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INTRODUCTION

Medicine is at the precipice of change. The advancement of artificial intelligence (AI) and machine
learning (ML) algorithms are reshaping the way physicians and healthcare providers approach the
practice of medicine. In recent years, Al has rapidly evolved into applicable medical technology
geared for clinical practice. These systems are now processing increasing amounts of complex data,
improving the viability of wearable biometric devices, optimizing the use of diagnostic algorithms,
and utilizing pattern recognition within large datasets such as electronic health records (EHR)
(1-4). The sheer speed and efliciency of these systems has the potential to outperform physicians
in specified tasks, which could allow more time for physicians to do other important work, such
as engaging with patients in deliberate counseling and education, as well as addressing health
inequities domestically and abroad.

As with many innovations, there has been resistance from physicians and healthcare workers
with the expansion of AI technologies. The lack of comprehension, the potential administrative
load, the lack of a legal framework, and the fear of job security have all contributed to this opposition
(5-8). Regardless of the current divide on the perception and utility of Al, we believe its adoption
in clinical practice is inevitable due to the incentives of the healthcare business sector and the
improvements it will provide in patient care. Technology giants including Google and IBM are
investing in Al technology for mining medical records (9). Additionally, start-ups such as Enlitic
are using deep-learning (DL) algorithms to interpret medical images significantly faster than the
average radiologist, providing radiologists with the ability to accomplish other tasks and evolve
their roles to enhance patient care (9). Al's integration within medicine is unavoidable given that
big-business and start-ups alike are developing technologies enabling more effective and efficient
medical care. Therefore, it is imperative for the medical community to become leaders by guiding
the integration of Al, ensuring these technologies enhance health outcomes and provide a more
equitable distribution of patient care. As outlined in this manuscript, we believe the best place
for this change to begin is within medical schools. Members of our team have prior experience
in precision medicine, drug discovery, diagnostics, and hospital administration, which we use to
provide a unique perspective on how AI will be integrated into the medical profession. As future
physicians, our team calls for the integration of AI curriculum within medical education.
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THE CURRENT LANDSCAPE

Precision Medicine

Precision medicine offers future clinicians an opportunity to
implement new and innovative strategies to deliver healthcare.
One member of our team worked with Al systems that created
a therapeutic and personalized regimen for cancer patients. In
this setting, computers were trained how to analyze pathology
reports, progress notes, and relevant clinical data to develop a
unique patient profile. The trained AI algorithm would then
utilize this profile, which includes the patient’s type of cancer as
well as where they are in treatment to match the individual to
an optimized clinical trial. Moreover, the system allowed doctors
to identify patients with similar profiles to the patient being
treated, allowing oncologists to have a better understanding of
what options were available in different healthcare networks.
These technologies also empower patients by affording them
more control over their own treatments and providing more
personalized care. Ultimately, the challenge of this approach
and data aggregation at this scale is mainly limited by the
vast amount of processing power required for its execution.
Nevertheless, these procedures, as well as the ecosystems built
around Al and precision medicine, are beginning to have real
world clinical outcomes (10-12). Thus, it is important for
medical students to become more familiar with AI systems
because of its expanding foundation in the implementation of
precision medicine.

Drug Discovery

Precision medicine utilizing AI may offer a solution to another
growing challenge facing clinicians: therapy-resistant patients.
One novel way clinicians can combat these resistant patient
populations is through the development of in-house drug
screening programs for patient-specific therapeutic discovery.
High-content screening has been a staple in the pharmaceutical
industry, but its real-time implementation for drug discovery
is relatively new due to faster computational processing
and AI technologies. High-content screening that is high-
throughput allows researchers to investigate phenotypic patterns
at a cellular level with increasingly large feature sets that
capture hundreds to thousands of cellular characteristics
across, potentially, millions of cells (13). This necessitates the
use of AI algorithms to allow future clinicians to screen
therapy-resistant patients and compare them to FDA approved
drugs as well as orphaned agents. Recently, a team from
the University of Michigan was able to screen COVID-19
infected cells against every FDA approved drug and natural
product libraries to uncover existing therapeutics that could be
utilized in clinics to treat COVID infected patients awaiting
vaccines (14). While this strategy may not be a panacea
for every patients disease, it certainly offers a chance to
enrich the lives and outcome for patients. Consequently, as
Al continues to enhance high-content screenings, physicians
will need a better understanding of these technologies in
order to make better clinical recommendations and improve
their decision-making.

Diagnostics

AT technologies offer enhanced capabilities of disease detection
and prognosis, particularly in medical fields like radiology
and pathology. Medical school offers fundamental insight into
the underpinnings of histology and radiology, but the current
curriculum fails to showcase how AI technologies will enhance
these fields and alter the current practice. In light of this changing
landscape, medical students should be offered insight so that
they are better equipped within these evolving practices. For
example, histological and radiological imaging can be condensed
into data sets that may be exploited by AI (15). These systems
are able to develop new ways to identify patterns indicative
of disease, such as computational pathology (CPATH). Unlike
a pathologist, CPATH goes beyond human perception and is
better equipped to utilize the spatial recognition of histological
slides (16). Moreover, CPATH research has unveiled new
morphological characteristics that offer more specific grading for
Ductal Carcinoma in situ (DCIS) and have found novel stromal
features that yield independent prognostic information about
breast cancer progression. There are similar developments in the
field of radiology, which identify pathologies such as intracranial
hemorrhages and strokes as well as workflow optimization for
radiologists (16-18). Similar to precision medicine, the advent
of new diagnostic Al technology enhances physician capabilities
and paves the way for faster disease recognition and improved
patient outcomes.

Healthcare Administration

The Al-based advances in precision medicine, drug discovery,
and diagnostics represent only a portion of the potential
benefits of AT’s integration within medicine. Another significant
advantage is the impact it will have in healthcare administration.
The current practice of medicine is riddled with unnecessary
complexity, leading to increased costs and driving clinician
burnout (19). As a result of the significant administrative burden,
physicians are spending less time with patients and facing
increasing workloads (20). Patients may receive substandard
care because every hour a physician spends with a patient
yields an additional two hours of work in EHRs, which may
result in diminished personalized and deliberate interactions
(20). In 2020, Khairat et al. found excess use of electronic
health records was directly associated with increased physician
burnout and higher rate of medical errors (21). The current
physician-patient interaction is characterized by data entry, not
data analysis, resulting in inefficient medical care, diminished
patient outcomes, and increased healthcare cost (13, 22-24).
Although still in their early stages, Al systems show promise
in enhancing clinical diagnosis and decision-making, as well as
allaying the significant documentation burden contributing to
physician burnout (25-27). In order to optimize quality and
patient safety, healthcare organizations must advance a shift
toward Al-enhanced practice. This transition could be marked
by improved physician workloads, automation of data entry,
augmented decision making, streamlined workflows, and more
time spent speaking directly to patients. The end result would
be an upgraded healthcare system characterized by clinicians
collaborating with Al-enabled modalities, resulting in more
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accurate and patient-centric care. The outcome would also enable
the next generation of physicians to allay the burden of medical
burnout, leaving the door open for innovation and optimized
patient care.

CALL TO ACTION

Medical schools provide the optimal environment for the
modification of physician attitudes and beliefs. As presented
by the American Medical Association, the current state of Al
curriculum is lacking, with only select medical schools reporting
Al initiatives (28, 29). Given the lack of education in digital
medicine, medical schools need to start incorporating education
about Al and its utility within healthcare into an upgraded
curriculum. We suggest guided seminars and courses on
biostatistics, digital health literacy, and engineering technologies.
Given the time constraints of medical school, these courses may
benefit from being offered initially as elective and supplementary
to the existing foundational curriculum. By enacting a bottom-up

REFERENCES

1. Darcy AM, Louie AK, Roberts LW. Machine learning and the profession of
medicine. JAMA. (2016) 315:551-2. doi: 10.1001/jama.2015.18421

2. Bergenstal RM, Klonoft DC, Garg SK, Bode BW, Meredith M, Slover RH, et al.
Threshold-based insulin-pump interruption for reduction of hypoglycemia. N
Engl ] Med. (2013) 369:224-32. doi: 10.1056/NEJMoal303576

3. Ramesh AN, Kambhampati C, Monson JR, Drew PJ. Artificial intelligence in
medicine. Ann R Coll Surg Engl. (2004) 86:334. doi: 10.1308/147870804290

4. Jhee JH, Lee S, Park Y, Lee SE, Kim YA, Kang SW, et al. Prediction
model development of late-onset preeclampsia using machine learning-based
methods. PLoS ONE. (2019) 14:e0221202. doi: 10.1371/journal.pone.0221202

5. Haag M, Igel C, Fischer MR. Digital teaching and digital medicine: a national
initiative is needed. GMS J Med Edu. (2018) 35.

6. Chaiyachati KH, Shea JA, Asch DA, Liu M, Bellini LM, Dine CJ, et al.
Assessment of inpatient time allocation among first-year internal medicine
residents using time-motion observations. JAMA Intern Med. (2019) 179:760-
7. doi: 10.1001/jamainternmed.2019.0095

7. Shah NR. Health care in 2030: will artificial intelligence replace physicians?
Ann Intern Med. (2019) 170:407-8. doi: 10.7326/M19-0344

8. Price WN, Gerke S, Cohen IG. Potential liability for physicians using artificial
intelligence. JAMA. (2019) 322:1765-6. doi: 10.1001/jama.2019.15064

9. Meské DB. A Guide to Artificial Intelligence in Healthcare. The Medical
Futurist 2019. (2021).

10. OLeary S, Shulman M, Ritt K, Degele M, Protomastro E, Clauson J, et al.
The TIME trial network to facilitate rapid clinical trial activation, patient
screening, and enrollment in molecularly targeted trials. J. Clin. Oncol. (2021)
39:1563. doi: 10.1200/JC0O.2021.39.15_suppl.1563

11. Proudman D, DeVito NC, Belinson S, Alsaraf Allo M, Morris
ED, Signorovitch J, et al. Comprehensive genomic profiling in
advanced/metastatic colorectal cancer: Number needed to test and
budget impact of expanded first-line use. J. Clin. Oncol. (2021)
39:¢18834-e18834. doi: 10.1200/JC0O.2021.39.15_suppl.e18834

12. Ahmed T, Wenric S, Carty M, Pelossof R. Abstract 242: transferring diagnostic
and prognostic molecular models across technological platforms. Cancer Res.
(2021) 81:242. doi: 10.1158/1538-7445.AM2021-242

13. Bray MA, Singh S, Han H, Davis CT, Borgeson B, Hartland C, et
al. Cell Painting, a high-content image-based assay for morphological
profiling using multiplexed fluorescent dyes. Nat Protoc. (2016) 11:1757-
74. doi: 10.1038/nprot.2016.105

14. Mirabelli C, Wotring JW, Zhang CJ, McCarty SM, Fursmidt R, Pretto CD,
et al. Morphological cell profiling of SARS-CoV-2 infection identifies drug

approach, the acceptance of Al would gradually encompass the
totality of healthcare, allowing physicians to guide the use of
augmented medicine. We believe brevity is key to this transition
due to technology’s rapid and exponential evolution. Medical
professionals must embrace the promise and challenges of Al-
powered technology and augmented medicine, which could
result in optimal outcomes for both the physician and patient
alike. If we act now, a more educated and prepared coalition
of students and physicians will be better equipped for the fast-
changing medical landscape, leading to future physicians who
will be more competent, inventive, and compassionate in the
medicine of tomorrow.

AUTHOR CONTRIBUTIONS

TE RE, and MG contributed equally to this work and wrote the
first draft. EB helped conceptualize the work and edited and
provided further input. All authors contributed to the article and
approved the submitted version.

repurposing candidates for COVID-19. Proc. Natl. Acad. Sci. U.S.A. (2021)
118. doi: 10.1101/2020.05.27.117184

15. Shen D, Wu G, Suk HI. Deep Learning in Medical Image Analysis. Annu Rev
Biomed Eng. (2017) 19:221-48. doi: 10.1146/annurev-bioeng-071516-044442

16. Nawaz S, Yuan Y. Computational pathology: exploring the
spatial dimension of tumor ecology. Cancer Lett. (2016) 380:296-
303. doi: 10.1016/j.canlet.2015.11.018

17. Yates EJ, Yates LC, Harvey H. Machine learning “red dot”: open-source, cloud,
deep convolutional neural networks in chest radiograph binary normality
classification. Clini Radiol. (2018) 73:827-31. doi: 10.1016/j.crad.2018.05.015

18. Prevedello LM, Erdal BS Ryu JL, Little KJ, Demirer M, Qian S, White
RD. Automated critical test findings identification and online notification
system using artificial intelligence in imaging. Radiology. (2017) 285:923-
31. doi: 10.1148/radiol.2017162664

19. West CP, Dyrbye LN, Sinsky C, Trockel M, Tutty M, Nedelec
L, et al. Resilience and burnout among physicians and the
general US working population. JAMA Network Open. (2020)
3:€209385-€209385. doi: 10.1001/jamanetworkopen.2020.9385

20. Sinsky C, Colligan L, Li L, Prgomet M, Reynolds S, Goeders L, et al. Allocation
of physician time in ambulatory practice: a time and motion study in 4
specialties. Ann Intern Med. (2016) 165:753-60. doi: 10.7326/M16-0961

21. Khairat S, C, Ottmar P, Jayachander DI, Bice T,
Carson SS. Association of electronic health record use with
physician fatigue and efficiency. JAMA Network Open. (2020)
3:€207385-€207385. doi: 10.1001/jamanetworkopen.2020.7385

22. Kaplan RS, ME Porter. How to solve the cost crisis in health care. Harv Bus
Rev. (2011) 89:46-52, 54, 56-61.

23. Schroeder SA, Frist W.
N Engl ] Med (2013)
2322

24. Blomgyist A, Busby C. How to pay family doctors: why ’pay per patient’ is
better than fee for service. SSRN Electro J. (2012) 1-15.

25. Miller S, Gilbert S, Virani V. Wicks patients’ utilization and perception of an
artificial intelligence-based symptom assessment and advice technology in a
british primary care waiting room: exploratory pilot study. JMIR Hum Factors.
(2020) 7:€19713. doi: 10.2196/19713

26. Bala S, Keniston A, Burden M. Patient perception of plain-language medical
notes generated using artificial intelligence software: pilot mixed-methods
study. JMIR Form Res. (2020) 4:e16670. doi: 10.2196/16670

27. Suryanarayanan P, Epstein EA, Malvankar A, Lewis BL, DeGenaro L, Liang
J), et al. Timely and efficient AI insights on EHR: system design. AMIA Annu
Symp Proc. (2020) 2020:1180-9.

Coleman

Phasing  out
368:2029-32.  doi:

fee-for-service ~payment.
10.1056/NEJMsb130

Frontiers in Digital Health | www.frontiersin.org

May 2022 | Volume 4 | Article 831123


https://doi.org/10.1001/jama.2015.18421
https://doi.org/10.1056/NEJMoa1303576
https://doi.org/10.1308/147870804290
https://doi.org/10.1371/journal.pone.0221202
https://doi.org/10.1001/jamainternmed.2019.0095
https://doi.org/10.7326/M19-0344
https://doi.org/10.1001/jama.2019.15064
https://doi.org/10.1200/JCO.2021.39.15_suppl.1563
https://doi.org/10.1200/JCO.2021.39.15_suppl.e18834
https://doi.org/10.1158/1538-7445.AM2021-242
https://doi.org/10.1038/nprot.2016.105
https://doi.org/10.1101/2020.05.27.117184
https://doi.org/10.1146/annurev-bioeng-071516-044442
https://doi.org/10.1016/j.canlet.2015.11.018
https://doi.org/10.1016/j.crad.2018.05.015
https://doi.org/10.1148/radiol.2017162664
https://doi.org/10.1001/jamanetworkopen.2020.9385
https://doi.org/10.7326/M16-0961
https://doi.org/10.1001/jamanetworkopen.2020.7385
https://doi.org/10.1056/NEJMsb1302322
https://doi.org/10.2196/19713
https://doi.org/10.2196/16670
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

Frommeyer et al.

Artificial Intelligence Into Medical Education

28. McCoy LG, Nagaraj S, Morgado F, Harish V, Das S, Celi LA. What do medical
students actually need to know about artificial intelligence? NPJ Digital Med.
(2020) 3:86. doi: 10.1038s41746-020-0294-7

29. Paranjape K, Schinkel M, Panday RN, Car J. Nanayakkara introducing
artificial intelligence training in medical education. JMIR Med Edu. (2019)
5:¢16048-16048. doi: 10.2196/16048

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those
of the authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Copyright © 2022 Frommeyer, Fursmidt, Gilbert and Bett. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Digital Health | www.frontiersin.org

May 2022 | Volume 4 | Article 831123


https://doi.org/10.1038s41746-020-0294-7
https://doi.org/10.2196/16048
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

	The Desire of Medical Students to Integrate Artificial Intelligence Into Medical Education: An Opinion Article
	Introduction
	The Current Landscape
	Precision Medicine
	Drug Discovery
	Diagnostics
	Healthcare Administration

	Call to Action
	Author Contributions
	References


