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The HWEW ENGLAND JOURNAL of MEDICINE

‘ REVIEW ARTICLE ‘

THE CHANGING FACE OF CLINICAL TRIALS
Jeffrey M. Drazen, M_D., David P. Harrington, Ph.D., John |V, Mchbdurray, M.D., James H. Ware, Ph.D.,
and |anet Woodcock, M.Dr., Editoss

Master Protocols to Study Multiple
Therapies, Multiple Diseases, or Both

Janet Woeodcock, M.D., and Lisa M. LaVange, Ph.D,

IGH-QUALITY EVIDENCE IS WHAT WE USE TO GUIDE MEDICAL PRACTICE,
The standard approach to generating this evidence — a series of clinical
trials, each investigating one or two interventions in a single disease —

has become ever more expensive and challenging to execute. As a result, important
clinical questions go unanswered. The conduct of “precision medicine™ trials to evalu-
ate targeted therapies creates challenges in recruiting patients with rare genetic
subtypes of a disease, There is also increasing interest in performing mechanism-
based trials in which eligibility is based on criteria other than traditional disease
definitions. The commeon denominator is a need to answer more questions more ef-
ficiently and in less time,

N Engl J Med 2017;377:62-70.
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~ 21st Century Cures Act I~~~

& FDAORZETOLREINEL., EHRBFDEEHFIEEET S ETH-LEERD
BAZIESHESEZE (215 Century Cures Act) A, FER28FE1287H (JK)
[CERRIAR IS TLEEZEBL, A/ \TREFHEMNI2HIZAEL - RITL,

https://www.statnews.com/2016/12/07/21st-century-cures-senate-passes/
http://www.nejm.org/doi/full/10.1056/NEJMp1615745?query=featured hom

It is clear that the discovery, development, and
delivery process is a cycle, meaning that even
data captured and analyzed at what some
might consider the “end” of the process - the
delivery phase - actively infuses new discovery
and development of better treatments. The
country that fully embraces the entirety of this
cycle will be the innovation leader for the 21st
Century. Thus, a key goal of the 21st Century
Cures initiative is to help ensure it is the United
States that charts this course.

(21st Century Cures Act MWhite Paperd& Y $h#)

https://energycommerce.house.gov/sites/republicans.energycommerce.house.gov/files/analysis/21stCenturyCures/201405
01WhitePaper.pdf 1 5
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Predicting the Future — Big Data, Machine

and Clinical Medicine
Ziad Obermeyer, M.D., and Ezekiel ). Emanuel, M.D., Ph.D.

v now, it's almost old news:

big data will transform med-
icine, It's essential to remember,
however, that data by themselves
are useless. To be useful, data
must be analyzed, interpreted, and
acted on. Thus, it is algorithms —

H EMGL ] MED 375]12 HNE|M.ORS SEFTEMEBER 29, 2011

Z. Obermeyer and E.J. Emanuel N Engl J Med
2016; 375:1216-1219

not data sets — that will prove
transformative. We believe, there-
fore, that attention has to shift to
new statistical tools from the
field of machine learning that
will be critical for anyone practic-
ing medicine in the 21st century.

Learning,

First, it's important to under-
stand what machine learning is
not. Most computer-based algo-
rithms in medicine are “expert
systems” — rule sets encoding
knowledge on a given topic, which
are applied to draw conclusions

Machine learning has become ubiquitous

and indispensable for solving complex
problems in most sciences. The same
methods will open up vast new possibilities

in medicine.
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REVIEW ARTICLE

FRONTIERS IN MEDICINE

Machine Learning in Medicine
Alvin Rajkomar, M.D., Jeffrey Dean, Ph.D., and Isaac Kohane, M.D., Ph.D.

A 49-year-old patient notices a painless rash on his shoulder but does not seek care.
Months later, his wife asks him to see a doctor, who diagnoses a seborrheic keratosis.
Later, when the patient undergoes a screening colonoscopy, a nurse notices a dark
macule on his shoulder and advises him to have it evaluated. One month later, the
patient sees a dermatologist, who obtains a biopsy specimen of the lesion. The find-
ings reveal a noncancerous pigmented lesion. Still concerned, the dermatologist re-
quests a second reading of the biopsy specimen, and invasive melanoma is diag-
nosed. An oncologist initiates treatment with systemic chemotherapy. A physician
friend asks the patient why he is not receiving immunotherapy.

?v HAT IF EVERY MEDICAL DECISION, WHETHER MADE BY AN INTENSIVIST

\ 55

’ A . - ’ -
%/ %/ or a community health worker, was instantly reviewed by a team of
|7;\

V¥ relevant experts who provided guidance if the decision seemed amiss?
Patients with newly diagnosed, uncomplicated hypertension would receive the
medications that are known to be most effective rather than the one that is most
familiar to the prescriber.’* Inadvertent overdoses and errors in prescribing would
be largely eliminated.’* Patients with mysterious and rare ailments could be di-
rected to renowned experts in fields related to the suspected diagnosis.’

Such a system seems far-fetched. There are not enough medical experts to staff

N Engl J Med 2019; 380:1347-1358

From Google, Mountain View, CA (AR,
J.D.); and the Department of Biomedical
Informatics, Harvard Medical School,
Boston (1.K.), Address reprint requests to
Dr. Kohane at the Department of Bio-
medical Informatics, Harvard Medical
School, 10 Shattuck St., Boston, MA,
02115, or atisaac_kohane@harvard.edu,

N Engl | Med 2019;380:1347.58
DOI: 10, 1056/NEJMral814259
Copyright & 2079 Massachusetts Medical Sochety,
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