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 ORIGINAL ARTICLE   

Cardiac Myosin Activation in Systolic 
Heart Failure
John R. Teerlink, M.D., and others  

abstract
Background
The selective cardiac myosin activator omecamtiv me-
carbil has been shown to improve cardiac function in 
patients with heart failure with a reduced ejection frac-
tion. Its effect on cardiovascular outcomes is unknown.

 METHODS
We randomly assigned 8256 patients (inpatients and out-
patients) with symptomatic chronic heart failure and an 
ejection fraction of 35% or less to receive omecamtiv me-
carbil (using pharmacokinetic-guided doses of 25 mg, 
37.5 mg, or 50 mg twice daily) or placebo, in addition to 
standard heart-failure therapy. The primary outcome was 
a composite of a first heart-failure event (hospitalization 
or urgent visit for heart failure) or death from cardiovas-
cular causes.

 RESULTS
During a median of 21.8 months, a primary-outcome 
event occurred in 1523 of 4120 patients (37.0%) in the 
omecamtiv mecarbil group and in 1607 of 4112 patients 
(39.1%) in the placebo group (hazard ratio, 0.92; 95% 
confidence interval [CI], 0.86 to 0.99; P = 0.03). A total of 

808 patients (19.6%) and 798 patients (19.4%), respec-
tively, died from cardiovascular causes (hazard ratio, 
1.01; 95% CI, 0.92 to 1.11). There was no significant dif-
ference between groups in the change from baseline on 
the Kansas City Cardiomyopathy Questionnaire total 
symptom score. At week 24, the change from baseline for 
the median N-terminal pro–B-type natriuretic peptide 
level was 10% lower in the omecamtiv mecarbil group 
than in the placebo group; the median cardiac troponin I 
level was 4 ng per liter higher. The frequency of cardiac 
ischemic and ventricular arrhythmia events was similar 
in the two groups.

 CONCLUSIONS
Among patients with heart failure and a reduced ejection, 
those who received omecamtiv mecarbil had a lower in-
cidence of a composite of a heart-failure event or death 
from cardiovascular causes than those who received 
placebo. (Funded by Amgen and others; GALACTIC-HF 
ClinicalTrials.gov number, NCT02929329; EudraCT 
number, 2016 -  002299 -  28.)

The defining characteristic of heart failure with a 
reduced ejection fraction is decreased systolic 
function leading to reduced cardiac output and in-
creased filling pressures. To date, no medications 
that directly enhance systolic function have im-
proved outcomes.1 Cardiac myosin activators are a 
new class of myotropes2 that improve myocardial 
function by directly augmenting cardiac sarco-
mere function. Omecamtiv mecarbil,3,4 the first of 
this class, augments cardiac contractility by selec-
tively binding to cardiac myosin,5 thus increasing 
the number of force generators (myosin heads) 
that can bind to the actin filament and initiate a 
power stroke at the start of systole. Short-term 
intravenous administration of omecamtiv mecar-
bil improved cardiac performance in early clinical 
studies.6-8

In patients with chronic heart failure with a 
reduced ejection fraction, the administration of 
omecamtiv mecarbil for 20 weeks increased the 
left ventricular systolic ejection time and stroke 
volume, decreased the left ventricular systolic and 
diastolic volumes (which suggested beneficial re-
verse cardiac remodeling), and reduced the plas-
ma natriuretic peptide levels and heart rate.9 On 
the basis of these findings, we designed and 
conducted the randomized, placebo-controlled, 
phase 3 Global Approach to Lowering Adverse 
Cardiac Outcomes through Improving Contrac-
tility in Heart Failure (GALACTIC-HF) trial to 

 assess whether treatment with omecamtiv mecar-
bil in patients with heart failure who had a re-
duced ejection fraction would lower the risk of 
heart-failure events and cardiovascular death.10,11

 M E T HODS

 Trial Design and Oversight
The executive committee designed and oversaw the 
conduct and analysis of the trial in collaboration 
with the sponsors, Amgen, Cytokinetics, and Ser-
vier.10 The trial was conducted and reported in ac-
cordance with the protocol and the statistical 
analysis plan, which are available in the same docu-
ment with the full text of this article at NEJM.org. 
The trial was approved by the regulatory agencies 
in the participating countries and by the institu-
tional review board or ethics committee at each 
trial center. An independent data monitoring com-
mittee evaluated patient safety.

The executive committee and sponsors partici-
pated in the trial design and in the selection of 
participating centers and interpretation of the data; 
Amgen was responsible for site monitoring and 
for the collection, storage, and initial analyses of 
the data, evaluations that were replicated by an 
independent academic statistician (Table S1 in the 
Supplementary Appendix, available at NEJM.org). 

continued on page 2
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 EDITORIAL 

Stimulation of 
Contractility in Systolic 
Heart Failure
Karl Swedberg, M.D., Ph.D.

The treatment of patients with heart failure and 
reduced myocardial contractility (i.e., systolic 
failure) has been and remains a challenge. In-
creasing contractility by stimulation with phar-
maceutical agents has consistently failed to im-
prove outcomes and has often resulted in increased 
mortality.1 In contrast, treatments with no effect 
or even a negative effect on contractility — such as 
angiotensin-converting–enzyme inhibitors and 
beta-adrenergic receptor blockers — have been 
shown to improve outcomes. The harmful effect 
of previously studied inotropic agents has been 
shown to be related to the mechanism of action 
of these drugs; stimulation of contractility 
through modulation of myocardial cyclic AMP re-
sults in increased mortality risk owing to provo-
cation of ventricular arrhythmias and accelera-
tion of worsening ventricular dysfunction, despite 
favorable hemodynamic effects.1

More recently, a new type of positive inotropic 
agent has been developed with a completely dif-
ferent mode of action. These agents, called car-
diac myosin activators, increase the coupling be-
tween myocardial actin and myosin without 
increasing myocardial oxygen consumption.2

This effect results in a prolonged systolic ejec-
tion time. Initial phase 1 and 2 studies of 
omecamtiv mecarbil, the first agent in this new 
class of drugs, showed positive inotropic effects 
and reductions in left ventricular systolic and 
diastolic volumes. However, given the experience 
of increased mortality with previous positive ino-
tropic agents, phase 3 trials were important to 
assess the clinical effects of this drug.

In this [January 14] issue of the Journal [N Eng 
J Med 2021;384], Teerlink et al. present the results 
of the Global Approach to Lowering Adverse Car-
diac Outcomes through Improving Contractility 
in Heart Failure ( GALACTIC-HF) trial,3,4 a large 
phase 3 study of omecamtiv mecarbil. Between 
January 2017 and July 2019, the investigators ran-
domly assigned 8256 symptomatic patients with 
systolic heart failure and an ejection fraction of 
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These guidelines touch upon infective 
endocarditis, treatment of aortic stenosis 
and of primary and secondary mitral 
regurgitation, and direct-acting oral 
anticoagulants, among other topics.

Sponsoring Organizations: American 
Heart Association and American College 
of Cardiology

Target Audience: Primary care providers 
and cardiologists (both general and sub-
specialists) who treat patients with  
valvular heart disease (VHD)

Target Population: Adults with VHD

Background and Objective
Since the 2014 publication of the last  
comprehensive guideline on VHD (NEJM 
JW Cardiol Jun 2014 and J Am Coll Cardiol 

2014; 63:2438), knowledge has rapidly pro-
gressed regarding the natural history of 
VHD; new medications have been ap-
proved, such as the direct-acting oral anti-
coagulants (DOACs); and transcatheter 
therapies have advanced. This progress  
has prompted this focused update.

Key Points
• The Class IIa (moderate recommenda-

tion) guideline that antibiotic prophy-
laxis before dental procedures is rea-
sonable for patients at increased risk 
for infective endocarditis has now been
extended to patients with transcatheter 
prosthetic valves.

• DOACs are now considered reasonable
alternatives (Class IIa) to vitamin K 
antagonists (VKAs) for patients
with VHD and atrial fibrillation
(CHA2DS2-VASc score, ≥2), although
VKAs are specifically preferred for
patients with mitral stenosis, who
were excluded from DOAC trials.

• Transcatheter aortic valve replacement 
(TAVR) has received a Class I (strong)
recommendation along with surgery 
for patients with severe and symptom-
atic aortic stenosis (AS) at high risk 
for surgery and a Class IIa recommen-
dation for those at intermediate risk. 
Treatment decisions depend on indi-
vidual patients’ risks, values, and 
preferences.

• For primary or degenerative severe 
mitral regurgitation (MR), surgery is 
now considered reasonable (Class IIa)
in asymptomatic patients even with 
ejection fraction >60% and left ven-
tricular end-systolic diameter <40 mm 
if adverse progression on serial imag-
ing studies is evident.

• In chronic secondary (functional)
MR, chordal-sparing mitral valve re-
placement is a reasonable alternative
to downsized annuloplasty repair
(Class IIa).

• The age limit for considering a me-
chanical prosthesis is lowered from 
60 to 50 (Class IIa), unless anticoagu-
lation is not desired, cannot be moni-
tored, or is contraindicated.

• New data on leaflet thrombus with 
surgical and TAVR prostheses have 
prompted new anticoagulation guide-
lines. VKA is reasonable for ≤6 months 
after surgical mitral and aortic valve re-
placement in patients at low bleeding 
risk (Class IIa) and ≥3 months after
TAVR (Class IIb; weak recommenda-
tion). Initial therapy with VKA is rea-
sonable (a new Class IIa guideline) in 
patients with suspected or confirmed 
bioprosthetic valve thrombosis who 
are hemodynamically stable.

GUIDELINE WATCH

SUMMARY & COMMENT
TAVR in Bicuspid vs. Tricuspid Aortic Stenosis..... 42

Should Non–Infarct-Related Coronary Arteries 
Also Be Revascularized After STEMI? .............. 43

Large-Bore Catheters, Large Bleeding Risks...... 43

Reduced Leaflet Motion with Bioprosthetic  
Aortic Valves: More Details ................................. 43

Dual Antithrombotic vs. Dual Antiplatelet  
Strategy After ACS ................................................. 44

Statin Use, and Possible Statin Intolerance,  
After Acute MI ........................................................ 44

Comparison of Two Guidelines on Statins  
for Primary CVD Prevention ...................................... 45

More Evidence That Excessive Blood Pressure 
Lowering Can Heighten Cardiovascular Risk ... 45

Nutrition Recommendations for a  
Healthier Heart: Getting Patients on Board ...... 45

Coffee, Tea, and the Heart ....................................... 46

Suboptimal Diet Is Associated with Excess 
Mortality from Cardiometabolic Diseases ........ 47

Mixed News on Mortality  
for Diabetes Patients ............................................. 47

Hemodynamic Support After Cardiac Surgery: 
Levosimendan Strikes Out Again ........................ 48

GUIDELINE WATCH
2017 Focused Update on Management 

of Valvular Heart Disease ..................................... 41

New Guidelines for the Evaluation of Adults  
and Children with Suspected Syncope ............. 46

CONTENTS

June   |  Vol. 23 No. 6

CARDIOLOGY

Clinical
Oncology 
Update

from NEJM Group

■ Endoscopic
Management of
Lynch Syndrome

■ The 2020
Gastrointestinal
Cancers
Symposium

■  Risks and Benefits
of Breast Cancer
Screening

■ Brachytherapy for
Intermediate-Risk
Prostate Cancer

http://www.nejmgroup.org
http://www.nejmgroup.org


2021 INTERNATIONAL MEDIA KIT | nejmadsales.org 2
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Reach your HCP audience through the publications of NEJM Group 
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what’s groundbreaking, and what’s most important to practicing 
physicians. Choose one of the most trusted, relevant, and impactful 
brands because context matters now more than ever before.

The New England Journal of Medicine keeps physicians at the 
leading edge of medical knowledge by publishing the world’s most 
influential, landmark research. In print and digital, NEJM brings 
physicians current and practical medical information — anytime 
and anywhere — making it the cornerstone of multichannel 
promotion for medical marketers.

The NEW NEJM Group Print Supplement “Update” Series 
features timely, clinically important, and topic-relevant content 
adjacent to key specialty conferences — in a short-form, visually 
dynamic format.

NEJM Journal Watch offers concise, easy-to-read summaries 
and expert commentary on important research from leading 
medical journals.

Results In is a quarterly collection of articles from the New England 
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Rheumatology. The contents are derived by analyzing the behavior 
of search and article usage data generated by our online audience.
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NEJM Print at a Glance
As the most widely read, cited, and influential general medical 
journal, the New England Journal of Medicine is committed to 
publishing reliable and leading-edge research for a worldwide 
multispecialty physician audience. Medical professionals rely 
on NEJM for its editorial independence, peer-reviewed content, 
and clinical relevance — and so can you!

NEJM has the highest impact factor of any general medical 
journal,* and physicians in 12 key specialties call it one of their 
top two essential journals.‡

NEJM AT A GLANCE
Founded 1812

Print Frequency WEEKLY

Editorial PEER REVIEWED

Impact Factor* 74.699

U.S. Print Circulation† 111,544

Canada Circulation† 3,542

Japan Circulation† 2,512

Europe Circulation† 7,155

International Circulation† 10,954

*2019 Journal Citation Reports, Web of Science Group, 2020. 
†BPA, 1/20  
‡The Matalia Group Essential Journal Study, 2019.

MULTIPLE EDITION DISCOUNTS 
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NEJM Print Issue and Closing Dates
Effective January 1, 2021

Issue Date Space Close Material Close Issue Date Space Close Material Close
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Special closing dates are in red.

The New England Journal of Medicine is published every Thursday by NEJM Group, a division of the Massachusetts 
Medical Society.

Full-page run-of-book ads close one month prior to publication date.  
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« Somatic Mutations in UBA1
and Severe Adult-Onset 
Autoinflammatory Disease.
See article on page 2.

EDITORIAL 

What Next after 
Biologic Therapy Fails 
in Rheumatoid Arthritis?
Guro L. Goll, M.D., Ph.D., and 
Tore K. Kvien, M.D., Ph.D.

Treatment of rheumatoid arthritis and other inflam-
matory joint diseases has been transformed by the 
use of biologic medicines. These targeted therapies 
are usually added to the treatment regimen when 
background conventional disease-modifying anti-
rheumatic drugs (DMARDs) are insufficient. With 
these newer drugs, remission is now an achievable 
goal, especially for patients with newly diagnosed 
rheumatoid arthritis. Furthermore, the availability 
of biosimilar tumor necrosis factor α (TNF-α)–
blocking agents has contributed to lower drug prices 
and improved access for patients. In addition to 
TNF-α inhibitors, current therapies for rheumatoid 
arthritis target B cells, interleukin-6, or T-cell co-
stimulation. Despite the large number of available 
therapeutic agents, a substantial proportion of pa-
tients with rheumatoid arthritis have an inadequate 
response to their first biologic DMARD. Therefore, 
new drugs with a novel mode of action are wel-
comed. Recently, small molecules that inhibit Janus 
kinase (JAK) intracellular signaling pathways have 
become available. First-generation JAK inhibitors 
target several JAK family members; upadacitinib is a 
second-generation JAK inhibitor that selectively 
blocks the signaling molecule JAK1.

Access to JAK inhibitors leads to the question: 
for patients who do have an inadequate response to 
an initial biologic DMARD, what comes next? The 
article by Rubbert-Roth et al. in this [October 15] 
issue of the Journal [N Eng J Med 2020;383] goes 
some way toward providing an answer.1

In the 24-week SELECT-CHOICE trial, 613 pa-
tients with rheumatoid arthritis who had had an 
inadequate response to at least one biologic DMARD 
were randomly assigned to receive oral upadacitinib 

ORIGINAL ARTICLE 

Trial of Upadacitinib or Abatacept 
in Rheumatoid Arthritis
Andrea Rubbert-Roth, M.D., and others

Upadacitinib is an oral, reversible Janus kinase 
(JAK) inhibitor with selectivity for JAK1 over JAK2, 
JAK3, and tyrosine kinase 21 that has been ap-
proved for the treatment of rheumatoid arthri-
tis.2-6 Studies have shown remission with the use 
of upadacitinib in approximately 30% of patients 
regardless of previous treatment, including those 
who had not previously received methotrexate or 
who had had treatment failure with conventional 
synthetic disease-modifying antirheumatic drugs 
(DMARDs) or biologic DMARDs.2-6 Abatacept, a 
drug approved for the treatment of rheumatoid ar-
thritis, modulates T-cell costimulation by binding 
to CD80 and CD86 receptors on antigen-presenting 
cells, thereby inhibiting T-cell proliferation and 
B-cell stimulation. The efficacy and safety of
abatacept have been shown in phase 3 trials in-
volving patients with active rheumatoid arthritis
and an inadequate response to methotrexate or
biologic DMARDs.7-12

Multiple head-to-head trials comparing a tumor 
necrosis factor (TNF) inhibitor with another bio-
logic DMARD have been conducted in patients with 
rheumatoid arthritis with an inadequate response 
to conventional synthetic DMARDs.10,12-15 The 
SELECT-CHOICE trial, a phase 3, double-blind trial 
involving patients with an inadequate response to 
biologic DMARDs, was designed to compare the 
efficacy and safety of a JAK inhibitor (upadacitinib) 

with those of a biologic DMARD (abatacept), each 
in combination with stable background conven-
tional synthetic DMARDs.

 M E T HODS

 Patients
We recruited patients 18 years of age or older with 
a diagnosis of rheumatoid arthritis for at least 
3 months who also met the 2010 American College 
of Rheumatology (ACR)–European League against 
Rheumatism classification criteria for rheumatoid 
arthritis.16 Patients had moderate-to-severe active 
disease (defined as a swollen-joint count [SJC] of ≥6 
out of 66 and a tender-joint count [TJC] of ≥6 out of 
68 in conjunction with a high-sensitivity C-reactive 
protein [hs-CRP] level of ≥3 mg per liter) despite 
treatment for at least 3 months with at least one 
biologic DMARD or had had unacceptable side ef-
fects from at least one biologic DMARD. In accor-
dance with the protocol, patients had to have been 
receiving conventional synthetic DMARDs for at 
least 3 months and taking a stable dose of up to two 
conventional synthetic DMARDs for at least 4 weeks 
before entry. Patients were excluded if they had pre-
vious exposure to a JAK inhibitor or abatacept or 
had a history of inflammatory joint disease other 
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abstract
 BACKGROUND
Upadacitinib is an oral selective Janus kinase inhibitor to 
treat rheumatoid arthritis. The efficacy and safety of upa-
dacitinib as compared with abatacept, a T-cell costimula-
tion modulator, in patients with rheumatoid arthritis 
refractory to biologic disease-modifying antirheumatic 
drugs (DMARDs) are unclear.

 METHODS
In this 24-week, phase 3, double-blind, controlled trial, we 
randomly assigned patients in a 1:1 ratio to receive oral 
upadacitinib (15 mg once daily) or intravenous abatacept, 
each in combination with stable synthetic DMARDs. The 
primary end point was the change from baseline in the 
composite Disease Activity Score for 28 joints based on 
the C-reactive protein level (DAS28-CRP; range, 0 to 9.4, 
with higher scores indicating more disease activity) at 
week 12, assessed for noninferiority. Key secondary end 
points at week 12 were the superiority of upadacitinib 
over abatacept in the change from baseline in the 
DAS28-CRP and the percentage of patients having clinical 
remission according to a DAS28-CRP of less than 2.6.

 RESULTS
A total of 303 patients received upadacitinib, 
and 309 patients received abatacept. From baseline 

DAS28-CRP values of 5.70 in the upadacitinib group 
and 5.88 in the abatacept group, the mean change at 
week 12 was −2.52 and −2.00, respectively (difference, 
−0.52 points; 95% confidence interval [CI], −0.69 to
−0.35; P<0.001 for noninferiority; P<0.001 for superiori-
ty). The percentage of patients having remission was
30.0% with upadacitinib and 13.3% with abatacept (dif-
ference, 16.8 percentage points; 95% CI, 10.4 to 23.2;
P<0.001 for superiority). During the treatment period,
one death, one nonfatal stroke, and two venous thrombo-
embolic events occurred in the upadacitinib group, and
more patients in the upadacitinib group than in the abata-
cept group had elevated hepatic aminotransferase levels.

 CONCLUSIONS
In patients with rheumatoid arthritis refractory to bio-
logic DMARDs, upadacitinib was superior to abatacept 
in the change from baseline in the DAS28-CRP and the 
achievement of remission at week 12 but was associat-
ed with more serious adverse events. Longer and larger 
trials are required in order to determine the effect and 
safety of upadacitinib in patients with rheumatoid arthri-
tis. (Funded by AbbVie; SELECT-CHOICE Clinicaltrials
.gov number, NCT03086343.)
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 SPECIAL REPORT 

Wildfires, Global 
Climate Change, 
and Human Health
Rongbin Xu, M.B., B.S., and others

The world has already observed many devastating 
effects of human-induced climate change.1 A vivid 
manifestation is the several large wildfires that have 
occurred recently — in some cases, fires of unprec-
edented scale and duration — including wildfires in 
Australia in 2019 to 2020, the Amazon rainforest 
in Brazil in 2019 and 2020, the western United States 
in 2018 and 2020, and British Columbia, Canada, in 
2017 and 2018. Since August of this year, record-
breaking wildfires have burned 2.7 million hectares 
(as of September 18, 2020) along the West Coast of 
the United States, killing more than 30 people and 
leaving tens of thousands homeless.2 Robust projec-
tions indicate that the risk of wildfires will continue 
to increase in most areas of the world as climate 
change worsens3-6 and that the fires will increase 
excess mortality and morbidity from burns, wildfire 
smoke, and mental health effects.7-9

Substantial greenhouse-gas emissions and forest 
loss from wildfires are likely to accelerate climate 
change further and possibly lead to a reinforcing 
feedback loop.3 This report summarizes the status 
of wildfires under climate change, current knowl-
edge and gaps about the health risks of wildfires, 
and challenges of developing and implementing 
strategies for reducing associated health risks.

 Climate Change and Wildfires

For a wildfire to start, three essential conditions 
(known as the fire triangle) are needed: fuel, oxygen, 
and an ignition source.10 Climate change can increase 
the chances that each of these will be present.

Climate change–related rainfall anomalies can 
intensify drought in tropical and subtropical ar-
eas.1 Rainfall is becoming more concentrated in 
winter, making other seasons, especially summer, 
hotter and drier.1,3,11 An increase in the evapora-
tion of moisture in soil during dry periods leads 
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Phase 2 Trial of the DPP-1 Inhibitor 
Brensocatib in Bronchiectasis
James D. Chalmers, M.B., Ch.B., Ph.D., and others

Non–cystic fibrosis bronchiectasis (referred to 
here as bronchiectasis) is a chronic inflammatory 
disease defined as permanent dilatation of the 
bronchi.1 Patients characteristically have a daily 
cough and sputum production, as well as frequent 
exacerbations. Exacerbations are independently as-
sociated with a poor quality of life, decreased lung 
function, and increased mortality.1-3

Inflammation in bronchiectasis is dominated 
by neutrophils that, when activated, release neu-
trophil serine proteases, including neutrophil 
elastase, which is believed to be central to the 
pathophysiology of bronchiectasis.4,5 It is thought 
that elevated levels of neutrophil elastase, pro-
teinase 3, and cathepsin G overwhelm natural in-
hibitors, such as alpha1-antitrypsin and secretory 
leukocyte protease inhibitor,6,7 which alters the 
microenvironment and increases the risk of 
infection.8,9

Neutrophil serine proteases are activated dur-
ing neutrophil maturation in the bone marrow 
by dipeptidyl peptidase 1 (DPP-1; also known as 
cathepsin C) by removing the N-terminal dipep-
tide; this allows active enzymes to be packaged 
into granules before the release of neutrophils 
into the circulation.10 Brensocatib (INS1007) is 
an oral, selective, competitive, and reversible in-
hibitor of DPP-1 that has been shown to inhibit 

neutrophil serine protease activity in the blood of 
healthy volunteers.10 To examine whether brenso-
catib reduces the incidence of exacerbations of 
bronchiectasis, we conducted a phase 2, random-
ized, placebo-controlled, dose-ranging trial 
(WILLOW).

 M E T HODS

 Trial Design and Patients
We conducted this double-blind, parallel-group 
trial at 116 sites across 14 countries (see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). Eligible patients 
were 18 to 85 years of age and had a clinical 
history consistent with bronchiectasis (cough, 
chronic sputum production, or recurrent respira-
tory infections), as confirmed on computed to-
mography of the chest. Patients had to have at 
least two documented exacerbations in the previ-
ous 12 months, a history of chronic sputum expec-
toration, sputum color at screening that was rat-
ed as being mucopurulent or purulent according 
to a validated color chart,11 and the ability to provide 
a sputum sample during screening.

Key exclusion criteria were bronchiectasis due 
to a clinical diagnosis of cystic fibrosis, 

abstract
 BACKGROUND
Patients with bronchiectasis have frequent exacerba-
tions that are thought to be related to neutrophilic 
inflammation. The activity and quantity of neutrophil 
serine proteases, including neutrophil elastase, are in-
creased in the sputum of patients with bronchiectasis 
at baseline and increase further during exacerbations. 
Brensocatib (INS1007) is an oral reversible inhibitor of 
dipeptidyl peptidase 1 (DPP-1), an enzyme responsible 
for the activation of neutrophil serine proteases.

 METHODS
In a phase 2, randomized, double-blind, placebo-
controlled trial, we randomly assigned, in a 1:1:1 ratio, 
patients with bronchiectasis who had had at least two 
exacerbations in the previous year to receive placebo, 
10 mg of brensocatib, or 25 mg of brensocatib once daily 
for 24 weeks. The time to the first exacerbation (primary 
end point), the rate of exacerbations (secondary end 
point), sputum neutrophil elastase activity, and safety 
were assessed.

 RESULTS
Of 256 patients, 87 were assigned to receive placebo, 82 
to receive 10 mg of brensocatib, and 87 to receive 25 mg 
of brensocatib. The 25th percentile of the time to the first 

exacerbation was 67 days in the placebo group, 134 days 
in the 10-mg brensocatib group, and 96 days in the 
25-mg brensocatib group. Brensocatib treatment pro-
longed the time to the first exacerbation as compared
with placebo (P = 0.03 for 10-mg brensocatib vs. placebo; 
P = 0.04 for 25-mg brensocatib vs. placebo). The adjusted 
hazard ratio for exacerbation in the comparison of bren-
socatib with placebo was 0.58 (95% confidence interval
[CI], 0.35 to 0.95) in the 10-mg group (P = 0.03) and 0.62
(95% CI, 0.38 to 0.99) in the 25-mg group (P = 0.046). The 
incidence-rate ratio was 0.64 (95% CI, 0.42 to 0.98) in the 
10-mg group, as compared with placebo (P = 0.04), and
0.75 (95% CI, 0.50 to 1.13) in the 25-mg group, as com-
pared with placebo (P = 0.17). With both brensocatib
doses, sputum neutrophil elastase activity was reduced
from baseline over the 24-week treatment period. The
incidence of dental and skin adverse events of special
interest was higher with the 10-mg and 25-mg brenso-
catib doses, respectively, than with placebo.

 CONCLUSIONS
In this 24-week trial, reduction of neutrophil serine pro-
tease activity with brensocatib in patients with bronchi-
ectasis was associated with improvements in bronchiec-
tasis clinical outcomes. (Funded by Insmed; WILLOW 
ClinicalTrials.gov number, NCT03218917.)
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EDITORIAL 

Adjuvant Osimertinib 
in EGFR-Mutated 
Non–Small-Cell 
Lung Cancer
David Planchard, M.D., Ph.D.

Epidermal growth factor receptor (EGFR) tyro-
sine kinase inhibitors (TKIs) have completely 
reinvented therapeutic care for patients with met-
astatic non–small-cell lung cancer (NSCLC) har-
boring an activating EGFR mutation (Ex19del
or L858R). The survival benefit with the third-
generation EGFR-TKI osimertinib as compared 
with the first-generation agents gefitinib and 
erlotinib1 has cemented its role in the current 
therapeutic landscape in patients with metastatic 
disease. However, no such advances have been 
seen over the past two decades for localized re-
sectable disease. After complete resection, a small 
but significant survival benefit (5% at 5 years, 
corresponding to an 11% reduction in the risk of 
death) has been seen with platinum-based adju-
vant chemotherapy for patients with stage II to 
IIIA disease.2 The addition of bevacizumab to ad-
juvant chemotherapy has not been shown to im-
prove overall survival.3

As adjuvant therapy, first-generation EGFR-TKIs 
are not associated with a survival benefit among 
patients with NSCLC who have EGFR wild-type 
or amplified tumors.4,5 However, two randomized 
trials showed a benefit with first-generation 
EGFR-TKIs in EGFR-mutated tumors. The EVAN tri-
al showed a longer disease-free survival at 2 years 
with adjuvant erlotinib than with chemotherapy 
among patients with EGFR mutation–positive 
stage IIIA tumors (81.4% vs. 44.6%; hazard ratio 
for disease recurrence or death, 0.27).6 In the 
ADJUVANT/CTONG1104 trial involving patients 
with stage II to IIIA (N1 and N2 tumors) EGFR
mutation–positive NSCLC, the median disease-free 
survival among patients in the intention-to-treat 

ORIGINAL ARTICLE 

Osimertinib in Resected EGFR-Mutated 
Non–Small-Cell Lung Cancer
Yi-Long Wu, M.D., and others

Approximately 30% of patients with non–small-cell 
lung cancer (NSCLC) present with resectable dis-
ease.1-3 Postoperative adjuvant cisplatin-based chemo-
therapy is recommended in patients with completely 
resected stage II to IIIA disease and — subject to 
postoperative evaluation to assess benefits and 
risks — in selected patients with stage IB disease. 
However, this therapy is associated with only a 16% 
decrease in the risk of disease recurrence or death; at 
5 years, it is associated with a 5% decrease in the risk 
of death.4,5 Over a median follow-up of approximately 
5 years, the percentage of patients who have disease 
recurrence or who die after surgery remains high 
(ranging from 45% among patients with stage IB dis-
ease to 76% among those with stage III disease), re-
gardless of the use of postoperative chemotherapy.5

Epidermal growth factor receptor (EGFR) muta-
tions such as exon 19 deletions (Ex19del) and 
exon 21 codon p.Leu858Arg (L858R) point mutations 
are common oncogenic driver mutations in NSCLC.6,7

EGFR tyrosine kinase inhibitors (EGFR-TKIs) are 
the recommended first-line treatment for EGFR
mutation–positive advanced NSCLC.8-13 The efficacy 
of EGFR-TKIs in patients with advanced disease led 
to investigation of their use as an adjuvant treat-
ment for resectable disease. Studies have shown 
that disease-free survival may be longer among pa-
tients with resected EGFR mutation–positive NSCLC 
who receive adjuvant first-generation EGFR-TKIs 
than among those who receive adjuvant chemother-
apy or placebo.14,15

Osimertinib, a third-generation oral EGFR-TKI, 
potently and selectively inhibits both EGFR-TKI sen-
sitizing and EGFR p.Thr790Met resistance mutations, 
with efficacy in NSCLC central nervous system 
(CNS) metastases.16-20 In the phase 3 FLAURA trial, 
osimertinib was superior to gefitinib or erlotinib 
with respect to progression-free and overall surviv-
al. These findings provided support for osimertinib 
as the standard-of-care therapy for previously un-
treated EGFR mutation–positive (Ex19del or L858R) 
advanced NSCLC.18,21 Furthermore, the incidence of 
adverse events of grade 3 or higher among patients 
who received osimertinib was similar to that among 
patients who received gefitinib or erlotinib, despite 
longer treatment exposure.18,21 The efficacy and 
safety profile of osimertinib in patients with EGFR
mutation–positive NSCLC advanced disease provide 
support for investigation of this agent as adjuvant 
treatment for resected disease.

The phase 3, randomized ADAURA trial as-
sessed the efficacy and safety of osimertinib as 
compared with placebo in patients with completely 
resected stage IB to IIIA (as classified according to 
the seventh edition of the Cancer Staging Manual of 
the American Joint Committee on Cancer [AJCC]),22

EGFR mutation–positive (Ex19del or L858R) NSCLC, 
after adjuvant chemotherapy, according to physician 
and patient choice. After a planned review by 
the independent data monitoring committee in 
April 2020, the committee recommended that the 
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abstract
 BACKGROUND
Osimertinib is standard-of-care therapy for previously 
untreated epidermal growth factor receptor (EGFR) 
mutation–positive advanced non–small-cell lung cancer 
(NSCLC). The efficacy and safety of osimertinib as adju-
vant therapy are unknown.

 METHODS
In this double-blind, phase 3 trial, we randomly assigned 
patients with completely resected EGFR mutation–
positive NSCLC in a 1:1 ratio to receive either osimertinib 
(80 mg once daily) or placebo for 3 years. The primary 
end point was disease-free survival among patients with 
stage II to IIIA disease (according to investigator assess-
ment). The secondary end points included disease-free 
survival in the overall population of patients with stage IB 
to IIIA disease, overall survival, and safety.

 RESULTS
A total of 682 patients underwent randomization (339 to 
the osimertinib group and 343 to the placebo group). At 
24 months, 90% of the patients with stage II to IIIA dis-
ease in the osimertinib group (95% confidence interval 

[CI], 84 to 93) and 44% of those in the placebo group 
(95% CI, 37 to 51) were alive and disease-free (overall haz-
ard ratio for disease recurrence or death, 0.17; 99.06% CI, 
0.11 to 0.26; P<0.001). In the overall population, 89% of 
the patients in the osimertinib group (95% CI, 85 to 92) 
and 52% of those in the placebo group (95% CI, 46 to 58) 
were alive and disease-free at 24 months (overall hazard 
ratio for disease recurrence or death, 0.20; 99.12% CI, 0.14 
to 0.30; P<0.001). At 24 months, 98% of the patients in 
the osimertinib group (95% CI, 95 to 99) and 85% of 
those in the placebo group (95% CI, 80 to 89) were alive 
and did not have central nervous system disease (overall 
hazard ratio for disease recurrence or death, 0.18; 95% CI, 
0.10 to 0.33). Overall survival data were immature; 29 pa-
tients died (9 in the osimertinib group and 20 in the pla-
cebo group). No new safety concerns were noted.

 CONCLUSIONS
In patients with stage IB to IIIA EGFR mutation–
positive NSCLC, disease-free survival was significantly lon-
ger among those who received osimertinib than among 
those who received placebo. (Funded by AstraZeneca; 
ADAURA ClinicalTrials.gov number, NCT02511106.)
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EDITORIAL  

More Evidence for 
SGLT2 Inhibitors in 
Heart Failure
John A. Jarcho, M.D.

In 2015, the [November 26] issue of the Journal
[N Eng J Med 2015;373] published the results of 
EMPA-REG OUTCOME, a cardiovascular outcomes 
trial of the sodium–glucose contransporter 2 
(SGLT2) inhibitor empaglif lozin in patients with 
type 2 diabetes at high cardiovascular risk.1

Among the patients who received empaglif lozin, 
the investigators found a significant reduction in   
major adverse cardiovascular events (cardiovascu-
lar death, myocardial infarction, or stroke), as well 
as in death from cardiovascular causes, death 
from any cause, progression of renal disease, and 
hospitalization for heart failure.

Subsequent cardiovascular outcomes trials of 
other SGLT2 inhibitors have varied in the extent 
to which they have confirmed the various bene-
fits seen in EMPA-REG OUTCOME.2,3 However, 
the benefit with respect to hospitalization for 
heart failure has been consistent across all the 
drugs in the class.4 This observation led to the 
question of whether the benefit of SGLT2 inhibi-
tors in heart failure might be independent of the 
presence of diabetes.

This question was answered in the affirma-
tive in 2019 with the publication of the DAPA-HF 
trial.5 In DAPA-HF, 4744 patients with heart fail-
ure and a reduced ejection fraction were ran-
domly assigned to receive either dapaglif lozin 
or placebo in addition to standard heart-failure 
therapy. Of the enrolled patients, 41.8% had dia-
betes mellitus. At a median of 18 months, the 
primary outcome of cardiovascular death or 
worsening heart failure was significantly lower 
in the dapaglif lozin group than in the placebo 
group (16.3% vs. 21.2%; hazard ratio, 0.74; 95% 
confidence interval [CI], 0.65 to 0.85; P<0.001). A 
subgroup analysis indicated that the benefit seen 
was independent of the presence or absence of 
diabetes. DAPA-HF thus provided a rationale for 

ORIGINAL ARTICLE  

Cardiovascular and Renal Outcomes 
with Empagliflozin
Milton Packer, M.D., and others

abstract
Background
Sodium–glucose cotransporter 2 (SGLT2) inhibitors re-
duce the risk of hospitalization for heart failure in pa-
tients regardless of the presence or absence of diabetes. 
More evidence is needed regarding the effects of these 
drugs in patients across the broad spectrum of heart fail-
ure, including those with a markedly reduced ejection 
fraction.

 METHODS
In this double-blind trial, we randomly assigned 3730 pa-
tients with class II, III, or IV heart failure and an ejection 
fraction of 40% or less to receive empagliflozin (10 mg 
once daily) or placebo, in addition to recommended ther-
apy. The primary outcome was a composite of cardiovas-
cular death or hospitalization for worsening heart failure.

 RESULTS
During a median of 16 months, a primary outcome event 
occurred in 361 of 1863 patients (19.4%) in the empa-
gliflozin group and in 462 of 1867 patients (24.7%) in the 
placebo group (hazard ratio for cardiovascular death or 
hospitalization for heart failure, 0.75; 95% confidence 

 interval [CI], 0.65 to 0.86; P<0.001). The effect of empa-
gliflozin on the primary outcome was consistent in pa-
tients regardless of the presence or absence of diabetes. 
The total number of hospitalizations for heart failure was 
lower in the empagliflozin group than in the placebo 
group (hazard ratio, 0.70; 95% CI, 0.58 to 0.85; P<0.001). 
The annual rate of decline in the estimated glomerular 
filtration rate was slower in the empagliflozin group than 
in the placebo group (–0.55 vs. –2.28 ml per minute per 
1.73 m2 of body-surface area per year, P<0.001), and em-
pagliflozin-treated patients had a lower risk of serious 
renal outcomes. Uncomplicated genital tract infection 
was reported more frequently with empagliflozin.

 CONCLUSIONS
Among patients receiving recommended therapy for 
heart failure, those in the empagliflozin group had a low-
er risk of cardiovascular death or hospitalization for heart 
failure than those in the placebo group, regardless of the 
presence or absence of diabetes. (Funded by Boehringer 
Ingelheim and Eli Lilly; EMPEROR-Reduced ClinicalTrials
.gov number, NCT03057977.)

In patients with type 2 diabetes, sodium–glucose 
cotransporter 2 (SGLT2) inhibitors reduce the risk 
of hospitalization for heart failure and the risk of 
serious adverse renal events, benefits that are not 
seen with other antihyperglycemic drugs. In large-
scale, randomized, placebo-controlled trials, the 
risk of hospitalization for heart failure was 30 to 
35% lower among patients who received SGLT2 in-
hibitors than among those who received placebo1; 
this benefit was most striking in patients who had 
a left ventricular ejection fraction of 30% or less 
before treatment.2 In addition, the risk of progres-
sion of renal disease (including the occurrence of 
renal death or the need for dialysis or renal trans-
plantation) was 35 to 50% lower among patients 
who received SGLT2 inhibitors than among those 
who received placebo.1 These cardiorenal benefits 
cannot be explained by an action of SGLT2 inhibi-
tors to lower blood glucose, since similar effects 
have not been seen with other antidiabetic drugs 
that have greater antihyperglycemic actions.3

These observations are consistent with the hy-
pothesis that SGLT2 inhibitors may slow the pro-
gression of cardiac and renal disease, regardless 
of cause and independent of the presence or ab-
sence of diabetes.3 The Dapaglif lozin and Pre-
vention of Adverse Outcomes in Heart Failure 
(DAPA-HF) trial showed a reduction in the risk of 
cardiovascular death or hospitalization for heart 
failure with dapaglif lozin in patients regardless 
of the presence or absence of diabetes4; this trial 

primarily enrolled patients with mild-to-moderate 
degrees of left ventricular systolic dysfunction 
and increases in natriuretic peptide levels. In the 
Empaglif lozin Outcome Trial in Patients with 
Chronic Heart Failure and a Reduced Ejection 
Fraction (EMPEROR-Reduced), we evaluated em-
paglif lozin in a population of patients with 
chronic heart failure and a reduced ejection frac-
tion (with or without diabetes) that was enriched 
for patients with a greater severity of left ven-
tricular systolic dysfunction.

 Methods

 Trial Design and Oversight
Details regarding the design of this randomized, 
double-blind, parallel-group, placebo-controlled, 
event-driven trial have been reported previously.5

The trial was performed at 520 centers in 20 coun-
tries. The protocol and the statistical analysis 
plan are available (as a single PDF file) with the 
full text of this article at NEJM.org. The ethics 
committee at each trial center approved the trial, 
and all the patients provided written informed 
consent. The sponsors were Boehringer Ingelheim 
and Eli Lilly.

The executive committee developed and amend-
ed the protocol and had scientific oversight on the 
development of the statistical analysis plan, the 
case report forms, the recruitment of patients, 
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EDITORIAL  

Bariatric Surgery and 
Restoration of Insulin 
Sensitivity — It’s 
Weight Loss
Clifford J. Rosen, M.D., and 
Julie R. Ingelfinger, M.D.

Adiposity-based chronic disease is probably the 
greatest noninfectious epidemic of the 21st cen-
tury. In the United States alone, more than 1 in 
3 adults are obese.1 More than 40 chronic diseases, 
including type 2 diabetes mellitus, cancer, and 
atherosclerosis, are associated with obesity. Yet de-
spite the widespread prevalence of obesity, effec-
tive and durable treatment is lacking, particularly 
since lifestyle modifications often fail and medica-
tions comprise a very small percentage of overall 
interventions. Bariatric surgery has become an 
established and effective treatment for obesity in 
patients with or without type 2 diabetes. The In-
ternational Federation for the Surgery of Obesity 
and Metabolic Disorders recorded nearly 400,000 
surgical weight-loss procedures worldwide in 
2018.2,3 Although endoscopic vertical sleeve gas-
trectomy has recently replaced Roux-en-Y gastric 
bypass as the preferred bariatric surgical proce-
dure, most studies of the long-term effects of gas-
tric bypass focus on the latter. A recent study 
showed complete remission of diabetes after 
Roux-en-Y gastric bypass in 50 to 80% of cases, 
most often among younger patients and those with 
shorter duration of diabetes and less insulin use.4

In adults with type 2 diabetes, overall mortality 
and the incidence of major adverse cardiovascular 
events were lower among those who underwent 
bariatric surgery than among those who did not.4

Moreover, long-term durability of weight loss and 
remission from hyperglycemia, hypertension, and 
dyslipidemia have been reported after Roux-en-Y 
gastric bypass.5

The mechanisms driving enhanced insulin sen-
sitivity and remission from type 2 diabetes after 
bypass surgery are incompletely delineated. Ear-
lier studies, primarily after jejunoileal bypass, 
led to the conclusion that euglycemia was simply 

 ORIGINAL ARTICLE   

Effects of Diet versus Gastric Bypass 
in Diabetes
Mihoko Yoshino, M.D., Ph.D., and others  

abstract
 BACKGROUND
Some studies have suggested that in people with type 2 
diabetes, Roux-en-Y gastric bypass has therapeutic ef-
fects on metabolic function that are independent of 
weight loss.

 METHODS
We evaluated metabolic regulators of glucose homeosta-
sis before and after matched (approximately 18%) weight 
loss induced by gastric bypass (surgery group) or diet 
alone (diet group) in 22 patients with obesity and diabe-
tes. The primary outcome was the change in hepatic in-
sulin sensitivity, assessed by infusion of insulin at low 
rates (stages 1 and 2 of a 3-stage hyperinsulinemic eug-
lycemic pancreatic clamp). Secondary outcomes were 
changes in muscle insulin sensitivity, beta-cell function, 
and 24-hour plasma glucose and insulin profiles.

 RESULTS
Weight loss was associated with increases in mean 
 suppression of glucose production from baseline, by 
7.04 µmol per kilogram of fat-free mass per minute 
(95% confidence interval [CI], 4.74 to 9.33) in the diet 
group and by 7.02 µmol per kilogram of fat-free mass per 
minute (95% CI, 3.21 to 10.84) in the surgery group dur-
ing clamp stage 1, and by 5.39 (95% CI, 2.44 to 8.34) 
and 5.37 (95% CI, 2.41 to 8.33) µmol per kilogram of 

fat-free mass per minute in the two groups, respective-
ly, during clamp stage 2; there were no significant differ-
ences  between the groups. Weight loss was associated 
with increased insulin-stimulated glucose disposal, 
from 30.5±15.9 to 61.6±13.0 µmol per kilogram of fat-
free mass per minute in the diet group and from 
29.4±12.6 to 54.5±10.4 µmol per kilogram of fat-free 
mass per minute in the surgery group; there was no sig-
nificant difference between the groups. Weight loss in-
creased beta-cell function (insulin secretion relative to 
insulin sensitivity) by 1.83 units (95% CI, 1.22 to 2.44) in 
the diet group and by 1.11 units (95% CI, 0.08 to 2.15) 
in the surgery group, with no significant difference be-
tween the groups, and it decreased the areas under the 
curve for 24-hour plasma glucose and insulin levels in 
both groups, with no significant difference between the 
groups. No major complications occurred in either 
group.

 CONCLUSIONS
In this study involving patients with obesity and type 2 
diabetes, the metabolic benefits of gastric bypass sur-
gery and diet were similar and were apparently related to 
weight loss itself, with no evident clinically important 
 effects independent of weight loss. (Funded by the Na-
tional Institutes of Health and others; ClinicalTrials.gov 
number, NCT02207777.)

Randomized clinical trials have shown that bar-
iatric surgery is more effective than medical ther-
apy for treatment of type 2 diabetes.1-6 Moreover, 
several studies suggest that surgical procedures 
that involve bypass of the upper gastrointestinal 
tract, such as Roux-en-Y gastric bypass, have 
unique therapeutic effects on glycemic control, 
as evidenced by the higher incidence of diabetes 
remission after gastric bypass than after proce-
dures that maintain intestinal continuity.7-9

 However, the results from such studies are con-
founded by differences in weight loss among pa-
tients who undergo the procedures. The effects of 
gastric bypass, independent of weight loss, on the 
major factors involved in the pathogenesis of type 
2 diabetes, namely multiorgan insulin resistance, 
alterations in the metabolic response to meal 
 ingestion, and inadequate beta-cell function, are 
unclear because of conflicting results among 
studies10,11 and because data on several of these 
factors are limited.

The present study was designed to determine 
whether gastric bypass confers therapeutic meta-
bolic effects independent of weight loss in people 
with obesity and type 2 diabetes. We compared 
the effects of marked weight loss induced by 
Roux-en-Y gastric bypass with the effects of the 

same weight loss induced by a low-calorie diet 
alone on hepatic insulin sensitivity (primary out-
come) and muscle and adipose tissue insulin sen-
sitivity; beta-cell function; the metabolic response 
to mixed-meal ingestion; 24-hour plasma glucose, 
free fatty acid, and insulin profiles; and body 
composition. We also evaluated several factors 
purported to be associated with benefits of gastric 
bypass independent of weight loss: alterations in 
plasma branched-chain amino acids, plasma bile 
acids, and the gut microbiome.12-15

 M E T HODS

 Study Design and Oversight
This matched prospective cohort study was con-
ducted from November 2014 through October 
2018. A comprehensive assessment of metabolic 
function was conducted before and after marked 
(16 to 24%) weight loss induced by Roux-en-Y 
gastric bypass (surgery group) or low-calorie diet 
therapy (diet group) in persons with obesity and 
type 2 diabetes. Participants provided written in-
formed consent before participating in this study, 
which was approved by the Washington Univer-
sity institutional review board. The last author 
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EDITORIAL

Antibiotics for 
Appendicitis — 
Proceed with Caution
Danny Jacobs, M.D., M.P.H.

More than 30 years ago, while I was in training, 
the best diagnostician I have ever met said — 
much to my surprise — that some patients who 
had uncomplicated appendicitis could be success-
fully treated nonoperatively. He had drawn that 
conclusion from his practical experiences in the 
medical corps, well before the advent of modern 
diagnostic imaging and other technologies. His 
opinion clearly ran counter to standard teaching 
at that time in the United States. However, since 
then, the question of the relative efficacy of anti-
biotic therapy for the treatment of appendicitis 
has remained highly controversial. On the basis 
of findings from randomized trials that had rela-
tively limited inclusion criteria and excluded pa-
tients with an appendicolith, some experts have 
opined that the choice between medical and sur-
gical management should reflect a relative deter-
mination of value and preference and involve 
shared decision making.1,2

In a report now published this [November 12] 
issue of the Journal [N Eng J Med 2020;383; ap-
peared Online First October 5], Flum and col-
leagues3 make an important contribution to the 
existing literature. They report short-term results 
of a nonblinded, noninferiority, randomized trial 
comparing antibiotic therapy (which was not rig-
idly standardized) with appendectomy (with 
most procedures performed laparoscopically) in 
1552 adults who were treated at academic health 
centers across the United States. The trial includ-
ed patients with an appendicolith, as well as pa-
tients with more severe  disease than those in-
cluded in other trials. Given the concern that the 
rate of adverse outcomes could be higher among 
patients with an appendicolith, the trial protocol 
included a plan to analyze their outcomes sepa-
rately. The primary outcome was health status as 
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ORIGINAL ARTICLE  

Antibiotics vs. Appendectomy 
for Appendicitis
The CODA Collaborative  

Appendectomy has long been the standard treat-
ment for appendicitis, even though successful use 
of antibiotic therapy as an alternative was reported 
more than 60 years ago.1 Although there have been 
several randomized trials of antibiotics for ap-
pendicitis in adults,2-7 exclusion of important sub-
groups (in particular, patients with an appendi-
colith, who may be at an increased risk for 
complications), small sample sizes, and questions 
about applicability to the general population have 
limited the use of this treatment.8 As recently as 
2014, more than 95% of U.S. patients with ap-
pendicitis underwent appendectomy.9 However, 
with the pandemic of coronavirus disease 2019 
( Covid-19), health systems and professional soci-
eties such as the American College of Surgeons10

have suggested reconsideration of many aspects of 
care delivery, including the role of antibiotics in 
the treatment of appendicitis.

We conducted the Comparison of Outcomes of 
Antibiotic Drugs and Appendectomy (CODA) trial 
to compare antibiotic therapy with appendectomy 
in adults with appendicitis, including those with 
an appendicolith. The trial design was based on 
recognition that not all patients prioritize the 
multiple outcomes related to appendicitis care in 
the same way. An overall measure of health status 

was used for the primary outcome, and analyses 
of several secondary clinical and patient-reported 
outcomes, complications, and time spent in health 
care settings were performed. We had initially 
planned to report the results after all the partici-
pants had at least 1 year of follow-up, but given the 
Covid-19–related interest in the management of 
appendicitis, we describe results based on the first 
90 days after randomization.

 M E T HODS

 Trial Design and Oversight
The CODA trial was funded by the Patient-Centered 
Outcomes Research Institute. The trial design has 
been described previously,11 and the protocol, in-
cluding the statistical analysis plan, is available 
with the full text of this article at NEJM.org. The 
trial was designed with the engagement of patient 
stakeholders12,13 to identify outcomes that they con-
sidered to be most important.14 Institutional re-
view boards at 25 clinical sites participating in 
the University of Washington–based Comparative 
Effectiveness Research Translation Network15 ap-
proved the protocol, and the participants provided 
written informed consent. The  authors vouch for 

abstract
Background
Antibiotic therapy has been proposed as an alternative 
to surgery for the treatment of appendicitis.

 METHODS
We conducted a pragmatic, nonblinded, noninferiority, 
randomized trial comparing antibiotic therapy (10-day 
course) with appendectomy in patients with appendici-
tis at 25 U.S. centers. The primary outcome was 30-day 
health status, as assessed with the European Quality 
of Life–5 Dimensions (EQ-5D) questionnaire (scores 
range from 0 to 1, with higher scores indicating better 
health status; noninferiority margin, 0.05 points). Sec-
ondary outcomes included appendectomy in the antibi-
otics group and complications through 90 days; analy-
ses were prespecified in subgroups defined according 
to the presence or absence of an appendicolith.

 RESULTS
In total, 1552 adults (414 with an appendicolith) under-
went randomization; 776 were assigned to receive antibi-
otics (47% of whom were not hospitalized for the index 
treatment) and 776 to undergo appendectomy (96% of 
whom underwent a laparoscopic procedure). Antibiotics 
were noninferior to appendectomy on the basis of 30-day 
EQ-5D scores (mean difference, 0.01 points; 95% confi-
dence interval [CI], −0.001 to 0.03). In the antibiotics 

group, 29% had undergone appendectomy by 90 days, 
including 41% of those with an appendicolith and 25% 
of those without an appendicolith. Complications were 
more common in the antibiotics group than in the ap-
pendectomy group (8.1 vs. 3.5 per 100 participants; 
rate ratio, 2.28; 95% CI, 1.30 to 3.98); the higher rate in 
the antibiotics group could be attributed to those with 
an appendicolith (20.2 vs. 3.6 per 100 participants; rate 
ratio, 5.69; 95% CI, 2.11 to 15.38) and not to those with-
out an appendicolith (3.7 vs. 3.5 per 100 participants; 
rate ratio, 1.05; 95% CI, 0.45 to 2.43). The rate of serious 
adverse events was 4.0 per 100 participants in the anti-
biotics group and 3.0 per 100 participants in the appen-
dectomy group (rate ratio, 1.29; 95% CI, 0.67 to 2.50).

 CONCLUSIONS
For the treatment of appendicitis, antibiotics were non-
inferior to appendectomy on the basis of results of 
a standard health-status measure. In the antibiotics 
group, nearly 3 in 10 participants had undergone ap-
pendectomy by 90 days. Participants with an appendico-
lith were at a higher risk for appendectomy and for com-
plications than those without an appendicolith. (Funded 
by the Patient-Centered Outcomes Research Institute; 
CODA ClinicalTrials.gov number, NCT02800785.)
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 ORIGINAL ARTICLE   

Cardiac Myosin Activation in Systolic 
Heart Failure
John R. Teerlink, M.D., and others  

abstract
Background
The selective cardiac myosin activator omecamtiv me-
carbil has been shown to improve cardiac function in 
patients with heart failure with a reduced ejection frac-
tion. Its effect on cardiovascular outcomes is unknown.

 METHODS
We randomly assigned 8256 patients (inpatients and out-
patients) with symptomatic chronic heart failure and an 
ejection fraction of 35% or less to receive omecamtiv me-
carbil (using pharmacokinetic-guided doses of 25 mg, 
37.5 mg, or 50 mg twice daily) or placebo, in addition to 
standard heart-failure therapy. The primary outcome was 
a composite of a first heart-failure event (hospitalization 
or urgent visit for heart failure) or death from cardiovas-
cular causes.

 RESULTS
During a median of 21.8 months, a primary-outcome 
event occurred in 1523 of 4120 patients (37.0%) in the 
omecamtiv mecarbil group and in 1607 of 4112 patients 
(39.1%) in the placebo group (hazard ratio, 0.92; 95% 
confidence interval [CI], 0.86 to 0.99; P = 0.03). A total of 

808 patients (19.6%) and 798 patients (19.4%), respec-
tively, died from cardiovascular causes (hazard ratio, 
1.01; 95% CI, 0.92 to 1.11). There was no significant dif-
ference between groups in the change from baseline on 
the Kansas City Cardiomyopathy Questionnaire total 
symptom score. At week 24, the change from baseline for 
the median N-terminal pro–B-type natriuretic peptide 
level was 10% lower in the omecamtiv mecarbil group 
than in the placebo group; the median cardiac troponin I 
level was 4 ng per liter higher. The frequency of cardiac 
ischemic and ventricular arrhythmia events was similar 
in the two groups.

 CONCLUSIONS
Among patients with heart failure and a reduced ejection, 
those who received omecamtiv mecarbil had a lower in-
cidence of a composite of a heart-failure event or death 
from cardiovascular causes than those who received 
placebo. (Funded by Amgen and others; GALACTIC-HF 
ClinicalTrials.gov number, NCT02929329; EudraCT 
number, 2016 -  002299 -  28.)

The defining characteristic of heart failure with a 
reduced ejection fraction is decreased systolic 
function leading to reduced cardiac output and in-
creased filling pressures. To date, no medications 
that directly enhance systolic function have im-
proved outcomes.1 Cardiac myosin activators are a 
new class of myotropes2 that improve myocardial 
function by directly augmenting cardiac sarco-
mere function. Omecamtiv mecarbil,3,4 the first of 
this class, augments cardiac contractility by selec-
tively binding to cardiac myosin,5 thus increasing 
the number of force generators (myosin heads) 
that can bind to the actin filament and initiate a 
power stroke at the start of systole. Short-term 
intravenous administration of omecamtiv mecar-
bil improved cardiac performance in early clinical 
studies.6-8

In patients with chronic heart failure with a 
reduced ejection fraction, the administration of 
omecamtiv mecarbil for 20 weeks increased the 
left ventricular systolic ejection time and stroke 
volume, decreased the left ventricular systolic and 
diastolic volumes (which suggested beneficial re-
verse cardiac remodeling), and reduced the plas-
ma natriuretic peptide levels and heart rate.9 On 
the basis of these findings, we designed and 
conducted the randomized, placebo-controlled, 
phase 3 Global Approach to Lowering Adverse 
Cardiac Outcomes through Improving Contrac-
tility in Heart Failure (GALACTIC-HF) trial to 

 assess whether treatment with omecamtiv mecar-
bil in patients with heart failure who had a re-
duced ejection fraction would lower the risk of 
heart-failure events and cardiovascular death.10,11

 M E T HODS

 Trial Design and Oversight
The executive committee designed and oversaw the 
conduct and analysis of the trial in collaboration 
with the sponsors, Amgen, Cytokinetics, and Ser-
vier.10 The trial was conducted and reported in ac-
cordance with the protocol and the statistical 
analysis plan, which are available in the same docu-
ment with the full text of this article at NEJM.org. 
The trial was approved by the regulatory agencies 
in the participating countries and by the institu-
tional review board or ethics committee at each 
trial center. An independent data monitoring com-
mittee evaluated patient safety.

The executive committee and sponsors partici-
pated in the trial design and in the selection of 
participating centers and interpretation of the data; 
Amgen was responsible for site monitoring and 
for the collection, storage, and initial analyses of 
the data, evaluations that were replicated by an 
independent academic statistician (Table S1 in the 
Supplementary Appendix, available at NEJM.org). 
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 EDITORIAL 

Stimulation of 
Contractility in Systolic 
Heart Failure
Karl Swedberg, M.D., Ph.D.

The treatment of patients with heart failure and 
reduced myocardial contractility (i.e., systolic 
failure) has been and remains a challenge. In-
creasing contractility by stimulation with phar-
maceutical agents has consistently failed to im-
prove outcomes and has often resulted in increased 
mortality.1 In contrast, treatments with no effect 
or even a negative effect on contractility — such as 
angiotensin-converting–enzyme inhibitors and 
beta-adrenergic receptor blockers — have been 
shown to improve outcomes. The harmful effect 
of previously studied inotropic agents has been 
shown to be related to the mechanism of action 
of these drugs; stimulation of contractility 
through modulation of myocardial cyclic AMP re-
sults in increased mortality risk owing to provo-
cation of ventricular arrhythmias and accelera-
tion of worsening ventricular dysfunction, despite 
favorable hemodynamic effects.1

More recently, a new type of positive inotropic 
agent has been developed with a completely dif-
ferent mode of action. These agents, called car-
diac myosin activators, increase the coupling be-
tween myocardial actin and myosin without 
increasing myocardial oxygen consumption.2

This effect results in a prolonged systolic ejec-
tion time. Initial phase 1 and 2 studies of 
omecamtiv mecarbil, the first agent in this new 
class of drugs, showed positive inotropic effects 
and reductions in left ventricular systolic and 
diastolic volumes. However, given the experience 
of increased mortality with previous positive ino-
tropic agents, phase 3 trials were important to 
assess the clinical effects of this drug.

In this [January 14] issue of the Journal [N Eng 
J Med 2021;384], Teerlink et al. present the results 
of the Global Approach to Lowering Adverse Car-
diac Outcomes through Improving Contractility 
in Heart Failure ( GALACTIC-HF) trial,3,4 a large 
phase 3 study of omecamtiv mecarbil. Between 
January 2017 and July 2019, the investigators ran-
domly assigned 8256 symptomatic patients with 
systolic heart failure and an ejection fraction of 
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at any time, provided that no such change 
applies to ads whose closing date precedes the 
announcement of the change.

11. Publisher will not be bound by any condition, 
printed or otherwise, appearing on any insertion 
order or copy instructions when such conditions 
conflict with the conditions set forth in this 
rate card.

12. In the event of nonpayment, Publisher reserves 
the right to hold advertiser and/or its advertising 
agency jointly and severally liable for such monies 
as are past due and payable to Publisher.

13. Proprietary names of pharmaceutical products 
must be accompanied by the chemical, generic 
or official name; the quantity of all active 
substances must be stated along with the 
recommended dosage. New ad copy and creative 
for pharmaceutical products should be sent to the 
advertising department. Please allow two weeks 
for clearance.

14. Advertiser represents and warrants that all 
advertisements and pharmaceutical products 
they advertise are compliant with all applicable 
laws, rules, and regulations in the country where 
the advertisement will be seen. Advertisements 
for pharmaceutical products (including NDA 
products) that are subject to U.S. Food and Drug 
Administration (FDA) oversight must comply 
with FDA regulations regarding advertising 
and promotion.

15. RECRUITMENT ADS: All advertisements for 
employment must be nondiscriminatory and 
comply with all applicable laws and regulations. 
Ads that discriminate against applicants based 
on sex, age, race, religion, marital status or 
physical handicap will not be accepted. Non-U.S. 
recruitment advertisers are required to confirm in 
writing that they are equal opportunity employers.

http://www.nejmadsales.org
http://www.nejmadsales.org


2021 INTERNATIONAL MEDIA KIT | nejmadsales.org 12

NEJM Group Contact Information
860 Winter Street, Waltham, MA 02451-1413 USA 
Business hours: 8:00 a.m. to 4:00 p.m. EST 
Tel: +1-781-893-3800 
Fax: +1-781-893-5003 
nejmadsales.org

NEJM and NEJM Journal Watch
Regional Business Manager  
Jed Clifton: +1-781-434-7322  
jclifton@nejm.org

NEJM Print Production
Director, Advertising Production  
Mary Kaye Balacco: +1-781-434-7027  
mbalacco@nejm.org

Senior Advertising Production Specialist  
Lynn Ferguson: +1-781-434-7036  
lferguson@nejm.org

NEJM and NEJM Journal Watch 
International Sales Representatives
Australia  
Prue Anderson  
Medicine Today  
+61-2-9908-8577  
prueanderson@medicinetoday.com.au

Austria  
Wolfgang Chlud  
Universimed Verlags-und Service  
+43 1 876 79 56 10  
wolfgang.chlud@universimed.com

Canada  
Matt McMullan  
JLS Media  
+1-514-726-5640  
mmcmullan@mediajls.com 

India  
Merali Menon  
Aramuc Worldwide  
+91 7045950557  
pankaj@aramuc.net

Japan  
Ryuji Hara   
Nankodo Co. Ltd.  
+81-3-3811-9952  
rhara@nankodo.co.jp 

Mexico and Central America  
Daniela Galli Mondragon  
Intersistemas, S.A. de C.V. 
(+52-55) 20 20 73, ext. 225  
dgalli@intersistemas.com.mx

South Africa  
Reni Rouncivell  
MedSpec Publishing  
+27 (0) 82 441 6904  
reni@medspec.co.za

South Korea  
Seong Ju Cho  
Quest Information Services  
(+82-2) 322-6780  
seong-ju.cho@questis.co.kr

Switzerland  
Florence Manger  
Publitio  
+41 79 823 02 49  
florence.manger@publitio.eu

United Kingdom  
Oliver Webb  
Content Ed Net Advertising & Media Ltd.  
+44 01252 901140  
oliver.webb@contentednet.com
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