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THE ORIGINS AND CURRENT STATE OF
PRIMARY CARE ARTIFICIAL INTELLIGENCE

I

n 1966, Ian McWhinney argued that general practice should be a discipline and predicted that its
research would thrive in the twilight zones where
branches of knowledge converge.1 In a review in this
issue of Annals, Kueper et al have uncovered one such
zone at the interface between computer science and
primary care by describing a collection of research
that has been hiding in plain sight since 1986.2 By connecting 2 disciplines, these 405 articles constitute an
area of focus—primary care artificial intelligence—
that may be new to primary care researchers but has
already generated an impressive compilation.
Despite this body of work, primary care artificial
intelligence has failed to transform primary care due
to a lack of engagement from the primary care community. Similar to health information technology, primary care artificial intelligence should aim to improve
care delivery and health outcomes3; using this benchmark, it has yet to make an impact. Even though
its history spans 4 decades, primary care artificial
intelligence remains in the “early stages of maturity”
because few tools have been implemented.2 Changing
primary care is difficult when only 1 out of every 7 of
these papers includes a primary care author.2 Without input from primary care, these teams may fail to
grasp the context of primary care data collection, its
role within the health system, and the forces shaping
its evolution.
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THE 6 CHALLENGES
In a previous commentary, we outlined why the relationship between primary care and artificial intelligence
scholars is synergistic4 and in this piece propose how
the 2 fields can collaborate to address the challenges
standing in the way of greater impact. To start, we
asked 30 artificial intelligence scholars about the foundational challenges in artificial intelligence relevant to
health care. The participants noted that, compared with
other industries, health care poses 6 challenges, stemming from 2 unique features. The first feature is that
health care is a safety-critical environment, where malfunctioning of an artificial intelligence system can lead
to injury or death.5 This is in contrast to other industries, such as e-commerce, where the stakes are much
lower. As a result, the data used needs to be timely and
accurate, and the resulting tools need to be explainable
and free from bias. The second feature is that health
care data are proprietary and therefore restricted. This
is in contrast to other domains such as meteorology,
where important data are publicly available.
One threat to high performance within a safetycritical system is inefficient data entry (Challenge #1).
In health care, the process is seldom automated and
too often depends on physicians, who may lack time to
enter data. Without timely data, artificial intelligence
systems do not have the information they need to make
decisions. Once entered, these data are not processed,
raising doubts about their accuracy (Challenge #2).
Clinical data are not only stored in heterogeneous formats but can also be inconsistently entered or missing
entirely. In response, researchers omit or modify data
according to arbitrary or inappropriate rules, which can
lead artificial intelligence systems to learn the wrong
lessons. Explaining how these models learn has become
increasingly difficult with the proliferation of unsupervised and reinforcement learning (Challenge #3). For
users to trust artificial intelligence systems, they need
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to understand why decisions are made. Policy makers
have even suggested that artificial intelligence systems
need to provide explanations for their decisions before
being deployed in health care.6 Once implemented,
another concern is that these tools magnify existing
biases (Challenge #4). The systematic under- or overprediction of probabilities for populations emerges for
multiple reasons, including biased training data and
outcomes influenced by earlier, biased decisions.6 For
instance, one study found that an algorithm that identifies patients for a care management program was biased
against African Americans.7 Despite having worse
comorbidities, African-Americans were less likely to be
referred because the algorithm predicted costs rather
than illness. Because of unequal access, African Americans historically received fewer resources and were
therefore less costly. These inequities were embedded
within the training set used to predict future costs.
Because data reside in siloes, training data may not
be representative of the sample for which the models
will be applied (Challenge #5). This leads to tools that
perform worse when used at different institutions.8 Furthermore, the population on which the tool was trained
may shift, causing its performance to suffer over time.
Sharing data across health systems can enable generalizable models; however, this flow of information raises
privacy concerns (Challenge #6). With the digitization
of data, patients are increasingly unable to determine
when, how, and to what extent information about them
is communicated to others.9 Breaches and misuse erode
trust in artificial intelligence systems and may make
individuals reluctant to access care.
Inherent in these challenges are important research
questions. For example, can voice-based assistants
improve the efficiency of data entry? How can we
distinguish between data entry errors and nonconforming results that have value? What processes
enhance explainability? What practices prevent biases
from being perpetuated? How can we develop models that are generalizable and adaptable? How can
research teams operationalize privacy by design, where
privacy is built into every step?6

To read or post commentaries in response to this article, see it
online at http://www.AnnFamMed.org/content/18/3/194.
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THE 7TH CHALLENGE
To stimulate progress, artificial intelligence and primary care researchers need to move from mutual
awareness to partnership so that these questions can
be applied to primary care contexts.10 We agree with
Kueper et al’s call to cultivate teams consisting of both
artificial intelligence and primary care researchers
and urge them to work in a transdisciplinary manner.2
By doing so, these teams will create new conceptual
frameworks and research strategies that transcend their
ANNALS O F FAMILY MEDICINE

preexisting disciplinary boundaries.11 In other words,
we do not simply need the application of artificial intelligence to primary care, but rather, the development
of new methods that are tailored to the breadth, complexity, and longitudinality of primary care, bringing
us to a 7th and final challenge. McWhinney believed
that generalists are set apart by our overriding interest
in people, an interest that is vital to the creation of a
bond between physician and patient.1 With the proliferation of electronic health records, this connection is
being interrupted and risks being severed completely
as we add more and more layers of technology.12 To
avoid this fate, primary care artificial intelligence needs
to narrow this divide by facilitating new opportunities
for connection. Finding creative solutions to this challenge is necessary if we hope to restore the relationships that sustain us and our patients.
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A

man aged 60 years presented to his primary care
physician because of a 5-kg unintentional weight
loss over 3 months, hemoptysis, and exertional
shortness of breath, but no fever. He had smoked 20 to
30 cigarettes a day since his 20s before quitting a year
prior because of health concerns. A chest radiograph
and computed tomography (CT) scan showed findings
consistent with lung cancer with metastasis and diagnosis was confirmed promptly. For this patient, a rootcause analysis may ask if opportunities at prevention or
early detection were missed.1 The most effective way
to prevent lung cancer is to avoid exposure to carcinogens (tobacco, radon, or particulate matter).2 However,
in individuals who unfortunately develop lung cancer,
early detection is potentially lifesaving.
In this issue of the Annals, Handy and colleagues
report on a lung cancer screening (LCS) program in
a network of primary care clinicians in a communitybased health system in Portland, Oregon.3 The report
suggests that delivery of LCS is feasible in community settings and may achieve comparable process
outcomes as the controlled settings of clinical trials.3
Their program provides a useful framework for the
primary care clinician’s role and linkages with a mulConflicts of interest: author reports none.
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tidisciplinary team to manage abnormal findings as
depicted in Figure 1.4
Cancers of the lung and bronchus remain the single
most common cause of death from cancer in the United
States despite steady declines in incidence and mortality over the decades. Lung cancer is projected to cause
nearly as many deaths as breast, colorectal, and pancreatic cancers combined in 2020 (135,720 vs 142,940),5,6
and African American men have the highest incidence
and mortality of any racial or ethnic group.5 The 5-year
survival rate during 2010-2016 for people diagnosed
with localized-stage disease is 59% compared with
5.8% with metastatic disease at the time of diagnosis,
and without screening, 51% of patients present with
metastasis.5 Feasibility studies at the Mayo Clinic,7 and
the National Lung Screening Trial (NLST),8 provided
the evidence for guidelines endorsing LCS in high-risk
people (Table 1).9-19 In 2013, the American Academy
of Family Physicians (AAFP) concluded the evidence
“insufficient to recommend for or against” LCS.18 The
AAFP noted that the NLST was conducted in “medical
institutions” with expertise to achieve “low mortality
associated with surgical resection of tumors, which may
not be reproducible in all settings.” Those concerns are
acknowledged in all current guidelines. Although other
trials, including the Nederlands-Leuvens Longkanker
Screenings ONderzoek (NELSON) and the Italian
(MILD) trials, have expanded the evidence base,20,21
controversy remains about the applicability of the
evidence or the ability to have the expertise and other
systems needed for LCS in community settings.
Key details of trials results, including absolute
risks, provide insights about LCS’ potential impact.
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Figure 1. The lung cancer screening process (primary care physician vs subspecialty).
Age eligible for screeninga

Current smoker

Not screening
eligiblea

Smoking
intervention

Former smoker

Potentially
screening eligible

Not screening
eligiblea
Assessment of
health status,
lung cancer risk;
and barriers,
smoking interventions, & SDM

SDM & confirm
eligibility

Declines

Screening processes that can be
performed/managed in primary
care (Leveraging
coordinated and
comprehensive
care, including
behavioral health
services and telehealth solutions)

Chooses
to screen

Reminders systems,
tailored navigation

LDCT ordered

Did not complete

Lung-RADS 1-2

Annual LDCT

LDCT completed

Lung-RADS 3

Lung-RADS 4

Short-interval
LDCT
(3or 6 months)

Multidisciplinary
team review

False-positive

Nodule
management
& diagnostic
workup

Cancer diagnosis

Care processes
in subspeciality
multidiscliplinary
teams that
include radiology,
oncology, and
pulmonology

Cancer staging, treatment, & follow-up
CMS = Centers for Medicare and Medicaid Services; LDCT = low-dose helical computed tomography; Lung-RADS = Lung CT Screening Reporting & Data System;
SDM = shared decision making.
a
Eligibility for screening is defined primarily on age and smoking criteria, but some risk stratification approaches include other factors not in the US Preventive Service
Task Force recommendations, such as radon and occupational exposures and family history. Age criteria vary across guidelines and CMS coverage guidance but is generally in the 50-80 years age group. Patients who are not healthy enough to undergo treatment should not be screened.

The NLST randomized selected high-risk participants aged 55-74 years during 2002-2004 at 33 wellequipped medical centers to receive low-dose helical
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CT (LDCT) (n = 26,722) over 3 rounds or chest radiography (n = 26,732) and followed them through the
end of 2009.8 It showed a 20% lung cancer–specific
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Table 1. Lung Cancer Screening Guidelines Across Organizations
Endorse
LDCT

Smoking
Cessation

SDMa

Multidisciplinary team

Yes

Yes

Yes

Multidisciplinary team

Yes

Yes

Yes

Yes

Primary care; NCCN
guidance
NLST-like

Yes

NLST-like

Organization

Year

Population

National Comprehensive
Cancer Network (NCCN)9

2012

Yes

American Association for
Thoracic Surgery10
US Preventive Services Task
Force11
American Cancer Society12

2012

2013

NLST criteria,8 aged ≥50 years with
≥20 pack-years plus 1 risk factorb
and 1.3% PLCO risk
Aged 55-79 or 50-79 years based on
smoking history and other factorsc
Age pack-year and current smoker or
quit ≤ 15 years
NLST + imaging/treatment feasible

American College of Chest
Physicians13
American Lung Association14

2013

NLST

2013

Recommended
Setting

Yes
Yes
Yes

2015

NLST

Yes

NLST-like

Canadian Task Force on Preventive Health Care15
European Union16

2016

NLST

Yes

2017

Validated risk stratification

Yes

Early diagnosis/
treatment expertise
Multidisciplinary teams

Yes

CHEST Guideline17

2018

55-77 years/NLST smoking criteria

Yes

AAFP18

2013

High risk (age and smoking)

Noa

CMS19

2015

55-77 years/NLST smoking criteria

Yes

Yes
Yes
Yes
Yes

Provider/facility quality

Yes

Yes

Yes

Yes

AAFP = American Academy of Family Physicians; CHEST = American College of Chest Physicians; CMS = Centers for Medicare and Medicaid Services; LDCT = lowdose helical CT; NLST = National Lung Screening Trial; PLCO = Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; SDM = shared decision making.
Shared decision making endoresed or implied.
Other NCCN risk factors include radon exposure, occupational exposure, history of cancer, family history of lung cancer, COPD, and pulmonary fibrosis.
c
People aged 55-79 years with ≥30 pack-year of smoking history or people aged 50-79 years with ≥20 pack-year of smoking history with personal lung cancer history
or another risk factor such as COPD, environmental or occupational exposure, prior cancer or radiation therapy, genetic predisposition or family history.
d
Insufficient evidence to recommend screening. Screening cannot be recommended on the basis of a single study conducted in major medical centers.
a

b

mortality risk reduction (2.47 vs 3.09 deaths per 1,000
person years) in those assigned to LDCT screening
after 6.5 years of follow-up.8 One subanalysis reported
a 39% mortality risk reduction in African American
participants (n = 2,361, hazard ration [HR] = 0.61; 95%
CI, 0.37-1.01), suggesting that use of LCS could help
reduce health disparities.22 The NELSON trial with
men (n = 13,195) and women (n = 2,594) aged 50-74
years showed over 4 rounds of screening a similar
effect size (24% mortality risk reduction; 2.50 vs 3.30
deaths per 1,000 person years in screened vs control,
respectively) after ≥10 years of follow-up.20 About 56%
of lung cancers in the NLST and 68% in NELSON
were detected at stage I/II.8,23 Similarly, 70% of the 95
cancers reported by Handy and colleagues and 86%
of those detected in a United Kingdom lung screening
pilot were diagnosed at stage I/II.3,24 Those findings
suggest that LDCT screening in community settings
may produce reasonable outcomes.
It is important, however, to understand why current LCS guidelines include caveats on having appropriate expertise and processes. Screening is highly
popular and widely advocated due to its presumed
potential to prevent premature death. Screening can,
however, create an illusion of benefits even when
causing a net harm because of temporal dissonance
between harms and benefits. Benefits of LDCT derive
from accurate identification of only serious lesions and
ANNALS O F FAMILY MEDICINE
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achieving optimal follow-up and treatment outcomes.
The “window of net benefit” for LCS is related to quality of LDCT images and quality of interpretation,
disease prevalence in the population, patient health
status, and the timeliness, safety, and effectiveness of
treatment for abnormal screening results.25 Harms due
to screening, including death, occur from the test itself
or from management of lesions that turned out not to
be cancerous (false positives) or are not destined to be
fatal during a person’s lifetime (overdiagnosis). Therefore, the harms and benefits of LCS vary depending
on the population and setting of screening. Given the
same health status, people at lower risk may disproportionately experience overdiagnosis and false-positive
results. In the NLST, the benefits of LCS were greatest
in people in the highest risk strata, but those patients
may also have higher prevalence of comorbid conditions and thus a higher complication rate could undermine the benefits.26 In NLST, the major complication
rate was 14%.27 In Handy and colleagues’ report, of
3,402 patients screened, 176 underwent invasive procedures with 23 (13%) procedure-related complications
that included 2 deaths.3
False-positive rates (FPR), overdiagnosis, and incidental findings contribute to harms. In NLST, the
reported FPR was 27.3% in the first round and, over
the 3 rounds of screening, 1.8% of participants without
lung cancer underwent invasive procedures for a posi-
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tive screening result with about 6.5 deaths per 10,000
with false positive results in patients with false-positive
results.8 The FPR is relatively modest (1.3 to 12.8%),
however, when based on findings that call for immediate follow-up,23,24,28 but the wide range across reports
portends similar variation in LCS outcomes in community settings. In the NLST, there were 41 cancers
detected per 1,000 people screened, which resulted in
3 averted lung cancer deaths and 4 cancers that may
have represented overdiagnosis.27 Estimated overdiagnosis rates also vary widely across studies,29-33 but was
reported as 3.1% overall during long-term follow-up
on the NLST and 8.9% on the NELSON trial.20,34
Another concern is incidental findings, which were
reported in 41% of participants in the Veterans Affairs
(VA) program, but clinical implications were unclear.35
Therefore, important questions remain about how
LCS may be optimally delivered to underserved urban
and rural populations. Although Patient Protection and
Affordable Care Act provisions allow full coverage of
LCS in primary care, it is substantially underutilized
with reported prevalence of only about 6% or less,36-38
and primary care clinicians’ role seems unclear.
When the program described by Handy and colleagues began in 2013, it was led by an oncologyradiology team that managed all screening processes
after a primary care clinician referral. In 2015, primary care clinicians assumed responsibility for shared
decision-making and placing LDCT orders. A program
coordinator conducted smoking counseling, and eligibility verification. This iteration of the program was
supported by automated reminders. A multidisciplinary
team from oncology, pulmonology, and thoracic surgery reviewed LDCTs with suspicious or highly suspicious findings and made follow-up recommendations
back to the primary care clinician.39 The program followed standards for image acquisition, interpretation
and reporting, and management of nodules; images
were interpreted by radiologists at a tertiary facility.3
This strategy conforms with standards recommended
in current guidelines and the Centers for Medicare and
Medicaid Services (CMS).9-17,19,40
There are some limitations of Handy and colleagues’ study, including a non-diverse population with
only 1% (n = 33) African American and <1% (n = 15)
American Indian/Alaska Natives (AI/ANs).3 It does
not provide evidence of the effectiveness of LCS during routine primary care delivery and few details are
provided on approaches to promote timely follow-up
of abnormal screening results.1,41 Information was not
provided on the approaches used to systematically
identify eligible patients or the number of people who
were evaluated or received shared decision making and
declined screening or were determined to be ineligible.
ANNALS O F FAMILY MEDICINE
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Delivery of LCS is hampered by incomplete or
inaccurate capture of smoking history and a paucity of
valid electronic algorithms for assessing LCS-relevant
health status, resulting in a scarcity of reliable estimates
of the eligible population and LCS prevalence. Clinical
services that are measured, tracked, and incentivized
get greater attention and those services which are not
incorporated into valid quality metrics, such as National
Committee for Quality Assurance (NCQA) performance measures, are often of lesser priority. Integration
of LCS into primary care workflow and the development of generally accepted LCS clinical performance
metrics (eg, false-positive/recall rates, interval cancers,
complications, and 30-day mortality rates), along with
incentives, may encourage LCS. Stigma against smoking and lung cancer is widely recognized barrier to care
all along the lung cancer care continuum either due to
provider bias or patient’s perception and anticipation
of discrimination.42 Digital technologies may improve
access to shared decision making, smoking cessation,
and nodule management in underserved rural, racial/
ethnic minority, or low-income communities. These
issues require study, ideally through a primary care lens.
Family medicine has a critical role in increasing
the reach of LCS. Success in tobacco control has
been the primary driver of decreasing lung cancer
incidence,5 and family medicine as a discipline has
been a leader in smoking cessation and prevention.
The longitudinal, comprehensive, team-based care in
primary care, including integrated behavioral health,
is an ideal setting to improve access to LCS, particularly for underserved populations. Family doctors have
long-term relationships with their patients and can
help them consider whether lung cancer screening is
right for them. However, obstacles to the adoption
of this technology hinder uptake and delivery, and a
planned implementation approach is needed to assure
optimal benefits. Evidence is needed on whether
strategies such as telehealth can enable access to LCS
in less-resourced settings and mitigate the effects of
some social and structural barriers.10,19 The American
Academy of Family Physicians (AAFP) can guide the
approximately 180,000 family physicians on timeliness,
quality, and safety of LCS delivery to build on the
gains made from tobacco control. There is no place
like family medicine to realize the ideals of lung cancer
control, but the engagement of primary care clinicians
and support from payers and funding agencies are
needed to catalyze the adoption of LCS.
To read or post commentaries in response to this article, see it
online at http://www.AnnFamMed.org/content/18/3/196.
Key words: lung cancer screening; primary health care; implementation science; implementation strategies; practice guidelines; Preventive
Health Services
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CORRECTION
Ann Fam Med 2020;18:201. https://doi.org/10.1370/afm.2532.

In the reference section of Gabison JG. Implications of the FAST protocol beyond spirituality. Ann Fam Med.
2020;18:98-99, the authors for reference #1 were listed as, “Lee JY, Khoo Z, See Toh W, et al.” when they
should have been listed as, “Lum Z, Khoo Z, See Toh W, et al.” The publisher regrets the error.
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