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Dear Reader,

History has shown that the world would always be wise to prepare for a pandemic. The past decade
provided some early lessons with emerging infectious diseases: West Africa and Ebola, the Arabian
Peninsula and MERS. Nonetheless, in 2020, SARS-CoV-2 has challenged the health care community
in ways that were difficult to predict.

Reports started to emerge in December 2019 that a new virus had been seen in China. During the
early months of 2020 and the pandemic, we knew little about Covid-19 transmission or severity. As
the number of cases rose, many treatments were used off-label and outside the boundaries of clinical
trials. We had little choice but to make decisions based on observational data. Because of this, it was
hard to know whether the treatments were working. During this chaotic time, physicians, nurses,
and other health care workers took care of patients at real risk to themselves.

Months passed. The uniform desperation felt at the beginning of the pandemic lessened. We saw
that rapidly initiated, high-quality randomized clinical trials were possible in epidemic conditions,
even in the trying circumstances that prevailed in Wuhan, China, in January and February. As we
became more familiar with the Covid-19 virus, more effective protocols emerged to treat patients,
thanks to an explosion of randomized, controlled trials that gave us better information. As the year
progressed, we saw the development of many vaccine candidates at impressive speed.

Still, with a handful of exceptions, the number of Covid-19 cases continues to rise in most of the world.

As 2020 comes to a close and we look back at the most notable articles published in the New England
Journal of Medicine (NEJM), four Covid-19 trials are striking. The first, published online at the end of
January, reported on transmission dynamics in Wuhan and demonstrated, even at the very earliest time
points, human-to-human transmission. Another, the RECOVERY trial, reported on dexamethasone in
hospitalized patients with Covid-19. From RECOVERY, we learned that there is a clear benefit to treatment
with dexamethasone and that it can decrease the death rate among this very ill population. The final
two Covid articles, published in December, report on mRNA vaccines that appear to give us a pathway
out of what has been a global disaster.

Other NEJM articles also emerged as practice changing. This collection includes studies of breast
cancer, prostate cancer, heart failure, and atrial fibrillation. All fourteen studies in this collection are
relevant to the practice of medicine.

While we now, at year's end, better understand Covid-19, the disease continues to be a tragedy.
We, like many others, expect a difficult winter managing this disease. But we hold to the certainty
that eventually this pandemic will end.

Until then, we will continue to bring you the best information to treat your patients.

Sincerely,
Eric J. Rubin, M.D., Ph.D.
Editor-in-Chief, New England Journal of Medicine

800.843.6356 | F: 781.891.1995 | NEJMGROUP@MMS.ORG
860 WINTER STREET, WALTHAM, MA 02451-1413

NEJMGROUP.ORG


mailto:nejmgroup%40mms.org%20?subject=
https://www.nejmgroup.org/
https://www.nejm.org/

Notable Articles of 2020

Table of Contents

ORIGINAL ARTICLE

Tucatinib, Trastuzumab, and Capecitabine for HER2-Positive Metastatic Breast Cancer 1
EDITORIAL: Major Strides in HER2 Blockade for Metastatic Breast Cancer 2
ORIGINAL ARTICLE
Treatment of Highly Drug-Resistant Pulmonary Tuberculosis 5
EDITORIAL: Triumph and Tragedy of 21st Century Tuberculosis Drug Development 6
ORIGINAL ARTICLE
Conservative Oxygen Therapy during Mechanical Ventilation in the ICU 8
EDITORIAL: Oxygen Therapy for the Critically Il 9
ORIGINAL ARTICLE
Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus—Infected Pneumonia 12
EDITORIAL: Covid-19 — Navigating the Uncharted 13
ORIGINAL ARTICLE
Initial Invasive or Conservative Strategy for Stable Coronary Disease 15
EDITORIAL: Managing Stable Ischemic Heart Disease 16
ORIGINAL ARTICLE
Two Phase 3 Trials of Inclisiran in Patients with Elevated LDL Cholesterol 19
ORIGINAL ARTICLE
Oral Relugolix for Androgen-Deprivation Therapy in Advanced Prostate Cancer 20
EDITORIAL: Cardiovascular Disease and Androgen Axis—Targeted Drugs for Prostate Cancer 21
ORIGINAL ARTICLE
Phase 3 Trial of RNAi Therapeutic Givosiran for Acute Intermittent Porphyria 24
EDITORIAL: Givosiran — Running RNA Interference to Fight Porphyria Attacks 25
ORIGINAL ARTICLE
Dexamethasone in Hospitalized Patients with Covid-19 — Preliminary Report 27
EDITORIAL: Research in the Context of a Pandemic 28
EDITORIAL: The RECOVERY Platform 30
ORIGINAL ARTICLE
Efficacy of Selpercatinib in RET Fusion—Positive Non-Small-Cell Lung Cancer 32
EDITORIAL: Selpercatinib Aimed at RET-Altered Cancers 33

(continued on next page)

The New England Journal of Medicine is a publication of NEJM Group, a division of the Massachusetts Medical Society.
©2020 Massachusetts Medical Society, All rights reserved.



Notable Articles of 2020

Table of Contents

(continued from previous page)

ORIGINAL ARTICLE
Early Rhythm-Control Therapy in Patients with Atrial Fibrillation
EDITORIAL: Revisiting Rate versus Rhythm Control in Atrial Fibrillation — Timing Matters

ORIGINAL ARTICLE
Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure
EDITORIAL: More Evidence for SGLT2 Inhibitors in Heart Failure

ORIGINAL ARTICLE
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine
EDITORIAL: SARS-CoV-2 Vaccination — An Ounce (Actually, Much Less) of Prevention

ORIGINAL ARTICLE
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine
EDITORIAL: A New Vaccine to Battle Covid-19

35
36

38
39

41
42

45



1 NOTABLE ARTICLES OF 2020

NEJM.ORG

the NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 FEBRUARY 13, 2020

VOL. 382 NO.7

Tucatinib, Trastuzumab, and Capecitabine for HER2-Positive

Metastatic Breast Cancer

R.K. Murthy, S. Loi, A. Okines, E. Paplomata, E. Hamilton, S.A. Hurvitz, N.U. Lin, V. Borges, V. Abramson,
C. Anders, P.L. Bedard, M. Oliveira, E. Jakobsen, T. Bachelot, S.S. Shachar, V. Mdller, S. Braga, F.P. Duhoux,
R. Greil, D. Cameron, L.A. Carey, G. Curigliano, K. Gelmon, G. Hortobagyi, |. Krop, S. Loibl, M. Pegram, D. Slamon,
M.C. Palanca-Wessels, L. Walker, W. Feng, and E.P. Winer

ABSTRACT

BACKGROUND
Patients with human epidermal growth factor receptor 2 (HER2)—positive metastatic
breast cancer who have disease progression after therapy with multiple HER2-targeted
agents have limited treatment options. Tucatinib is an investigational, oral, highly
selective inhibitor of the HER2 tyrosine kinase.

METHODS

We randomly assigned patients with HER2-positive metastatic breast cancer previ-
ously treated with trastuzumab, pertuzumab, and trastuzumab emtansine, who had
or did not have brain metastases, to receive either tucatinib or placebo, in combina-
tion with trastuzumab and capecitabine. The primary end point was progression-free
survival among the first 480 patients who underwent randomization. Secondary end
points, assessed in the total population (612 patients), included overall survival, pro-
gression-free survival among patients with brain metastases, confirmed objective re-
sponse rate, and safety.

RESULTS

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Address reprint requests to Dr.
Winer at the Dana—Farber Cancer Institute,
450 Brookline Ave., Boston, MA 02215, or
at eric_winer@dfci.harvard.edu; or to Dr.
Murthy at the University of Texas M.D.
Anderson Cancer Center, 1515 Holcombe
Blvd., Unit 1354, Houston, TX 77030, or
at rmurthyl@mdanderson.org.

This article was published on December 11,
2019, and updated on December 27, 2019,
at NEJM.org.

N Engl ) Med 2020;382:597-609.
DOI: 10.1056/NEJM0al914609
Copyright © 2019 Massachusetts Medical Society.

Progression-free survival at 1 year was 33.1% in the tucatinib-combination group and Read Full Article at NEJM.org

12.3% in the placebo-combination group (hazard ratio for disease progression or death,
0.54; 95% confidence interval [CI], 0.42 to 0.71; P<0.001), and the median duration of
progression-free survival was 7.8 months and 5.6 months, respectively. Overall survival
at 2 years was 44.9% in the tucatinib-combination group and 26.6% in the placebo-
combination group (hazard ratio for death, 0.66; 95% CI, 0.50 to 0.88; P=0.005), and
the median overall survival was 21.9 months and 17.4 months, respectively. Among the
patients with brain metastases, progression-free survival at 1 year was 24.9% in the
tucatinib-combination group and 0% in the placebo-combination group (hazard ratio,
0.48; 95% CI, 0.34 to 0.69; P<0.001), and the median progression-free survival was 7.6
months and 5.4 months, respectively. Common adverse events in the tucatinib group
included diarrhea, palmar—plantar erythrodysesthesia syndrome, nausea, fatigue, and
vomiting. Diarrhea and elevated aminotransferase levels of grade 3 or higher were more
common in the tucatinib-combination group than in the placebo-combination group.

CONCLUSIONS
In heavily pretreated patients with HER2-positive metastatic breast cancer, including
those with brain metastases, adding tucatinib to trastuzumab and capecitabine resulted
in better progression-free survival and overall survival outcomes than adding placebo;
the risks of diarrhea and elevated aminotransferase levels were higher with tucatinib.
(Funded by Seattle Genetics; HER2CLIMB ClinicalTrials.gov number, NCT02614794.)
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Major Strides in HER2 Blockade for Metastatic Breast Cancer

Priyanka Sharma, M.D.

Breast cancer that is characterized by amplifica-
tion or overexpression of human epidermal growth
factor receptor 2 (HER?2) accounts for 15 to 20%
of all forms of the disease. The advent of HER2-
targeted drugs, such as trastuzumab, pertuzu-
mab, lapatinib, and the antibody-drug conjugate
trastuzumab emtansine, has revolutionized the
treatment of both early-stage and metastatic
HER2-positive breast cancer."* The increasing
availability of HER2-targeted agents has led to
improved outcomes for patients with HER2-
positive metastatic breast cancer, as reported in
a study in which overall survival rose from a
median of 38.7 months to 51.1 months from
2008 through 2012.5

The standard first-line systemic treatment for
HER2-positive metastatic breast cancer consists
of trastuzumab plus pertuzumab combined with
a taxane, and trastuzumab emtansine is the rec-
ommended second-line therapy. However, there
is no single accepted standard for third-line
therapy and beyond, and currently available op-
tions provide only modest efficacy. In addition,
as survival of patients with HER2-positive meta-
static breast cancer is improving with the clini-
cal adoption of effective systemic therapies, the
central nervous system (CNS) is increasingly be-
coming a sanctuary site, with brain metastasis
occurring in almost 50% of patients.® Although
HER2-targeted systemic therapies have led to
great strides in the treatment of extracranial
disease, currently available agents have shown
very limited activity against CNS disease.

In this issue of the Journal, investigators pre-
sent the results of two clinical trials that evalu-
ated new anti-HER2 agents as third-line or later
therapy for HER2-positive metastatic breast can-
cer.”® In the first article, Murthy et al. report the
results of the HER2CLIMB trial, in which 612
patients with HER2-positive metastatic breast
cancer who had been previously treated with
trastuzumab, pertuzumab, and trastuzumab em-
tansine were randomly assigned to receive tras-
tuzumab and capecitabine with or without tuca-
tinib. Tucatinib is an oral HER2 tyrosine kinase
inhibitor that is highly selective for the kinase do-

main and, unlike other HER2 tyrosine kinase
inhibitors, has minimal inhibition of epidermal
growth factor receptor, which may lead to a
more favorable safety profile. According to the
trial design, HER2CLIMB enrolled a large pro-
portion of patients with brain metastases (47%,
which included 28% who had treated brain me-
tastases and 19% who had progressive or un-
treated brain metastases).

The median duration of progression-free sur-
vival was 7.8 months in the tucatinib-combina-
tion group and 5.6 months in the placebo-com-
bination group, corresponding to 46% lower risk
of disease progression or death in the tucatinib-
combination group (hazard ratio, 0.54; P<0.001).
The median duration of overall survival was 21.9
months in the tucatinib-combination group and
17.4 months in the placebo-combination group,
corresponding to 34% lower risk of death in the
tucatinib-combination group (hazard ratio, 0.66;
P=0.005). In an important finding, the benefit of
tucatinib was maintained in patients with brain
metastases, with a median duration of progres-
sion-free survival of 7.6 months in the tucatinib-
combination group and 5.4 months in the placebo-
combination group (hazard ratio for disease
progression or death, 0.48; P<0.001). Whether
the observed CNS efficacy is a result of intracra-
nial response in progressive or untreated disease,
a delay in or prevention of new brain lesions in
patients with treated disease, or both remains to
be seen. Unlike the experience with previous
tyrosine kinase inhibitor combinations, in which
unacceptable side effects have been a concern,
only 5.7% of the patients discontinued tucatinib
because of adverse events. The remarkable re-
sults of the HER2CLIMB trial are bound to be
practice changing for patients with HER2-positive
metastatic breast cancer who have undergone
previous therapy with trastuzumab, pertuzumab,
and trastuzumab emtansine, and additional de-
tails regarding CNS activity will further refine the
placement of tucatinib in treatment algorithms.

In the second article, Modi et al. report the
results of DESTINY-Breast01, an open-label, single-
group, phase 2 study of trastuzumab deruxtecan

N ENGL ) MED 382;7 NEJM.ORG FEBRUARY 13, 2020

Back to Table of Contents


http://www.nejm.org

3

NOTABLE ARTICLES OF 2020

(DS-8201). Trastuzumab deruxtecan is an anti-
body drug conjugate with a potent topoisomer-
ase I inhibitor as the payload. It has a higher
drug-to-antibody ratio than trastuzumab emtan-
sine (8 to 1 vs. 3 to 1) and a highly permeable
payload that potentially allows bystander cyto-
toxic effects on neighboring tumor cells. The
patients who were enrolled in the DESTINY-
Breast01 study had undergone a median of six
lines of prior therapy for advanced HER2-positive
breast cancer. Trastuzumab deruxtecan mono-
therapy led to an impressive objective response
rate of 60.9% and a median duration of progres-
sion-free survival of 16.4 months in a heavily
pretreated population in which 100% of the pa-
tients had received a previous antibody-drug con-
jugate (trastuzumab emtansine). The trial includ-
ed 13% of patients with treated brain metastases
who had a median duration of progression-free
survival similar to that of the entire trial popula-
tion (18.1 months). Enthusiasm for this tremen-
dous antitumor activity was dampened some-
what by the substantial risk (13.6%) of interstitial
lung disease, which led to death in 2.2% of the
patients. The exact mechanism leading to pul-
monary toxicity is not clear. It is hoped that
close monitoring, thorough assessment of po-
tential risk factors, and the early initiation of
appropriate diagnostic and treatment measures
in future trials will provide further guidance on
ways to reduce the incidence and severity of this
toxic effect.

Another recent study of a new anti-HER2
therapy in a heavily pretreated population is the
SOPHIA trial, in which the substitution of trastuz-
umab with margetuximab (a novel Fc-engineered
HER?2 antibody with increased affinity for the Fc
gamma receptor CD16A) in a chemotherapy back-
bone led to a modest improvement in progres-
sion-free survival at the time of the September
2019 data cutoff (5.7 months vs. 4.4 months;
hazard ratio, 0.71; P<0.001), with exploratory
analyses suggesting that the Fc receptor CD16A
genotype may influence the efficacy of mar-
getuximab.’

In summary, the HER2CLIMB and DESTINY-
BreastO1 trials represent major advances in the
treatment of HER2-positive metastatic breast
cancer and mark the beginning of the next fron-
tier of highly effective HER2-targeted agents. On
December 20, 2019, the Food and Drug Admin-

NEJM.ORG

istration (FDA) approved the use of trastuzumab
deruxtecan in patients with unresectable or meta-
static HER2-positive breast cancer who have un-
dergone at least two anti-HER2 regimens.'® The
submission to the FDA of a biologics license
application for tucatinib is expected this year. In
the near future, as the oncology community and
patients are able to take advantage of these
novel drugs, the selection of the most effective
agent or combination in the clinic will be based
on the status of CNS disease, the toxicity profile,
prior treatment, the preference and coexisting
illnesses of the patients (including risk factors
for interstitial lung disease and the choice of
single vs. multiple drugs), and perhaps geno-
type. Furthermore, important consideration will
also have to be given to cost and access. There
are several countries in the world where trastuzu-
mab emtansine is not yet available, and efforts
are needed to improve access to newer, pre-
sumably more expensive HER2-targeted drugs.
In ongoing trials (ClinicalTrials.gov numbers,
NCT03523585, NCT03529110, and NCT03975647),
investigators are evaluating the initiation of tu-
catinib and trastuzumab deruxtecan in earlier
lines of therapy, when these agents may have
an even greater effect on the lives and disease
course of patients with HER2-positive breast
cancer.

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

From the University of Kansas Medical Center, Department of
Internal Medicine, Kansas City.
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Treatment of Highly Drug-Resistant Pulmonary Tuberculosis

Francesca Conradie, M.B., B.Ch., Andreas H. Diacon, M.D., Nosipho Ngubane, M.B., B.Ch.,
Pauline Howell, M.B., B.Ch., Daniel Everitt, M.D., Angela M. Crook, Ph.D., Carl M. Mendel, M.D.,
Erica Egizi, M.P.H., Joanna Moreira, B.Sc., Juliano Timm, Ph.D., Timothy D. McHugh, Ph.D.,
Genevieve H. Wills, M.Sc., Anna Bateson, Ph.D., Robert Hunt, B.Sc., Christo Van Niekerk, M.D.,
Mengchun Li, M.D., Morounfolu Olugbosi, M.D., and Melvin Spigelman, M.D., for the Nix-TB Trial Team*

ABSTRACT

BACKGROUND
Patients with highly drug-resistant forms of tuberculosis have limited treatment
options and historically have had poor outcomes.

METHODS

In an open-label, single-group study in which follow-up is ongoing at three South
African sites, we investigated treatment with three oral drugs — bedaquiline,
pretomanid, and linezolid — that have bactericidal activity against tuberculosis and
to which there is little preexisting resistance. We evaluated the safety and efficacy
of the drug combination for 26 weeks in patients with extensively drug-resistant
tuberculosis and patients with multidrug-resistant tuberculosis that was not respon-
sive to treatment or for which a second-line regimen had been discontinued because
of side effects. The primary end point was the incidence of an unfavorable outcome,
defined as treatment failure (bacteriologic or clinical) or relapse during follow-up,
which continued until 6 months after the end of treatment. Patients were classified
as having a favorable outcome at 6 months if they had resolution of clinical disease,
a negative culture status, and had not already been classified as having had an un-
favorable outcome. Other efficacy end points and safety were also evaluated.

RESULTS

A total of 109 patients were enrolled in the study and were included in the evalu-
ation of efficacy and safety end points. At 6 months after the end of treatment in
the intention-to-treat analysis, 11 patients (10%) had an unfavorable outcome and
98 patients (90%; 95% confidence interval, 83 to 95) had a favorable outcome. The
11 unfavorable outcomes were 7 deaths (6 during treatment and 1 from an un-
known cause during follow-up), 1 withdrawal of consent during treatment, 2 re-
lapses during follow-up, and 1 loss to follow-up. The expected linezolid toxic ef-
fects of peripheral neuropathy (occurring in 81% of patients) and myelosuppression
(48%), although common, were manageable, often leading to dose reductions or
interruptions in treatment with linezolid.

CONCLUSIONS

The combination of bedaquiline, pretomanid, and linezolid led to a favorable outcome
at 6 months after the end of therapy in a high percentage of patients with highly drug-
resistant forms of tuberculosis; some associated toxic effects were observed.
(Funded by the TB Alliance and others; ClinicalTrials.gov number, NCT02333799.)

N ENGL ) MED 382;10 NEJM.ORG MARCH 5, 2020

From the Clinical HIV Research Unit, Fac-
ulty of Health Sciences, University of
Witwatersrand, Johannesburg  (F.C.,
N.N., P.H.), Sizwe Tropical Disease Hos-
pital, Sandringham (F.C., P.H.), Task Ap-
plied Science and Stellenbosch Universi-
ty, Cape Town (A.H.D.), King DiniZulu
Hospital Complex, Durban (N.N.), and
the TB Alliance, Pretoria (C.V.N., M.O.)
— all in South Africa; the TB Alliance,
New York (D.E., C.M.M., E.E., J.M., JT.,
M.L., M.S.); and the MRC Clinical Trials
Unit at UCL (A.M.C., G.HW.) and the
UCL Centre for Clinical Microbiology
(T.D.M., A.B., R.H.), University College
London, London. Address reprint re-
quests to Dr. Crook at the MRC Clinical
Trials Unit at UCL, 90 High Holborn, Lon-
don, WC1V 6LJ, United Kingdom, or at
angela.crook@ucl.ac.uk.

*Additional team members are listed in
the Supplementary Appendix, available
at NEJM.org.

This is the New England Journal of Medicine
version of record, which includes all jour-
nal editing and enhancements. The Author
Final Manuscript, which is the author’s ver-
sion after external peer review and before
publication in the Journal, is available
under a CC BY license at PMC6955640.

N Engl ) Med 2020;382:893-902.
DOI: 10.1056/NEJMo0al901814
Copyright © 2020 Massachusetts Medical Society.
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Triumph and Tragedy of 21st Century
Tuberculosis Drug Development

Guy Thwaites, F.R.C.P., and Payam Nahid, M.D., M.P.H.

Since the discovery of the first antituberculosis
drugs 75 years ago, the pursuit of a short, effec-
tive, and affordable regimen that has acceptable
side effects and is capable of curing most pa-
tients most of the time has been a major public
health priority. Such a “pan-tuberculosis” regi-
men is seen by many as essential in reducing the
global tuberculosis burden.!

The successful development of two new anti-
tuberculosis drugs — bedaquiline and pretoma-
nid — represents an important step forward in
the pursuit of pan-tuberculosis regimens fit for the
21st century. Conradie and colleagues now report
in the Journal that when this all-oral regimen was
combined with a third drug — linezolid, repur-
posed from its licensed indication for gram-
positive bacterial infections — and given for 26
to 39 weeks to patients with extensively drug-
resistant or complicated multidrug-resistant tu-
berculosis, it produced a favorable outcome in 98
of 109 patients (90%) at 6 months after the end
of treatment.”? Cure rates for extensively drug-
resistant tuberculosis were less than 50% before
the advent of new drugs.® Therefore, this is a
triumph, and the authors are to be congratulated
for their vision and courage in tackling the most
difficult-to-treat forms of tuberculosis.

The tragedy being confronted, however, is the
overlapping realities of the persisting need for
new regimens and the spectacular inadequacy of
support for their development and the tools
needed for their effective use in the field. Our
current tuberculosis regimen was the product of
a remarkable series of global, iterative, random-
ized, controlled trials conducted between 1947
and 1980.* The resulting “short-course chemo-
therapy” was an oral regimen, containing rifam-
pin, isoniazid, and pyrazinamide, that cured the
large majority of people with tuberculosis if it

was taken for 6 months. This regimen, despite
known toxicities, has produced extraordinary
gains, curing approximately 58 million people
since the year 2000.° However, 30 years of its
global use has revealed the serious limitations of
depending on a single, one-size-fits-all regimen
to treat a challenging infectious disease.® Pre-
dictable toxicities and the development of resis-
tance are directly relevant to ongoing efforts to
develop other regimens,” including the new
regimen studied by Conradie et al.

During the early global adoption of rifampin-
based short-course chemotherapy, the possibility
that resistance would become a barrier to ending
the epidemic was considered unlikely. As a result,
the development of accessible and affordable
laboratory tools for the detection of drug resis-
tance was not prioritized. Thus, when resistance
did inevitably emerge, the tools to detect and
manage it were too inefficient, too costly, and too
far from the clinic to halt the spread of rifampin
resistance. The acquisition of resistance is also a
risk for the bedaquiline—pretomanid-linezolid
regimen. Conradie reports one patient who had
a relapse caused by bacteria with reduced sus-
ceptibility to bedaquiline. When this evidence is
considered together with other reports of pri-
mary resistance to bedaquiline,® along with the
described toxicities of linezolid, the need for
monitoring of the QT interval, and the residual
uncertainty about hepatotoxicity of pretomanid,’
it suggests a risk of going back to where we
started: a situation in which a pan-tuberculosis
regimen with known toxicities that are likely to
result in pauses in or discontinuation of treat-
ment is sent to the field without adequate tools
for monitoring resistance.

The other major tragedy is that every year
tuberculosis still affects approximately 10 mil-
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lion people and kills 1.5 million.’ In light of
these figures, we should not be dependent on
one small, single-group, single-country study for
evidence of the efficacy of the newest tuberculo-
sis regimen. The study was rigorously conducted
and laudably designed to report on definitive
outcomes of durable cure and relapse; however,
such approaches for the development of tubercu-
losis regimens do not correspond with the mag-
nitude of the problem. Tuberculosis does not
present insurmountable hurdles for the conduct
of clinical trials. Even the creation of multidrug
regimens with new agents from different devel-
opers is feasible, as evidenced by the recent his-
tory of treatment for human immunodeficiency
virus infection and hepatitis C, both of which
have new regimens developed and defined
through multiple large trials. In contrast and
tragically, the majority of evidence available to
the World Health Organization in 2020 as it
formulates treatment guidelines for drug-resis-
tant tuberculosis comes from noncomparative
or observational studies.’®!! Such studies should
serve as the adjunct to an evidence base of robust
randomized, controlled clinical trials, rather than
as its leading edge.

A rejuvenated program of innovative phase 2
and phase 3 clinical trials of new drugs and
regimens, in conjunction with continued invest-
ment in tools for detecting and monitoring resis-
tance, is required worldwide. It will take substan-
tially greater investment and coordinated forms
of collaboration among sponsors, industry, aca-
demic partners, and policy decision makers to
develop and implement new evidence-based regi-
mens that are fitting for a disease that has killed
hundreds of millions of people. Until that hap-
pens, if the current inadequate investment path
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is held, history is bound to repeat itself — and
for all the jubilation that comes with developing
a new effective regimen, there will be more trag-
edy yet to come.

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