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Dear Reader,

The face of medicine is constantly changing. In the past year, a number of studies published in the
New England Journal of Medicine challenged our ways of thinking. A trial on peanut allergy, published in
February, indicates that allergen avoidance is not the way to prevent allergy in young children. The
SPRINT trial on intensive blood pressure management, published in November, redefines blood-pres-
sure target goals. A third study, published in December, found that continuous chest compressions
during CPR don’t improve survival rates.
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choose these because we think these articles will change the face of medicine. This digital collection
represents the cream of the crop, the dozen studies from 2015 that we think will have the biggest influ-
ence on medicine. We hope that you enjoy this collection and that you will continue to join us as we
log medicine’s journey.
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ORIGINAL ARTICLE

A Randomized Trial of Intraarterial Treatment for Acute

Ischemic Stroke

O.A. Berkhemer, P.S.S. Fransen, D. Beumer, L.A. van den Berg, H.F. Lingsma, AJ. Yoo, W.J. Schonewille, J.A. Vos,
P.J. Nederkoorn, M.J.H. Wermer, M.A.A. van Walderveen, . Staals, J. Hofmeijer, J.A. van Oostayen,

G.J. Lycklama a Nijeholt, J. Boiten, P.A. Brouwer, B.J. Emmer, S.F. de Bruijn, L.C. van Dijk, LJ. Kappelle, R.H. Lo,
E.J. van Dijk, J. de Vries, P.L.M. de Kort, W.J.J. van Rooij, J.S.P. van den Berg, B.A.A.M. van Hasselt, L.A.M. Aerden,
R.J. Dallinga, M.C. Visser, J.CJ. Bot, P.C. Vroomen, O. Eshghi, T.H.C.M.L. Schreuder, RJ.J. Heijboer, K. Keizer,
A.V. Tielbeek, H.M. den Hertog, D.G. Gerrits, R.M. van den Berg-Vos, G.B. Karas, E.W. Steyerberg, H.Z. Flach,
H.A. Marquering, M.E.S. Sprengers, S.F.M. Jenniskens, L.F.M. Beenen, R. van den Berg, PJ. Koudstaal,

W.H. van Zwam, Y.B.W.E.M. Roos, A. van der Lugt, R.J. van Oostenbrugge, C.B.L.M. Majoie, and D.W.J. Dippel,

for the MR CLEAN Investigators*

ABSTRACT

BACKGROUND

In patients with acute ischemic stroke caused by a proximal intracranial arterial
occlusion, intraarterial treatment is highly effective for emergency revasculariza-
tion. However, proof of a beneficial effect on functional outcome is lacking.
METHODS

We randomly assigned eligible patients to either intraarterial treatment plus usual
care or usual care alone. Eligible patients had a proximal arterial occlusion in the
anterior cerebral circulation that was confirmed on vessel imaging and that could
be treated intraarterially within 6 hours after symptom onset. The primary out-
come was the modified Rankin scale score at 90 days; this categorical scale mea-
sures functional outcome, with scores ranging from 0 (no symptoms) to 6 (death).
The treatment effect was estimated with ordinal logistic regression as a common
odds ratio, adjusted for prespecified prognostic factors. The adjusted common odds
ratio measured the likelihood that intraarterial treatment would lead to lower mod-
ified Rankin scores, as compared with usual care alone (shift analysis).

RESULTS

We enrolled 500 patients at 16 medical centers in the Netherlands (233 assigned to in-
traarterial treatment and 267 to usual care alone). The mean age was 65 years (range,
23 to 96), and 445 patients (89.0%) were treated with intravenous alteplase before ran-
domization. Retrievable stents were used in 190 of the 233 patients (81.5%) assigned to
intraarterial treatment. The adjusted common odds ratio was 1.67 (95% confidence
interval [CI], 1.21 to 2.30). There was an absolute difference of 13.5 percentage points
(95% CI, 5.9 to 21.2) in the rate of functional independence (modified Rankin score,
0 to 2) in favor of the intervention (32.6% vs. 19.1%). There were no significant differ-
ences in mortality or the occurrence of symptomatic intracerebral hemorrhage.
CONCLUSIONS

In patients with acute ischemic stroke caused by a proximal intracranial occlusion
of the anterior circulation, intraarterial treatment administered within 6 hours af-
ter stroke onset was effective and safe. (Funded by the Dutch Heart Foundation and
others; MR CLEAN Netherlands Trial Registry number, NTR1804, and Current
Controlled Trials number, ISRCTN10888758.)

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr.
Dippel at the Department of Neurology
H643, Erasmus MC University Medical
Center, PO Box 2040, Rotterdam 3000
CA, the Netherlands, or at d.dippel@
erasmusmc.nl.

Drs. Berkhemer, Fransen, and Beumer and
Drs. van Zwam, Roos, van der Lugt, van
Oostenbrugge, Majoie, and Dippel con-
tributed equally to this article.

*A complete list of investigators in the
Multicenter Randomized Clinical Trial
of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands
(MR CLEAN) is provided in the Supple-
mentary Appendix, available at NEJM.org.

This article was published on December 17,
2014, and updated on January 1, 2015, at
NEJM.org.

N Engl ] Med 2015;372:11-20.
DOI: 10.1056/NEJMoal411587
Copyright © 2014 Massachusetts Medical Society.

Read Full Article at NEJM.org
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Interventional Thrombectomy for Major Stroke —
A Step in the Right Direction

Werner Hacke, M.D., Ph.D.

Intravenous thrombolytic therapy is the only
proven treatment for acute ischemic stroke, but
its use is limited by a brief time window of up to
4.5 hours after the onset of symptoms* and a
recanalization rate of less than 50%. Large clots
in vessels such as the distal internal carotid ar-
tery or the first segment of the middle cerebral
artery respond poorly to intravenous thromboly-
sis.2 The need for a treatment for patients who
do not have a good response to intravenous
treatment alone remains pressing.

On the basis of compelling anecdotal experi-
ence, stroke specialists had hoped that transvas-
cular recanalization would be an alternative to or
a follow-on treatment after intravenous therapy
for severe strokes with large-vessel occlusion.
However, three randomized, controlled trials of
intraarterial treatment, all reported in the Journal,
have had negative or ambiguous results.3> These
trials were criticized for their use of older re-
canalization devices, which were associated with
lower recanalization rates than those found with
newer devices such as retrievable stents®; for the
long interval between the onset of stroke and
intervention; and for disappointingly low recruit-
ment rates, which suggested that many suitable
patients had been treated outside the trials.
Moreover, subgroup analyses suggested that
there was a benefit for patients treated in shorter
time windows.”® Perhaps most important, two
of the trials did not require evidence of an oc-
cluded vessel before randomization, thereby mak-
ing intracerebral treatment futile from the start.

The lessons of these studies were that trials
of intraarterial treatment should enroll patients
with severe strokes, have proof of proximal ves-

sel occlusion, initiate treatment as early as pos-
sible, and use modern thrombectomy devices.®
The results of the first such trial now appear in
the Journal.*® The Multicenter Randomized Clini-
cal Trial of Endovascular Treatment of Acute Is-
chemic Stroke in the Netherlands (MR CLEAN)
included patients with severe stroke and proxi-
mal-vessel occlusion. Almost 90% of the pa-
tients received intravenous thrombolysis first,
and almost all the devices used were of the
retrievable-stent variety, which have a track record
of successful recanalization. Thrombectomy im-
proved outcomes, with an absolute difference of
13.5 percentage points in the rate of functional
independence, as assessed with the use of the
modified Rankin scale. Most other prespecified
clinical end points and the rate of recanalization
favored transvascular treatment, although the re-
canalization rate with transvascular treatment
was a little lower than expected. There were no
significant differences in mortality or the occur-
rence of symptomatic intracranial hemorrhage.
Readers may wonder how the trialists from
a country with only 16.8 million inhabitants
succeeded in enrolling 500 patients in just over
3 years, whereas other trials from much larger
regions with similarly advanced medical systems
struggled with recruitment. The well-established
network of investigator-initiated stroke trials in
the Netherlands contributed to the success of
the trial, as did the relatively short distances be-
tween the 15 intervention centers in the coun-
try. In my view, however, the most important
reason for success was the decision by the Dutch
government to pay for the use of thrombectomy
devices only in the context of a randomized trial,
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thereby precluding treatment outside the trial.
This policy may be difficult to implement in
other health systems, but imagine what prog-
ress the medical-device field would see if this
strategy were the rule.

Finally, what does this first positive throm-
bectomy trial mean for interventional treatment?
Is there any doubt left, or should thrombectomy
now become the new standard treatment for se-
vere stroke with proximal large-vessel occlusion
up to 6 hours after stroke onset? Several similar
trials are ongoing; it is premature to conclude
that there is no longer equipoise regarding
thrombectomy. We need and will get results
from other well-designed trials, not only to con-
firm or refute the results of MR CLEAN but also
to look at effects in subgroups (according to
stroke severity, occlusion site, or time to treat-
ment initiation), for which most single trials are
underpowered. MR CLEAN is the first step in
the right direction.

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

From the Department of Neurology, University Hospital Heidel-
berg, Ruprecht-Karls University Heidelberg, Heidelberg, Germany.

This article was published on December 17, 2014, at NEJM.org.

NEJM.ORG

1. Emberson J, Lees KR, Lyden P, et al. Effect of treatment de-
ay, age, and stroke severity on the effects of intravenous throm-
bolysis with alteplase for acute ischaemic stroke: a meta-analysis
of individual patient data from randomised trials. Lancet 2014
August 5 (Epub ahead of print).

2. Riedel CH, Zimmermann P, Jensen-Kondering U, Stingele R,
Deuschl G, Jansen O. The importance of size: successful recan-
alization by intravenous thrombolysis in acute anterior stroke
depends on thrombus length. Stroke 2011;42:1775-7.

3. Broderick JP, Palesch YY, Demchuk AM, et al. Endovascular
therapy after intravenous t-PA versus t-PA alone for stroke. N Engl
J Med 2013;368:893-903. [Erratum, N EnglJ Med 2013;368:1265.]
4. Ciccone A, Valvassori L, Nichelatti M, et al. Endovascular treat-
ment for acute ischemic stroke. N Engl J Med 2013;368:904-13.

5. Kidwell CS, Jahan R, Gornbein J, et al. A trial of imaging
selection and endovascular treatment for ischemic stroke. N Engl
J Med 2013;368:914-23.

6. Saver JL, Jahan R, Levy EI, et al. Solitaire flow restoration
device versus the Merci Retriever in patients with acute ischaemic
stroke (SWIFT): a randomised, parallel-group, non-inferiority
trial. Lancet 2012;380:1241-9.

7. Khatri P, Yeatts SD, Mazighi M, et al. Time to angiographic
reperfusion and clinical outcome after acute ischaemic stroke:
an analysis of data from the Interventional Management of
Stroke (IMS III) phase 3 trial. Lancet Neurol 2014;13:567-74.

8. Mazighi M, Chaudhry SA, Ribo M, et al. Impact of onset-to-
reperfusion time on stroke mortality: a collaborative pooled
analysis. Circulation 2013;127:1980-5.

9. Hacke W, Furlan AJ. (Here comes that) razors edge — endo-
vascular stroke therapy: the end, or only the beginning? Int J
Stroke 2013;8:331-3.

10. Berkhemer OA, Fransen PSS, Beumer D, et al. A randomized
trial of intraarterial treatment for acute ischemic stroke. N Engl
J Med 2015;372:11-20.

DOI: 10.1056/NEJMel413346
Copyright © 2014 Massachusetts Medical Society.
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Tenofovir-Based Preexposure Prophylaxis for HIV Infection

among African Women

Jeanne M. Marrazzo, M.D., Gita Ramjee, Ph.D., Barbra A. Richardson, Ph.D., Kailazarid Gomez, M.P.A.,
Nyaradzo Mgodi, M.Med., Gonasagrie Nair, M.B., Ch.B., M.P.H., Thesla Palanee, Ph.D., Clemensia Nakabiito, M.Med.,
Ariane van der Straten, Ph.D., Lisa Noguchi, M.S.N., Craig W. Hendrix, M.D., James Y. Dai, Ph.D., Shayhana Ganesh, M.Med.,
Baningi Mkhize, M.B., Ch.B., Marthinette Taljaard, B.S., Urvi M. Parikh, Ph.D., Jeanna Piper, M.D., Benoit Méasse, Ph.D.,
Cynthia Grossman, Ph.D., James Rooney, M.D., Jill L. Schwartz, M.D., Heather Watts, M.D., Mark A. Marzinke, Ph.D.,

Sharon L. Hillier, Ph.D., lan M. McGowan, M.D., and Z. Mike Chirenje, M.D., for the VOICE Study Team*

ABSTRACT

BACKGROUND
Reproductive-age women need effective interventions to prevent the acquisition of
human immunodeficiency virus type 1 (HIV-1) infection.

METHODS

We conducted a randomized, placebo-controlled trial to assess daily treatment with
oral tenofovir disoproxil fumarate (TDF), oral tenofovir—emtricitabine (TDF-FTC), or
1% tenofovir (TFV) vaginal gel as preexposure prophylaxis against HIV-1 infection in
women in South Africa, Uganda, and Zimbabwe. HIV-1 testing was performed month-
ly, and plasma TFV levels were assessed quarterly.

RESULTS

Of 12,320 women who were screened, 5029 were enrolled in the study. The rate of
retention in the study was 91% during 5509 person-years of follow-up. A total of 312
HIV-1 infections occurred; the incidence of HIV-1 infection was 5.7 per 100 person-
years. In the modified intention-to-treat analysis, the effectiveness was —49.0% with
TDF (hazard ratio for infection, 1.49; 95% confidence interval [CI], 0.97 to 2.29),
—4.4% with TDF-FTC (hazard ratio, 1.04; 95% CI, 0.73 to 1.49), and 14.5% with TFV
gel (hazard ratio, 0.85; 95% CI, 0.61 to 1.21). In a random sample, TFV was detected
in 30%, 29%, and 25% of available plasma samples from participants randomly
assigned to receive TDF, TDF-FTC, and TFV gel, respectively. Independent predictors
of TFV detection included being married, being older than 25 years of age, and being
multiparous. Detection of TFV in plasma was negatively associated with character-
istics predictive of HIV-1 acquisition. Elevations of serum creatinine levels were seen
more frequently among participants randomly assigned to receive oral TDF-FTC
than among those assigned to receive oral placebo (1.3% vs. 0.2%, P=0.004). We
observed no significant differences in the frequencies of other adverse events.

CONCLUSIONS
None of the drug regimens we evaluated reduced the rates of HIV-1 acquisition in
an intention-to-treat analysis. Adherence to study drugs was low. (Funded by the
National Institutes of Health; VOICE ClinicalTrials.gov number, NCT00705679.)

The authors’ affiliations are listed in the
Appendix. Address reprint requests to
Dr. Marrazzo at the Division of Infectious
Diseases, Harborview Medical Center,
325 9th Ave., Mailbox 359932, Seattle,
WA 98104, or at jmm2@uw.edu.

*A complete list of members of the Vagi-
nal and Oral Interventions to Control the
Epidemic (VOICE) Study Team is provid-
ed in the Supplementary Appendix, avail-
able at NEJM.org.

N Engl ] Med 2015;372:509-18.
DOI: 10.1056/NEJMoal402269
Copyright © 2015 Massachusetts Medical Society.

Read Full Article at NEJM.org
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Preventing HIV in Women — Still Trying to Find Their VOICE

Michael S. Saag, M.D.

The development and widespread use of potent
antiretroviral therapy has transformed HIV in-
fection from a near-certain death sentence to a
chronic manageable condition, whereby patients
who adhere fully to their medication regimen
can have an almost normal life span.* Moreover,
those who take their medications as prescribed
generally do not transmit the virus to others.2 If
we could identify all persons infected with HIV,
get them into care, successfully initiate antiret-
roviral therapy, and achieve and sustain suppres-
sion of the virus to undetectable levels, all pa-
tients would in theory have a near-normal life
span and not transmit the virus to others — and
the epidemic would end.3 Despite the success of
antiretroviral therapy in dramatically prolonging
life expectancy, we have not seen much progress
in preventing new infections. In most areas
around the world, including the United States,
the number of new persons infected last year
was roughly the same as in years before.* Most
experts indicate that “treatment as prevention”
is an important approach, but we cannot treat
our way out of the epidemic. Rather, multiple
approaches to prevention are required.

One such approach is the use of preexposure
prophylaxis, whereby antiretroviral agents are
used, either through systemic administration or
as topical microbicides such as vaginal gels. Well-
conducted, randomized studies have had mixed
results. In a study conducted in resource-rich
countries, involving men who have sex with men,
preexposure prophylaxis reduced transmission
by 44% overall and by 92% among those who
took their medications regularly.> In contrast, in a
study conducted among women in sub-Saharan
Africa (the Preexposure Prophylaxis Trial for HIV

Prevention among African Women [FEM-PrEP]),
the use of preexposure prophylaxis was ineffec-
tive, probably because of low levels of adherence
to the medication regimen.® The use of vaginal
gels as microbicides has also had mixed efficacy
outcomes.

In this issue of the Journal, Marrazzo and col-
leagues report the findings of the Vaginal and
Oral Interventions to Control the Epidemic
(VOICE) trial, a placebo-controlled, randomized
study of preexposure prophylaxis that was pro-
vided as oral antiretroviral therapy or as a vagi-
nal gel to women living in sub-Saharan Africa.”
The study assessed five treatment groups (oral
tenofovir alone, oral tenofovir with emtricitabine,
oral placebo, vaginal tenofovir gel, and vaginal
placebo gel). Although it was planned for a
36-month maximum follow-up, the data and safe-
ty monitoring board recommended terminat-
ing treatment in the oral tenofovir and tenofovir
gel study groups early, owing to futility. The oral
tenofovir-emtricitabine group continued to com-
pletion, but the treatment showed no efficacy.
Therefore, the study yielded results similar to
those of the FEM-PrEP trial. The likely reason
for the lack of efficacy can be gleaned from the
pharmacokinetic data: approximately 30% of
plasma samples in the VOICE study had detect-
able drug at the pharmacokinetic time points,
which indicates that the majority of women in
the trial were not taking their assigned medica-
tions regularly.

It is well established that medications don’t
work if they are not taken, which probably ex-
plains why no difference in efficacy was observed
between the active-drug and placebo groups. On
closer inspection, however, the striking finding
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in the VOICE trial is the disconnect between re-
ported adherence and actual adherence to the
regimen. Although approximately 30% of plasma
samples collected from the women had detect-
able drug, 90% and 88% of the women indicat-
ed that they had not missed a dose when asked
by either a study interviewer or a computerized
questionnaire, respectively. More striking, the
medication reconciliation, in which returned un-
used tablets were counted to determine missed
doses, revealed that 86% of medication was
“taken.” This means that a large number of par-
ticipants actively removed unused medications
from their allotment before returning to the
study site in order to create the appearance of
compliance with the protocol.

The question that emerges is this: why did
the participants go to such lengths to create the
appearance that they were taking medications
when they were not? To the study team’s credit,
they investigated this question through a series
of qualitative interviews with VOICE partici-
pants after the study results became known.3?
In a recently published report, van der Straten
and colleagues identified several factors associ-
ated with poor adherence to the protocol.? A
common theme stemmed from fear of taking
the medicine, because of concern either about
adverse effects or about being falsely labeled as
having HIV infection. The drugs used in the
VOICE study are well known as anti-HIV agents.
Despite detailed education provided by the study
team, many of the participants feared that such
potent treatment must have serious toxicity
when used in uninfected people. In addition,
because it is common knowledge within the
community that antiretroviral therapy is associ-
ated with HIV infection, many women in the
study were afraid that if they were seen taking
HIV medications, they would be labeled as be-
ing infected. As a result, many of the women
concealed their use of the products or hid the
products out of a fear of stigma. The strong
presence of stigma was identified among male
partners and community members interviewed
as part of the study, validating the concerns
among the VOICE participants that their taking
HIV pills would lead to gossip and rumor in
the community, workplace, and household. In-
further work, the researchers specifically stud-
ied participants with low levels of drug in the
blood versus those with high levels.® The group

NEJM.ORG

with low levels had significantly more fear of
the drug side effects and had less trust in the
clinic and its staff. In contrast, those with high
drug levels developed strategies to overcome
concerns about stigma, valued advice from
nurses, and were more likely to believe that the
products worked.®

At first glance, the VOICE study appears to
indicate that preexposure prophylaxis doesn’t
work in women in Africa and that we should
move on to explore other approaches to the pre-
vention of HIV transmission in high-risk set-
tings. On further review, the study indicates
that much more work is needed, not so much in
the realm of understanding the biologic basis of
preexposure prophylaxis as a preventive treat-
ment but rather in the realm of understanding
behavioral barriers in the setting of strong so-
cial stigma.

The “Declaration of Sentiments,” penned by
Elizabeth Cady Stanton at the Women’s Rights
Convention in Seneca Falls, New York, in 1848,
starts with the following statement: “When, in
the course of human events, it becomes neces-
sary for one portion of the family of man to as-
sume among the people of the earth a position
different from that which they have hitherto oc-
cupied . . . . This declaration represented the
formal beginning of the women’s rights move-
ment in the United States. As in the fight for
women to find their voice in the United States
against strong social stigma so long ago, victory
in the battle to prevent HIV will require the
women at risk for infection to find “a position
different from that which they have hitherto oc-
cupied” in order for them to find their VOICE.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.
This article was updated on February 5, 2015, at NEJM.org.

From the Center for AIDS Research, University of Alabama at
Birmingham, Birmingham.

1. Nakagawa F, May M, Phillips A. Life expectancy living with
HIV: recent estimates and future implications. Curr Opin Infect
Dis 2013;26:17-25.

2. Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1
infection with early antiretroviral therapy. N Engl J Med 2011;
365:493-505.

3. Thirty years of a disease: the end of AIDS? The Economist.
June 2, 2011 (http://www.economist.com/node/18774722).

4. Centers for Disease Control and Prevention. Estimated HIV
incidence in the United States, 2007-2010. HIV Surveillance Sup-
plemental Report 2012. Vol. 17. No. 4 (http://go.usa.gov/p8P4).
5. GrantRM, LamaJR, Anderson PL, et al. Preexposure chemo-
prophylaxis for HIV prevention in men who have sex with men.
N Engl J Med 2010;363:2587-99.
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6. Van Damme L, Corneli A, Ahmed K, et al. Preexposure pro-
phylaxis for HIV infection among African women. N Engl J Med
2012;367:411-22.

7. Marrazzo JM, Ramjee G, Richardson BA, et al. Tenofovir-
based preexposure prophylaxis for HIV infection among African
women. N Engl ] Med 2015;372:509-18.

8. van der Straten A, Stadler J, Luecke E, Laborde N, Hartmann
M, Montgomery ET. Perspectives on use of oral and vaginal anti-
retrovirals for HIV prevention: the VOICE-C qualitative study in
Johannesburg, South Africa. J Int AIDS Soc 2014;17:Suppl 2:
19146.

NEJM.ORG

9. van der Straten A, Musarea P, Etima J, et al. Disclosure of
PK drug results promotes open discourse on non-adherence
during VOICE. Presented at the HIV Research for Prevention
scientific meeting, Cape Town, South Africa, October 28-31,
2014. abstract.

10. The Declaration of Sentiments: Women’s Rights Convention
in Seneca Falls, New York, 1848. U.S. Constitution Online
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DOI: 10.1056/NEJMel415750
Copyright © 2015 Massachusetts Medical Society.
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Randomized Trial of Peanut Consumption
in Infants at Risk for Peanut Allergy

George Du Toit, M.B., B.Ch., Graham Roberts, D.M., Peter H. Sayre, M.D., Ph.D., Henry T. Bahnson, M.P.H.,
Suzana Radulovic, M.D., Alexandra F. Santos, M.D., Helen A. Brough, M.B., B.S., Deborah Phippard, Ph.D.,
Monica Basting, M.A., Mary Feeney, M.Sc., R.D., Victor Turcanu, M.D., Ph.D., Michelle L. Sever, M.S.P.H., Ph.D.,
Margarita Gomez Lorenzo, M.D., Marshall Plaut, M.D., and Gideon Lack, M.B., B.Ch., for the LEAP Study Team*

ABSTRACT

BACKGROUND

The prevalence of peanut allergy among children in Western countries has doubled
in the past 10 years, and peanut allergy is becoming apparent in Africa and Asia.
We evaluated strategies of peanut consumption and avoidance to determine which
strategy is most effective in preventing the development of peanut allergy in infants
at high risk for the allergy.

METHODS

We randomly assigned 640 infants with severe eczema, egg allergy, or both to consume
or avoid peanuts until 60 months of age. Participants, who were at least 4 months but
younger than 11 months of age at randomization, were assigned to separate study
cohorts on the basis of preexisting sensitivity to peanut extract, which was deter-
mined with the use of a skin-prick test — one consisting of participants with no
measurable wheal after testing and the other consisting of those with a wheal mea-
suring 1 to 4 mm in diameter. The primary outcome, which was assessed indepen-
dently in each cohort, was the proportion of participants with peanut allergy at
60 months of age.

RESULTS

Among the 530 infants in the intention-to-treat population who initially had nega-
tive results on the skin-prick test, the prevalence of peanut allergy at 60 months of
age was 13.7% in the avoidance group and 1.9% in the consumption group (P<0.001).
Among the 98 participants in the intention-to-treat population who initially had
positive test results, the prevalence of peanut allergy was 35.3% in the avoidance
group and 10.6% in the consumption group (P=0.004). There was no significant
between-group difference in the incidence of serious adverse events. Increases in
levels of peanut-specific IgG4 antibody occurred predominantly in the consumption
group; a greater percentage of participants in the avoidance group had elevated titers
of peanut-specific IgE antibody. A larger wheal on the skin-prick test and a lower ratio
of peanut-specific IgG4:IgE were associated with peanut allergy.

CONCLUSIONS
The early introduction of peanuts significantly decreased the frequency of the devel-
opment of peanut allergy among children at high risk for this allergy and modulated
immune responses to peanuts. (Funded by the National Institute of Allergy and Infec-
tious Diseases and others; ClinicalTrials.gov number, NCT00329784.)

From the Department of Pediatric Aller-
gy, Division of Asthma, Allergy and Lung
Biology, King's College London and
Guy’s and St. Thomas’ National Health
Service Foundation Trust, London
(G.DT., S.R, AFS., HAB., MB., MF,
V.T., G.L.), and the University of South-
ampton and National Institute for Health
Research Respiratory Biomedical Re-
search Unit, Southampton and David
Hide Centre, Newport, Isle of Wight
(G.R)) — both in the United Kingdom;
the Division of Hematology—Oncology,
Department of Medicine (P.H.S.), and
the Immune Tolerance Network (D.P.),
University of California, San Francisco,
San Francisco; Rho Federal Systems Divi-
sion, Chapel Hill, NC (H.T.B., M.L.S.);
and the National Institute of Allergy and
Infectious Diseases, Bethesda, MD
(M.G.L., M.P.). Address reprint requests
to Dr. Lack at the Children’s Allergy Unit,
2nd Fl., Stairwell B, South Wing, Guy’s
and St Thomas’ NHS Foundation Trust,
Westminster Bridge Rd., London SE1
7EH, United Kingdom.

*A complete list of members of the
Learning Early about Peanut Allergy
(LEAP) Study Team is provided in the
Supplementary Appendix, available at
NEJM.org.

This article was published on February 23,
2015, at NEJM.org.
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Preventing Peanut Allergy through Early Consumption —
Ready for Prime Time?

Rebecca S. Gruchalla, M.D., Ph.D., and Hugh A. Sampson, M.D.

Kids can’t take peanut butter to school. Some air-
lines no longer serve peanuts because of fear of
anaphylaxis among passengers. These develop-
ments are just the tip of the iceberg as the preva-
lence of peanut allergy among children continues
to increase worldwide, especially in westernized
countries. In the United States alone, the preva-
lence has more than quadrupled in the past 13
years, growing from 0.4% in 1997 to 1.4% in
2008 to more than 2% in 2010.2 Peanut allergy
has become the leading cause of anaphylaxis and
death related to food allergy in the United States.3

In 2000, largely in response to outcomes re-
ported in infant feeding trials conducted in Eu-
rope and the United States, the American Acad-
emy of Pediatrics (AAP) recommended that
parents refrain from feeding peanuts to infants
at risk for the development of atopic disease until
the children reached 3 years of age.* However,
since the number of cases of peanut allergy con-
tinued to rise, many investigators and clinicians
began questioning this advice. In 2008, after re-
viewing the published literature, the AAP retract-
ed its recommendation, stating that there was
insufficient evidence to call for early food avoid-
ance.®> Shortly thereafter, Du Toit et al.° noted
that the prevalence of peanut allergy among
Jewish children in London who were not given
peanut-based products in the first year of life
was 10 times as high as that among Jewish chil-
dren in Israel who had consumed peanut-based
products before their first birthday. In addition,
subsequent studies that evaluated the early intro-
duction of other allergenic foods, including egg”
and cow’s milk,® showed that earlier introduction

of egg and milk into an infant’s diet was associ-
ated with a decrease in the development of allergy.

But since these studies were observational,
we needed data from controlled trials to provide
reliable clinical guidance regarding the best time
to introduce allergenic foods (e.g., milk, egg,
peanuts, and tree nuts) to infants at high risk
for the development of allergies (i.e., those from
atopic families). Du Toit et al.® now address this
question in the Journal in their landmark study,
Learning Early about Peanut Allergy (LEAP). The
investigators hypothesized that early introduc-
tion of peanut-based products (before 11 months
of age) would lead to the prevention of peanut
allergy in high-risk infants. More than 500 in-
fants at high risk for peanut allergy were ran-
domly assigned to receive peanut products (con-
sumption group) or to avoid them (avoidance
group). Approximately 10% of children, in whom
a wheal measuring more than 4 mm developed
after they received a peanut-specific skin-prick
test, were excluded from the study because of
concerns that they would have severe reactions.
At 5 years of age, the children were given a pea-
nut challenge to determine the prevalence of pea-
nut allergy. The results are striking — overall,
the prevalence of peanut allergy in the peanut-
avoidance group was 17.2% as compared with
3.2% in the consumption group.

The trial was designed to examine two groups
— children who had negative results on the pea-
nut skin-prick test at enrollment (nonsensitized)
and those who had “mild” sensitization at enroll-
ment (wheals with mean diameters of 1 to 4 mm
in response to the test). In these two groups the
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results on the prevalence of peanut allergy were
equally striking. Among the children who ini-
tially had a negative result on the skin-prick
test, the prevalence of peanut allergy was 13.7%
in the avoidance group and 1.9% in the con-
sumption group, and among those who had mild
sensitization the prevalence was 35.3% in the
avoidance group versus 10.6% in the consump-
tion group. Thus, early consumption was effec-
tive not only in high-risk infants who showed no
indication of peanut sensitivity at study entry
(primary prevention) but also in infants who had
slight peanut sensitivity (secondary prevention).

Du Toit et al. carefully defined their high-risk
population, which included children with severe
eczema, egg allergy, or both. Moreover, they de-
termined whether these infants were sensitized
to peanut at study entry and then challenged
those in the peanut-consumption group to en-
sure that these children were unresponsive be-
fore sending them home to consume peanut-
based products on a regular basis.

Given the results of this prospective, random-
ized trial, which clearly indicates that the early
introduction of peanut dramatically decreases the
risk of development of peanut allergy (approxi-
mately 70 to 80%), should the guidelines be
changed? Should we recommend introducing
peanuts to all infants before they reach 11
months of age? Unfortunately, the answer is not
that simple, and many questions remain unan-
swered: Do infants need to ingest 2 g of peanut
protein (approximately eight peanuts) three times
a week on a regular basis for 5 years, or will it
suffice to consume lesser amounts on a more
intermittent basis for a shorter period of time?
If regular peanut consumption is discontinued
for a prolonged period, will tolerance persist?
Can the findings of the LEAP study be applied to
other foods, such as milk, eggs, and tree nuts?

These questions must be addressed, but we
believe that because the results of this trial are
so compelling, and the problem of the increasing
prevalence of peanut allergy so alarming, new
guidelines should be forthcoming very soon. In
the meantime, we suggest that any infant be-
tween 4 months and 8 months of age believed
to be at risk for peanut allergy should undergo

NEJM.ORG

skin-prick testing for peanut. If the test results
are negative, the child should be started on a
diet that includes 2 g of peanut protein three
times a week for at least 3 years, and if the re-
sults are positive but show mild sensitivity (i.e.,
the wheal measures 4 mm or less), the child
should undergo a food challenge in which pea-
nut is administered and the child’s response
observed by a physician who has experience per-
forming a food challenge. Children who are non-
reactive should then be started on the peanut-
containing diet. Although other studies are
urgently needed to address the many questions
that remain, especially with respect to other
foods, the LEAP study makes it clear that we
can do something now to reverse the increasing
prevalence of peanut allergy.

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

From the Departments of Internal Medicine and Pediatrics and
Division of Allergy and Immunology, University of Texas South-
western Medical Center, Dallas (R.S.G.); and Department of
Pediatrics, Division of Allergy—Immunology, and Jaffe Food Al-
lergy Institute at the Icahn School of Medicine at Mount Sinai,
New York (H.A.S.).

This article was published on February 23, 2015, at NEJM.org.
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Association of Improved Air Quality with Lung Development

in Children

W. James Gauderman, Ph.D., Robert Urman, M.S., Edward Avol, M.S., Kiros Berhane, Ph.D., Rob McConnell, M.D.,
Edward Rappaport, M.S., Roger Chang, Ph.D., Fred Lurmann, M.S., and Frank Gilliland, M.D., Ph.D.

ABSTRACT

BACKGROUND

Air-pollution levels have been trending downward progressively over the past sev-
eral decades in southern California, as a result of the implementation of air qual-
ity—control policies. We assessed whether long-term reductions in pollution were
associated with improvements in respiratory health among children.

METHODS

As part of the Children’s Health Study, we measured lung function annually in 2120
children from three separate cohorts corresponding to three separate calendar peri-
ods: 1994-1998, 1997-2001, and 2007-2011. Mean ages of the children within each
cohort were 11 years at the beginning of the period and 15 years at the end. Linear-
regression models were used to examine the relationship between declining pol-
lution levels over time and lung-function development from 11 to 15 years of age,
measured as the increases in forced expiratory volume in 1 second (FEV)) and
forced vital capacity (FVC) during that period (referred to as 4-year growth in FEV,
and FVQC).

RESULTS

Over the 13 years spanned by the three cohorts, improvements in 4-year growth
of both FEV, and FVC were associated with declining levels of nitrogen dioxide
(P<0.001 for FEV, and FVC) and of particulate matter with an aerodynamic diameter
of less than 2.5 um (P= 0.008 for FEV, and P<0.001 for FVC) and less than 10 um
(P<0.001 for FEV, and FVC). These associations persisted after adjustment for sev-
eral potential confounders. Significant improvements in lung-function development
were observed in both boys and girls and in children with asthma and children
without asthma. The proportions of children with clinically low FEV, (defined as
<80% of the predicted value) at 15 years of age declined significantly, from 7.9% to
6.3% to 3.6% across the three periods, as the air quality improved (P=0.001).

CONCLUSIONS

We found that long-term improvements in air quality were associated with statisti-
cally and clinically significant positive effects on lung-function growth in children.
(Funded by the Health Effects Institute and others.)

From the Department of Preventive Med-
icine, University of Southern California,
Los Angeles (W.J.G., R.U., E.A, KB.,
R.M., E.R,, R.C., F.G.) and Sonoma Tech-
nologies, Petaluma (F.L.) — both in Cali-
fornia. Address reprint requests to Dr.
Gauderman at the Department of Pre-
ventive Medicine, University of Southern
California, 2001 Soto St., 202-K, Los An-
geles, CA 90032, or at jimg@usc.edu.
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Cleaner Air, Bigger Lungs

Douglas W. Dockery, Sc.D.,

In the latter half of the 20th century, Los Angeles
had, by many measures, higher levels of photo-
chemical air pollutants than any other major city
in the United States (Fig. 1). To address this
problem, the California Air Resources Board and
its partners became leaders in quantifying the
health effects of air pollutants and in aggres-
sively implementing pollution-control strategies.

Even with these actions, air-pollution levels
remained high. In 1993, “Health Advisories”
were issued on 92 days.! In that year, the pro-
spective Children’s Health Study was launched
to examine the effects of air pollution on lung
growth in children. Fourth-grade children were
recruited from 12 communities in southern Cali-
fornia with varying exposures to the pollutants
of concern (ozone, nitrogen dioxide, and partic-
ulate matter). Repeated lung-function measure-
ments were taken for these children for 8 years,
the period of life during which the greatest
growth of lung function occurs.

In this first cohort, children living in more
polluted communities had lower cumulative lung
growth during the follow-up period.? These re-
sults were important clinically because even
modest reductions in attained lung function at
maturity are predictive of respiratory disease,
coronary heart disease, and reduced life expec-
tancy.3

Of course, such an association does not prove
causality. However, the case for a causal relation-
ship can be strengthened by consistent evidence
from repeated studies. To that end, Gauderman
and his colleagues enrolled two additional co-
horts of children from the Children’s Health
Study and found consistent associations be-
tween community air pollution and lung-function

and James H. Ware, Ph.D.

growth in the children recruited in 1993,2 1997,
and 2003.°

The consistency of findings in the three sepa-
rate cohorts is compelling. Moreover, the inves-
tigators sought to minimize the potential for
confounding by controlling for known individual
and community predictors of lung-function
growth. Nevertheless, unmeasured or imperfectly
measured characteristics of these communities,
such as differences in ethnic background or
socioeconomic status, may have confounded
these analyses and produced a false positive
association.

Although lung-function growth and potential
confounders were measured for each child, air-
pollution exposures were based on community
means. Such studies have been described as
“semi-individual™ with respect to the exposure
variables. Thus, these analyses could also have
been influenced by differences in community
characteristics not captured in the individual
data. A community is more than the aggregate
of individual characteristics.”

In this issue of the Journal, Gauderman et al.?
examine the association between improvements
in air quality and changes in lung-function
growth from 11 to 15 years of age across these
three cohorts of children. They show that 4-year
growth in forced expiratory volume in 1 second
(FEV,) and forced vital capacity (FVC) improved
as levels of air pollution (nitrogen dioxide and
particulate matter with an aerodynamic diameter
of <2.5 um [PM, ] and <10 um [PM,]) declined
in five of these communities.

This study provides corroborating informa-
tion because the analyses are based on compari-
sons within communities and thus are not con-
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founded by differences between communities.
The potential confounders of these temporal
comparisons are characteristics of the commu-
nities that changed during the period of study.
Recall that, to be a confounder, a variable must
be associated with both air-pollution levels and
lung-function growth. The advantage of these
complementary approaches is that characteris-
tics of the communities are less likely to con-
found both spatial and temporal comparisons.

In the original Children’s Health Study co-
hort design, communities were selected to repre-
sent extremes of exposure to particulate matter,
nitrogen dioxide, and ozone air pollution. For
example, in 1994 mean concentrations of PM,
ranged from 31.5 ug per cubic meter (in Mira
Loma) to 6.7 ug per cubic meter (in Santa Maria),
and the nitrogen dioxide level ranged from 36.4
ppb (in Long Beach) to 2.7 ppb (in Lompoc).°
Between 1994 and 2010, the period analyzed by
Gauderman et al., changes in PM, ; and nitro-
gen dioxide levels within the five study commu-
nities approached the between-community dif-
ferences in 1994. For example, the mean PM,
level improved from 31.5 ug per cubic meter
(1994-1997) to 17.8 ug per cubic meter (2007—
2010) in Mira Loma, and the nitrogen dioxide
level improved from 34.4 ppb (1994-1997) to
20.3 ppb (2007-2010) in Long Beach. Temporal
changes in ozone, however, were modest.

These results suggest that the children born
after air-pollution levels had declined in these
communities had greater lung-function growth.
These investigators had previously shown, in a
relatively small number of children, that partici-
pants who moved out of the study area to cleaner
communities had improved lung-function growth,
whereas those who moved to more polluted
communities had reduced growth.1® This raises
the possibility that some of the loss of lung
function associated with exposure to air pollu-
tion is reversible.

In recent years, much of the research on the
effects of community air pollution has focused
on premature death and on clinical events such
as myocardial infarctions or hospital admissions.
Because these events occur primarily among
older adults, there has been less interest in in-
termediate physiological (subclinical) measures.
Nevertheless, there is growing awareness of the
effects of early life events on the risk of adult-

NEJM.ORG

Figure 1. Pollution in Los Angeles.
Los Angeles is shown in the late 1980s (Panel A) and in 2014 (Panel B).

onset chronic diseases. Reduced lung function is
a powerful predictor not only of chronic respira-
tory disease in adults but also of chronic cardio-
vascular disease. The reported net deficits in lung
function in children living in the more polluted
communities may provide a partial explanation
for the associations between air-pollution levels
and mortality rates observed both in southern
California** and nationally.*?

Some have argued that the substantial im-
provements in air quality over the past 40 years
are sufficient to protect public health and that
there is little evidence to support more stringent
standards. However, the current report and other
studies suggest that further improvement in air
quality may have beneficial public health effects.

Ted Spiegel/Corbis (Panel A), Ted Soqui/Corbis (Panel B)
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Four decades ago, most Americans were exposed
to much higher levels of air pollution than those
observed today. At that time, it was difficult to
find communities with little or no exposure,
which limited the ability of investigators to deter-
mine a “no-effect level.” With the improvements
in air quality, observational studies can now as-
sess the benefits of reductions in air-pollution
exposure into the range below those historical
levels. These new observational studies often
show that there are health benefits associated
with improvements in air quality even when the
pollution levels are within a range previously
thought to be safe.

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

From the Departments of Environmental Health (D.