 (0.1) 435 (0.1)
Obesity: BMI, 30 to 40 100,584 (16.9) 105,476 (17.7)
Severe obesity: BMI, 240 9,856 (1.7) 8,920 (1.5)
Pregnancy 1,508 (0.3) 1,508 (0.3)
Sickle cell disease 98 (<0.1) 109 (<0.1)
Smoking 118,733 (19.9) 97,881 (16.4)
Type 2 diabetes mellitus 66,198 (11.1) 65,343 (11.0)
CDC “possible” risk criteria — no. of persons (%)
Asthma 32,114 (5.4) 29,814 (5.0)
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Table 1. (Continued.)

Characteristics
Cerebrovascular disease
Other respiratory disease
Hypertension
Immunosuppression
Neurologic disease
Liver disease
Overweight: BMI, 25 to 30
Thalassemia

Type 1 diabetes mellitus

Unvaccinated Controls Vaccinated Persons
(N=596,618) (N=596,618)
18,392 (3.1) 17,792 (3.0)

2,198 (0.4) 2,014 (0.3)
101,017 (16.9) 103,028 (17.3)
15,823 (2.7) 16,180 (2.7)
25,897 (4.3) 24,111 (4.0)
11,109 (1.9) 9,699 (1.6)
203,296 (34.1) 212,778 (35.7)
3,764 (0.6) 3,967 (0.7)
2,309 (0.4) 2,406 (0.4)

* The 86,601 persons who were first recruited as unvaccinated controls and then, after vaccination, were re-recruited
as vaccinated persons appear in both groups. BMI denotes body-mass index (the weight in kilograms divided by the
square of the height in meters), CDC Centers for Disease Control and Prevention, and IQR interquartile range.

of follow-up, 96% received a second dose of vac-
cine (95% of whom received it before day 24).

Figure 2 shows the cumulative incidence
curves for the included outcomes, and Table 2
shows the estimated vaccine effectiveness for
the main outcomes and time periods. During the
period from 14 to 20 days after the first dose,
the estimated vaccine effectiveness for docu-
mented infection was 46% (95% confidence in-
terval [CI], 40 to 51); symptomatic Covid-19 ill-
ness, 57% (95% CI, 50 to 63); hospitalization,
74% (95% CI, 56 to 86); severe illness, 62% (95%
CI, 39 to 80); and death, 72% (95% CI, 19 to
100). During the period from 21 to 27 days after
the first dose, the estimated effectiveness for
these outcomes was 60% (95% CI, 53 to 606),
66% (95% CI, 57 to 73), 78% (95% CI, 61 to 91),
80% (95% CI, 59 to 94), and 84% (95% CI, 44 to
100), respectively. In the follow-up period start-
ing 7 days after the second dose, the vaccine
effectiveness for documented infections, symp-
tomatic illness, hospitalization, and severe dis-
ease was 92% (95% CI, 88 to 95), 94% (95% CI,
87 to 98), 87% (95% CI, 55 to 100), and 92%
(95% CI, 75 to 100), respectively. The daily value
for one minus the hazard ratio for the docu-
mented infection outcome is included in Figure
S4; it is consistent with a gradual daily increase
in vaccine effectiveness.

Table 3 shows the estimated vaccine effective-
ness for documented SARS-CoV-2 infection and
Covid-19 outcomes in subpopulations defined by

age, sex, and coexisting conditions. The estimates
are consistent with similar effectiveness across
age groups and slightly lower effectiveness among
patients with multiple coexisting conditions.

The estimated vaccine effectiveness for the
asymptomatic infection proxy was 29% (95% CI,
17 to 39) during the period from 14 to 20 days
after the first dose, 52% (95% CI, 41 to 60) 21 to
27 days after the first dose, and 90% (95% CI,
83 to 94) 7 or more days after the second dose
(Table S3 and Fig. S5).

Figure S6 shows a magnification of the cumu-
lative incidence curve for the symptomatic illness
outcome, showing the divergence of the curves
starting around day 12. This is shown in compari-
son with the same curve from an analysis mini-
mally matched (on age and sex only) that shows
an earlier and wider separation of the curves.

Table S4 shows the sensitivity analyses of vac-
cine effectiveness across additional follow-up
periods. Cumulative effectiveness estimates start-
ing from day 0 were lower across all outcomes.
Effectiveness estimates conditional on receipt of
the second dose of vaccine were higher than
unconditional estimates for days 21 through 27
after the first dose.

Table S5 and Figure S7 show the results of
the sensitivity analysis in which data for per-
sons who were enrolled as controls and were
then vaccinated were censored at a delay (a num-
ber of days after the vaccination date, depend-
ing on the outcome). The estimates are similar
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3
[ [
z 8 2 2 8
203 2o
So X St X
EeT ET™
S £ S £
(Y o=

0 T T T T T T T
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Days Days
No. at Risk No. at Risk

Unvaccinated 596,618 413,052 261,625 186,553 107,209 37,164 4132 Unvaccinated 596,618 413,768 262,662 187,784 108,242 37,564 4204
Vaccinated 596,618 413,527 262,180 187,702 108,529 38,029 4262 Vaccinated 596,618 414,140 263,179 188,740 109,261 38,299 4288

Cumulative No. of Events Cumulative No. of Events

Unvaccinated 0 2362 3971 5104 5775 6053 6100 Unvaccinated 0 1419 2393 3079 3433 3582 3607

Vaccinated 0 1965 3533 4124 4405 4456 4460 Vaccinated 0 1103 1967 2250 2373 2387 2389
C Covid-19 Hospitalization D Severe Covid-19

Cumulative
Incidence
(%)
Cumulative
Incidence
(%)

0 7 14 21 28 35 42 0 7 14 21 28 35 42
Days Days

No. at Risk No. at Risk
Unvaccinated 596,618 414,865 264,377 189,808 109,867 38,432 4309 Unvaccinated 596,618 414,898 264,437 189,874 109,929 38,467 4310
Vaccinated 596,618 414,916 264,482 189,972 110,054 38,561 4321 Vaccinated 596,618 414,933 264,516 190,000 110,076 38571 4322

Cumulative No. of Events Cumulative No. of Events
Unvaccinated 0 58 125 198 244 256 259 Unvaccinated 0 17 57 114 157 171 174
Vaccinated 0 31 77 98 108 110 110 Vaccinated 0 6 26 45 52 55 55

E Death Due to Covid-19

0.054
‘12»‘ g 0.044
& 5= 003
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X
ETS o002
S ©
v~ 0.014
0.00 T T T T T T
0 7 14 21 28 35 42
Days
No. at Risk

Unvaccinated 596,618 414,909 264,479 189,950 110,008 38510 4316
Vaccinated =~ 596,618 414,938 264,538 190,032 110,101 38,575 4322

Cumulative No. of Events
Unvaccinated 0 1 6 16 27 30 32
Vaccinated 0 0 2 5 7 9 9

Figure 2. Cumulative Incidence of the Five Outcomes.

Cumulative incidence curves (1 minus the Kaplan—Meier risk) for the various outcomes are shown, starting from the day of administra-
tion of the first dose of vaccine. Shaded areas represent 95% confidence intervals. The number at risk at each time point and the cumu-
lative number of events are also shown for each outcome. Graphs in which all data are shown with a y axis scale from 0 to 100 (along
with the data shown, as here, on an expanded y axis) are provided in Figure S8 in the Supplementary Appendix.

to those of the main analysis. Table S6 details Table S7 includes the life tables for the various
all analyses performed during the study, and outcomes.
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DISCUSSION

This study evaluates the effectiveness of the novel
BNT162b2 mRNA vaccine' against Covid-19 in a
nationwide mass vaccination setting. Estimated
vaccine effectiveness during the follow-up period
starting 7 days after the second dose was 92%
for documented infection, 94% for symptomatic
Covid-19, 87% for hospitalization, and 92% for
severe Covid-19. Estimated effectiveness during
days 14 through 20 (after one dose) and days 21
through 27 (gradual shifting between the first
and second vaccine doses) was 46% and 60% for
documented infection, 57% and 66% for symp-
tomatic Covid-19, 74% and 78% for hospitaliza-
tion, 62% and 80% for severe Covid-19, and 72%
and 84% for Covid-19-related death, respectively.

The first primary end point evaluated in the
randomized trial of the BNT162b2 vaccine was
symptomatic Covid-19. In both the randomized
trial and our study, the cumulative incidence of
symptomatic Covid-19 in the vaccinated and un-
vaccinated groups began to diverge around day
12 after the first dose.! The estimated vaccine
efficacy for symptomatic Covid-19 starting at
day 7 after the second dose was 95% in the ran-
domized trial, as compared with 94% in our
study. The estimated efficacy between the first
dose and the second dose was 52% in the trial, as
compared with 29% in our study. This difference
may reflect the high level of transmission in Israel
during the study period,* which affected both the
vaccinated persons and the controls equally dur-
ing the first 12 days after administration of the
first dose. To eliminate this distortion, we esti-
mated first-dose effectiveness of the vaccine
against Covid-19 for the period from days 14
through 20; the estimated effectiveness was 57%.

The estimated effectiveness for documented
infection during days 14 through 20 was 46% in
our study. A relatively similar effectiveness of
51% was reported by Chodick et al.,”> who evalu-
ated a cohort from another health care organiza-
tion in Israel and used a different study design
that compared infection among vaccinated per-
sons at days 13 through 24 after the first dose
against infection during days 0 through 12.

In the randomized trial, the estimated vac-
cine efficacy for severe Covid-19 (89% over the
entire study period) was based on only 10 cases.
Our study recorded 229 cases of severe Covid-19
— 55 in the vaccinated group and 174 in the

Table 2. Estimated Vaccine Effectiveness against Covid-19 Outcomes during Three Time Periods.*

Risk
Difference

Death

1-RR

Risk
Difference

Severe Disease

1-RR

Risk
Difference

Hospitalization

Risk
Difference 1-RR

Symptomatic lliness

1-RR

Risk
Difference

Documented Infection

1-RR

Period

no./1000 per-

no./1000 per- no./1000 per-
sons (95% Cl)

no./1000 per-

no./1000 per-

sons (95% Cl)

% (95% Cl)

% (95% Cl)

sons (95% Cl)

% (95% Cl)

sons (95% Cl)

% (95% Cl)

sons (95% Cl)

% (95% Cl)

0.03
(0.01-0.07)

72

(19-100)

0.14
(0.07-0.21)

2.06 57 1.54 74 0.21 62
(50-63) (1.28-1.80) (56-86) (0.13-0.29) (39-80)

(1.70-2.40)

46
(40-51)

14 to 20 days after first dose

0.06
(0.02-0.11)

78 0.22 80 0.18 84
(0.13-0.31) (59-94) (0.10-0.27)  (44-100)

(61-91)

231 66 134
(57-73) (1.09-1.62)

(1.96-2.69)

60
(53-66)

21 to 27 days after first dose

94 461 87 0.22 92 0.32 NA NA
(3.29-6.53) (55-100)  (0.08-0.39)  (75-100)  (0.13-0.52)

(87-98)

8.58
(6.22-11.18)

7 days after second dose to

(88-95)

end of follow-up

N ENGL ) MED 384;15 NEJM.ORG
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* Confidence intervals were estimated using the percentile bootstrap method with 500 repetitions. Estimates were calculated only for cells with more than 10 instances of an outcome

across the two groups. NA denotes not available, and RR risk ratio.
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Table 3. Estimated Vaccine Effectiveness against Covid-19 Outcomes in Subpopulations According to Characteristics at Baseline.*

Characteristic and Period

Male sex

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Female sex

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Age, 16 to 39 yr

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Age, 40 to 69 yr

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Age, =70 yr

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
No coexisting conditions

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
One or two coexisting conditions

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Three or more coexisting conditions

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Obesity

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up
Type 2 diabetes mellitus

14 to 20 days after first dose

Documented Infection

1-RR

% (95% Cl)

41 (32 to 50)
57 (48 to 65)
91 (80 to 96)

50 (41 to 57)
63 (55 to 71)
93 (88 to 97)

49 (41t0 57)
64 (54 to 72)
94 (87 to 97)

47 (40 to 55)
58 (49 to 67)
90 (82 to 95)

22 (-9 to 44)
50 (19 to 72)
95 (87 to 100)

49 (42 to 56)
66 (58 to 73)
91 (83 to 96)

43 (3210 53)
56 (45 to 65)
95 (88 to 98)

37 (12 to 55)
37 (-1t0 62)
86 (72 to 95)

49 (32 to 65)
48 (19 to 66)

95 (88 to 100)

25 (-10to 51)

Risk Difference

no./1000 persons
(95% Cl)

1.71 (1.22 t0 2.21)
2.25 (1.76 t0 2.75)
7.33 (4.48 t0 10.84)

2.39 (1.84 to 2.86)
238 (1.91 t0 2.91)
9.75 (6.84 to 13.48)

2.29 (1.74t0 2.88)
2.80 (2.20 to 3.48)
8.72 (5.72 to 12.69)

2.13 (1.69 to 2.66)
2.19 (1.67 to 2.70)
8.96 (6.16 to 13.05)

0.81 (-0.28 to 1.89)
1.40 (0.42 to 2.35)
6.10 (3.43 10 9.61)

2.13 (1.69 to 2.59)
2.49 (1.9 to 2.98)
7.67 (4.90 to 11.07)

2.05 (1.41 to 2.73)
2.43 (1.77 t0 3.16)
10.53 (6.73 to 14.40)

1.60 (0.43 to 2.76)
1.03 (-0.03 to 2.02)
5.83 (3.16 t0 9.03)

2.50 (1.40 to 3.75)
2.02 (0.69 to 3.25)

12.43 (6.03 to 20.70)

1.17 (-0.36 to 2.74)

Symptomatic lliness

1-RR

% (95% Cl)

52 (41 to 61)
62 (49 to 72)
88 (71 to 98)

60 (52 to 68)
69 (58 to 78)
96 (90 to 100)

57 (46 to 68)
67 (52 to 78)
99 (96 to 100)

59 (50 to 67)
65 (53 to 74)
90 (75 to 98)

44 (19 to 64)
64 (37 to 83)
98 (90 to 100)

55 (45 to 63)
73 (62 to 82)
93 (78 to 100)

57 (45 to 66)
62 (47 to 73)
95 (88 to 100)

62 (43 to 77)
47 (11to 73)
89 (68 to 98)

65 (48 to 79)
50 (11 to 73)

98 (91 to 100)

48 (14 to 68)

Risk Difference

no./1000 persons
(95% Cl)

1.26 (0.90 to 1.62)
1.30 (0.92 to 1.67)
2.90 (1.87 to 4.02)

1.81 (1.43 t0 2.19)
1.38 (1.02 to 1.71)
6.22 (3.60 to 9.56)

1.38 (0.99 to 1.80)
1.27 (0.89 to 1.73)
4.06 (2.76 to 5.66)

1.68 (1.32 to 2.05)
1.38 (1.03 to 1.80)
5.01 (2.53 to 8.67)

1.36 (0.48 to 2.36)
1.35 (0.62 to 2.22)
4.77 (2.14 0 7.70)

1.32 (0.98 to 1.67)
1.27 (0.92 to 1.64)
3.54 (1.79 to 5.90)

1.74 (1.25 to 2.24)
1.56 (1.05 to 2.06)
6.21 (3.82 to 8.95)

2.19 (1.20t0 3.18)
0.97 (0.16 to 1.86)
3.97 (1.41 to 6.68)

231 (1.32t03.33)
1.25 (0.18 t0 2.27)

9.60 (4.03 to 17.39)

1.94 (0.49 to 3.28)
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Table 3. (Continued.)

Characteristic and Period

21 to 27 days after first dose

7 days after second dose to end of follow-up
Hypertension

14 to 20 days after first dose

21 to 27 days after first dose

7 days after second dose to end of follow-up

49 (20 78)
91 (71 to 100)

28 (2 to 49)
45 (15 to 66)
93 (85 to 99)

Documented Infection

1-RR Risk Difference 1-RR
no./1000 persons
% (95% Cl) (95% Cl) % (95% Cl)

1.29 (0.04 to 2.67)
6.85 (3.31t0 11.33)

60 (10 to 84)
91 (68 to 100)

1.12 (0.08 to 2.26)
1.49 (0.42 to 2.53)
7.67 (4.35t0 11.72)

45 (16 to 64)
59 (31to 79)
95 (84 to 100)

Symptomatic lliness

no./1000 persons

1.18 (0.12 to 2.27)
5.06 (1.84 to 8.96)

1.33 (0.37 t0 2.22)
1.47 (0.60 to 2.39)
5.60 (2.97 to 8.92)

Risk Difference

(95% Cl)

* Confidence intervals were estimated using the percentile bootstrap method with 500 repetitions. Estimates were calculated only for cells
with more than 10 instances of an outcome across the two groups. RR denotes risk ratio.

unvaccinated group — resulting in an estimated
effectiveness of 62% for days 14 through 20 after
the first dose, 80% for days 21 through 27, and
92% for 7 or more days after the second dose.

The large sample size in our study also al-
lowed us to estimate vaccine effectiveness for
specific subpopulations that the randomized trial
was not sufficiently powered to evaluate. In the
trial, the estimated efficacy for Covid-19 among
persons up to 55 years of age, older than 55
years, and 65 years or older 7 days after the sec-
ond dose was 94 to 96%. We were able to study
more granular age groups, and we estimated
that the vaccine effectiveness was similar for
adults 70 years of age or older and for younger
age groups for the same time period.

The randomized trial estimated vaccine effi-
cacy for patients with one or more coexisting
conditions according to the Charlson comorbid-
ity index!® and specifically for patients with
obesity or hypertension. These measures do not
provide clarity regarding effectiveness in patients
with multiple coexisting conditions. We esti-
mated vaccine effectiveness in relation to various
numbers of coexisting conditions and found in-
dications that effectiveness may be slightly lower
among persons with higher numbers of coexist-
ing conditions.

Two factors make the present study uniquely
suited to evaluating the effectiveness of the
BNT162b2 vaccine in a practical application:
first, a rare combination of rich medical back-
ground data, Covid-19 PCR test results (for the
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documented infection outcome), and patient fol-
low-up data in both community (for the symp-
tomatic Covid-19 outcome) and inpatient (for all
other outcomes) settings — CHS has main-
tained such an integrated data repository for
over half the Israeli population, and has updated
it daily, for more than two decades; and second,
the rapid pace and high uptake of Covid-19 vac-
cine in Israel and the high disease rates during
the vaccination campaign. On the other hand,
the rapid pace of the vaccination campaign con-
tributed to the frequent censoring of data for
matched unvaccinated controls, especially among
those over the age of 60 years (often only a few
days after matching) and the corresponding re-
duction in the average follow-up period of the
study.

Concerns have emerged regarding the possible
resistance of SARS-CoV-2 variants to Covid-19
vaccines' ' and neutralizing antibodies.’** Dur-
ing the study period, an increasing share of
SARS-CoV-2 isolates in Israel — up to 80% in
the days before data extraction — were of the
B.1.1.7 variant.”! Thus, this study estimates an
average effectiveness of the vaccine over multiple
strains. Although we cannot provide a specific
effectiveness estimate for the B.1.1.7 variant, the
plateau observed during the later periods in the
cumulative incidence curve for vaccinated persons
suggests that the BNT162b2 vaccine is also ef-
fective for this variant, an observation consistent
with previous reports that showed preserved
neutralizing antibody titers.”> The B.1.351 variant
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was estimated to be rare in Israel at the time of
data extraction.”

As with any observational study, our study
may have been affected by residual confounding
due to differences between vaccinated persons
and unvaccinated controls, especially in terms of
health-seeking behavior. We therefore performed
rigorous matching on a wide range of factors
that may be expected to confound the causal ef-
fect of the vaccine on the various outcomes. After
the matching process, we found a consistent
pattern of similarity between the groups in the
days just before day 12 after the first dose (the
anticipated onset of the vaccine effect), which
thus serve as a “negative control”™* period (Fig. 2,
Fig. S6, and Table S7). This similarity occurred
despite a temporary increase in events among
unvaccinated controls during the very first days
after the first vaccine dose, most likely stem-
ming from the fact that persons who choose to
be vaccinated on a specific day are feeling well
at the time of vaccination. The similarity of the
study groups in coexisting conditions and known
risk factors for severe Covid-19 (Table 1 and Fig.
S2) provides further evidence of exchangeability
(i.e., absence of confounding). However, this
rigorous matching process came at the cost of
not including in the final cohort approximately
34% of the vaccinated persons who otherwise
met the study’s eligibility criteria. Limited match-
ing on age and sex only would have been insuffi-
cient to eliminate the early confounding (Fig. S6).

We also excluded population groups with
high internal variability in the probability of vac-
cination or outcome, such as health care work-
ers, persons confined to the home for medical
reasons, and nursing home residents, to avoid
residual confounding. Although the randomized
trial was also less likely to include persons who
were not healthy enough to comply with the
scheduled visits and vaccination plan, it did not
exclude health care workers.

To assess a possible selection bias that could
stem from informative censoring, whereby con-
trols who are vaccinated feel well around the
time of vaccination, we performed a sensitivity
analysis in which they were kept in the unvac-

cinated group for a period of time that was set
differently for each outcome (Fig. S7 and Table
S5). This analysis showed results similar to those
of the main analysis, which suggests that any
such bias was small in our analysis.

Finally, the date of onset of symptoms was
not available for the analysis. Instead, for infec-
tion outcomes, the date was set to the date of
swab collection for the first positive PCR test.
Given that there was likely to have been a time
gap between the onset of symptoms and swab
collection, the observed divergence of the cumu-
lative incidence plots for the infection outcomes
between the vaccinated persons and unvaccinated
controls may be slightly delayed. In parallel, there
might be an underestimation of the vaccine ef-
fectiveness at each time window, since the esti-
mate actually reflects a narrower window for the
vaccine to be active. Because SARS-CoV-2 PCR
testing is highly accessible in Israel and can be
done without referral in a matter of hours, we
estimate this potential time gap and thus the
vaccine effectiveness underestimation to be small.
In interpreting the effectiveness estimates for
more severe outcomes, longer median gaps
should be kept in mind (Fig. S3): 1 day for hos-
pitalization, 5 days for severe Covid-19, and 11
days for Covid-19 death.

This study estimates a high effectiveness of
the BNT162b2 vaccine for preventing symptom-
atic Covid-19 in a noncontrolled setting, similar
to the vaccine efficacy reported in the random-
ized trial. Our study also suggests that effective-
ness is high for the more serious outcomes:
hospitalization, severe illness, and death. Further-
more, the estimated benefit increases in magni-
tude as time passes. These results strengthen
the expectation that newly approved vaccines
can help to mitigate the profound global effects
of the Covid-19 pandemic.
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ABSTRACT

BACKGROUND

Guidelines currently recommend targeting light sedation with dexmedetomidine
or propofol for adults receiving mechanical ventilation. Differences exist between
these sedatives in arousability, immunity, and inflammation. Whether they affect
outcomes differentially in mechanically ventilated adults with sepsis undergoing
light sedation is unknown.

METHODS

In a multicenter, double-blind trial, we randomly assigned mechanically ventilated
adults with sepsis to receive dexmedetomidine (0.2 to 1.5 ug per kilogram of body
weight per hour) or propofol (5 to 50 ug per kilogram per minute), with doses
adjusted by bedside nurses to achieve target sedation goals set by clinicians ac-
cording to the Richmond Agitation—Sedation Scale (RASS, on which scores range
from -5 [unresponsive] to +4 [combative]). The primary end point was days alive
without delirium or coma during the 14-day intervention period. Secondary end
points were ventilator-free days at 28 days, death at 90 days, and age-adjusted total
score on the Telephone Interview for Cognitive Status questionnaire (TICS-T; scores
range from 0 to 100, with a mean of 50+10 and lower scores indicating worse
cognition) at 6 months.

RESULTS

Of 432 patients who underwent randomization, 422 were assigned to receive a trial
drug and were included in the analyses — 214 patients received dexmedetomidine at
a median dose of 0.27 ug per kilogram per hour, and 208 received propofol at a
median dose of 10.21 ug per kilogram per minute. The median duration of receipt
of the trial drugs was 3.0 days (interquartile range, 2.0 to 6.0), and the median
RASS score was —2.0 (interquartile range, —3.0 to —1.0). We found no difference
between dexmedetomidine and propofol in the number of days alive without delirium
or coma (adjusted median, 10.7 vs. 10.8 days; odds ratio, 0.96; 95% confidence interval
[CI], 0.74 to 1.20), ventilator-free days (adjusted median, 23.7 vs. 24.0 days; odds ratio,
0.98; 95% CI, 0.63 to 1.51), death at 90 days (38% vs. 39%; hazard ratio, 1.06; 95% CI,
0.74 to 1.52), or TICS-T score at 6 months (adjusted median score, 40.9 vs. 41.4; odds
ratio, 0.94; 95% CI, 0.66 to 1.33). Safety end points were similar in the two groups.

CONCLUSIONS

Among mechanically ventilated adults with sepsis who were being treated with rec-
ommended light-sedation approaches, outcomes in patients who received dexmed-
etomidine did not differ from outcomes in those who received propofol. (Funded
by the National Institutes of Health; ClinicalTrials.gov number, NCT01739933.)
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ORLDWIDE, AT LEAST 20 MILLION

patients each year have sepsis with

severe organ dysfunction, with over
20% receiving mechanical ventilation.>* Sedative
medications are frequently used for patient com-
fort and safety but may potentiate acute brain
dysfunction (e.g., delirium or coma) and long-
term cognitive impairment.**® Basic and transla-
tional studies show that among the recommended
sedatives, dexmedetomidine (an alpha, receptor
agonist) has antiinflammatory and bacterial clear-
ance properties that are superior to those of
gamma-aminobutyric acid (GABA) agonists, such
as benzodiazepines and propofol, and also reduces
neuronal apoptosis and promotes biomimetic
sleep — all of which could improve clinical out-
comes.!™ Trials comparing dexmedetomidine
with benzodiazepines in adults have shown that
the use of dexmedetomidine results in improve-
ment in outcomes such as delirium, coma, and
time receiving mechanical ventilation.'® Patients
treated with dexmedetomidine had a lower inci-
dence of subsequent infection,” and the benefi-
cial effects of dexmedetomidine, including lower
28-day mortality, were more pronounced in pa-
tients with sepsis.’®?

A noninferiority trial comparing dexmedeto-
midine with propofol in critically ill patients,
about half of whom had sepsis, showed that
patients who received dexmedetomidine were
more interactive, but the choice of sedation did
not affect the duration of mechanical ventila-
tion, the length of stay in the intensive care unit
(ICU) or hospital, or short-term mortality.”! The
differences between the sedatives with respect to
the risk of acute brain dysfunction or cognitive
impairment and mortality months after critical
illness were unclear. Subsequent open-label tri-
als with dexmedetomidine as the primary seda-
tive did not show a reduction in acute brain
dysfunction, a greater number of ventilator-free
days, or lower mortality at 180 days than was
shown with control sedative regimens (primarily
propofol), although concomitant nontrial seda-
tives were frequently used and few patients were
maintained at light sedation.?>?

The Society of Critical Care Medicine* recom-
mends sedation with either dexmedetomidine or
propofol targeted to light levels of sedation for
adults receiving mechanical ventilation and con-
tinuous sedation. Given the superior immuno-
modulatory effects of dexmedetomidine and its
benefit in patients with sepsis as compared with

benzodiazepines, we designed the MENDS2 trial
(Maximizing the Efficacy of Sedation and Re-
ducing Neurological Dysfunction and Mortality
in Septic Patients with Acute Respiratory Failure)
to test whether dexmedetomidine leads to better
short-term and long-term outcomes than propofol
in mechanically ventilated adults with sepsis.

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted a double-blind, randomized, con-
trolled trial at 13 medical centers in the United
States. The institutional review board at each cen-
ter approved the protocol (available with the full
text of this article at NEJM.org). Patients or their
surrogates provided written informed consent
before enrollment. The trial was designed by the
authors, who gathered and analyzed the data, at-
test to the accuracy and completeness of the data,
vouch for the fidelity of the trial to the protocol,
and wrote and agreed to submit the manuscript
for publication. An independent data and safety
monitoring board provided oversight of the trial.
Pfizer supplied the dexmedetomidine trial drug
but had no role in the design or conduct of the
trial, analysis of the data, or writing of the manu-
script. The Food and Drug Administration ap-
proved an Investigational New Drug application
for dexmedetomidine administered for more than
24 hours and for doses up to 1.5 ug per kilogram
per hour (see the Supplementary Appendix, avail-
able at NEJM.org). We registered the trial at
ClinicalTrials.gov before enrollment began. Before
group assignments were unmasked, we registered
the statistical analysis plan at Open Science
Framework (https://osf.io/dfyxh/) in January 2019
(with publication in March 2020).”

PATIENT SELECTION AND RANDOMIZATION

We included adults who were sequentially admit-
ted to a medical or surgical ICU, had suspected
or known infection, and were treated with con-
tinuous sedation for invasive mechanical ventila-
tion. Patients were excluded if they had baseline
severe cognitive impairment; were pregnant or
breast-feeding; were blind, deaf, or unable to un-
derstand approved languages; had second-degree
or third-degree heart block or persistent brady-
cardia requiring intervention; had an allergy to
dexmedetomidine or propofol; had an indication
for benzodiazepines; were anticipated to have im-
mediate discontinuation of mechanical ventila-
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tion; were expected to have neuromuscular block-
ade for more than 48 hours; were in a moribund
state; or had received mechanical ventilation for
more than 96 hours before meeting all inclusion
criteria. Additional details on exclusion and in-
clusion criteria are provided in Section S1 in the
Supplementary Appendix. We randomly assigned
patients to receive dexmedetomidine or propofol
in a 1:1 ratio using computer-generated per-
muted blocks stratified by enrollment site and age
(<65 years vs. >G5 years). Researchers, clinicians
(except bedside nurses), patients, and families were
unaware of the group assignments.

TRIAL INTERVENTIONS AND MEASUREMENTS
Investigational pharmacists prepared dexmedeto-
midine (5 pg per milliliter) and propofol (10 mg
per milliliter) in identical intravenous fluid bags
covered with opaque plastic bags to be adminis-
tered in units of milliliters per hour to maintain
study masking (Sections S2 and S3). Bedside
nurses covered intravenous tubing with opaque
coverings and verified that covers were in place
before study personnel or clinicians entered pa-
tients’ rooms. The trial drug was initially infused
at a dose corresponding to the same sedative
dosing that the patient was receiving immedi-
ately before randomization. Bedside nurses used
a weight-based dosing guideline (0.15 to 1.5 ug
per kilogram of actual body weight per hour for
dexmedetomidine and 5 to 50 ug per kilogram
of actual body weight per minute for propofol)
to adjust the trial drug every 10 minutes to target
sedation goals set by the clinical team and docu-
mented each adjustment and the rationale for it.
The clinical team used the Richmond Agitation—
Sedation Scale (RASS, on which scores range
from -5 [unresponsive] to +4 [combative]),”® to
set the sedation goal, which was primarily light
sedation (RASS score 0 to —2).

Administration of the trial drug was temporar-
ily held in the event of hypotension, bradycardia,
sedation deeper than the target level, spontane-
ous awakening trials, or surgery. The trial drug
was permanently discontinued if the patient had
persistent symptomatic bradycardia, new onset
second- or third-degree heart block, serious aller-
gic reactions, suspected propofol-related infusion
syndrome (refractory shock, rhabdomyolysis, aci-
dosis, and kidney failure related to high propofol
exposure), or any serious adverse event related to
the intervention. The trial drug was discontinued

after the 14-day intervention period, extubation,
or discharge from the ICU, whichever came first.
Patients whose trachea was extubated and reintu-
bated within the 14-day intervention period re-
sumed the trial drug if sedation was indicated.

We treated pain with intermittent opioid bo-
luses or fentanyl infusion (see Section S4 for
details regarding rescue sedation, neuromuscu-
lar blockade, and treatment of agitated delirium).
Additional patient care practices (e.g., adminis-
tration of fluids, vasopressors, or antibiotics and
extubation criteria) were based on international
guideline recommendations.***

All centers performed, and investigators re-
inforced, the ABCDE (awakening and breathing
coordination, choice of sedation, delirium mon-
itoring and management, and early mobility)
bundle,®®* with daily adherence recorded. In
addition to care assessments made by nurses,
trained research personnel assessed patients with
the use of RASS for level of arousal,?® Confusion
Assessment Method for the ICU (CAM-ICU)* for
delirium, and the Critical Care Pain Observation
Tool*! for pain; assessments were made twice
daily in the ICU and then once daily after trans-
fer from the ICU for up to 14 days or until dis-
charge from the hospital or death. We strived to
conduct delirium assessments when the patient
was maximally awake. A RASS score of —4 or
=5 indicated coma, and a positive CAM-ICU score
indicated delirium.

Six months after randomization, research
personnel assessed patients’ cognition with the
Telephone Interview for Cognitive Status (TICS)
questionnaire® and a validated telephone cog-
nitive battery,® functional status with the Katz
Activities of Daily Living (ADL) scale** and the
Functional Activities Questionnaire (FAQ),* and
quality of life with the European Quality of Life-5
Dimensions (EQ-5D) survey (Section S5).3

TRIAL END POINTS

The primary efficacy end point was the number
of calendar days alive without delirium or coma
during the 14-day intervention period. Secondary
efficacy end points included ventilator-free days at
28 days, death at 90 days, and global cognition at
6 months using the age-adjusted TICS total score
(TICS-T score). Additional details regarding ef-
ficacy, adherence, and safety end points are pro-
vided in Section S5, along with a list of additional
end points not reported here.
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STATISTICAL ANALYSIS

Owing to enrollment that was slower than an-
ticipated, the data and safety monitoring board
and the National Institutes of Health approved a
protocol amendment in March 2017 to lower the
enrollment target from 530 patients to 420 patients
receiving the trial drug to provide 85% power to
detect a 1.5-day difference in days alive without
delirium or coma between groups and 80% power
to detect a 12 percentage-point absolute difference
in mortality at 90 days, assuming an expected
mortality of 30% in the propofol group. We had
at least 80% power to detect a 3.9-point differ-
ence in age-adjusted TICS-T scores between groups,
with a 5-point difference considered to be clini-
cally important.

We analyzed data in the modified intention-
to-treat population, which was prespecified as all
patients who underwent randomization and re-
ceived a trial drug. We analyzed primary and
secondary end points using both univariate meth-
ods and multivariable regression models and con-
sidered adjusted analyses to be the primary analy-
ses. We analyzed days alive without delirium and
coma, ventilator-free days, and age-adjusted TICS-T
scores at 6 months using proportional-odds lo-
gistic regression and analyzed death at 90 days
using Cox proportional-hazards regression (ad-
justed for covariates listed in Section S5).

We adjusted the level of statistical significance
for the primary end point analysis to P<0.044 to
account for one prespecified planned interim
analysis. The level of statistical significance for
all other end points was P<0.05. Simple imputa-
tion was used for missing in-hospital variables
and multiple imputation for partially available
long-term end points to avoid bias owing to miss-
ing variables. We did not adjust for multiple com-
parisons in the analysis of secondary end points.
We used Research Electronic Data Capture soft-
ware (REDCap, Vanderbilt University) for data
management and R, version 3.6.2 (R Founda-
tion for Statistical Computing), for statistical
analyses.

RESULTS

PATIENTS

From May 2013 through December 2018, we
screened 4840 patients, 4402 (91%) of whom met
at least one exclusion criterion (Fig. 1). Of 438
patients enrolled, 6 were subsequently found to

be ineligible, 432 patients underwent randomiza-
tion, and 422 began receiving dexmedetomidine
(214 patients) or propofol (208 patients). The de-
mographic and in-hospital characteristics of the
patients are shown in Table 1 and Table S1.

TRIAL INTERVENTIONS

Details of trial drug dosing, dose adjustment, and
sedation regimen are shown in Table 2 and Ta-
ble S2. The median RASS score as assessed by
the research team was -2 (interquartile range,
—3.00 to —1.00) while patients were receiving a
trial drug (median days of administration, 3.0 [in-
terquartile range, 2.0 to 6.0]), indicating light se-
dation and ability of patients to make eye contact
with only verbal stimulation (Fig. S1). The over-
all time spent at the target sedation was close to
60% in both groups (Fig. S2). Bedside nurses
adjusted the trial drug infusion a median of 10
times (interquartile range, 5 to 21) over the dura-
tion of administration. Common reasons for ad-
justment of the infusion included undersedation,
oversedation, and hypotension. The trial drug
was temporarily held in approximately one quar-
ter of all patients. Rescue midazolam was used
in about half the patients, most often for proce-
dural sedation or during neuromuscular block-
ade, and the median daily exposure on days it
was administered was 4 mg (interquartile range,
2 to 11). The use of open-label propofol (received
by 13% in the dexmedetomidine group and 8% in
the propofol group) and dexmedetomidine (4% in
the dexmedetomidine group and 3% in the pro-
pofol group) was infrequent and doses were low,
indicating high adherence to the protocol. Over-
all, 42% of the patients received an antipsychotic
medication. Soft wrist restraints during receipt
of mechanical ventilation were the standard of
care in our trial ICUs; thus, 96% of patients had
restraints in place for a median of 3 days (inter-
quartile range, 2 to 5). Neuromuscular blockade
infusion was used in 17% of patients for a median
of 1 day (interquartile range, 1 to 2) at some
point while they were receiving the trial drug.
Pain was well controlled in both groups accord-
ing to Critical Care Pain Observation Tool scoring,
and we noted high adherence to all components
of the ABCDE bundle. We proactively assessed for
unblinding among clinicians and research staff
and found an episode of unblinding in 58 pa-
tients (14%), with a similar frequency in the two
groups.
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4840 Patients were assessed for eligibility

4402 Were excluded
911 Had received previous mechanical ventilation
for >96 hr
771 Had preexisting severe cognitive disease
537 Declined or had surrogate decline
participation
471 Had medical team decline participation
391 Had rapidly resolving organ failure
361 Were moribund at screening
297 Had alcohol or benzodiazepine
dependency
267 Did not have an available surrogate
266 Had seizures requiring benzodiazepine
141 Were blind, deaf, or had language
barrier
119 Had second- or third-degree heart block
93 Had neuromuscular blockade >48 hr
64 Were participating in conflicting study
81 Had other reasons (incarceration,
pregnancy, allergy, etc.)

438 Were enrolled

6 Were ineligible to undergo randomization
1 Withdrew
1 Was no longer receiving sedation
1 Had immediate extubation
1 Had preexisting severe cognitive disease
1 Had prolonged neuromuscular blockade
1 Had medical team decline participation

432 Underwent randomization

:

:

216 Were assigned to receive

dexmedetomidine

216 Were assigned to receive

propofol

2 Were rapidly weaned from
mechanical ventilation
without receiving trial drug

8 Were rapidly weaned from
mechanical ventilation
without receiving trial drug

214 Received dexmedetomidine

208 Received propofol

66 Died in hospital
8 Withdrew in hospital

54 Died in hospital
7 Withdrew in hospital

140 Were discharged from hospital

and eligible for follow-up

147 Were discharged from hospital

and eligible for follow-up

23 Died before evaluation
3 Were lost to follow-up
4 Did not speak English
2 Withdrew before

evaluation

32 Died before evaluation
10 Were lost to follow-up
3 Did not speak English
1 Withdrew before
evaluation

108 (97% of those eligible) Underwent

6-mo evaluation

101 (91% of those eligible) Underwent

6-mo evaluation
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Figure 1 (facing page). Screening, Randomization,
Follow-up, and Analysis.

The number of patients excluded for each criterion to-
tal more than the total number of patients excluded
because some patients met more than one exclusion
criterion.

EFFICACY END POINTS

The adjusted number of days alive without deliri-
um or coma over the 14-day intervention period
was not significantly different between the dex-
medetomidine group (adjusted median, 10.7 days;
95% confidence interval [CI], 8.5 to 12.5) and
the propofol group (adjusted median, 10.8 days;
95% CI, 8.7 to 12.6) (odds ratio, 0.96; 95% ClI,
0.74 to 1.26; P=0.79). Similarly, we found no
significant differences between the dexmedeto-
midine and propofol groups in the number of
ventilator-free days at 28 days (adjusted median,
23.7 vs. 24.0 days; odds ratio, 0.98; 95% CI, 0.63
to 1.51) or in death at 90 days (81 patients [38%]
vs. 82 patients [39%]; hazard ratio, 1.06; 95% CI,
0.74 to 1.52). Results of primary and secondary
efficacy end point analyses are shown in Ta-
ble 3, Figure 2, and Figure S3.

We assessed more than 90% of eligible pa-
tients at 6 months after randomization (Fig. 1).
Approximately 25% in each group had age-adjust-
ed TICS-T scores that were 2 standard deviations
below population norms (i.e., a score of £30, at
a level consistent with impairment), which sug-
gests clinically important cognitive dysfunction
6 months after critical illness. We observed no
significant differences between the dexmedeto-
midine and propofol groups in age-adjusted TICS-T
scores at 6 months (adjusted median score, 40.9
vs. 41.4; odds ratio, 0.94; 95% CI, 0.66 to 1.33).
There were no clinically meaningful differences
between groups in median cognitive, functional,
and quality-of-life assessment scores at 6 months
(Table S4).

Results of sensitivity analyses that included
the 10 patients who underwent randomization but
never received a trial drug (Table S5) were quali-
tatively similar to the results of the main analyses.
Results of differential effects of the study treat-
ment on end points according to age at enroll-
ment, baseline cognition, and medical as com-
pared with surgical hospitalization show that the
clinical importance of these interactions appeared
to be minimal (Figs. S4 through S9); however,

the trial may not have been adequately powered
to draw conclusions about these or other sub-
groups.

SAFETY END POINTS

Data on organ dysfunction and safety end points
by group are shown in Tables S6 and S7, respec-
tively. The proportions of patients who had organ
dysfunction, hypotension, or severe lactic acido-
sis after randomization were similar in the two
groups. Symptomatic bradycardia requiring dis-
continuation of the trial drug was similar in the
two groups (Table S2). Fewer patients in the
dexmedetomidine group had acute respiratory
distress syndrome (ARDS) or signs of trial drug
withdrawal, and fewer patients in the propofol
group extubated themselves. Median plasma
triglyceride levels and the proportion of patients
with severely elevated levels of trigliceride (>500
mg per deciliter) were quantitatively higher in
the propofol group than in the dexmedetomi-
dine group on days 7 and 14, although these
differences are unlikely to be clinically relevant.
Similarly, median plasma cortisol levels at day
14 were slightly lower in the dexmedetomidine
group than in the propofol group, including a
higher proportion of patients with low cortisol
(<20 pg per deciliter). Clinicians had access to
these results without indication of group assign-
ment and discontinued the trial drug in eight
patients owing to hypertriglyceridemia. One pa-
tient had suspected propofol-related infusion
syndrome (later disproved) and had the propofol
discontinued.

DISCUSSION

In this multicenter, double-blind, randomized,
controlled trial involving mechanically ventilated
adults with sepsis who were being treated with
recommended light-sedation approaches, we did
not find evidence that sedation with dexmedeto-
midine led to more days alive without acute
brain dysfunction than propofol. Furthermore,
we found no difference in ventilator-free days at
28 days, death at 90 days, or global cognition (as
assessed with the use of age-adjusted TICS-T
scores) at 6 months between the dexmedetomi-
dine and propofol groups. Safety end points
were also similar in the two groups.

Although recent data suggest that many criti-
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Table 1. Baseline Characteristics of the Patients.*

Dexmedetomidine Propofol
Characteristic (N=214) (N=208)
Median age (IQR) —yr 59 (48-68) 60 (50-68)
Female sex — no. (%) 93 (43) 88 (42)
Median body-mass index (IQR){ 0 (25-38) 29 (25-37)
Race or ethnic group — no. (%)
White 188 (88) 177 (85)
Black 5(7) 23 (11)
Latinx 12 (6) 18 (9)
Multiple or other 11 (5) 8 (4)
Median IQCODE-SF score (IQR)§ 3.06 (3.00-3.23) 3.00 (3.00-3.25)
Median Charlson Comorbidities Index score (IQR)Y 2 (1-4) 2 (1-4)
Admitted to surgical ICU — no. (%) 76 (36) 72 (35)
Median APACHE Il score at ICU admission (IQR)|| 27 (21-32) 27 (22-32)
Median days from ICU admission to trial enrollment (IQR) 1.21 (0.67-1.95) 1.17 (0.68-1.94)
Median days of mechanical ventilation before trial enrollment (IQR) 8 (0.58-1.36) 0.97 (0.61-1.54)
Median total SOFA score at trial enrollment (IQR)** 10 (8-13) 10 (8-12)
Shock, receiving vasopressor, at enrollment — no. (%) 119 (56) 102 (49)
Known or suspected source of infection — no. (%)
Blood 92 (43) 79 (38)
Lung 116 (54) 133 (64)
Abdomen 9 (9) 20 (10)
Urinary tract 46 (21) 55 (26)
Skin or wound 23 (11) 26 (12)
Stool 12 (6) 12 (6)
Other 24 (11) 21 (10)
Infection status — no. (%)
Infection confirmed by culture 146 (68) 132 (63)
Infection suspected but not confirmed by culture 58 (27) 68 (33)
Infection ruled out 10 (5) 8 (4)
Dexmedetomidine before enrollment — no. (%) 35 (16) 25 (12)
Propofol before enrollment — no. (%) 131 (61) 129 (62)
Benzodiazepine before enrollment — no. (%) 62 (29) 73 (35)
Opioid before enrollment — no. (%) 144 (67) 147 (71)
Antipsychotic agent before enrollment — no. (%) 24 (11) 27 (13)
Delirium at enrollment — no. (%) 75 (35) 91 (44)
Level of arousal closest to the time of randomization — no. (%)11:
Coma: RASS -5 or -4 81 (38) 74 (36)
Deep sedation: RASS -3 29 (14) 38 (18)
Light sedation: RASS -2 or -1 85 (40) 75 (36)
Awake and calm: RASS 0 13 (6) 14 (7)
Agitated: RASS +1 to +4 6 (3) 703)

Percentages may not total 100 because of rounding. Summary statistics are reported for nonmissing values. ICU de-
notes intensive care unit, and IQR interquartile range.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Race or ethnic group was reported by the patient or determined by the treating physicians.

The Informant Questionnaire on Cognitive Decline in the Elderly short form (IQCODE-SF)*” was used to determine
preexisting dementia; scores range from 1.0 to 5.0, with higher scores indicating more severe cognitive impairment.
Scores on the Charlson Comorbidity Index range from 0 to 33, with higher scores indicating a higher risk of death
from a coexisting illness.

The Acute Physiology and Chronic Health Evaluation (APACHE 1) assesses the risk of death on a scale from 0 to 71,
with higher scores indicating a higher risk of death.

L

* The Sequential Organ Failure Assessment (SOFA) is used to track organ failure in the ICU; scores range from 0 to 24,

with higher scores indicating greater severity of illness.
i Delirium was deemed to be present when the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU,
which scores delirium as either present [positive] or not present [negative]), was positive.

11 The Richmond Agitation—Sedation Scale (RASS) measures levels of consciousness on a scale from -5 (unresponsive)

to +4 (combative).
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Table 2. Adherence and Sedation Regimen.

Dexmedetomidine

Outcome N=214
Median hours from meeting inclusion criteria to drug initiation (IQR) 22.4 (13.4-31.3)
Median hours from randomization to drug initiation (IQR) 1.3 (0.9-2.2)
Trial drug administration

Median days of receipt of drug (IQR) 3.0 (2.0-5.0)

Median days from first meeting trial criteria to initiation of drug (IQR) 1.00 (0.00-1.00)

Median daily volume on days administered (IQR) — ml 119 (46-243)

Median daily dose on days administered (IQR) 0.27 pg/kg/hr
(0.11-0.61)

Median total no. of drug adjustments per patient (IQR) 9 (5-15.8)

Drug temporarily held — no. (%)* 60 (28)

Median no. of times drug temporarily held per patient (IQR) 1(1-1)

Drug permanently discontinued — no. (%) 25 (12)

Trial or clinical team aware of the drug used — no. (%) 27 (13)
Withdrawal from trial during hospitalization — no. (%) 10 (5)
Median RASS score while receiving drug (IQR) -2.00 (-3.00 to -1.00)
Percent time at target sedation level while receiving drug 57

Median CPOT score while receiving drug (IQR) T
Percent of days with adherence to ABCDE bundle::

0.33 (0.00-0.83)

Spontaneous awakening trial 98
Spontaneous breathing trial 93
Coordination of awakening and breathing trials 86
Nondrug delirium interventions 99
Early mobilization 91
Median daily fentanyl dose on days administered (IQR) — pg/hr 68 (28-119)
Midazolam exposure
Ever used — no. (%) 114 (53)
Median days among users (IQR) 2.0 (1.0-4.0)
Median daily dose on days administered (IQR) — mg per day 3.8 (2.0-10.9)
Antipsychotic exposure
Ever used — no. (%) 90 (42)
Median days among users (IQR) 5.0 (2.0-7.8)
Median daily dose on days administered (IQR) — mg§ 2.2 (1.0-6.4)
Open-label propofol exposure
Ever used — no. (%) 27 (13)
Median days among users (IQR) 2.0 (1.0-3.0)

Median daily dose on days administered (IQR) — pg/kg/min

Open-label dexmedetomidine exposure

Ever used — no. (%)
Median days among users (IQR)
Median daily dose on days administered (IQR) — pg/kg/hr

10.8 (4.9-17.4)

9 (4)
1.0 (1.0-2.0)
0.24 (0.04-0.30)

Propofol
N=208
22.1 (12.8-33.7)
1.3 (0.8-2.1)

4.0 (2.0-6.0)
1.00 (0.00-1.00)
131 (67-229)

10.2 pg/kg/min

(5.5-18.4)
11.5 (5.8-25)

57 (27)
1(1-2)

23 (11)

31 (15)
9 (4)

-1.95 (-3.03 t0 -0.98)

60
0.31 (0.00-0.87)

98
95
84
99
92
56 (20-95)

90 (43)
1.0 (1.0-2.0)
40 (2.0-10.8)

87 (42)
4.0 (2.0-8.0)
3.6 (1.0-6.3)

16 (8)
1.5 (1.0-2.0)
4.8 (3.4-6.6)

6(3)
1.0 (1.0-3.2)
0.26 (0.07-0.7)

* The reasons for temporary holding of the drug included oversedation, hypotension, or bradycardia; spontaneous awak-

ening trials or times during which patients were not being sedated, were not receiving mechanical ventilation, or were

in the operating room are not included.

T The Critical Care Pain Observation Tool (CPOT) is used to assess for pain by evaluating facial expression, body move-
ment, muscle tension, and adherence to use of the ventilator if intubated or vocalization if extubated. Total scores

range from 0 to 8, with scores higher than 2 indicating the presence of pain.

1 The ABCDE bundle includes evaluations for awakening and breathing coordination, choice of sedation, delirium moni-

toring and management, and early mobility.
§ Values shown are in intravenous haloperidol equivalents.
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Table 3. Primary and Secondary Efficacy End Points.*

End Point

Primary end point

Days alive without delirium or coma at 14 days
Unadjusted no. of days — median (IQR)
Adjusted no. of days — median (95% Cl)
Adjusted odds ratio (95% Cl)

Secondary end points

Ventilator-free days at 28 days
Unadjusted no. of days — median (IQR)
Adjusted no. days — median (95% Cl)
Adjusted odds ratio (95% Cl)

Death at 90 days
Unadjusted no. of patients (%)
Adjusted hazard ratio (95% Cl)

TICS-T score at 6 moT
Unadjusted score — median (IQR)
Adjusted score — median (95% Cl)
Adjusted odds ratio (95% Cl)

Dexmedetomidine Propofol
(N=214) (N=208)
8.0 (1.0-12.8) 7.5 (1.8-11.2)
10.7 (8.5-12.5) 10.8 (8.7-12.6)
0.96 (0.74-1.26) Reference

20.9 (0.0-26.1)
23.7 (20.5-25.4)

19.9 (4.2-24.9)
24.0 (20.9-25.4)

0.98 (0.63-1.51) Reference
81 (38) 82 (39)

1.06 (0.74-1.52) Reference

39 (28-48) 38 (30-46)

409 (33.6-47.1)
0.94 (0.66-1.33)

41.4 (34.0-47.3)

Reference

* Variables in adjusted analyses, except for analysis of death at 90 days, included the following: age at trial enrollment;
education; baseline cognitive function as determined according to the IQCODE-SF; preexisting coexisting conditions
according to the Charlson Comorbidities Index; SOFA assessment on the day of enrollment (excluding central nervous
system component); level of arousal at randomization according to the RASS score closest to the time of randomization;
exposure to propofol, dexmedetomidine, benzodiazepines, opioids, and antipsychotics between the time of ICU admis-
sion and midnight before enrollment; medical (vs. surgical) patient; and infection type. Variables in adjusted analyses
for death at 90 days included the following: age at trial enroliment, baseline cognitive function as determined according
to the IQCODE-SF, preexisting coexisting conditions according to the Charlson Comorbidities Index, SOFA assessment
on the day of enrollment (excluding central nervous system component), medical (vs. surgical) patient, and infection

type.

T Age-adjusted total scores on the Telephone Interview for Cognitive Status questionnaire (TICS-T) range from 0 to 100
with a mean of 50+10; lower scores indicate worse cognition, and a score of 35 or less indicates cognitive impairment.

cally ill adults receiving mechanical ventilation
may not require sedative infusions,*®* our trial
specifically enrolled adults with sepsis who had
a high severity of illness, a greater risk for ARDS,
and a higher requirement for continuous sedation.
It was important to better characterize the effect
of greater arousability, analgesic properties, and
lack of respiratory depression observed with
dexmedetomidine as compared with GABAergic
sedatives in this population. Data indicate mean-
ingful differences between dexmedetomidine and
GABAergic sedatives with respect to innate im-
munity and risk of infection, including evidence
that dexmedetomidine may offer superior anti-
inflammatory effects.’»?” Despite these theoreti-
cal benefits and studies supporting the use of

dexmedetomidine, the choice between dexmed-
etomidine and propofol alone does not appear
to substantially affect patient outcomes in the
complex milieu of critical illness with sepsis. Our
findings, therefore, strongly reinforce current
guidelines®* that recommend the use of either
dexmedetomidine or propofol for light sedation
when continuous sedation is needed for adults
with or without sepsis who require mechanical
ventilation.

Our trial builds on other trials that have com-
pared dexmedetomidine with propofol,>24° with
important methodologic advances that include a
higher degree of sedative trial drug blinding, a
better separation between groups with regard to
sedative exposure, and stricter adherence to light
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Days
No. at Risk (Cumulative No.
of Deaths)
Dexmedetomidine 214 (0) 152 (62) 140 (74) 138 (76) 135 (79) 135 (79) 133 (81)
Propofol 208 (0) 167 (41) 150 (57) 138 (69) 132 (75) 126 (81) 125 (32)
Figure 2. Effects of Dexmedetomidine and Propofol on 90-Day Survival.
The Kaplan—Meier method was used to estimate the probability of survival. In the adjusted analyses, there was no
significant difference between the trial groups with respect to death at 90 days (hazard ratio with dexmedetomidine
vs. propofol, 1.06; 95% confidence interval [Cl], 0.74 to 1.52). Results have not been adjusted for multiple compari-
sons. The shading indicates 95% confidence intervals.

sedation approaches, with high compliance with
a standardized, multicomponent sedation man-
agement bundle (i.e., the ABCDE bundle)?®? that
has been shown to reduce mortality and improve
other important outcomes. One study by Kawazoe
et al.”? randomly assigned 201 patients with sep-
sis who required mechanical ventilation to open-
label sedation with dexmedetomidine (up to 0.7 ug
per kilogram per hour) or sedation without
dexmedetomidine (infusions of propofol or mida-
zolam or both) for up to 7 days. On 1 or more
study days, 29% of the dexmedetomidine group
received propofol (nearly three times the cross-
over rate of our study) and up to 21% received
midazolam. The authors found no significant dif-
ference in the number of days without delirium
or coma, the number of ventilator-free days, or
mortality at 28 days with dexmedetomidine use,
although the trial was probably underpowered to
measure a difference in mortality.

More recently, Shehabi et al.® performed a land-
mark open-label, randomized trial of dexmedeto-
midine (up to 1.5 ug per kilogram per hour) as
compared with usual care (infusions of propofol

or midazolam or both) for up to 28 days in more
than 3900 patients with critical illness. The au-
thors did not find a significant difference be-
tween the groups in the number of days without
delirium or coma at 28 days, the number of
ventilator-free days at 28 days, death at 90 days
(including in subgroup analyses of 806 patients
with suspected or confirmed sepsis), or death at
180 days. Most patients (86%) in the dexmedeto-
midine group received concomitant propofol for
a median of 2.0 days, and 23% received midazolam
for a median of 0.5 days; this lack of separation
between groups limits the interpretation of the
results. Despite an unmasking episode in 14% of
patients and crossover in about 10% of patients
in the present study, we believe that our meth-
odologic rigor allows a more definitive conclu-
sion that dexmedetomidine and propofol have
similar efficacy with regard to acute brain dys-
function, mechanical ventilation requirement,
and mortality when light sedation goals and the
ABCDE bundle are used to care for critically ill
mechanically ventilated adults with sepsis. Bio-
logically, patients with sepsis should derive im-
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portant benefits from dexmedetomidine because
of its immunomodulatory and antiinflammatory
properties; thus, it is highly unlikely that patients
without sepsis would have outcomes with dex-
medetomidine substantially different from those
we report.

An expanding area of interest in the care of
critically ill patients is the prevention of cogni-
tive impairment, functional impairment, and de-
cline in quality of life after hospital discharge.
The study by Shehabi et al.?* showed similar
scores in cognition (as assessed with the Infor-
mant Questionnaire on Cognitive Decline in the
Elderly [IQCODE]) and quality of life (as assessed
with the EQ-5D) at 180 days in the dexmedeto-
midine and control groups. Using a more robust
cognitive assessment battery, we found clinically
important cognitive dysfunction in approximate-
ly 25% of patients after sepsis and critical illness
even with light sedation approaches, and the use
of dexmedetomidine as compared with propofol
did not alter this finding. Considering our high
follow-up rates and use of a robust assessment
battery, it appears that sedation choice does not
affect survivorship outcomes when currently rec-
ommended sedation approaches are used.

Our trial has a number of strengths but also
some notable limitations. We made every effort
to mask the delivery of propofol and dexmedeto-
midine considering their different physical prop-
erties. Although an episode of unmasking of the
group assignment to a clinician or research team
member occurred in 14% of patients, adherence
to blinding in our trial was higher than that
reported in similar clinical trials of propofol and
dexmedetomidine. We allowed clinicians to set
sedation targets, achieved good separation be-
tween groups regarding sedative exposure, and
had robust follow-up. In general, patients had
light levels of sedation with low doses of sedative
medications and concomitant opioid analgesia.

This may reflect changing sedation strategies con-
forming to recommended practices or the need for
lower sedative doses in patients with sepsis. We
had some cross-contamination of sedative use,
although substantially less than that in similar
sedation studies, and had a rescue protocol that
included the use of low-dose antipsychotic med-
ications. The trial drug was started a median of
22 hours after the patient met all inclusion cri-
teria, which may have limited our ability to af-
fect outcomes. We had slower-than-anticipated
enrollment, which required an adjustment of
the sample size, yet had adequate power to
study the questions of interest. Some exclusions
were the result of clinicians not having equi-
poise regarding sedation for a given patient or
were due to patients’ (or their surrogates’) deci-
sion not to agree to enrollment in the trial, fac-
tors that may affect generalizability. Overall, we
believe that we studied a representative popula-
tion of patients with sepsis in centers across the
United States and provide more definitive evi-
dence regarding the choice of sedation in criti-
cally ill patients with sepsis who require mechani-
cal ventilation.

Our trial showed that among critically ill
adults with sepsis who were receiving mechani-
cal ventilation and for whom recommended light-
sedation approaches were used, dexmedetomidine
did not lead to better outcomes than propofol
with respect to days alive without acute brain
dysfunction, ventilator-free days, death at 90 days,
or cognition at 6 months.
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Insights into Glomerular Filtration
and Albuminuria
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HRONIC KIDNEY DISEASES AFFECT MORE THAN 10% OF THE WORLD’S

population, and most cases arise from disorders of the kidney’s filtration

barrier, which is located within a million microvascular units called glom-
eruli.! Although it has been known for many decades that, in the kidney, glomeruli
are the site of plasma ultrafiltration and urine production, both the molecular
design and function of the filtration barrier remained elusive until recently.>?
Moreover, several decades since the recognition that inhibitors of the renin—angio-
tensin system are beneficial in reducing proteinuria and slowing the progression
of diabetic kidney disease, patients are still at risk for end-stage kidney failure
from diabetes and other proteinuric kidney diseases.

Evidence is emerging about the added value of sodium—glucose cotransporter 2
(SGLT2) inhibitors, beyond their glucose-lowering effect, when they are used to
treat patients with or without diabetes who have proteinuria and declining kidney
function.*¢ Various mechanisms have been proposed to explain the renoprotective
effect of SGLT2 inhibitors,” including a reduction in pressure within the glomeru-
lar capillaries, with resulting protection of glomerular podocytes, which are the
targets of injury in most, if not all, proteinuric kidney diseases. Reduction of the
glomerular pressure appears to be mediated by constriction of the afferent arte-
rioles, small vessels that supply the glomerular microcirculation with enormous
amounts of blood from the circulation. As discussed below, such observations
align closely with our current understanding of the respective roles of glomerular
capillary pressure, the glomerular basement membrane (GBM), and podocytes in
regulating glomerular permeability to albumin and other proteins.

Kidney function depends on the bulk filtration of large volumes of water and
small solutes to clear potential toxins that are derived from intracellular metabo-
lism and gastrointestinal microbial metabolism, as well as to maintain salt and
water and acid-base homeostasis. The glomeruli produce as much as 180 liters of
glomerular filtrate per day in healthy adults, yet only very small amounts of albu-
min leak into the urine, the end product, with its much smaller volume.® Although
estimates of the fraction of albumin in the glomerular filtrate (as compared with
in plasma) have varied according to the techniques used to measure it, and some
filtered albumin is unquestionably retrieved by tubular reabsorption,’*! the amount
of plasma proteins that escape with the glomerular filtrate is tiny and depends on
the selective permeability of the glomerular filtration barrier.'?

Diseases that reduce the glomerular capillary surface area available for filtra-
tion or that alter the intrinsic permeability of the capillary wall reduce the glo-
merular filtration rate (GFR). Although downstream compensatory mechanisms
maintain the glomerular—tubular balance and regulate fluids, electrolytes, and the
acid-base balance at physiologic levels, even small reductions in the GFR are associ-
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ated with increased cardiovascular morbidity
and mortality and reduced overall survival.113
Albuminuria, another manifestation of diseases
that affect the glomerular capillary wall by alter-
ing its selective permeability, is also associated
with increased cardiovascular morbidity and
mortality, even at levels of urine albumin not
generally regarded as pathologic and even in the
absence of hypertension and diabetes.>* In
this review, we discuss current insights, based
on classic studies that defined the size- and
charge-selective properties of the glomerular
filter,” to help explain how the unique structure
and composition of the glomerular capillary
wall maintain highly selective filtration proper-
ties when healthy, and how that changes with
kidney disease.

EFFECTS OF PODOCYTE DAMAGE

The capillaries in each of the million or so glom-
eruli in the human kidneys contain a filtration
device. Each filtration device consists of three
layers: specialized and fenestrated endothelium
that lines the luminal side of the capillary wall;
an extracellular matrix-based GBM that contains
type IV collagen, laminin-521, and nidogen, as
well as sulfated proteoglycans; and podocytes
that cover the outer surface of the GBM, closely
enveloping the glomerular capillaries through
extensions (foot processes) that interdigitate with
those of adjacent podocytes (Fig. 1)."®° The podo-
cyte foot processes of neighboring cells are
separated by filtration slits that are bridged by
a membrane-like cell junction, called a slit dia-
phragm?®; the foot processes are firmly attached
to the GBM by various proteins that lead to cell-
matrix adhesion.?’ The intricate structure of
podocytes allows for ultrafiltration of the large
volumes of fluid and small solutes that are neces-
sary for normal clearance of toxic wastes; albu-
min and most other plasma protein components
are retained in the bloodstream.

The identification of mutations in genes ex-
pressed by podocytes as the genetic cause of al-
buminuria in both familial and sporadic kidney
disease has spurred research into podocyte patho-
biology and furthered our understanding of the
glomerular filtration barrier.”**® Such studies
started about two decades ago with the identifi-
cation of the genetic cause of congenital nephrot-
ic syndrome of the Finnish type, a rare autosomal
recessive disorder caused by mutations in NPHSI.

Figure 1 (facing page). Morphologic Features of Podocyte
Foot Processes on Ultra-High-Resolution Imaging.

Scanning electron microscopy shows the outer aspect
of glomerular capillaries, where plasma ultrafiltration
occurs (Panels A and C). Stimulated emission depletion
microscopy shows the slit diaphragm connecting adja-
cent foot processes (Panels B and D) (magenta indicates
nephrin, and green, podocin). Color coding of adjacent
interdigitating foot processes (Panels C and D) shows
the interaction between neighboring podocytes. Also
shown is a schematic representation of the slit-diaphragm
protein complex that bridges the distance between neigh-
boring foot processes and allows the formation of a fil-
tration slit (Panel E). Nephrin and Nephl are transmem-
brane proteins with extracellular domains that connect
adjacent foot processes. The cytoplasmic tails of these
proteins interact with scaffold proteins such as ZO-1
(zonula occludens 1), signaling adapters such as Nck,
and kinases such as phosphatidylinositol 3-kinase (PI3K)
to regulate the actin cytoskeleton. The membrane pro-
tein podocin clusters at the membrane, interacts with
nephrin, and coordinates the protein and lipid environ-
ment at the slit-diaphragm protein complex, which ren-
ders TRPC6 (transient receptor potential cation channel 6)
a mechanosensitive channel.

These mutations result in a severe albuminuria
in infants and young children, along with pro-
gressive kidney failure.

NPHS1 encodes the immunoglobulin super-
family protein nephrin, a major constituent of
the slit diaphragm (Fig. 1). Nephrin molecules
bridge the distance between two adjacent foot
processes to form a 40-nm membrane-like cell
junction.?>?*3 Part of a large multiprotein com-
plex at the filtration slit (Fig. 1), nephrin recruits
adaptor proteins to induce signaling to the podo-
cyte cytoskeleton.®® It is now clear that nephrin-
based protein interactions, which are essential
for shaping the unique podocyte ultrastructure,
mediate signal transduction by responding to
mechanical cues and controlling cytoskeletal
rearrangements in podocytes (Fig. 1). Moreover,
podocin, a product of NPHS2, has been shown to
interact with nephrin at the slit diaphragm?® and
to organize the lipid environment of the slit-
diaphragm complex as a mechanosensor at the
filtration slit that also contains ion channels.?**"3
Podocin is the most commonly mutated protein
in children and adolescents who have “steroid-
resistant” nephrotic syndrome (nephrotic syn-
drome that does not remit with glucocorticoid
therapy).

A number of additional podocyte-expressed
genes have been identified that, when mutated,
cause albuminuria, including the cytoskeletal
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genes ACTN4 and INF2*3%; these observations are
consistent with the critical role of the actin cyto-
skeleton of podocytes in maintaining the foot-
process architecture and the integrity of the
glomerular filtration barrier. Studies of these
mutations and the resultant mutant proteins
have clearly indicated that podocyte injury can

cause albuminuria. Moreover, numerous acquired
diseases, including diabetic nephropathy, mini-
mal change disease, focal and segmental glomeru-
losclerosis, membranous nephropathy, hyperten-
sive kidney disease, human immunodeficiency
virus—associated nephropathy, and lupus nephri-
tis, also affect podocytes, causing dysfunction of
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the filtration barrier and albuminuria. When
podocytes are injured, the intercellular junctions
and cytoskeletal structure of the foot processes
are altered, and the cells are characterized by a
simplified architecture, called foot-process efface-
ment.?* These changes are, in principle, revers-
ible, underlining the dynamic structure of podo-
cytes. However, podocytes are postmitotic cells
and have a very limited capacity for self-renewal 34>
Thus, podocyte loss, whether due to detachment
or cell death, results in irreversible damage and
scarring of the renal filtration units.”

The hypothesis that podocyte loss is a culprit
in the development of glomerulosclerosis was
formulated more than 30 years ago®** and has
subsequently been proved both experimentally
and clinically.*** Among persons with steroid-
resistant nephrotic syndrome, mutations have
also been identified in genes encoding mito-
chondrial proteins, which lead to mitochondrial
dysfunction and impaired respiratory enzyme
activity.®® Such mutations have similarly been ob-
served in a mouse model of proteinuria in which
oxygen free radical damage occurs in podo-
cytes.* Although numerous mutations involving
podocyte proteins have been identified — a list
that keeps growing as technological advances
are made and more genes are found to modulate
the function of podocytes®® — most forms of
podocyte injury are acquired and of these, many
are antibody-mediated.

EFFECTS OF PODOCYTE AUTOIMMUNITY

Some of the earliest examples of acquired podo-
cyte autoimmunity were derived from studies in
Heymann nephritis, a model of membranous
nephropathy in rats in which circulating anti-
bodies bind to the target antigen, megalin, in
coated pits on the soles of podocyte foot pro-
cesses, where they activate complement and cause
morphologic changes that are characteristic of
human membranous nephropathy. These changes
include foot-process effacement, slit-diaphragm
dislocation, severe proteinuria, and generation
of reactive oxygen species, with disorganization
of the GBM through new matrix production and
lipid peroxidation of type IV collagen.’** The
antigen in most cases of human membranous
nephropathy was subsequently identified and
was shown to be the target of circulating auto-
antibodies to the M-type phospholipase A, recep-

tor (PLAR). PLAR is expressed on human
podocytes and is shed along with anti-PLA R
autoantibodies to form subepithelial immune
deposits.”® A growing list of additional podocyte
target antigens have subsequently been identi-
fied in anti-PLA,R antibody—negative cases of
membranous nephropathy.”**” Though much less
common than anti-PLA R antibodies, these anti-
bodies lead to the same or very similar patho-
logical features and are manifested clinically as
nephrotic syndrome or severe albuminuria.

In addition to autoantibodies to podocyte
antigens as a cause of glomerulopathy, there are
two unusual but highly informative examples of
glomerulopathies caused by alloantibodies di-
rected at podocyte proteins. In babies with a
truncating mutation of NPHSI (Fin-major), the
slit-diaphragm protein nephrin is absent and
end-stage kidney failure develops early in life as a
result. When such patients receive a kidney trans-
plant, nephrotic syndrome sometimes recurs.
However, the mechanism is different from that of
congenital nephrotic syndrome. In patients in
whom nephrin was never expressed, the syndrome
is due to the development of antinephrin alloanti-
bodies directed at a neoantigen in the trans-
planted kidney.”®>° This observation was recapitu-
lated in a rodent model by injecting antibodies
directed at the extracellular region of nephrin.®

A second example of alloimmune nephropa-
thy involving a podocyte antigen was described
in babies born with nephrotic syndrome whose
mothers had a deficiency of neutral endopepti-
dase (NEP) that was due to sensitization in previ-
ous pregnancies with a NEP-positive partner.®®
Transplacental passage of the maternal IgG anti-
NEP antibodies bound NEP on the fetal podo-
cytes and induced membranous nephropathy in
the neonate, manifested as severe proteinuria.
Podocyte injury with simplification of the foot
processes and secondary changes in the GBM is
common to all these conditions.

Although such studies clearly support the
critical role of podocytes in maintaining a func-
tional kidney filtration barrier, defects in the
GBM, as well as injury to glomerular endothelial
cells, can also cause albuminuria, reinforcing the
concept that all three layers of the filtration bar-
rier are required for permselective glomerular
ultrafiltration. The contribution of the GBM may
be exemplified by the fact that mutation of com-
ponents of laminin-521 in Pierson’s syndrome,
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an inherited mutation in the laminin 8, chain,”
as well as mutations in the e, @,, and «, chains of
type IV collagen in Alport’s syndrome,* results
in albuminuria and progressive kidney disease.
Moreover, damage to the glomerular endothelium
can also cause albuminuria. For example, in pre-
eclampsia, interference in vascular endothelial
growth factor (VEGF) signaling to the glomeru-
lar endothelial cells causes albuminuria and ne-
phrotic syndrome.® Preeclampsia, which affects
5 to 10% of pregnant women in the United States,
is a complex hypertensive disease characterized
by overexpression of soluble fms-like tyrosine ki-
nase 1 (sFlt-1), a soluble VEGF receptor that binds
and neutralizes VEGF. The resultant lack of VEGF
leads to maternal vascular dysfunction and organ
damage.®*%” Similarly, anti-VEGF therapy with beva-
cizumab in patients with cancer can cause albu-
minuria, hypertension, and glomerular disease.®*%

A BIOPHYSICAL MODEL OF
GLOMERULAR ULTRAFILTRATION

Despite decades of research on the glomerular
filtration barrier, a biophysical model to explain
how the kidney filter allows extensive fluid fil-
tration while restricting the sieving of macro-
molecules was lacking until relatively recently.!>”
Several decades ago, studies with electron mi-
croscopy that localized different tracers of the
size of albumin or larger indicated an important
role of the GBM in retaining proteins in plasma
while allowing free filtration of water and sol-
utes, since the tracers did not enter the GBM but
instead were restricted to its subendothelial sur-
face.”*”? Damage to podocytes mediated by puro-
mycin, an antibiotic that inhibits protein synthe-
sis and is used to study models of proteinuria,
resulted in consecutive penetration of the tracers
into the GBM and uptake by podocytes.”>™ In
contrast, other injected tracers appeared to pass
through the GBM but were impeded at the level
of the podocyte slit diaphragm, an observation
that led to the conclusion that slit diaphragms
are the primary barrier of the selective filter.”>”®
For decades, the controversy over control of fil-
tration could not be resolved, and the interpreta-
tions based on a coarse filter at the GBM fol-
lowed by a fine filter at the slit diaphragm did
not explain why the glomerulus does not clog
with partially filtered proteins.”

Given the abundance of evidence that podo-
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Figure 2. Pressure Gradients Driving and Inhibiting Kidney Filtration.

Filtration across the glomerular capillary is driven by a hydrostatic pressure
gradient of about 40 mm Hg (the difference between glomerular capillary
pressure [Pgc] of about 50 mm Hg and the Bowman'’s space hydrostatic
pressure [Pgs] of 10 mm Hg), minus the oncotic pressure of the capillary
plasma (pigc) (about 24 mm Hg as blood enters the glomerular capillary),
which acts to restrain filtration. The luminal pressure exerts physical forces
on the capillary wall that are counteracted by the glomerular basement
membrane (GBM) and by podocytes. The pigc starts off at the value of
normal arterial blood and rises as ultrafiltration removes fluid from the
capillary. The oncotic pressure in Bowman'’s space (pigs) is constantly close
to 0 mm Hg. Adapted from Giebisch and Windhager.”

cyte injury underlies most, if not all, proteinuric
kidney diseases, new technologies, including ultra-
high-resolution imaging and genetically engi-
neered mouse models of human disease, were
used to examine the glomerular filtration bar-
rier under conditions not previously possible
with ultrastructural tracers and conventional
light and fluorescence microscopy. These ad-
vances led to the development of an experimen-
tally validated biophysical model of glomerular
ultrafiltration.”® Filtration across the glomerular
capillary is driven by a net filtration pressure of
roughly 20 mm Hg, derived from a hydrostatic
pressure gradient of about 40 mm Hg minus the
oncotic pressure of the plasma (about 24 mm Hg
as blood enters the glomerular capillary), which
acts to restrain filtration (Fig. 2).%° The remark-
able luminal pressure exerts physical forces on
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Figure 3. Gel Compression Model of Glomerular Ultrafiltration.

Interdigitating podocyte foot processes counteract the physical forces of hydrostatic pressure in the glomerular capil-
laries, compressing the gel-like structure of the GBM. The altered biophysical properties of the GBM act as a selec-
tively permeable filter. When podocytes are injured, they take on a more simplified architecture and the slit-diaphragm
length is greatly reduced. Concomitantly, the buttressing force of podocytes is lost and the compression force of the

GBM is reduced, which increases the permeability to albumin. Adapted from Butt et al.”®

the capillary wall that are counteracted by the
GBM and by podocytes. Specifically, interdigitat-
ing podocyte foot processes serve as buttresses®!
against the physical forces of hydrostatic pres-
sure in the glomerular capillaries, compressing
the gel-like structure of the GBM (Fig. 3).82%
With these altered biophysical properties, the
GBM acts as a permselective filter’® and restricts
the permeability to macromolecules transported
by diffusion and bulk flow. Thus, the sophisti-
cated foot-process architecture of podocytes not
only maximizes the area available for the filtra-
tion of water and small solutes but also provides
the mechanical resistance against blood pressure
that compresses the GBM, preserving permselec-
tivity and preventing loss of albumin and other
macromolecules (Fig. 4).”

When podocytes are injured, they take on a
more simplified architecture and the slit-dia-
phragm length is much reduced, resulting in a
reduction in the filtration slit area and a decline
in the glomerular filtration rate of water and
small solutes (Fig. 4). Concomitantly, the but-
tressing force of podocytes is lost and the com-
pressive force of the GBM is reduced, which in-
creases the permeability to albumin (Fig. 3).
This construct explains the conundrum of how
the GFR may decline while permeability to albu-

min is increased, a phenomenon elegantly stud-
ied and documented in humans with proteinuric
kidney disease.®* Although the contribution of
additional factors, such as electrokinetic forces
at the GBM® and a repelling function of the
charged glycocalyx of endothelial cells,’ may
also play a role, the biophysical model explains
how the glomerular filter optimizes hydraulic
conductivity for the filtration of enormous
amounts of fluid by maximizing the filtration
area (defined by the length of the filtration slit)
while retarding passage of proteins through
compression of the GBM.

These new data concerning glomerular filtra-
tion underscore the importance of regulated
glomerular hemodynamics and have fundamental
clinical implications beyond a better under-
standing of the beneficial effects of angiotensin-
converting—enzyme inhibitors or angiotensin-
receptor blockers. The length of the slit
diaphragm is markedly reduced in early albumin-
uric disease.”® Since the width of the filtration
slit is thought to be fixed and determined by the
interacting molecules that bridge the distance
between adjacent foot processes, shortening the
filtration slit appears to result in a reduction of
the filtration area. In this scenario, the filtration
rate is at least partially maintained by angioten-
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podocin, with the overlaid colors shown in Panels C and F.

Figure 4. Damaged Podocytes Characterized by Rounded Processes and a Shortened Slit Diaphragm.

The sophisticated foot-process architecture of podocytes not only maximizes the area available for the filtration of
water and small solutes but also provides the mechanical resistance against blood pressure that allows the com-
pressed GBM to maintain selective permeability. The structure is lost in glomerular disease, resulting in a short-
ened slit diaphragm. Panels A, B, and C show the morphologic features of the slit diaphragm in a healthy state (in
wild-type mice), and Panels D, E, and F show the altered morphologic features early in the course of the disease (with
the Nphs2R?31Q/A288V mtation). Magenta in Panels A and D indicates nephrin, and green in Panels B and E indicates

sin I[-mediated contraction of the efferent arte-
riole, which has detrimental effects that offset
the benefits of maintaining the GFR. First, the
increased capillary pressure cannot be fully
counteracted by the defective podocytes, which
leads to an increase in proteinuria and, poten-
tially, further injury. Second, maintaining the
GFR while the filtration area is decreased drasti-
cally increases local fluid flow at the barrier,
which exposes podocytes to considerable trans-
verse shear stress and leads to loss of podocytes
through detachment, as well as potential scar-
ring of the glomeruli.**” Preventing angiotensin
[I-mediated constriction of the efferent arteriole
by blockade of the renin—angiotensin system is the
cornerstone of antiproteinuric therapy to limit
progressive podocyte injury and loss in diabetic
and nondiabetic kidney disease.

However, hyperfiltration also occurs through
loss of regulation of the afferent arteriole. Sev-

eral studies have shown the mitigating effect of
SGLT2 inhibitors on renal outcomes such as
progression to end-stage kidney disease, doubling
of the serum creatinine level, or death from re-
nal causes in patients with diabetic (and poten-
tially those with nondiabetic) kidney disease,*>*®
an effect that is thought to be primarily medi-
ated through constriction of the afferent arte-
riole and prevention of hyperfiltration.” SGLT2
inhibition reduces reabsorption of glucose and
sodium within the proximal tubule, which re-
establishes sodium delivery to the macula densa
and leads to a correction of hyperfiltration
through tubuloglomerular feedback and afferent
vasoconstriction.®’ Dysfunctional podocytes can-
not sufficiently counteract elevated glomerular
capillary pressure, suggesting that SGLT2-medi-
ated afferent arteriole vasoconstriction may be
beneficial (Fig. 2). The effect of SGLT2 inhibitors
appears to be consistent across all levels of kid-
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ney function, down to an estimated GFR of 30 ml
per minute per 1.73 m? of body-surface area,
whereas glucose-lowering effects are directly
proportional to glomerular filtration and are
substantially decreased when kidney function
declines,” underscoring the importance of regu-
lating glomerular hemodynamics in progressive
renal disease.

CONCLUSIONS

Our understanding of the function of the glo-
merular capillary filter and the mechanisms

underlying albuminuria has evolved during the
past 20 years. After decades of research, there is
now an opportunity to develop mechanism-
based therapies that regulate glomerular hemo-
dynamics, on the one hand, and protect me-
chanically sensitive podocytes, on the other hand,
to prevent the progression of chronic kidney
disease.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Martin Hohne for providing earlier versions of the
figures and David Unnersjo-Jess and Linus Butt for providing

the super-resolution images obtained with stimulated emission
depletion microscopy.
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Palmoplantar Papules

68-YEAR-OLD WOMAN PRESENTED TO THE DERMATOLOGY CLINIC WITH Benjamin Klein, M.D.
a 40-year history of slowly progressing, yellowish, hyperkeratotic papules Regina Treudler, M.D.
and plaques on her hands (Panel A) and feet (Panel B). She did not have i ersitstskinikum Leipzig

any pain, itching, nail changes, or skin fragility. Similar skin lesions were present Leipzig, Germany

in her mother, son, and granddaughter. Biopsy of the lesions was performed, and benjamin.klein@medizin.uni-leipzig.de

histopathological analysis showed orthohyperkeratosis with hypergranulosis. This

presentation was consistent with a diagnosis of punctate palmoplantar kerato-

derma. Next-generation sequencing showed a nonsense mutation (c.370C-=T) in

AAGAB, which encodes alpha and gamma adaptin binding protein, in the patient

and her son, and a diagnosis of autosomal dominant hereditary punctate palmo-

plantar keratoderma type 1 was made. This type of palmoplantar keratoderma

type 1 may be associated with certain types of cancer. In this patient, the results

of recent chest radiography, upper endoscopy, colonoscopy, Papanicolaou testing,

and mammography were unremarkable. Treatment with topical ointments with

40% urea and 20% salicylic acid were initiated, which led to a mild reduction in

hyperkeratosis. Regular cancer screening was recommended.
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Case 11-2021: A 39-Year-Old Woman
with Fever, Flank Pain, and Inguinal
Lymphadenopathy

Richelle C. Charles, M.D., Madeleine Sertic, M.B., Ch.B.,
Anne M. Neilan, M.D., M.P.H., and Aliyah R. Sohani, M.D.

PRESENTATION OF CASE

Dr. P. Connor Johnson (Medicine): A 39-year-old woman presented to this hospital
with fever, flank pain, and tender inguinal lymphadenopathy.

The patient had been in her usual state of health until approximately 4 weeks
before admission, when she noted tender bilateral inguinal swelling. Two days
later, she began to have sharp, intermittent flank pain on the right side; she rated
the pain at 5 on a scale of 0 to 10, with 10 indicating the most severe pain. During
the next 3 days, she had nausea and a poor appetite. She noted foul-smelling urine
but had no dysuria, urinary frequency, or hematuria.

Three weeks before admission, the patient was evaluated by her primary care
physician. On examination, the temperature was 36.6°C, and she appeared well.
There was costovertebral and abdominal tenderness on the right side, without re-
bound or guarding. The external genitalia were normal. Copious thin, white vagi-
nal discharge was present; no cervical motion tenderness was noted, and the
ovaries were normal on palpation. Multiple bilateral tender inguinal lymph nodes,
measuring up to 2 cm in diameter, were noted on palpation. The remainder of the
physical examination was normal. On microscopic examination of the vaginal dis-
charge, clue cells were observed, but there were no fungal elements or trichomo-
nads. Nucleic acid amplification tests of a cervical swab for Chlamydia trachomatis
and Neisseria gonorrhoeae were negative. A blood test for IgM, IgG, and IgA antibod-
ies to C. trachomatis serovars L1 and D through K was negative. Urinalysis revealed
leukocyte esterase and nitrates; urine was obtained for culture. Vaginal metroni-
dazole gel was prescribed.

Two days later, the urine culture grew more than 100,000 colony-forming units
(CFU) of Escherichia coli per milliliter and 10,000 to 100,000 CFU of Klebsiella pneu-
moniae per milliliter. A 14-day course of trimethoprim—sulfamethoxazole was
prescribed.
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The inguinal swelling reportedly abated, but
the flank pain and nausea persisted. Two days
after the patient completed the prescribed course
of trimethoprim-sulfamethoxazole, fever and
night sweats developed. After 3 days of fever
with a temperature of up to 38.5°C, she began
vomiting and subsequently presented to the emer-
gency department of this hospital for evaluation.

In the emergency department, the patient re-
ported ongoing flank pain, malaise, nausea, and
poor appetite with weight loss of 2.3 kg during
the past month. There was no sore throat, cough,
or diarrhea. She had a history of hypothyroid-
ism, asthma, bipolar disorder, dysmenorrhea, and
migraines. She had had multiple urinary tract
infections; pyelonephritis had been diagnosed
4 years before this presentation. A copper intra-
uterine device had been inserted 6 months before
this presentation. Medications included albuterol,
budesonide—formoterol, divalproex, levothyroxine,
loratadine, and sumatriptan as needed for mi-
graines. The patient did not smoke tobacco,
drink alcohol, or use illicit drugs. She had im-
migrated to the United States from Brazil 1 year
earlier; she had been living in New England dur-
ing the past year and had been working in a
laboratory. She had recently spent 3 months in
Brazil visiting her husband and had returned to
New England shortly before she noted inguinal
swelling. While in Brazil, she had remained in a
large city and had not visited any remote loca-
tions. In New England, she lived alone with one
kitten and one full-grown cat. There was no
family history of cancer. An aunt had died from
tuberculosis, but the patient had had only mini-
mal contact with her aunt.

On examination, the temperature was 36.6°C,
the blood pressure 100/63 mm Hg, the heart rate
77 beats per minute, the respiratory rate 16 breaths
per minute, and the oxygen saturation 100%
while the patient was breathing ambient air. The
weight was 67.5 kg and the body-mass index
(the weight in kilograms divided by the square
of the height in meters) 24.4. The patient ap-
peared ill. The right side of the abdomen was
tender on palpation, without rebound or guard-
ing. Hepatosplenomegaly was not present. Tender
bilateral inguinal lymph nodes were noted. No
palpable cervical, supraclavicular, infraclavicular,
or axillary lymphadenopathy was noted. The re-
mainder of the physical examination was nor-
mal. A urine test for human chorionic gonado-
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Table 1. Laboratory Data.
Reference Range,
Variable Adults*
Hematocrit (%) 36-46
Hemoglobin (g/dl) 12-16
White-cell count (per pl) 4500-11,000
Differential count (per pl)
Neutrophils 1800-7700
Lymphocytes 1000-4800
Monocytes 200-1200
Eosinophils 0-900
Basophils 0-300
Platelet count (per pl) 150,000-400,000
Mean corpuscular volume (fl) 80-100
Erythrocyte sedimentation rate 0-20
(mm/hr)
C-reactive protein (mg/liter) <8

On Admission,
This Hospital

36
11.6
10,500

5910
3190
960
33
5
409,000
85.6
41

100.7

st

* Reference values are affected by many variables, including the patient popu-

lation and the laboratory methods used. The ranges used at Massachusetts
General Hospital are for adults who are not pregnant and do not have medi-
cal conditions that could affect the results. They may therefore not be appro-

priate for all patients.

tropin was negative. Blood levels of glucose,
electrolytes, creatine kinase, and lactate dehy-
drogenase were normal, as were the results of
liver-function and kidney-function tests. Blood
tests for human immunodeficiency virus (HIV)
type 1 p24 antigen and antibodies to HIV types
1 and 2 were negative, as was an interferon-y
release assay for Mycobacterium tuberculosis. Other
laboratory test results are shown in Table 1.
Imaging studies were obtained.

Dr. Madeleine Sertic: Computed tomography (CT)
of the abdomen and pelvis (Fig. 1), performed
without the administration of intravenous con-
trast material, revealed bilateral inguinal lymph-
adenopathy, with the largest node, on the right
side, measuring 2.6 cm in greatest dimension. A
right pelvic sidewall lymph node measuring 1.3 cm
in greatest dimension, a gastrohepatic lymph
node measuring 0.9 cm in greatest dimension,
and lymphadenopathy in the porta hepatis were
also seen. Transvaginal ultrasonography revealed
an intrauterine device in an appropriate position,
normal ovaries, and trace free fluid in the pelvis.

Dr. Johnson: Intravenous fluids and intramuscu-
lar ketorolac were administered, and the patient
was admitted to the hospital. A diagnostic test
was performed.

NEJM.ORG APRIL 15, 2021

1449



1450

The NEW ENGLAND JOURNAL of MEDICINE

Figure 1. CT of the Abdomen and Pelvis.
Axial images of the abdomen and pelvis (Panels A and B), obtained without the administration of contrast material,
show bilateral inguinal lymphadenopathy (Panel A, arrows), which is more prominent on the right side than on the
left side, and right external iliac lymphadenopathy (Panel B, arrow) with a normal left ovary (asterisk). Axial images
through the level of the upper abdomen (Panels C and D) show lymphadenopathy in the porta hepatis (Panel C,
arrow) and a borderline-enlarged lymph node in the gastrohepatic ligament (Panel D, arrow).

DIFFERENTIAL DIAGNOSIS

Dr. Richelle C. Charles: This 39-year-old woman
presented to this hospital with tender inguinal
lymphadenopathy, flank pain on the right side,
and abdominal pain, with systemic symptoms of
fever, night sweats, anorexia, and weight loss
after a 3-month stay in Brazil.

The causes of lymphadenopathy can be con-
sidered in broad disease-based categories, includ-
ing infection, cancer, autoimmune disease, and
other various disorders. The approach to evaluat-
ing a patient with lymphadenopathy typically
includes determining whether the lymphadenopa-
thy is localized, involving only one region, or
whether it is generalized, affecting more than one
region. This initial assessment, together with
thorough history taking and physical examina-
tion to identify epidemiologic clues (e.g., exposure
to cats, recent travel, insect bites, or high-risk
sexual behavior) or pathologic features distal to
the involved lymph nodes, can substantially nar-

row down the possibilities and, in most cases,
lead to a diagnosis.

This patient had inguinal lymphadenopathy
that was present predominantly on the right side,
with contiguous pelvic wall lymphadenopathy
seen on abdominal CT, findings that suggested
a regional process. She had inguinal lymphade-
nopathy on the left side, as well, but the develop-
ment of lymphadenopathy on both sides of the
inguinal region can occur if the underlying
process originates from a central site, such as
from a sexually transmitted infection or from
the unlikely event of inoculation of a pathogen
that affects both legs. The abdominal CT also
revealed an enlarged gastrohepatic lymph node
and lymphadenopathy in the porta hepatis, find-
ings that raise the possibility of a generalized
process or early disseminated disease. Because
fever and inguinal lymphadenopathy are the pre-
dominant features in this case, I will construct
my differential diagnosis around this symptom
complex (Table 2).
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MYCOBACTERIAL INFECTION

Given that this patient had immigrated to the
United States from Brazil 1 year earlier, chronic
infections or reactivation of latent infections
such as tuberculosis or endemic mycosis should
be considered. Isolated peripheral tuberculous
lymphadenitis is most often due to reactivation
disease.! Typically, tuberculous lymphadenitis is
painless, and the most common site of involve-
ment is the cervical lymph nodes, but other pe-
ripheral lymph nodes can be involved.! This pa-
tient had lymphadenopathy in the porta hepatis;
however, if she had abdominal tuberculosis, I
would expect mesenteric lymphadenopathy, intes-
tinal wall thickening, or ascites, all of which
were absent in this case. Her fever, nausea, vomit-
ing, weight loss, and abdominal pain would be
consistent with this diagnosis, as would her ele-
vated erythrocyte sedimentation rate and C-reac-
tive protein level but otherwise normal laboratory
test results. Although the patient had a negative
interferon-y release assay for M. tuberculosis, a
negative test does not necessarily rule out tuber-
culosis.

Infection due to nontuberculous mycobacte-
ria is also a possible diagnosis in this patient,
but nontuberculous mycobacterial lymphadenitis
is seen more often in children than in adults and
would be rare in an immunocompetent adult.?
Infection with M. marinum can cause a nodular
skin infection with accompanying lymphadenop-
athy and is associated with skin trauma and ex-
posure to a contaminated water source, but iso-
lated lymphadenopathy without associated skin
findings would be unusual.

BARTONELLA HENSELAE INFECTION

Because the patient has a kitten and a cat, infec-
tion with bartonella species — specifically Bar-
tonella henselae, the primary causative agent of cat
scratch disease — is a consideration in this
case.®> Cats, particularly kittens, are the main
reservoir of B. henselae; they transmit the bacte-
ria through their saliva or through scratching
(approximately 50% of cats are seropositive for
B. henselae).*> This patient did not have any evi-
dence of scratch marks on examination, and
information about previous scratches was not
provided in the case presentation. Typically, a
skin lesion (i.e., a papule, vesicle, or pustule)
forms at the scratch site 3 to 10 days after in-
oculation; however, such a lesion is not always

N ENGL ) MED 384,15

Table 2. Causes of Inguinal Lymphadenopathy.

NEJM.ORG APRIL 15, 2021

Infection
Infection of the lower limbs or other localized infection
Bacterial adenitis (staphylococcal or streptococcal)
Tuberculous lymphadenitis
Cat scratch disease (caused by Bartonella henselae)
Nocardiosis
Sporotrichosis
Tularemia
Sexually transmitted infection
Lymphogranuloma venereum
Chancroid
Syphilis
Genital herpes
Cancer
Leukemia or lymphoma

Metastatic carcinoma originating from cancer in the leg (e.g., melanoma),
vulva, cervix, penis, anus, or rectum

Autoimmune disorder
Systemic lupus erythematosus
Dermatomyositis
Rheumatoid arthritis

Sarcoidosis

seen or properly identified.® Approximately 2 weeks
after inoculation, regional lymphadenopathy
proximal to the inoculation site, a characteristic
feature of cat scratch disease, develops.® The most
commonly involved sites of lymphadenopathy are
the axillary, epitrochlear, cervical, supraclavicular,
and submandibular regions.® Generalized lymph-
adenopathy is rare, but up to a third of cases
involve more than one anatomical site.® Although
lymphadenopathy associated with cat scratch
disease usually resolves within 1 to 6 months
without therapy,” the current recommendation is
treatment with a short course of azithromycin.®
Trimethoprim—sulfamethoxazole, which this pa-
tient received, does have in vitro activity against
bartonella species and has been shown to be
clinically effective in some cases.” This could
explain why this patient’s condition improved
initially but later worsened after cessation of
these antibiotic agents. The typical duration of
treatment is 5 days for uncomplicated cat
scratch disease. This patient received 2 weeks
of therapy, but given the extent of her disease and
involvement of gastrohepatic nodes and nodes in
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the porta hepatis — findings that could sug-
gest early dissemination of B. hensalae — she
probably would have needed a longer course of
treatment.

TOXOPLASMOSIS

Toxoplasmosis and cat scratch disease are both
associated with adenopathy and exposure to cats.
However, acute toxoplasmosis is manifested by a
mononucleosis-like syndrome characterized by
cervical lymphadenopathy or generalized, diffuse
lymphadenopathy® that is similar to that seen in
patients with acute Epstein—Barr virus infection,
acute cytomegalovirus infection, and primary
HIV infection. Because this patient had many
features that were consistent with acute toxo-
plasmosis, it is difficult to rule out this diagno-
sis without additional testing for toxoplasmosis.

BACTERIAL INFECTIONS OF THE SKIN AND SOFT
TISSUES

Bacterial adenitis, which is usually caused by
Staphylococcus aureus and Streptococcus pyogenes, is a
common type of acute unilateral lymphadenitis;
however, the absence of signs of a leg infection
makes these diagnoses unlikely. Less common
causes of lymphadenitis include tularemia, nocar-
diosis, and sporotrichosis, all of which can cause
regional lymphadenopathy distal to a site of in-
oculation. Typically, associated skin findings
would be expected with tularemia, nocardiosis,
and sporotrichosis; however, tularemia also has
a glandular form without associated skin find-
ings.’® However, the epidemiologic features of
tularemia (e.g., exposure to an infected animal
or an animal bite) do not fit with this patient’s
presentation.

SEXUALLY TRANSMITTED INFECTIONS

The sexually transmitted infections that are com-
monly associated with inguinal lymphadenopathy
are lymphogranuloma venereum (LGV), syphilis,
and chancroid. Of these, LGV is the most likely
diagnosis for this patient, given her symptoms,
the timing of onset of symptoms, and the ab-
sence of skin findings on pelvic examination.
LGV is a genital ulcer disease caused by the L1,
L2, and L3 serovars of C. trachomatis.®* Histori-
cally, it has been most prevalent in the tropics
and subtropics, but its prevalence has been in-
creasing in high-income countries, primarily
among men who have sex with men.! The pri-

mary stage of infection is characterized by the
presence of a genital ulcer at the site of inocula-
tion that spontaneously heals within a few days.
The secondary stage, occurring 2 to 6 weeks
later, can be manifested by an enlarged, painful
reactive inguinal node and is related to direct
extension of the infection to the regional nodes."
The secondary stage can also be associated with
anorectal symptoms including proctocolitis.!
The diagnosis is based on the clinical presenta-
tion and epidemiologic findings and is con-
firmed by nucleic acid testing.!! Serologic testing
can also be performed to support the diagnosis.
This patient underwent testing for LGV; both a
serologic test and a nucleic acid test for C. tracho-
matis were negative.

The absence of genital ulcers in this patient
makes chancroid, primary herpes simplex virus
infection, and syphilis unlikely.!* The secondary
stage of syphilis is typically manifested by rash
and generalized lymphadenopathy; regional
lymphadenopathy, as seen in this case, would be
atypical of syphilis.

TRAVEL-RELATED INFECTIONS
This patient had recently returned from a 3-month
stay in Brazil visiting her husband. Many travel-
related illnesses can be associated with fever and
lymphadenopathy, including dengue virus infec-
tion, chikungunya virus infection, Zika virus
infection, brucellosis, leptospirosis, enteric fever
(typhoid or paratyphoid fever), and bartonellosis
(caused by B. quintana and B. bacilliformis).’* With
the exception of enteric fever, which would be
manifested by mesenteric lymphadenopathy, these
illnesses are usually associated with diffuse
lymphadenopathy rather than the regional lymph-
adenopathy seen in this patient. Infection with
dengue, chikungunya, and Zika viruses can be
ruled out in this case, since patients typically
present with fever within 2 weeks after exposure.
Endemic mycoses, such as paracoccidioidomy-
cosis, histoplasmosis, blastomycosis, and coccidi-
oidomycosis, can cause widespread lymphade-
nopathy in patients with disseminated disease
and are usually associated with hepatospleno-
megaly and bone marrow dysfunction.** This
patient had no recent exposures (she stayed in a
city) or pulmonary symptoms that would sug-
gest primary infection, and she was immuno-
competent, which makes reactivation disease or
disseminated disease unlikely.
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CANCER, AUTOIMMUNE DISEASES, AND OTHER
CONDITIONS

Given the presence of fever, lymphadenopathy,
night sweats, and weight loss, lymphoma must
be considered in this case. Common tumors that
metastasize to the inguinal lymph nodes include
squamous-cell carcinoma of the vulva, penis, and
anus®; however, the patient’s clinical examina-
tion and symptoms were not consistent with
these diagnoses. A history of rash, weakness, or
arthralgias is absent, making autoimmune dis-
orders an unlikely cause of her presentation.
Sarcoidosis characteristically manifests as pulmo-
nary hilar lymphadenopathy (in 90% of cases)
but can also be associated with peripheral
lymphadenopathy.

In summary, this patient’s presentation with
regional tender lymphadenopathy and history of
exposure to cats makes cat scratch disease the
most likely diagnosis in this case. An atypical
presentation of a systemic infection, a systemic
granulomatous process such as sarcoidosis, and
lymphoproliferative disorder cannot be ruled out.
To establish the diagnosis, I would recommend
a right inguinal lymph-node biopsy and sero-
logic testing for B. henselae and other infectious
causes.

phologic features did not point to a specific
cause.

In addition, numerous stains for microorgan-
isms were negative; these included acid-fast stain-
ing for mycobacteria, Grocott methenamine—
silver staining for fungi, and Steiner staining
and Warthin—Starry silver staining for spirochetes
and other bacteria, as well as immunohistochem-
ical staining for antibodies against Treponema
pallidum, Toxoplasma gondii, and cytomegalovirus.
It was difficult to reconcile these lymph node
findings with serologic testing for bartonella
that had been performed at the time of the pa-
tient’s admission; the testing had shown a mark-
edly elevated B. henselae IgG titer of 1:1024 or
higher (reference titer, <1:128) and a moderately
elevated B. quintana IgG titer of 1:512 (reference
titer, <1:128), with undetectable B. henselae and
B. quintana IgM titers of less than 1:20 (reference
range for both, <1:20). In patients with lymph-
adenitis related to B. henselae infection (i.e., cat
scratch disease), suppurative granulomas associ-
ated with neutrophilic clusters and central necro-
sis would be expected to be present, as would
organisms on Warthin-Starry silver stain'’; how-
ever, these features were not seen on histologic
evaluation.

DR. RICHELLE C. CHARLES’S
DIAGNOSIS

Bartonella henselae infection.

INITIAL DIAGNOSTIC TESTING

Dr. Aliyah R. Sohani: A right inguinal lymph-node
biopsy was performed on an outpatient basis
after the patient was discharged from the hospi-
tal. Microscopic examination of the biopsy spec-
imen (Fig. 2) revealed architectural distortion
characterized by marked capsular fibrosis, hyper-
vascularity with increased plasma cells, florid
reactive follicular hyperplasia, focal clusters of
monocytoid B cells, and prominent granuloma-
tous inflammation without neutrophils or ne-
crosis. Immunohistochemical staining showed
polytypic plasma cells and an appropriate num-
ber and distribution of B cells and T cells, and
concurrent flow cytometry showed no evidence
of'a monoclonal B-cell population or an unusual
T-cell population. Although an infectious cause
appeared most likely, the combination of mor-

DISCUSSION OF MANAGEMENT

Dr. Anne M. Neilan: Because of a high suspicion of
early disseminated bartonella infection, we rec-
ommended treatment with doxycycline. Before
the patient had started doxycycline therapy, her
condition had begun to improve; the palpable
lymphadenopathy, fever, and anemia had all re-
solved, and the levels of inflammatory markers
were declining. I met her in follow-up, 2 months
after the onset of symptoms and 2 weeks after
she had begun treatment with doxycycline. She
had persistent epigastric pain and a metallic
taste, which she attributed to doxycycline. Her
examination was notable for mild flank pain on
the right side with palpation, which she de-
scribed as similar to her initial presentation, and
which was distinct from her epigastric pain. She
had no palpable lymphadenopathy. The result
of a serologic test for paracoccidioides was not
yet available, and lymph-node biopsy culture
revealed no growth.

The patient was thinking about discontinuing
treatment with doxycycline, and we considered
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Figure 2. Biopsy Specimen of a Right Inguinal Lymph Node, Initial Diagnostic Evaluation.
Hematoxylin and eosin staining shows marked capsular thickening and fibrosis (Panel A). At the interface of the
capsule and lymphoid tissue, there are prominent small vessels associated with increased plasma cells (Panel B,
arrows), which were polytypic on RNA in situ hybridization for kappa and lambda immunoglobulin light chains (not
shown). Some areas of the underlying lymphoid tissue contain increased numbers of reactive follicles (Panel C, arrows)
with interspersed aggregates of reactive monocytoid B cells (Panel D), and other areas contain conspicuous histio-
cytic infiltrates that are consistent with ill-formed granulomas (Panel E, arrows). At higher magnification, histiocytes
that can be seen within the granulomas are associated with small lymphocytes and plasma cells; giant cells and
neutrophils are not present, and there is no central necrosis (Panel F).

the following questions: Was an alternative diag- sults reflected previous exposure to bartonella
nosis, such as infection with paracoccidioides, rather than a new infection? Were there alterna-
possible? Was it likely that her serologic test re- tive antibiotic options? First, we discussed that
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paracoccidioides was a possible cause, even
though her presentation would be atypical. Al-
though she reported that she had remained in a
city setting in Brazil, and paracoccidioides is
more often associated with rural settings, infec-
tion may occur throughout Brazil.®® Further-
more, the patient’s chest CT had shown tiny
nondescript lung nodules, which are not typi-
cally associated with bartonella infections in
immunocompetent hosts.” Second, we reasoned
that, although the Centers for Disease Control
and Prevention estimates that 30 to 40% of
adopted shelter cats have bacteremia associated
with bartonella, most people who care for cats
do not have seroconversion.? Third, we dis-
cussed potential alternative antibiotics. Azithro-
mycin or clarithromycin may be associated with
ototoxicity with long-term use, erythromycin is
associated with gastrointestinal side effects, and
trimethoprim—sulfamethoxazole (which the pa-
tient had received previously) has variable in vitro
activity against bartonella and has been associ-
ated with an inconsistent clinical response in
case reports.?!

Data that could inform both the choice of
antibiotic and the duration of treatment are lim-
ited and are mostly based on expert opinion.*
We ultimately decided on a 2-to-3-month course
of antimicrobial therapy. Although the patient
had persistent mild abdominal pain of unclear
cause, she had had no obvious ophthalmologic,
neurologic, hepatosplenic, or cardiac involvement
at any point.

Given the patient’s lingering symptoms and
the fact that a definitive diagnosis might affect
her decision to continue antibiotic therapy, a
lymph-node specimen was sent for polymerase-
chain-reaction (PCR) testing for 16S ribosomal
RNA (rRNA) gene sequencing, which uses prim-
ers for the conserved 16S rRNA gene to identify
the unique signature of most species of bacteria.
The patient continued to receive doxycycline
while the results were pending. We anticipated
that the test would have a low negative predictive
value, given that the bartonella bacterial loads
had been so low that they were not seen on
pathological examination and given that the
patient had been treated before biopsy.

FINAL DIAGNOSTIC TESTING

Dr. Sohani: PCR testing for the 16S rRNA gene
showed the presence of B. henselae DNA. Reevalu-

Figure 3. Biopsy Specimen of a Right Inguinal Lymph
Node, Final Diagnostic Evaluation.

Warthin—Starry silver staining shows focal areas of the
lymph-node specimen that contain clumps of bacilli that
appear black against a light brown counterstain and
are associated with small vessels (Panels A and B,
arrows). At higher magnification, the bacilli are pleo-
morphic and appear in small clusters (Panel B).

ation of the original Warthin—Starry silver stain
from the patient’s right inguinal lymph-node bi-
opsy confirmed the absence of detectable organ-
isms. Warthin—Starry silver staining was repeated
on the paraffin-embedded block of lymph-node
tissue that had been evaluated initially and was
performed on all three remaining paraffin-
embedded blocks of lymph-node tissue that had
been submitted for microscopic evaluation. In a
single block — one that was different from the
one originally stained — Warthin—Starry silver
staining highlighted scattered small foci of pleo-
morphic bacilli in clumps and clusters associat-
ed with small vessels, findings that were consis-
tent with B. henselae infection (Fig. 3A and 3B).
We hypothesized that the initiation of therapy
before the lymph-node biopsy had altered the
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typical histologic appearance of cat scratch dis-
ease and resulted in a paucity of detectable or-
ganisms.?

FOLLOW-UP

Dr. Neilan: After 1 shared the results of the PCR
testing with the patient, she provided additional
history. She had rescued her kitten 1 month be-
fore her hospitalization. Subsequently, her adult
cat began to have lethargy, anorexia, and ab-
dominal pain, and she noted a large lymph node
for which she sought veterinary care. A lymph-
node aspiration was unrevealing, and the older
cat’s condition improved after 5 to 7 days. In ret-
rospect, we suspect that the kitten was the source
of the patient’s illness. Symptomatic kittens are
more likely to have high-grade bacteremia than
young adult cats and are more likely to scratch.
The putative mechanism of human infection is

that the feces of infected fleas contaminates cat
claws and inoculates human wounds with viable
bacteria. The elimination of fleas rather than
treatment of the cat is the key to prevention.?**

The patient continued treatment with doxycy-
cline. After 3 months, B. henselae titers had de-
clined from greater than the upper limit of quan-
titation to 1:128, B. quintana titers had normalized,
and her abdominal pain had resolved. In addi-
tion, the paracoccidioides test had returned a
negative result.

FINAL DIAGNOSIS

Bartonella henselae infection (cat scratch disease).

This case was presented at the Medicine Case Conference
Interview Series.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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Warming Up to Cold Perfusion

Winfred W. Williams, M.D., and James F. Markmann, M.D., Ph.D.

Each year, thousands of people in the United
States die while awaiting lifesaving liver trans-
plantation because there is an insufficient sup-
ply of donor organs. This crisis has prompted
increased interest in expanding the organ supply
through the promotion of both deceased and
live liver donation and has led to the encourage-
ment of use of organs from so-called expanded-
criteria donation — grafts from older donors,
grafts with suboptimal organ quality (e.g., with
varying degrees of fatty liver deposits or steato-
sis), or grafts that had sustained prolonged
ischemia times after they were obtained. Livers
from deceased donors that are obtained after
circulatory death (i.e., DCD [donation after cir-
culatory death] livers) are perhaps the riskiest
organs in this category. The challenge in using
DCD livers lies in their obligatory exposure to
warm ischemia while circulatory death is await-
ed. The current standard preservation method
of ischemic cold storage may lead to profound
ischemia—reperfusion injury at the time of trans-
plantation, causing poor outcomes. These may
include inferior graft survival and serious short-
term complications, the most troublesome of
which is ischemic cholangiopathy, which in-
volves scarring of the biliary tree with resultant
biliary obstruction and recurrent episodes of
cholangitis. Because of these complications, the
use of DCD livers is discouraged. Thus, many
potentially transplantable organs may be de-
clined; the utilization rate of livers obtained from
a donor after circulatory death is only approxi-
mately 25%.!

Over the past two decades, numerous investi-

gators have sought to develop new methods of
preservation that might ameliorate ischemic
organ damage. Machine perfusion of the liver
before transplantation has emerged as a promis-
ing technology that allows for the continuous
infusion of oxygen- and nutrient-rich perfusate
in retrieved organs. There are two competing
conditions under which machine perfusion is
most often used — normothermic machine per-
fusion (at 35.5 to 37.5°C) and hypothermic ma-
chine perfusion (at 1 to 8°C). Each method has
its strong proponents.

Normothermic machine perfusion is initiated
either immediately after organ recovery at the
donor hospital or after a period of ischemic cold
storage during transit of the organ to the recipi-
ent center. Evidence suggests that so-called end-
ischemic normothermic machine perfusion trig-
gers ischemia-reperfusion injury; such injury is
caused by reactive oxygen species and the puta-
tive activation of an inflammatory cascade, which
compromises liver-allograft performance and,
most critically, results in a lack of protection
from biliary injury.? A recent study attempting to
recondition marginal organs that had initially
been discarded for transplantation used this ap-
proach.? Unfortunately, in that study, ischemic
biliary strictures in DCD grafts were not pre-
vented.> A large, prospective, randomized trial
initiating normothermic machine perfusion soon
after organ recovery showed that the incidence
of ischemia-reperfusion injury was mitigated but
that the incidence of ischemic biliary complica-
tions was not.* In contrast, hypothermic ma-
chine perfusion that is performed after ischemic
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cold storage and just before implantation has
been shown in nonrandomized studies to poten-
tiate protective changes in mitochondrial metabo-
lism and electron transfer, which reportedly
leads to enhanced availability of critical energy
substrates, such as ATP, thus providing an organ-
protective metabolic milieu.

Van Rijn et al. now report in the Journal the
results of the DHOPE-DCD (Dual Hypothermic
Oxygenated Perfusion of DCD Liver Grafts in
Preventing Nonanastomotic Biliary Strictures af-
ter Transplantation) trial,® which was a prospec-
tive, randomized, controlled trial of hypother-
mic, oxygenated machine perfusion by means of
simultaneous portal-vein and hepatic-artery can-
nulation in patients with end-stage liver disease;
the trial was conducted in six European centers.
The investigators found that the incidence of
symptomatic nonanastomotic biliary stricture
within 6 months after transplantation was ap-
proximately two thirds lower among patients in
the machine-perfusion group than among pa-
tients in the control group, who received grafts
that had undergone conventional ischemic cold
storage. Furthermore, the investigators found
that the incidence of early allograft dysfunction
in the machine-perfusion group was almost half
that in the control group.

This trial is noteworthy for several reasons.
In this large, randomized trial of hypothermic
machine perfusion of livers that was focused on
livers obtained from donors after circulatory
death, the reduced incidence of ischemic biliary
damage bodes well for improving patient out-
comes and avoiding costly retransplantations.
Most importantly, this approach could make
more organs available for transplantation if
some of the many DCD organs currently dis-
carded could now be transplanted safely. What
remains to be determined, however, is whether
dual hypothermic, oxygenated low-temperature
perfusion can discriminate organ quality as well
as machine perfusion at physiologic tempera-
tures. Such discrimination could be critical in
determining whether warm or cold perfusion

will gain broad acceptance, since the greatest
benefit of machine perfusion would be to de-
crease the current discard rate of 3000 livers
annually. The pending results of two large, ran-
domized trials of normothermic machine perfu-
sion that were recently completed in the United
States (ClinicalTrials.gov numbers, NCT02522871
and NCT02775162) may help to answer this
question.

Machine perfusion has the potential to im-
prove the function of organs obtained from de-
ceased donors and to allow the assessment of
organs of uncertain quality, which might dra-
matically increase the pool of livers available for
transplantation. Moreover, this technology will
also almost certainly yield exciting new applica-
tions, such as ex vivo defatting of steatotic livers,
the induction of liver regeneration ex vivo, and
the modification of organs by means of gene
editing to improve post-transplantation out-
comes.

Disclosure forms provided by the authors are available with
the full text of this editorial at NEJM.org.

From the Division of Transplant Surgery and Center for Trans-
plantation Sciences, Massachusetts General Hospital and Har-
vard Medical School, Boston (J.F.M.).
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Back to the Future — The Therapeutic Potential
of Psychedelic Drugs

Jeffrey A. Lieberman, M.D.

In The Doors of Perception, Aldous Huxley described
his trial of mescaline as “the most extraordinary
and significant experience available to human
beings this side of the Beatific Vision.” His exege-
sis was preceded by the synthesis of the halluci-
nogen lysergic acid diethylamide (LSD) by Sandoz
chemist Albert Hoffman in 1938 and was fol-
lowed by Hoffman’s extraction of psilocybin from
Psilocybe mexicana in 1959.' The convergence of
scientific research and natural substances his-
torically used by Indigenous peoples in healing
and religious rituals sparked interest in what the
British psychiatrist Sir Humphrey Osmond termed
psychedelic (Greek for “mind manifesting”) drugs.

Excitement over psychedelic drugs led to ex-
travagant claims about their vast potential to
expand human consciousness, elucidate the psy-
chological architecture of the brain, and treat
mental disorders. By the mid-1960s, LSD had
been prescribed to approximately 40,000 patients
in the United States and spawned over 1000 scien-
tific papers, dozens of books, and cover stories
in Time and LIFE magazines. Meanwhile, recre-
ational use of these drugs, encouraged by coun-
tercultural icons Timothy Leary and Ken Kesey,
spread. Appeals to “tune in, turn on, and drop-
out” propelled unsupervised use to leap-frog
medical research. People experiencing “bad trips”
filled emergency departments, psychedelics were
linked to notorious figures like Charles Manson,
and nefarious U.S. Central Intelligence Agency—
funded MK-Ultra programs were using psyche-
delics as a tool for interrogations.

By 1973, the perceived dangers and corrosive
effects of psychedelics on American society led
the government to reclassify them as Schedule I
drugs (i.e., those with a “high potential for abuse
and no currently accepted medical use”) under
the U.S. Controlled Substances Act.” For the next
40 years, research and clinical activity regarding
psychedelics virtually ceased. But recent clinical
applications of drugs such as cannabis and keta-
mine to treat medical conditions revived interest
in psychedelics. Small companies and nonprofit
organizations eager to invest in the next psycho-

pharmaceutical revolution launched a “gold rush”
to develop psychedelic drugs. However, synthe-
sizing new psychedelic drugs and testing exist-
ing ones to gain approval from the Food and
Drug Administration for clinical indications,
much less for nonprescription recreational use,
would be a formidable challenge in view of the
cultural baggage attached to psychedelics be-
cause of their use as mystical sacraments, inter-
rogation tools, agents for social change, and
psychic-reboot mechanisms and because of how
they are perceived as both a societal threat and
a psychopharmacologic breakthrough.

Initially, drugs were classified as psychedelic
on the basis of similar pharmacologic properties
and clinical effects (e.g., LSD, psilocybin, mesca-
line, and dimethyltryptamine). However, the clas-
sification has since been expanded to include
psychoactive drugs that have different pharma-
cological targets, such as MDMA (3,4-methyl-
enedioxymethamphetamine [“ecstasy”]) and dis-
sociatives (phencyclidine [“angel dust”] and
ketamine). Encouraging results with respect to
depression, anxiety, substance use disorders, and
palliative care have been reported with these
drugs over the past decade.® Of interest, the
therapeutic effects were tied to the subjective
report of the user’s mystical experience.! How-
ever, these studies had methodologic limitations
(the lack of comparator treatments, functional
unblinding, expectancy effects, short follow-up
periods, imprecise dosing, and variability in treat-
ment settings)."

A series of studies by Carhart-Harris and col-
leagues,® culminating in the phase 2, random-
ized trial, published in this issue of the Journal,*
that compared psilocybin (25 mg at baseline and
week 3 plus daily placebo) with escitalopram
(10 mg daily for the first 3 weeks, then 20 mg
daily, plus 1 mg psilocybin at each of the two
dosing sessions) over a 6-week period, provide
tantalizing evidence for the efficacy of psilocy-
bin in the treatment of major depressive disor-
der. However, although the psilocybin-treated
patients showed a pattern of improvement, the
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between-group differences did not reach statis-
tical significance with respect to the primary
outcome (change in score on the 16-item Quick
Inventory of Depressive Symptomatology—Self-
Report), and the analyses of the numerous sec-
ondary outcomes were not adjusted for multiple
comparisons. Heterogeneity among patients,
who volunteered for the trial in response to ad-
vertisements, and uncertainty regarding the ap-
propriate therapeutic dose range and frequency
of administration of psilocybin may have influ-
enced the results.

Although this trial is an evidentiary milestone
in the development of psychedelic drugs, it also
reveals major knowledge gaps. It is unknown
how these drugs produce their mind-altering
effects. Psychedelics are partial agonists at the
5-hydroxytryptamine type 2A (5-HT,,) receptor,
but so are drugs such as lisuride that do not
produce subjective effects.” Possible explanations
of the different effects of psychedelics include
functional selective biophysical engagement of
the 5-HT,, receptor and activation of alternative
intracellular signaling pathways such as B-arrestin®
and the ability to alter neural circuitry by stimu-
lating proliferation of dendritic spines and syn-
apse formation.” The latter explanation is chal-
lenged by the temporal dissociation of the
immediate subjective experience and the subse-
quent neurobiologic alterations induced by psy-
chedelic drugs. Another hypothesis is that psyche-
delics inactivate the prediction-error minimization
function of the brain, thereby weakening the
mental mechanisms that maintain one’s sense
of self.?

A fundamental question is whether the puta-
tive therapeutic effects of psychedelics would
require a patient to have a mystical experience or
would occur in its absence through the pharma-
cologic effects on the serotonergic system or
remodeling of neural circuitry. To answer this
question, compounds are being engineered that
have the pharmacologic properties of psychedel-
ics but that do not cause mind-altering effects.’

We should not ignore the unusual process by
which psychedelics are being developed. This
process markedly deviates from conventional
models of drug development in which candidate
compounds are screened against validated bio-
logic targets and the most promising is selected
to test in humans. The unconventional nature of
psychedelic drug development is highlighted by

the outsized investments they have attracted
despite the limited patent protection of existing
compounds.

The Carhart-Harris study notwithstanding, we
are still awaiting definitive proof of the thera-
peutic efficacy of psychedelics and their capacity
to improve the human condition. Should the
mind-bending properties of psychedelics prove
to be the panacea their proponents professed,
informed consent and safety standards must be
established. How do we explain mystical, inef-
fable, and potentially transformative experiences
to patients, particularly if they are in a vulnera-
ble state of mind?*® What is their potential for
addiction?

Given the controversial history, unique prop-
erties, and ambitious claims surrounding psyche-
delic drugs, their development must be guided
by the most enlightened science and with the
utmost methodologic rigor. However, if psyche-
delic drugs can indeed map the interface be-
tween the brain and mind, illuminate the path
to personal growth, and offer therapeutic bene-
fits to those with specific medical conditions,
all the tumultuous and subversive efforts to ex-
ploit their potential will have been warranted.

Disclosure forms provided by the author are available with the
full text of this editorial at NEJM.org.

From the Department of Psychiatry, Columbia University Vagelos
College of Physicians and Surgeons, and New York State Psy-
chiatric Institute — both in New York.

This editorial was updated on April 15,2021, at NEJM.org.
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Debra Malina, Ph.D., Editor

No Cure without Care — Soothing Science Skepticism

Lisa Rosenbaum, M.D.

A few weeks ago, I cared for a patient, Mr. C.,
who had a history of bleeding from antiplatelet
therapy but remained at high risk for thrombo-
sis. At the time we met, he had just been extu-
bated and, still a bit loopy from the sedation,
couldn’t give many details about the previous
bleeds or thromboembolic events. But on one point
he was completely lucid: “I don’t like medica-
tions,” he told me. “It’s an unnatural process.”

Alan Levinovitz, a professor of religious stud-
ies at James Madison University and author of the
book Natural,' explained to me that from an
evolutionary standpoint, the instinctive nature of
Mr. C.s aversion is exactly the point. Because
there is way too much information for our minds
to process as we orient ourselves in the world,
our brains have evolved shortcuts, or heuristics,
to lighten our cognitive load. Although behavioral
economics has focused attention on how heuris-
tics can compromise decision making, we also
can’t function without them. “You can’t be con-
stantly figuring out what is dangerous and safe
or who is trustworthy or who isn’t by crunching
tons of data,” Levinovitz said.

A preference for the natural is one of count-
less heuristics people may use to make health-
related decisions — about everything from
birthing to taking medication to getting vacci-
nated. And though some heuristics lead to health-
compromising decisions, Levinovitz cautions
against dismissing all decision makers who use
mental shortcuts as irrational. “It makes it seem
like the defect when people disagree with you is
an intellectual deficiency, or an absence of infor-
mation,” he says. Instead, discordant health care
decisions made by different people often reflect
reliance on different heuristics to determine
whom and what evidence to trust. Levinovitz’s
mother, for instance, was initially hesitant to get
vaccinated because of her distrust of Trump. “My

mom was wrong,” he said, “but not because she
is ignorant, immoral, or irrational. It’s because
she is operating with a heuristic that in this con-
text leads to a bad conclusion.”

Whereas many people’s fundamental heuristic
for health-related decisions is to trust medical
and scientific experts, vaccine hesitancy reminds
us of the many competing forces informing peo-
ple’s intuitions about health, be they religious,
political, historical, or identity-based. To be clear,
some of these forces are identifiable and should
be addressed; the contribution of historical
abuses and ongoing systemic racism to vaccine
hesitancy in minority communities is a notable
example. But in understanding people who sim-
ply have a feeling that Covid vaccines should be
avoided, identifying specific heuristics matters
less than simply recognizing the limits of data
in shaping perceptions of truth. “We don’t make
our decisions about what’s true based on an
analysis of evidence,” Levinovitz emphasized.
“It’s a profound misconception of how people
figure out reality.”

Though Covid hasn’t changed human nature,
its devastating consequences have highlighted
the gap between what is true and what people
believe. One memorable low for me was reading
a South Dakota nurse’s description of patients
who were critically ill with Covid but continued
to insist the virus was a hoax until the moment
they were intubated.? If you can be denying the
existence of a disease while you’re dying from it,
what hope is there for science to persuade peo-
ple unaffected by that disease to take it seriously
enough to get vaccinated?

For some subset of the population, not much.
But although people who are aggressively deny-
ing science and disregarding others’ health loom
large in our minds, there are probably many
more who are simply bewildered and no longer
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know whom or what to trust. Undoubtedly, cur-
rent vaccine skepticism is partly rooted in factors
specific to this moment and these particular
vaccines. But to the extent that hesitancy also
reflects deeper, longer-standing fractures in our
relationship with the public, its exploration pro-
vides an opportunity to improve patient care in
ways that go far beyond the pandemic.

DOING MY OWN RESEARCH

Ms. A., a woman in her 40s who previously
worked as an anesthesia technician, opposes
undergoing Covid vaccination. Referring gener-
ally to the contents of vaccines — and using a
common heuristic about profit-driven actors —
she asked, “Are those good for the human body
or just good for someone’s pocket?” She described
the corruption of the pharmaceutical industry
and her related belief that physicians are all
pawns, beholden to large corporations, unable
to speak the truth even if we wanted to. Accord-
ingly, she expressed both pity and disdain for
people who blindly accept the recommendations
of the scientific community. The essence of her
approach to medical decisions echoed a refrain I
hear often: “I need to do my own research.”

The first patient who said that to me was a
relatively young man for whom I had recom-
mended an implantable cardioverter—defibrilla-
tor. I thought, “Why do you need to do your own
research when there have been well-conducted
randomized, controlled trials, incorporated into
guidelines, suggesting that this intervention will
prolong your life?” But in the spirit of shared
decision making and patient empowerment, I
respected his decision and his right to make it.
I have often wondered since, however, what do-
ing your own research actually means in a world
where being informed can so readily degenerate
into being misinformed. Ms. A.s research on
vaccines, for instance, confirmed her suspicion
that they contain impurities, including “human
DNA from aborted babies” and antifreeze. Though
these claims are patently false, they crystallize the
startling discrepancy between the time, money,
and effort behind a scientific recommendation
and the ease with which it can be discredited.
How has science become so vulnerable to such
undoing?

Vaccine-confidence expert Heidi Larson frames
the problem historically. Whereas during the

Enlightenment, science was perceived as a way
to liberate people from religious dogma, she says,
“Today, science has become the new dogma.”
Larson emphasizes that science can’t separate it-
self from culture, values, inequities, and power
struggles.* “People are craving a bit more emo-
tion, a bit more religion, something they can
put passion into.” Science has become devoid of
feeling.®

Though science with feeling may seem entirely
unscientific, Larson isn’t advocating a diminu-
tion in scientific rigor as much as a contextual-
ization of science to make it feel more relevant
to people’s lives. Rather than simply telling peo-
ple they should get a Covid vaccine, for instance,
Larson recommends beginning conversations by
asking people how they’ve been coping or what
they miss most. “We’re fraying at the edges,” she
says, “and you want people to know we are in
this together.™ A narrow focus on getting the
shot in their arms may overlook the fact that
people’s lives have been undone in ways that vac-
cines can’t fix. In that sense, I think Larson is
alluding to a more fundamental tension in the
relationship between science and society that
the pandemic has magnified: science may tell
us what’s true, but it can’t tell us what’s mean-
ingful.

We exhort the public to “follow the science”
because, for instance, hundreds of thousands of
people are dying and science has found effective
ways to mitigate viral spread. But if you're a
restaurant owner facing bankruptcy because of
closures, a mother whose career is on hold be-
cause your children’s schools have closed, a man
who was prevented from holding the hand of
your wife of 50 years as she died, what does fol-
lowing the science mean to you? If we want
people to follow science, we also need to ac-
knowledge where science ends and values begin.
The destructive forces of science denialism —
magnified by the pandemic — have made it
difficult to maintain this distinction. But many
people who hesitate to follow scientific recom-
mendations may not be rejecting science as much
as they are responding to different values and
priorities. For this group, what might make sci-
ence feel more compelling?

Maybe it’s time to focus as much on the mes-
senger as we do on the message. In an essay
published in December 2019, Harvard history-of-
science professor Steven Shapin captures the
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crucial difference between knowing science and
believing people who know science.® Focusing
on the three most salient examples of scientific
contention — climate change, vaccine safety, and
evolution — Shapin argues that what we’ve been
calling a “Crisis of Truth” is really a crisis of trust.
He admits, for instance, that his own understand-
ing of climate change is less about knowing the
details of the science than about knowing where
“science lives.” So what if he doesn’t know the
statistical means of determining global temper-
ature and establishing its rate of change, as long
as he knows how to vet the institutions and
people who purport to have figured it out? Be-
ing a “knowledgeable person,” Shapin writes,
“may mean knowing a lot of stuff, but it cer-
tainly means knowing who knows and who does
not know.”

Medical science, which once seemed to live
only with physicians, now seems to live every-
where and nowhere at once. Conducting robust
scientific research is as critical as ever; the rapid
development of highly effective Covid vaccines
— possible only because of the decades of sound
science that preceded it — speaks to the sanc-
tity of the scientific process. Yet the unwilling-
ness of a substantial proportion of the population
to undergo vaccination reminds us of modern
medicine’s paradox: as science’s capacity to im-
prove population health has rapidly increased,
so has its fragility. With a few clicks online,
what we know can be rendered meaningless.
Once the purveyors of knowledge, we now must
learn to be its curators as well.

Because so many social, political, and histori-
cal forces feed this fragility, when I fail to make
science compelling to patients, I often find my-
self blaming factors beyond my control. But read-
ing Shapin made me wonder whether this sense
of futility is an excuse for avoiding a deeper re-
sponsibility. When my patient said he wanted to
do his own research on defibrillators, for in-
stance, I assumed he meant he’d do a Google
search. Because I’d already described the rele-
vant trials, I felt my job was done. In retrospect,
I suspect his skepticism was less about the evi-
dence than about whether I, and the institutions
I represent, could be trusted to look out for his
best interests. Science alone can’t overcome a
lack of trust. And in that sense, my job was only
beginning.

MISSING THE POINT

Just before the pandemic, Heidi Larson was invit-
ed to attend a lunch, where she was seated next
to a woman who, Larson was warned, was “not
into vaccines.” Accustomed to contentious inter-
actions about vaccines, Larson braced herself for
a potentially difficult discussion. But the woman
simply asked her several perfectly reasonable
questions, mostly about the influenza vaccine.
In listening to her, Larson seemed to make the
generic guidance feel more personal. Indeed, as
they left the lunch together, the woman said she
was going to get a flu shot — “because you made
it feel less anonymous.” Larson was moved,
struck by how easily we often give up on people.
“It hit me in a way that she didn’t realize,” Larson
told me. “We undervalue the power of talk.”

Of course, very few physicians would have time
for such a conversation during an office visit.
And if documentation demands shape physician
behavior, the requirements related to influenza
vaccination (assess eligibility and document
whether given or refused’) typify an incentive
structure that values box checking over actual
doctoring. But medicine’s undervaluing of the
power of talk has implications extending far
beyond vaccines. For many physicians, listening
has become a luxury, squeezed out by time con-
straints, the demands of the electronic health
record, and the countless metrics demanding
our attention. If you see a patient in the clinic
with a newly diagnosed cardiomyopathy and don’t
prescribe a beta-blocker, the institute’s “quality
team” may alert you until you either prescribe
the drug or justify its omission. If you spend 30
minutes listening to the same patient explain why
he doesn’t see the need to take a beta-blocker,
no one cares — except, of course, the patient.

In some ways, we are victims of our own suc-
cess. A physician friend recently told me a story
about one of his mentors, a cardiologist who
graduated from medical school in the 1930s.
During the cardiologist’s training — before anti-
biotics were in widespread use — he cared for a
patient who was dying of bacterial endocarditis.
The cardiologist, who would go on to earn re-
nown for both clinical and scientific contribu-
tions, knew he had no medical treatments to
offer the patient. So he offered himself instead:
every night, he would sleep next to the patient in
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the adjacent bed, accompanying him until he died.
Now, of course, science has given us countless
tools for preventing and treating disease. But
somehow, in our efforts to systematize all we
know (and make it profitable), the centrality of
the doctor—patient relationship got lost. Is there
some inevitable trade-off between the capacity
to care and the capacity to cure?

Surely not for everyone. About a year ago, I was
talking to one of our cardiology fellows about
our admiration for many people in our division.
He mentioned a revered senior clinician, and as
we tried to analyze the essence of his gift —
which seemed to extend beyond brilliance, or
judgment, or even devotion — the fellow said,
“You know, what he’s really doing is therapy.”
He didn’t mean the kind of therapy that tries to
probe the depths of your unconscious to reveal
your most primitive thoughts. He meant the
seemingly simpler act of giving someone the
space to be known. Having cared for this clini-
cian’s patients, many of whom will not proceed
with any recommended intervention until he has
offered his blessing, I can see that it is only be-
cause he knows them that they trust that he
knows what’s best for them.

But in this capacity, he is hardly alone. Though
survey data suggest that less than a quarter of
the U.S. public trusts the health care system
at large, about 60% think that doctors can be
trusted.® I suspect, then, that the many physi-
cians who continue to earn their patients’ trust
do so despite the system, not because of it.

Before she named it Stuck, Larson was tenta-
tively calling her book on vaccine hesitancy Miss-
ing the Point. We are so focused on changing
people’s minds to get vaccines into their bodies,
she explained, that we’ve been ignoring the fac-
tors contributing to vaccine hesitancy in the first
place. To be clear, some subset of the hesitant
have been misinformed and simply need to hear
accurate information; believing an antibiotic al-
lergy is a contraindication to vaccination, for in-
stance, is an easily corrected misunderstanding.
Moreover, the vaccines absolutely represent a
miracle of science; their many potential benefits
— from preventing Covid deaths to restoring
normalcy to society — should be shouted from
the rooftops. But to the extent that vaccine hesi-
tancy reflects a loss of faith in our health care
system, this moment should force us to examine

the ways in which our system is no longer de-
serving of that faith. The path forward, then,
isn’t to compromise science by turning it into an
art; rather, it’s to stop trying to turn the art of
medicine into a science.

After Mr. C. — my patient who prefers natu-
ral remedies to medications — left the hospital,
he agreed to be interviewed for this article, to
elaborate on the origins of his preference. He told
me lots of stories — about a log cabin in Oregon,
a pond he’d created in his backyard, a moment
at a bus stop 60 years ago when a severely dis-
abled man, hunched under the weight of a huge
backpack, told him that “Life was but a dream
between two sleeps.” When I finally asked him
how he felt about getting a Covid vaccine, he said
that because his body had already avoided the
infection, he assumed he had a natural ability to
fend it off. But he added, “You’re going to tell me
I have to, right?” No, I said, “my job right now
isn’t to be your doctor. I'm just here to listen.”
Only later did I realize that in making this dis-
tinction, I was missing the point.

This article is Part 2 in a two-part series.

Identifying details have been changed to protect people’s privacy.
Disclosure forms provided by the author are available at
NEJM.org.

Dr. Rosenbaum is a national correspondent for the Journal.
This article was published on February 19, 2021, at NEJM.org.
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Neutralizing Activity of BNT162b2-Elicited Serum

TO THE EDITOR: BNT162b2 is a nucleoside-modi-
fied RNA vaccine expressing the full-length pre-
fusion spike glycoprotein (S) of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2).
In a randomized, placebo-controlled clinical trial
involving approximately 44,000 participants, im-
munization conferred 95% efficacy against coro-
navirus disease 2019 (Covid-19).!

New, highly transmissible SARS-CoV-2 variants
that were first detected in the United Kingdom
(B.1.1.7 lineage), South Africa (B.1.351 lineage),
and Brazil (P.1 lineage) with mutations in the
S gene are spreading globally. To analyze effects
on neutralization elicited by BNT162b2, we engi-
neered S mutations from each of the three new
lineages into USA-WA1/2020, a relatively early
isolate of the virus from January 2020 (Fig. S1 in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org). We thereby
produced three recombinant viruses representing
each of these lineages and two additional ones
in which we engineered subsets of mutations of
the B.1.351 lineage. Thus, the first recombinant
virus had all the mutations found in the S gene
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in the B.1.1.7 lineage (B.1.1.7-spike), the second
had all the mutations found in the S gene in the
P.1 lineage (P.1-spike), the third had all the mu-
tations found in the S gene in the B.1.351 lineage
(B.1.351-spike), the fourth had an N-terminal
domain deletion found in the B.1.351 lineage
and the globally dominant D614G substitution
(B.1.351-A242-244+D614G), and the fifth had the
three mutations from the B.1.351 lineage affect-
ing amino acids in the receptor-binding site
(K417N, E484K, and N501Y) and a D614G sub-
stitution (B.1.351-RBD+D614G). The mutant amino
acid residues in the B.1.351-RBD+D614G recom-
binant virus are also among those in the P.1
lineage virus, although in the P.1 lineage virus,
K417 is mutated to threonine rather than aspara-
gine. All the mutant viruses yielded infectious
viral titers exceeding 107 plaque-forming units
per milliliter. The B.1.1.7-spike and B.1.351-spike
viruses formed plaques that were smaller than
those formed by the other viruses (Fig. S2).

We performed 50% plaque reduction neutral-
ization testing (PRNT,) using 20 serum samples
that had been obtained from 15 participants in the
pivotal trial? 2 or 4 weeks after the administra-
tion of the second dose of 30 ug of BNT162b2
(which occurred 3 weeks after the first immuni-
zation) (Fig. S3). All the serum samples efficient-
ly neutralized USA-WA1/2020 and all the viruses
with variant spikes. Almost all of them did so at
titers higher than 1:40. Geometric mean neutral-
izing titers against USA-WA1/2020, B.1.1.7-spike,
P.1-spike, B.1.351-spike, B.1.351-A242-244+D614G,
and B.1.351-RBD+D614G viruses were 532, 663,
437, 194, 485, and 331, respectively (Fig. 1 and
Table S1). Thus, as compared with neutralization
of USA-WA1/2020, neutralization of B.1.1.7-spike
and P.1-spike viruses was roughly equivalent,
and neutralization of B.1.351-spike virus was
robust but lower. Our data are also consistent
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Figure 1. Serum Neutralization of Variant Strains of SARS-CoV-2 after the Second Dose of BNT162b2 Vaccine.

Shown are the results of 50% plaque reduction neutralization testing (PRNT,,) with the use of 20 samples obtained
from 15 trial participants 2 weeks (circles) or 4 weeks (triangles) after the administration of the second dose of the
BNT162b2 vaccine. The mutant viruses were obtained by engineering the full set of mutations in the B.1.1.7, P.1.,

or B.1.351 lineage or subsets of the S gene mutations in the B.1.351 lineage (B.1.351-A242-244+D614G and B.1.351-
RBD+D614G) into USA-WA1/2020. Each data point represents the geometric mean PRNT;, obtained with a serum
sample against the indicated virus, including data from repeat experiments, as detailed in Table S1 in the Supple-
mentary Appendix. The data for USA-WA1/2020 are from three experiments; for B.1.1.7-spike, B.1.351-A242-244+D614G,
and B.1.351-RBD-D614G viruses from one experiment each; and for P.1-spike and B.1.351-spike viruses from two ex-
periments each. In each experiment, the neutralization titer was determined in duplicate assays, and the geometric
mean was taken. The heights of bars and the numbers over the bars indicate geometric mean titers. The I bars indi-
cate 95% confidence intervals. Statistical analysis was performed with the use of the Wilcoxon signed-rank test. The
statistical significance of the difference between geometric mean titers in the USA-WA1/2020 neutralization assay
and in each variant virus neutralization assay with the same serum samples are as follows: P=0.02 for B.1.1.7-spike;

RBD+D614G. LOD denotes limit of detection.

P=0.06 for P.1-spike; P<0.001 for B.1.351-spike; P=0.99 for B.1.351-A242-244+D614G; and P=0.005 for B.1.351-

with lower neutralization titers against the virus
with the full set of B.1.351-spike mutations than
against virus with either subset of mutations.
Our findings also suggest that mutations that
result in amino acid substitutions K417N, E484K,
and N501Y in the receptor-binding site have a
greater effect on neutralization than the 242-244
deletion affecting the N-terminal domain of the
spike protein.

Limitations of the study include the potential
for mutations to alter neutralization by affecting
spike function rather than antigenicity. There-
fore, each neutralization assay with a different
target virus is unique, and comparisons between
neutralization titers from different assays should
be interpreted with caution. Neutralizing activity
against the B.1.351 lineage virus was robust at a
geometric mean titer that was much higher than
that obtained after one dose of BNT162b2, when
strong efficacy was already observed in the
C4591001 efficacy trial.® T-cell immunity may
also be involved in protection,* and BNT162b2
immunization elicits CD8+ T-cell responses that
recognize multiple variants.’ Ultimately, conclu-
sions about vaccine-mediated protection that are
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extrapolated from neutralization or T-cell data
must be validated by real-world evidence col-
lected in regions where the SARS-CoV-2 variants
are circulating.
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Serum Neutralizing Activity Elicited by mRNA-1273 Vaccine

TO THE EDITOR: The mRNA-1273 vaccine against
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) elicited high neutralizing-
antibody titers in phase 1 trial participants** and
has been shown to be highly efficacious in pre-
venting symptomatic Covid-19 disease and severe
disease.* The emergence of SARS-CoV-2 variants
in the United Kingdom (the B.1.1.7 lineage),
South Africa (the B.1.351 lineage), Brazil (the P.1
lineage), and California (the B.1.427/B.1.429 lin-
eage) has led to concerns about increased trans-

mission and the potential of these variants to
circumvent immunity elicited by natural infection
or vaccination. The recent identification in the
United Kingdom of a B.1.1.7 variant that includes
the E484K mutation (B.1.1.7+E484K) furthers
these concerns.

We assayed the neutralizing activity against
recombinant vesicular stomatitis virus (rVSV)—
based SARS-CoV-2 (a pseudovirus-based model)
in serum samples obtained from eight partici-
pants in the phase 1 trial. The samples were

Figure 1 (facing page). Neutralization of SARS-CoV-2 Pseudoviruses in Serum Samples.

Serum samples obtained from participants who received the mRNA-1273 vaccine in a phase 1 trial were collected on
day 36 (7 days after the participants received the second dose of the vaccine). Neutralization was measured with the
use of a recombinant vesicular stomatitis virus (r'VSV)—based pseudovirus neutralization assay that incorporated
D614G or the indicated spike mutations present in the B.1.1.7 variant (Panels A and B), the B.1.351 variant (Panels C
and D), or the P.1 variant, the B.1.427/B.1.429 (versions 1 and 2) variants, and the B.1.1.7+E484K variant (Panels E
through 1). The red dots indicate the results from serum samples of the individual participants; the white dots, white
diamonds, and white triangles the same samples tested against the variants shown on the x axis; and the horizontal
dashed lines the lower limit of quantification. The reciprocal neutralizing titers on the pseudovirus neutralization as-
say at a 50% inhibitory dilution (IDs,) are shown. In Panels A, C, and E, boxes and horizontal bars denote the inter-
quartile range (IQR) and the median neutralizing titer, respectively. Whisker end points are equal to the maximum
and minimum values below or above the median at 1.5 times the IQR. In Panels B, D, F, G, H, and I, the lines con-
nect the D614G and variant neutralization titers in matched samples. We detected reductions by a factor of 1.2 in ti-
ters of neutralizing antibodies against the B.1.1.7 variant (Panel B), a factor of 6.4 against the B.1.351 variant (Panel
D), a factor of 3.5 against the P.1 variant (Panel F), a factor of 2.3 against the B.1.427/B.1.429-v1 variant (Panel G), a
factor of 2.8 against the B.1.427/B.1.429-v2 variant (Panel H), and a factor of 3.1 against the B.1.1.7+E484K variant
(Panel 1). Statistical analysis of matched pairs was performed with the use of the Wilcoxon signed-rank test.
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Serum Neutralizing Activity Elicited by mRNA-1273 Vaccine

TO THE EDITOR: The mRNA-1273 vaccine against
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) elicited high neutralizing-
antibody titers in phase 1 trial participants** and
has been shown to be highly efficacious in pre-
venting symptomatic Covid-19 disease and severe
disease.* The emergence of SARS-CoV-2 variants
in the United Kingdom (the B.1.1.7 lineage),
South Africa (the B.1.351 lineage), Brazil (the P.1
lineage), and California (the B.1.427/B.1.429 lin-
eage) has led to concerns about increased trans-
mission and the potential of these variants to
circumvent immunity elicited by natural infection
or vaccination. The recent identification in the
United Kingdom of a B.1.1.7 variant that includes
the E484K mutation (B.1.1.7+E484K) furthers
these concerns.

We assayed the neutralizing activity against
recombinant vesicular stomatitis virus (rVSV)—
based SARS-CoV-2 (a pseudovirus-based model)
in serum samples obtained from eight partici-

pants in the phase 1 trial. The samples were
obtained 1 week after the participants had re-
ceived the second dose of mRNA-1273 vaccine.
We tested pseudoviruses bearing the spike pro-
teins from the original Wuhan-Hu-1 isolate, the
D614G variant, and the B.1.1.7, B.1.351, P.1,
B.1.427/B.1.429, B.1.1.74E484K, and other vari-
ants (20E [EU1], 20A.EU2, N439K-D614G, and the
mink cluster 5 variant that was first identified in
Denmark).

Both the full panel of mutations in S and a
subset of mutations affecting the receptor-bind-
ing domain (RBD) region of the B.1.1.7 variant
had no significant effect on neutralization by
serum obtained from participants who had re-
ceived the mRNA-1273 vaccine in the phase 1
trial (Fig. 1A and 1B). In contrast, we observed
a decrease in titers of neutralizing antibodies
against the P.1 variant, the B.1.427/B.1.429 vari-
ant (versions 1 and 2), the B.1.1.7+E484K variant,
and the B.1.351 variant as well as a subset of its

Figure 1 (facing page). Neutralization of SARS-CoV-2 Pseudoviruses in Serum Samples.

Serum samples obtained from participants who received the mRNA-1273 vaccine in a phase 1 trial were collected on
day 36 (7 days after the participants received the second dose of the vaccine). Neutralization was measured with the
use of a recombinant vesicular stomatitis virus (r'VSV)—based pseudovirus neutralization assay that incorporated
D614G or the indicated spike mutations present in the B.1.1.7 variant (Panels A and B), the B.1.351 variant (Panels C
and D), or the P.1 variant, the B.1.427/B.1.429 (versions 1 and 2) variants, and the B.1.1.7+E484K variant (Panels E
through 1). The red dots indicate the results from serum samples of the individual participants; the white dots, white
diamonds, and white triangles the same samples tested against the variants shown on the x axis; and the horizontal
dashed lines the lower limit of quantification. The reciprocal neutralizing titers on the pseudovirus neutralization as-
say at a 50% inhibitory dilution (IDs,) are shown. In Panels A, C, and E, boxes and horizontal bars denote the inter-
quartile range (IQR) and the median neutralizing titer, respectively. Whisker end points are equal to the maximum
and minimum values below or above the median at 1.5 times the IQR. In Panels B, D, F, G, H, and I, the lines con-
nect the D614G and variant neutralization titers in matched samples. We detected reductions by a factor of 1.2 in ti-
ters of neutralizing antibodies against the B.1.1.7 variant (Panel B), a factor of 6.4 against the B.1.351 variant (Panel
D), a factor of 3.5 against the P.1 variant (Panel F), a factor of 2.3 against the B.1.427/B.1.429-v1 variant (Panel G), a
factor of 2.8 against the B.1.427/B.1.429-v2 variant (Panel H), and a factor of 3.1 against the B.1.1.7+E484K variant
(Panel 1). Statistical analysis of matched pairs was performed with the use of the Wilcoxon signed-rank test.
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mutations in the RBD. We detected reductions
by a factor of between 2.3 and 6.4 in titers of
neutralizing antibodies against this panel of vari-
ants (Fig. 1C through 1I). The largest effect on
neutralization, reduction by a factor of 6.4, was
measured against the B.1.351 variant (Fig. 1C and
1D). However, the geometric mean neutralizing
titer against B.1.351 was 1:290, and all the se-
rum samples fully neutralized the rVSV pseudo-
virus, albeit at relatively low dilutions (Fig. S1 in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org). The effect of
the E484K mutation was observed by comparing
neutralizing activity against the B.1.1.7 variant with
neutralizing activity against the B.1.1.7+E484K
variant. We found a significant reduction in neu-
tralizing titers when the E484K mutation was
present (Fig. 1B and 1I). Using both rVSV and
lentiviral neutralization assays, we observed a
similar trend in serum samples obtained from
macaque monkeys (Figs. S2 and S3).

The rVSV-based pseudovirus neutralization as-
say was also used to assess the neutralizing activ-
ity of serum obtained from participants who had
received the mRNA-1273 vaccine in the phase 1
trial against the full-length spike protein of the
dominant strain in 2020 (D614G), as well as
against 20E (EU1), 20A.EU2, N439K-D614G, and
mink cluster 5 variants (Table S1). We observed
levels of neutralization against these variants
that were similar to those against the Wuhan-
Hu-1 (D614) isolate (Fig. S4).

Protection conferred by the mRNA-1273 vac-
cine against the P.1, B.1.427/B.1.429, and B.1.351
variants remains to be determined. Our findings
underscore the importance of continued viral
surveillance and evaluation of vaccine efficacy
against new variants and may help to facilitate
the establishment of correlates of protection in
both nonhuman primates and humans.

Kai Wu, Ph.D.

Moderna
Cambridge, MA

Anne P. Werner, B.S.

National Institute of Allergy and Infectious Diseases
Bethesda, MD

Matthew Koch, B.S.

Angela Choi, Ph.D.

Elisabeth Narayanan, Ph.D.
Guillaume B.E. Stewart-Jones, Ph.D.
Tonya Colpitts, Ph.D.

Hamilton Bennett, M.S.

Moderna
Cambridge, MA

Seyhan Boyoglu-Barnum, Ph.D.
Wei Shi, Ph.D.

Juan I. Moliva, Ph.D.

Nancy J. Sullivan, Ph.D.

Barney S. Graham, M.D.

National Institute of Allergy and Infectious Diseases
Bethesda, MD

Andrea Carfi, Ph.D.

Moderna
Cambridge, MA

Kizzmekia S. Corbett, Ph.D.
Robert A. Seder, M.D.

National Institute of Allergy and Infectious Diseases
Bethesda, MD

Darin K. Edwards, Ph.D.

Moderna
Cambridge, MA
darin.edwards@modernatx.com

Dr. Wu and Ms. Werner and Drs. Seder and Edwards contrib-
uted equally to this letter.

Supported by the Intramural Research Program of the Vaccine
Research Center, National Institute of Allergy and Infectious
Diseases, National Institutes of Health (NIH); the Office of the
Assistant Secretary for Preparedness and Response, Biomedical
Advanced Research and Development Authority, Department of
Health and Human Services (contract 75A50120C00034); and a
research fellowship (to Dr. Corbett) that was partially funded by
the Undergraduate Scholarship Program, Office of Intramural
Training and Education, Office of the Director, NIH.

Disclosure forms provided by the authors are available with
the full text of this letter at NEJM.org.

A preliminary version of this letter was published on February
17, 2021, at NEJM.org. This letter was published on March 17,
2021, at NEJM.org.

1. Jackson LA, Anderson EJ, Rouphael NG, et al. An mRNA
vaccine against SARS-CoV-2 — preliminary report. N Engl ] Med
2020;383:1920-31.

2. Anderson EJ, Rouphael NG, Widge AT, et al. Safety and im-
munogenicity of SARS-CoV-2 mRNA-1273 vaccine in older adults.
N Engl J Med 2020;383:2427-38.

3. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety
of the mRNA-1273 SARS-CoV-2 vaccine. N Engl ] Med 2021;384:
403-16.

DOI: 10.1056/NEJMc2102179

Cardiovascular Outcomes with Sotagliflozin

To THE EDITOR: In the SOLOIST-WHE trial (Effect
of Sotagliflozin on Cardiovascular Events in Pa-
tients with Type 2 Diabetes Post Worsening Heart
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ceived the mRNA-1273 vaccine in the phase 1
trial (Fig. 1A and 1B). In contrast, we observed
a decrease in titers of neutralizing antibodies
against the P.1 variant, the B.1.427/B.1.429 vari-
ant (versions 1 and 2), the B.1.1.7+E484K variant,
and the B.1.351 variant as well as a subset of its
mutations in the RBD. We detected reductions
by a factor of between 2.3 and 6.4 in titers of
neutralizing antibodies against this panel of vari-
ants (Fig. 1C through 1I). The largest effect on
neutralization, reduction by a factor of 6.4, was
measured against the B.1.351 variant (Fig. 1C and
1D). However, the geometric mean neutralizing
titer against B.1.351 was 1:290, and all the se-
rum samples fully neutralized the rVSV pseudo-
virus, albeit at relatively low dilutions (Fig. S1 in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org). The effect of
the E484K mutation was observed by comparing
neutralizing activity against the B.1.1.7 variant with
neutralizing activity against the B.1.1.7+E484K
variant. We found a significant reduction in neu-
tralizing titers when the E484K mutation was
present (Fig. 1B and 1I). Using both rVSV and
lentiviral neutralization assays, we observed a
similar trend in serum samples obtained from
macaque monkeys (Figs. S2 and S3).

The rVSV-based pseudovirus neutralization as-
say was also used to assess the neutralizing activ-
ity of serum obtained from participants who had
received the mRNA-1273 vaccine in the phase 1
trial against the full-length spike protein of the
dominant strain in 2020 (D614G), as well as
against 20E (EU1), 20A.EU2, N439K-D614G, and
mink cluster 5 variants (Table S1). We observed
levels of neutralization against these variants
that were similar to those against the Wuhan-
Hu-1 (D614) isolate (Fig. S4).

Protection conferred by the mRNA-1273 vac-
cine against the P.1, B.1.427/B.1.429, and B.1.351
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Cardiovascular Outcomes with Sotagliflozin

To THE EDITOR: In the SOLOIST-WHE trial (Effect
of Sotagliflozin on Cardiovascular Events in Pa-
tients with Type 2 Diabetes Post Worsening Heart
Failure), Bhatt et al. (Jan. 14 issue)’ report that
death from cardiovascular causes and hospital-

izations and urgent visits for heart failure (the
composite primary outcome) occurred in fewer
patients in the sotagliflozin group than in the
placebo group. This benefit was also seen in the
SCORED trial (Effect of Sotagliflozin on Cardio-
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CORRESPONDENCE

vascular and Renal Events in Patients with Type 2
Diabetes and Moderate Renal Impairment Who
Are at Cardiovascular Risk) reported by Bhatt
et al. (also in Jan. 14 issue)’ involving patients
with chronic kidney disease, with or without
albuminuria. Although formally correct, the re-
porting of the overall composite outcome dis-
tracts from the statistical significance of its in-
dividual components.?> Chronic heart failure is
associated with polypharmacy* and excess mortal-
ity.> The question in clinical practice is whether
the inconvenience and cost of adding to poly-
pharmacy are justified by a reduction in cardio-
vascular mortality. As Table 2 in the article on
the SOLOIST-WHE trial and Table 2 in the article
on the SCORED trial show, when this outcome
is assessed individually, sotagliflozin does not
reach statistical significance in reducing death
from cardiovascular causes (hazard ratio, 0.84;
95% confidence interval [CI], 0.58 to 1.22,
P=0.36; and hazard ratio, 0.90; 95% CI, 0.73 to
1.12, P=0.35, in the two articles, respectively).
Since both trials were adequately powered, this
finding is unlikely to be due to a type 2 error.

Piero Baglioni, M.D.

Prince Charles Hospital
Merthyr Tydfil, United Kingdom
Piero.Baglioni@wales.nhs.uk

No potential conflict of interest relevant to this letter was
reported.
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TO THE EDITOR: As reported by Bhatt et al., in the
SOLOIST-WHEF trial, severe hypoglycemia was
more frequent with sotagliflozin than with pla-
cebo (1.5% vs. 0.3%). At baseline, type 2 diabetes
was quite well controlled in the sotagliflozin and
placebo groups (median glycated hemoglobin

level, 7.1% [interquartile range, 6.4 to 8.3] and
7.2% [interquartile range, 6.4 to 8.2], respective-
ly). Whether patients who presented with severe
hypoglycemia were treated concomitantly with
a sulfonylurea or insulin was not specified, as
sodium—glucose cotransporter 2 (SGLT2) inhibitors
or sotagliflozin alone do not increase this risk.!
There has been an accumulation of studies
showing significant benefits with respect to heart
failure and hard renal end points with this new
drug class beyond its glucose-lowering effect.!
Therefore, without doubt, SGLT2 inhibitors will
soon be frequently prescribed by cardiologists
and nephrologists. There will be a crucial need
for more collaboration between these specialists
and diabetologists, to adapt antidiabetic treat-
ments at the time of introduction of SGLT2 in-
hibitors (especially for patients whose diabetes
is well controlled, and for those treated with a
sulfonylurea or insulin) to avoid the burden of
severe hypoglycemia. We have an opportunity to
think about how to enhance our collaboration
and organization in order to improve patient care.
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THE AUTHORS REPLY: The SOLOIST-WHF and
SCORED trials both showed significant reduc-
tions in their primary composite end points, with
consistency across subgroups and in the individ-
ual components of the primary end point, includ-
ing death from cardiovascular causes. Neither
trial was sufficiently powered for cardiovascular
death since both trials ended prematurely owing
to loss of funding at the onset of the Covid-19
pandemic.! However, the point estimate for car-
diovascular death is entirely in line with a recent
meta-analysis of SGLT2 inhibitors, and thus, as a
class, SGLT2 inhibitors in high-risk populations
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Table 1. Use of Sulfonylureas and Insulin at Baseline among Patients in the SOLOIST-WHF and SCORED Trials.*
Cohort and Variable SOLOIST-WHF SCORED
Sotagliflozin Placebo Sotagliflozin Placebo
(N=608) (N=614) (N=5292) (N=5292)
number (percent)
All enrolled patients
Either sulfonylurea or insulin 315 (51.8) 314 (51.1) 4351 (82.2) 4385 (82.9)
Sulfonylurea 114 (18.8) 114 (18.6) 1400 (26.5) 1486 (28.1)
Insulin 217 (35.7) 217 (35.3) 3389 (64.0) 3333 (63.0)
Both sulfonylurea and insulin 16 (2.6) 17 (2.8) 438 (8.3) 434 (8.2)
Enrolled patients with severe hypoglycemia 9 (1.5) 2 (0.3) 53 (1.0) 55 (1.0)
Either sulfonylurea or insulin 7(1.2) 1(0.2) 51 (1.0) 53 (1.0)
Sulfonylurea 1(0.2) 0 7(0.1) 12 (0.2)
Insulin 6 (1.0) 1(0.2) 49 (0.9) 49 (0.9)
Both sulfonylurea and insulin 0 0 5(0.1) 8 (0.2)

* SCORED denotes Effect of Sotagliflozin on Cardiovascular and Renal Events in Patients with Type 2 Diabetes and
Moderate Renal Impairment Who Are at Cardiovascular Risk, and SOLOIST-WHF Effect of Sotagliflozin on Cardio-
vascular Events in Patients with Type 2 Diabetes Post Worsening Heart Failure.

with sufficient duration of follow-up clearly re-
duce cardiovascular mortality.>

In the SOLOIST-WHF trial, in patients with
diabetes who presented with acute decompen-
sated heart failure, there was a small increase in
severe hypoglycemia with sotagliflozin as com-
pared with placebo (9 events vs. 2 events; P=0.04),
which was carefully captured as an adverse event
of special interest. A total of 18.8% of patients
in the sotagliflozin group and 18.6% in the pla-
cebo group were receiving sulfonylureas at base-
line; 35.7% and 35.3%, respectively, were receiv-
ing insulin (Table 1). During the double-blind
treatment period, the management of glycemia
and diabetes complications was left to the physi-
cian’s judgment, informed by clinical guidelines.
Investigators were instructed to record as seri-
ous adverse events episodes of hypoglycemia
that required the assistance of another person to
administer carbohydrate, glucagon, intravenous
glucose, or other resuscitative measures. How-
ever, in the larger SCORED trial involving pa-
tients with stable diabetes and chronic kidney
disease, there was no difference with respect to
severe hypoglycemia between the sotagliflozin
group and the placebo group (53 events and 55
events, respectively; P=0.84); 26.5% of patients
in the sotagliflozin group and 28.1% in the pla-

cebo group were receiving sulfonylureas at base-
line, and 64% and 63%, respectively, were receiv-
ing insulin. The majority of instances of severe
hypoglycemia in both trials occurred in patients
receiving insulin. Nevertheless, caution regarding
concomitant diabetes medications is warranted
at the time of initiation of SGLT2 inhibitors,
especially in a patient recovering from a recent
exacerbation of heart failure, where multiple
medication additions and adjustments may be
occurring simultaneously.

We agree that on the basis of the data, including
the most recent additions from the SOLOIST-WHF
and SCORED trials, SGLT2 inhibitors should
soon be in common use by cardiologists and
nephrologists,® and as a medical community we
must ensure that there is close collaboration
between these specialists and the primary care
physicians and endocrinologists who are man-
aging the overall glycemic control of the patient
and, as for any drug, that there is awareness of
the safety profile of this class among physicians
in all medical fields who will be involved with
prescribing these drugs.
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Harvard Medical School
Boston, MA
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Tocilizumab in Patients Hospitalized with Covid-19 Pneumonia

To THE EDITOR: The Journal recently published
two trials of tocilizumab for coronavirus disease
2019 (Covid-19) (Dec. 10 and Jan. 7 issues).b? Ac-
cording to the articles, the primary outcome in
both trials was mechanical ventilation or death.
However, there are important discrepancies be-
tween those articles and the trial protocols and
registry information.

In both trials, the original protocols and
ClinicalTrials.gov records specify mechanical
ventilation as the primary outcome. In the trial
by Stone et al.,, the primary outcome was
changed to include death in the final protocol
and, almost 2 months after enrollment started,
in the ClinicalTrials.gov record. In the trial by
Salama et al., the primary outcome was changed
in an amended protocol after enrollment had
started, but the ClinicalTrials.gov record still
specifies mechanical ventilation as the primary
outcome. This protocol change is of particular
importance, since the results for the “new” pri-
mary outcome were significant but the results
for the original primary outcome were not re-
ported in the article.

Outcome switching in trials may lead to
bias,>* and it is not clear why these important
protocol changes were not described in the ar-
ticles.

Andreas Lundh, M.D., Ph.D.

Hvidovre University Hospital
Hvidovre, Denmark
andreas.lundh@gmail.com
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DRS. SALAMA AND MOHAN REPLY: Lundh refer-
ences potential bias introduced by postenroll-
ment modification of the primary outcome with
knowledge of the data. Such bias was not intro-
duced in our trial, because the original planned
analysis was unchanged and interim efficacy
analyses were not performed. Death represents a
competing risk for mechanical ventilation; there-
fore, a composite outcome is needed. Language
to clarify the primary outcome was added in ver-
sion 2 of the protocol to technically align with
the original planned analysis, in which death be-
fore mechanical ventilation was considered a
qualifying event in the evaluation of the primary
outcome. Furthermore, version 2 of the protocol
was finalized when less than 5% of the patients
had been enrolled, while the trial was fully blind-
ed, and well in advance of the internal review of
unblinded safety data by the internal monitoring
committee. For these reasons, we refute the sug-
gestion that bias may have resulted from updat-
ing of the wording describing the primary out-
come in the protocol.
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In addition, ClinicalTrials.gov updates may lag
behind requests for updates. We thank Lundh
for bringing this administrative issue to our at-
tention and have requested that the posting be
corrected.

Carlos Salama, M.D.

Elmhurst Hospital Center—Icahn School of Medicine at Mount
Sinai Hospital
New York, NY
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DR. STONE REPLIES: I appreciate Lundh’s point
and agree that ideally a clinical trial is planned in
elaborate detail, relatively free of time pressure,
and none of the well-conceived plans are altered
during its conduct. The reality of Boston in April
2020 dictated different circumstances for the
start of our trial. Boston was in the throes of the

first pandemic surge. At that time, not only was
there no standard of care for Covid-19, but the
appropriate outcome measures were also uncer-
tain. After enrollment had begun and we were
able to think further about analyzing the results
to come, it made sense to expand the primary
outcome to include not only the prevention of
mechanical ventilation but also the prevention of
death. We formally adjusted the primary end
point in the protocol 6 weeks into the trial, noti-
fying our institutional review board immediately
and updating ClinicalTrials.gov at a later date
(before the conclusion of the trial and before the
locking and analysis of the data set). Ultimately,
this modification of the primary outcome did
not alter the primary or secondary conclusions of
the trial.
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Phase 3 Trial of Interleukin-1 Trap Rilonacept
in Recurrent Pericarditis

To THE EDITOR: Klein et al. (Jan. 7 issue)* report
that recurrences of pericarditis after treatment
with rilonacept occurred in 2 of 30 patients (7%),
as compared with 23 of 31 patients (74%) who
received placebo. This incidence of recurrence is
far higher than the 15 to 30% reported in other
studies, as cited by the authors. Although the
number of patients in the trial is relatively small,
this high incidence suggests that there might be
something unusual about the population as-
sessed. Do the authors have any explanation for
this extraordinarily high incidence?
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To THE EDITOR: The phase 3 trial RHAPSODY
(Rilonacept Inhibition of Interleukin-1 Alpha and
Beta for Recurrent Pericarditis: A Pivotal Symp-
tomatology and Outcomes Study) assessed the
interleukin-1 trap rilonacept in recurrent pericar-
ditis. The results of this trial provide further con-
firmation of the efficacy of interleukin-1 inhibi-
tion in the treatment of pericarditis that has
recurred despite treatment with glucocorticoids
or colchicine. The striking effects of interleu-
kin-1 inhibition in adults with recurrent peri-
carditis have been previously observed with the
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In addition, ClinicalTrials.gov updates may lag
behind requests for updates. We thank Lundh
for bringing this administrative issue to our at-
tention and have requested that the posting be
corrected.
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interleukin-1 receptor antagonist anakinra in a
randomized trial and in the International Regis-
try of Anakinra for Pericarditis (IRAP) study.'?
Despite these impressive results observed while
patients were receiving anti—interleukin-1 treat-
ment, our previously published studies, as well as
the results of the IRAP study, have shown that
abrupt discontinuation of anakinra is associated
with a high incidence of relapse (50 to 70%)."*
In light of these findings, the results from the
extension period of the RHAPSODY trial are ea-
gerly awaited. Until then, it should be empha-
sized that the excellent outcomes observed with
rilonacept apply only during the time when pa-
tients are receiving treatment. Maintenance of
long-term disease remission with well-character-
ized tapering protocols is the main challenge for
the near future.

George Lazaros, M.D.
Konstantinos Tsioufis, M.D.
Dimitrios Vassilopoulos, M.D.

National and Kapodistrian University of Athens
Athens, Greece
glaz35@hotmail.com
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from Kiniksa Pharmaceuticals. No other potential conflict of
interest relevant to this letter was reported.
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THE AUTHORS REPLY: We thank Tabor for his
comments. Patients in the RHAPSODY trial were
representative of the broad population of patients
who have multiple recurrences of pericarditis
and persistent disease. Although 15 to 30% of
patients with incident pericarditis have a recur-
rence,! both risk and tempo of recurrent pericar-
ditis events increase with each subsequent recur-
rence; patients with a second recurrence have a

54% chance of having a third recurrence.? In the
RHAPSODY trial, 74% of patients in the placebo
group had a recurrence of pericarditis, a finding
consistent with these observational data. These
data illustrate the tenacity of recurrent pericardi-
tis in patients with persistent autoinflammation.

We concur with Lazaros et al. that the treat-
ment objective in recurrent pericarditis is dura-
ble remission. Epidemiologic data suggest a
2-year mean disease duration.> Although the
causes of the frequent recurrences in patients in
the IRAP study who received treatment for only
6 as opposed to 9 months are unclear,* prema-
ture termination of interleukin-1 blockade in the
context of persistent underlying autoinflamma-
tion may have been responsible for the observed
outcomes. The median duration of rilonacept
treatment in the RHAPSODY trial was 9 months
(maximum, 14). The annualized incidence of
pericarditis recurrence with treatment was 0.15
episodes per year, as compared with 4.42 events
per year among all patients who received stan-
dard therapy before entering the trial. The two
recurrences in the rilonacept group occurred
during temporary treatment interruptions, there-
by supporting the concept that continued rilona-
cept therapy resulted in continued treatment re-
sponse; 74 of 75 eligible patients continued into
the long-term extension period. The distinct
mechanism of action and the gradual washout
pharmacokinetics of rilonacept over approxi-
mately 5 to 8 weeks yielded a more measured
magnitude and onset of recurrence events in the
placebo group, indicating that tapering of rilona-
cept doses was unnecessary in the RHAPSODY
trial. Recurrences resolved after reinitiation of
rilonacept.

Decisions regarding treatment continuation
or cessation involve many factors, including con-
sideration of baseline characteristics as well as
clinical status, biomarkers, and imaging at peri-
odic intervals. Patients in the long-term extension
phase will be assessed similarly, and the planned
treatment duration of up to 2 years may be suf-
ficient to allow underlying autoinflammation to
resolve” The planned Registry of the Natural
History of Recurrent Pericarditis in Pediatric and
Adult Patients (RESONANCE; ClinicalTrials.gov
number, NCT04687358) trial will follow a broad
patient population in which real-world treatment
strategies will be used.
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Ewing’s Sarcoma

TO THE EDITOR: In their review article on Ewing’s
sarcoma, Riggi et al. (Jan. 14 issue)' summarize
the clinical, genetic, and epigenetic features of
this aggressive bone sarcoma. However, their
discussion of the experimental approaches is
outdated and overly pessimistic, and they do not
acknowledge the strong signals of activity that
have been observed in phase 2 trials. In these
trials, though most Ewing’s sarcomas treated
with single-agent insulin-like growth factor I re-
ceptor (IGF-IR)-directed therapies progressed,
10 to 14% of the patients had striking, albeit
short-lived, tumor regression.>3

Also, although the authors correctly high-
light impediments to the clinical development
of YK-4-279 (a preclinical lead compound),*’ it is
surprising that they do not reference the exciting
preliminary results of the ongoing multicenter,
United States—based phase 1-2 study of the re-
formulated analog of YK-4-279 (TK-216).° The
results of that study, which were presented at the
European Society for Medical Oncology Con-
gress in 2020, show that a subgroup of patients
who received TK-216 had a complete and durable
radiographic response. Given the heterogeneity
described by Riggi and colleagues with respect
to the cell of origin and fusion protein expres-
sion, the likely path forward will involve a nu-
anced treatment approach that matches each
patient to patient-specific biomarkers.
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TO THE EDITOR: In response to the review article
on Ewing’s sarcoma by Riggi et al., we would like
to add information from the French nationwide
NetSarc (www.netsarc.org) database.?® This da-
tabase has been active in France since 2010 and
includes expert pathological data and molecular
review.

From 2013 through 2016 (the first period of
the exhaustive data collection), 614 cases of Ew-
ing’s sarcoma were diagnosed among 66 million
inhabitants of France (an incidence of 2.33 cases
per 1 million inhabitants per year). The inci-
dence of Ewing’s sarcoma during this period
was therefore 3 times as high as the generally
reported incidence.! In 385 patients with Ewing’s
sarcoma (62.7%), the primary metastatic sites
were the bone and bone marrow. Most of the
patients were adults; the median age was 20 years
(range, 1 to 93), 243 patients (39.6%) were
younger than 18 years of age, and 188 (30.6%)
were older than 30 years.

The management of soft-tissue sarcoma in
national reference centers is associated with in-
creased survival.>® In the nationwide series in
France from 2010 through 2016, survival among
all adult patients with Ewing’s sarcoma was sig-
nificantly longer among patients treated initially
in NetSarc reference centers than among those
who were not treated in these centers. The risk
of death was 46% lower (hazard ratio, 0.54)
among the patients treated initially in the refer-
ence centers (Fig. 1). The treatment center was
an independent prognostic factor in a multivari-
ate analysis (data not shown). The initial thera-
peutic management of Ewing’s sarcoma in a
sarcoma reference center is a simple measure
that is associated with a major reduction of the
risk of death.

Jean-Yves Blay, M.D., Ph.D.
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Lyon, France
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Figure 1. Overall Survival among Adults with Ewing’s Sarcoma in France,

Data on patients who received treatment at NetSarc reference centers and
those who did not receive treatment at these centers are shown. Cl denotes
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THE AUTHORS REPLY: In response to Ludwig et al.:
it was our intent to focus the discussion of cur-
rent and experimental therapies primarily on pa-
tients who had undergone sufficiently extensive
evaluation in clinical trials to determine the use-
fulness of these therapies. We adopted the prem-
ise that successful therapy for Ewing’s sarcoma,
or any cancer for that matter, should imply long-
term benefit. That is why we did not consider the
short-term response to IGF-IR inhibitors in 10 to
14% of the patients in the trials mentioned by
Ludwig et al. to be a success and why we did not
include it in our discussion. Several studies have
highlighted the plethora of experimental, target-
ed, anticancer therapies that may elicit transient
responses but provide little if any long-term bene-
fit to patients, often at a disproportionate cost to
both society and the patients themselves. Ac-
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cordingly, we chose to limit our discussion to
currently accepted therapy for Ewing’s sarcoma
and to describe the directions in which the field
is moving by covering some of the mechanism-
based experimental approaches that have been
tried. However, the limited effectiveness of ex-
perimental therapies in Ewing’s sarcoma thus far
in no way casts a pessimistic view on the poten-
tial success of future endeavors. The phase 1-2
trial results with TK-216 that Ludwig et al. de-
scribe are of interest but were published when
our review article was already in press. Further-
more, although these results may be encourag-
ing, they are preliminary, and a longer perspec-
tive is needed to determine the long-term
effectiveness of TK-216 and its potential ana-
logues.
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N A MALE NEONATE BORN AT 37 WEEKS OF GESTATION, A NARROW STALK OF

small bowel and proximal colon protruded through a 1.5-cm defect in the

abdominal wall. A diagnosis of gastroschisis had been made antenatally on
the basis of findings from prenatal ultrasonography. In the area where the bowel
had traversed the defect, the jejunum was atretic and the colon was stenosed
(Panel A). The term “gastroschisis” refers to the evisceration of the intestines
through a defect in the abdominal wall; the condition is referred to as closed
gastroschisis when the defect closes, causing incarceration of the eviscerated
bowel. In this infant, laparotomy was performed on the first day of life. The cecum
was found to be perforated (Panel B), and the proximal jejunum ended blindly
within the abdomen. The colonic perforation was sutured, the bowels were re-
duced, and the abdomen was closed. An additional laparotomy was performed 19
days later to repair the jejunal atresia and colonic stenosis. After transitioning
from parenteral to enteral nutrition at 27 days, the boy was discharged home, at
1 month of age.
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Audio Interview: Vaccine Successes
and Vaccine Adverse Events

Eric J. Rubin, M.D., Ph.D., Lindsey R. Baden, M.D., and Stephen Morrissey, Ph.D.

The continuing spread of SARS-CoV-2 remains a
Public Health Emergency of International Con-
cern. What physicians need to know about trans-
mission, diagnosis, and treatment of Covid-19 is
the subject of ongoing updates from infectious
disease experts at the Journal.

In this audio interview conducted on April 14,
2021, the editors discuss the current state of
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Covid-19 vaccination, including the rare occur-
rence of thrombotic thrombocytopenia in recipi-
ents of the ChadOx1 nCoV-19 and Ad26.COV2.S
vaccines.

Disclosure forms provided by the authors are available at
NEJM.org.
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