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Foreword

Despite the recent remarkable progress in cancer research with improvements in 
prevention, diagnosis, therapeutic interventions, and survivorship, the United States 
(US) continues to struggle with inequities across the cancer care continuum. 
Disparities exist throughout all levels of the social-ecological model and persist 
across all cancer types. The causes of these inequities are vast and include structural 
racism, discrimination, stigma, poverty, distrust of the healthcare system, lack of 
access, and other social determinants of health. For lung cancer, which is the lead-
ing cause of cancer mortality in the United States, disease screening is a newer 
strategy for early detection and expands the armamentarium of well-established 
cancer screenings.

This book has a bold aim and focuses on a learning community model to address 
disparities and inequities in lung cancer, early identification and screening for indi-
viduals at risk through community intervention, outreach, and greater awareness 
and understanding of community needs and resources. This concept represents a 
phase shift in US lung cancer care. Heretofore, lung cancer preventive and treatment 
strategies failed to achieve equitable impact on mortality rates, especially with 
regard to issues of race, poverty, and stigma. As a result, lung cancer mortality rates, 
as reported by the American Cancer Society and described further in this treatise, 
are greater for Black men compared to White men and Black women compared to 
White women {Siegel, 2023 #740}.

As a national leader, Dr. Gregory Kane is a highly regarded pulmonary physi-
cian. As a frequent lecturer during American College of Physicians programs, 
Chairman of the Department of Medicine at the Sidney Kimmel Medical College, 
teacher and clinician, he demonstrates leadership in multiple aspects of Medicine. 
He has organized a superb group, including Nathaniel Evans, MD, Director of the 
Division of Thoracic Surgery and Co-Lead of the Lung Cancer, Screening and 
Nodules Program of the Korman Respiratory Institute; Ronald Myers, D.S.W., 
Ph.D., Division Director of Population Science in Medical Oncology; and Julie 
Barta, MD, Assistant Professor of Medicine and Lead of the Lung Cancer, Screening 
and Nodules Program of the Korman Respiratory Institute, each in their respective 
areas of expertise, to produce this superb premise. This book can serve as an 
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information source for trainees, or a reference and update by primary care and other 
specialties and subspecialists to address the latest information in increasing screen-
ing and early diagnosis in lung cancer.

In this book, the group addresses inequities in lung cancer screening at the outset 
as an essential primary care metric by leading national healthcare quality organiza-
tions. As such, this represents the first time that the United States is working toward 
an equitable rollout of a new early detection and prevention strategy. The authors of 
this book, each heavily engaged in the work of a cancer screening for those from the 
academic and clinical care perspectives, are congratulated for integrating a robust 
public health perspective and for addressing underserved and often overlooked pop-
ulations, and health inequities at the outset.

The reader will also notice important partnerships, which have the potential to 
form the cornerstone for new community-based interventions utilizing partnerships 
that have real-world impact and spur change at a community level. The authors also 
focus on the engagement of primary care and community health navigators working 
synchronously with lung cancer screening programs, essential relationships neces-
sary to achieve the population impact.

The tools and approaches featured in this remarkable book can help transform 
the implementation of lung cancer screening to serve all populations using a 
community-based strategy. The challenge ahead is whether we as a nation can move 
swiftly and adroitly enough so that lung cancer is no longer the menace of the last 
century, and all underserved, and often overlooked, groups benefit equally.

Edith Peterson MitchellDepartment of Medical Oncology  
Center to Eliminate Cancer Disparities 
Sidney Kimmel Cancer Center at Jefferson
Philadelphia, PA, USA

Foreword
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Chapter 1
The Promise of Lung Cancer Screening

Gregory C. Kane

�Background

Lung cancer is the single most common cause of cancer mortality in men and 
women, according to the American Cancer Society. It has been the most common 
cause of cancer death for men since the mid-1950s and, not to be out-done, lung 
cancer became the most common cause of cancer death in women in the 1980s, 
reflecting the uptick of smoking among women in the second half of the last century 
[1]. Startling to comprehend, there are more deaths from lung cancer each year in 
the United States than from colon, breast, and prostate cancers combined. The 
promise of lung cancer screening, then, is straightforward – to reduce the impact of 
this deadly cancer in our community through prevention, screening, and more effec-
tive treatment. While previous attempts to address cancer deaths, such as the “War 
on Cancer” launched by the Nixon administration in the 1970s, were ambitious; 
today, we have the actual tools to make an impact [2]. With the availability of effec-
tive tools, including new approaches to decreasing smoking rates, specialized imag-
ing for early detection, and new treatment modalities for advanced tumors with 
high-impact molecular and immunologic therapeutics; we are truly poised for suc-
cess, and already the mortality has been falling. In this third decade of the twenty-
first century, we are achieving measurable progress against this devastating killer. 
The progress against lung cancer is measured in human lives – lives of mothers and 
fathers, brothers and sisters, sons and daughters, friends and neighbors, and col-
leagues and cousins [1]!

The advent of lung cancer screening (LCS) comes late to the pantheon of cancer 
screening presently employed in the United States. Currently, the four other solid 

G. C. Kane (*) 
Department of Medicine, Thomas Jefferson University, Philadelphia, PA, USA
e-mail: Gregory.Kane@Jefferson.edu
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tumor cancers with effective screening programs include breast, prostate, cervix, 
and colon. The approaches for these four cancers utilize mammography and breast 
examination (both self-exam and those conducted by healthcare professionals), 
prostate-specific antigen determination and digital examination of the prostate, pel-
vic examination with Pap smear, and a myriad of techniques, but principally colo-
noscopy, for reducing the impact of colorectal cancer. Among these four, colorectal 
cancer reduction and cervical cancer reduction have been the most remarkable, as 
has the public information campaign to assure that eligible persons actually get 
screened [3, 4]. Only more recently has the United States Preventive Services Task 
Force (USPSTF) approved the modern approach to LCS. The reasons for this are 
complex, but lacking a high-resolution imaging technique prior to the deployment 
of modern multi-slice CT scanners has certainly been chief among these reasons. 
Historical efforts employing routine Chest X-ray as the imaging technique proved 
capable of detecting cancer – just not at an early stage. As a result, there was not a 
reliable or significant impact on the outcome. One unfortunate consequence of this 
result may have been a delay in embracing the possibility, and now reality, that LCS 
with CT scanning could prove so effective in finding cancers and saving lives.

One difference, between LCS and cancer screening for other tumors, is that LCS 
is a process rather than a single step or initiative [5]. This is due to the frequency of 
benign lung nodules detected in up to one-quarter of smokers undergoing CT scan-
ning. In order to distinguish the presence or absence of suspicious CT scan findings, 
it is necessary to obtain a follow-up scan among those who undergo an initial 
screening. This distinguishing feature places a unique burden on screening pro-
grams. Not only is it essential to enroll patients, but patients must be followed over 
time at the proper intervals. And while colonoscopy must be performed at regular, 
but less frequent intervals; it is not necessary to repeat the procedure in a short inter-
val to understand the significance of any of the findings, as is the cae with the initial 
low-dose CT (LDCT). A second difference is that only LDCT scanning can identify 
other findings that might prove helpful to the person undergoing screening. These 
include coronary calcifications, incidental tumors in the liver, adrenals or kidneys, 
and other lung diseases. A final difference is that LCS is being implemented in the 
era of striving for health equity. Never before, has a new cancer prevention strategy 
been implemented when the differential impact across all Americans was so critical 
and actually mattered! While some might choose to label these aspects of LCS as 
“challenges,” many of the myriad of health professionals engaged in LCS prefer to 
view them as opportunities – opportunities to build programs within high-reliability 
healthcare entities, opportunities to infuse methods and reporting with quality and 
opportunities to succeed in reaching vulnerable populations to achieve health equity.

Today, the stage is set for achieving success in the battle against lung cancer. We 
have the public health and clinical tools to prevent smoking and help smokers quit. 
We have LDCT machinery, which can reliably detect cancers at an early stage, and 
we have effective treatment options based on the explosion of cancer research in the 
last two decades. The final measure of success will be the implementation by pro-
grams and providers serving patients in communities rural and urban, rich and poor, 
and high or low in healthcare literacy – all communities, but especially those com-
munities where there is a disproportionate impact of smoking-related mortality.

G. C. Kane
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�Causes of Lung Cancer

While lung cancer can occur in nonsmokers and a number of nonsmoking-related 
causes are well-appreciated, including radon and asbestos; the chief cause of lung 
cancer is cigarette smoking [6]. Despite clear evidence of harm, approximately 14% 
of the adult population smoked cigarettes in 2019. There is reason for optimism, 
however, as this figure is down from 20.9% in 2005 [7]. Curiously, despite the high 
cost of tobacco products, smoking remains prevalent among the poor [8]. It is 
important to note that any progress in reducing smoking, not only impacts lung 
cancer incidence and mortality but affects numerous other causes of premature 
death. Since smoking is responsible for nearly one in five deaths in the United States 
from cancers at other sites and early cardiovascular disease, including stroke, the 
impact across a number of diseases could be substantial [7].

With high levels of income disparity in the United States, it is becoming clear for 
several reasons that smoking particularly affects the poorest communities. These 
reasons include the availability of tobacco products, levels of stress in these popula-
tions, and lack of health education [8]. Understanding the varying rates of smoking 
among communities and factors impacting smoking in the poorest communities will 
be essential for a national strategy to reduce the use of tobacco products and smok-
ing, of which LCS is just one part.

One of the key elements of the current strategy to reduce lung cancer deaths is 
the mandatory inclusion of smoking cessation counseling in every LCS program. 
This distinguishes LCS efforts from mammography in that the current approach 
combines prevention through reducing the principal risk factor with imaging for 
early detection. Most programs must rely on certified tobacco-cessation counseling 
specialists or other health professionals for this component, and it is best when this 
service is delivered with shared-decision making. It is imperative that LCS pro-
grams incorporate high-quality smoking cessation counseling to achieve this aim. 
This approach was, indeed, part of the National Lung Screening Trial (NLST) and 
is required by Medicare for payment of LDCT scans [9, 10].

�The Tools of Modern Medicine Are Coming Together

In the last decade, the first trial of its kind to use CT imaging – the NLST – demon-
strated an impact on lung cancer mortality through annual LDCT screening for 
high-risk smokers and former smokers who quit less than 15 years previously [9]. 
In 2013, the USPSTF endorsed the use of LCS.  Just 2  years later, in 2015, the 
Centers for Medicare and Medicaid Services added LCS as a preventive service 
benefit [10].

The success of this LDCT technique was born of the remarkable revolution we 
have seen in computerized cross-sectional imaging with greater and greater resolu-
tion, empowering radiologists and clinicians to detect nodules as small as 2–3 mm 
routinely as well as enabling routine follow up to detect growing lesions. Coupled 
with current tumor biology for lung cancers [11] where malignant epithelial 

1  The Promise of Lung Cancer Screening
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carcinomas typically double in volume over 30–365 days; malignant lesions can be 
identified early with ease by observing growth over critically selected study inter-
vals as short as 3 months for larger lesions and 6–12 months for smaller lesions. The 
NLST established a clear impact on enrollee survival, though programs must closely 
follow screening guidelines to match these outcomes.

Surprisingly, in the years since the publication of the NLST, efforts to expand 
LCS have been limited by low rates of screening uptake. In 2015, 4 years after the 
publication of the NLST, just 6% of eligible persons were being screened [12]. In 
recent years and despite the wide availability of CT scanning in our communities, 
rates have increased to just 16% in 2020 [13]. Moreover, the uptake of LCS has been 
sporadic across states and regions of the United States and has not been aligned with 
lung cancer mortality [13]. Indeed, LCS may have only approached the standard of 
care in all communities as of 2018, as the American Academy of Family Physicians 
(AAFP) concluded that the evidence (a single study, the National Lung Screening 
Trial) was not sufficient to advocate for screening given the narrow benefit window, 
costs and side effects of annual LDCT. This clearly has contributed to slowing the 
uptake. By comparison, breast and colon cancer which have lower overall mortality 
in the United States have screening rates of approximately 70% [14]. Thus, it is 
clear that much work lies ahead if we are to fully realize the promise of this new 
screening process.

�Overcoming Barriers

The reasons for slow uptake are poorly understood. The stigma associated with 
smoking and lung cancer may be a contributor as some high-risk individuals might 
choose not to seek LCS due to fears or limited understanding of the benefit [15]. 
Myths concerning the effectiveness of modern treatments may also play a role. 
Some patients may have a high degree of fatalism with regard to surgery for lung 
cancer; believing that they will die of lung cancer regardless of early detection. 
These patients might avoid referral unless educational efforts address these myths. 
With a growing awareness of the social determinants of health [16], it is essential 
that health systems use outreach to educate, encourage, and enroll patients from 
communities with high smoking rates. Another reason for slow uptake may relate to 
the disproportionate enrollment of vulnerable patients in LCS programs, where 
health literacy and the comfort level with the screening process, and the healthcare 
system as a whole, may not be high. For example, in the NLST, less than 5% of 
enrolled patients were black. To achieve widespread screening, it is imperative to 
address all communities and build trust in our communities.

While CMS has added LCS as a preventive service benefit, there are few manda-
tory measures of implementation currently affecting healthcare systems or primary 
care physicians, which might stand to encourage the use of and referral for LCS. The 
inclusion of such measures in healthcare scorecards could have a further impact on 
progress toward higher rates of LCS uptake. It is essential that healthcare systems 
take the lead in measuring and reporting progress and milestones.

G. C. Kane
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Given the low uptake despite the wide availability of CT scanning, it is essential 
to identify barriers and dismantle these barriers to expand LCS so that it can truly 
impact lung cancer mortality in our communities. We plan to address these issues in 
detail in the upcoming chapters of this book.

�Realizing the Promise of Lung Cancer Screening

The potential for LCS is enormous if implemented consistently with CMS guide-
lines. These include the incorporation of smoking cessation counseling, shared 
decision making so that eligible persons understand the risks and benefits as well as 
the need for annual screening as part of a process, and finally, the use of LDCT to 
limit radiation exposure. The impact on our communities, if we can meet this chal-
lenge, will be substantial, allowing older Americans to enjoy retirement.

This book is intended to be a comprehensive guide to LCS for clinicians, health-
care systems, community leaders, and public health officials with the hope of creat-
ing a more equitable LCS landscape designed to favorably impact lung cancer-related 
outcomes in all communities. We will feature population approaches as relying on 
individual operators will simply not bring the necessary forces and organization to 
achieve high-quality results.

Simply stated, the promise of LCS is to impact the mortality from lung cancer in 
every community across the United States. Today, with tools to seriously address 
smoking cessation and dramatically improve early detection, we can make a huge 
difference. For our families and communities, it is time for this impact to be fully 
realized.

References

1.	Siegel RL, Miller KD, Fuchs HE, Jemal A.  Cancer statistics, 2022. CA Cancer J Clin. 
2022;72(1):7–33.

2.	Sporn MB. The war on cancer: a review. Ann N Y Acad Sci. 1997;833:137–46.
3.	Benard VB, Thomas CC, King J, Massetti GM, Doria-Rose VP, Saraiya M. Vital signs: cer-

vical cancer incidence, mortality, and screening - United States, 2007–2012. MMWR Morb 
Mortal Wkly Rep. 2014;63(44):1004–9.

4.	QuickStats: death rates* from colorectal cancer,(†) by age group - United States, 1999–2019. 
MMWR Morb Mortal Wkly Rep. 2021;70(35):1233.

5.	Shusted CS, Barta JA, Lake M, Brawer R, Ruane B, Giamboy TE, et al. The case for patient 
navigation in lung cancer screening in vulnerable populations: a systematic review. Popul 
Health Manag. 2019;22(4):347–61.

6.	Smith RA, Glynn TJ. Epidemiology of lung cancer. Radiol Clin N Am. 2000;38(3):453–70.
7.	The health consequences of smoking-50 years of progress: a report of the surgeon general. 

Reports of the Surgeon General. Atlanta GA; 2014.
8.	Shusted CS, Kane GC. Linkage between poverty and smoking in Philadelphia and its impact 

on future directions for tobacco control in the city. Popul Health Manag. 2020;23(1):68–77.
9.	The National Lung Cancer Screening Research Team. Reduced lung-cancer mortality with 

low-dose computed tomographic screening. N Engl J Med. 2011;365(5):395–409.

1  The Promise of Lung Cancer Screening



8

10.	Moyer VA. Screening for lung cancer: U.S. Preventive Services Task Force recommendation 
statement. Ann Intern Med. 2014;160(5):330–8.

11.	Wilson DO, Ryan A, Fuhrman C, Schuchert M, Shapiro S, Siegfried JM, et al. Doubling times 
and CT screen–detected lung cancers in the Pittsburgh Lung Screening Study. Am J Respir Crit 
Care Med. 2012;185(1):85–9.

12.	Jemal A, Fedewa SA.  Lung cancer screening with low-dose computed tomography in the 
United States—2010 to 2015. JAMA Oncol. 2017;3(9):1278–81.

13.	Yong PC, Sigel K, Rehmani S, Wisnivesky J, Kale MS. Lung cancer screening uptake in the 
United States. Chest. 2020;157(1):236–8.

14.	Fedewa SA, Kazerooni EA, Studts JL, Smith RA, Bandi P, Sauer AG, et al. State variation in 
low-dose computed tomography scanning for lung cancer screening in the United States. J Nat 
Cancer Inst. 2020;113(8):1044–52.

15.	Chambers SK, Dunn J, Occhipinti S, Hughes S, Baade P, Sinclair S, et al. A systematic review 
of the impact of stigma and nihilism on lung cancer outcomes. BMC Cancer. 2012;12(1):184.

16.	Daniel H, Bornstein SS, Kane GC, Carney JK, Gantzer HE, Henry TL, et al. Addressing social 
determinants to improve patient care and promote health equity: an American College of 
Physicians Position Paper. Ann Intern Med. 2018;168(8):577–8.

G. C. Kane



9

Chapter 2
A Brief History of Lung Cancer Screening

Julie A. Barta

�Background

The current era of lung cancer screening builds upon several decades of work in the 
early detection of lung cancer, which is the most common cause of cancer death 
both in the United States and worldwide [1]. Several studies examining screening 
by chest X-ray and sputum cytology demonstrated no reduction in lung cancer mor-
tality. A major turning point in the field occurred in 2006 with the publication of the 
International Early Lung Cancer Action Program (I-ELCAP) study, which demon-
strated a stage shift in lung cancer diagnosis with low-dose CT screening of high-
risk individuals [2]. Since this time, LCS research has rapidly moved forward with 
subsequent randomized controlled trials including the National Lung Screening 
Trial (NLST) and the Dutch Belgian Randomized Lung Cancer Screening Trial 
(NELSON) which demonstrated significant lung cancer mortality benefit, and ulti-
mately garnering support from professional societies, preventive services experts, 
payers, and other organizations.

�Lung Cancer Screening by Chest X-Ray and Sputum Cytology

Several early studies of chest X-ray screening with or without sputum cytology, car-
ried out in the 1970s, failed to demonstrate a lung cancer mortality benefit with 
these methods. For instance in the Memorial Sloan-Kettering Study, Melamed and 
colleagues randomized 10,040 men over 45 years old with current smoking status 
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(>1 pack per day) to annual chest X-ray or dual screening (annual chest X-ray and 
sputum cytology every 4 months) [3]. Although individuals in the dual screening 
group were found to have lung cancer earlier than those in the X-ray only group, the 
total number of prevalence and incidence cancers was not significantly different 
between the two groups, and importantly there was no difference in overall survival 
or lung cancer mortality [3]. Similarly, Frost and colleagues in 1982 found no 
improvement in lung cancer mortality with the addition of sputum cytology to 
annual chest X-ray screening [4]. In contrast to these studies, the Mayo Lung Project 
was designed to evaluate dual screening vs. usual care, which entailed providing 
advice about annual X-rays and sputum cytology screening for lung cancer. This 
trial also found no significant difference in lung cancer mortality rates between the 
dual screening and usual care arms [5]. However, the Mayo Lung Project was noted 
to have several limitations including that the of prevalence cancers were not evalu-
ated in the randomized comparison, nearly half of the usual care group obtained 
annual chest X-rays, and there was relatively low adherence with the screening 
protocol in the dual screening group [6].

The more recent Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial 
(PLCO) was the only randomized controlled trial to compare annual chest X-ray for 
3 years with no screening for lung cancer [7]. The PLCO enrolled 154,901 average-
risk participants (including current-, former, and never-smokers). After 13 years of 
follow-up, there were no significant differences in lung cancer incidence, mortality, 
or stage at diagnosis between the two groups. Even among subgroup analyses of 
current and former smokers, who had higher lung cancer incidence than nonsmok-
ers, there was no difference in lung cancer incidence or mortality among screening 
vs. control groups [7]. This large trial, with high adherence rates and low crossover 
in the control arm, provided definitive evidence that annual chest radiographic 
screening did not reduce lung cancer mortality relative to no screening. Notably, the 
PLCO trial’s independent data and safety monitoring board recommended reporting 
the results early, providing additional context for the NLST, which had been pub-
lished just a few months prior [8].

�Lung Cancer Screening by CT Scan: Initial Studies

Initial studies of LDCT screening for lung cancer were led by the I-ELCAP investi-
gators. Henschke and colleagues initially enrolled 1000 current and former smokers 
at least 60 years old to undergo annual LDCT using a single cohort, non-comparative 
design. On baseline screening, they found a lung cancer prevalence rate four times 
higher than that with chest X-ray, with 85% of screen-detected lung cancers diag-
nosed at stage I disease [9]. Subsequently, an expanded, international cohort of 
31,567 individuals was studied [2]. This group included participants as young as 
40 years old and utilized a broad definition of lung cancer risk for inclusion, such as 
smoking history, occupational factors, and secondhand smoke exposure. With up to 
6  years of follow-up after screening, the investigators found again that 85% of 
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individuals with screen-detected lung cancer had stage I disease, and the estimated 
10-year survival rate in this subgroup was 88% [2]. The I-ELCAP investigators 
described that LDCT screening could detect curable, stage I lung cancer in a high 
proportion of individuals, leading to a high rate of survival. However, despite high 
rates of lung cancer-specific survival, I-ELCAP and other studies did not demon-
strate a predicted reduction in lung cancer mortality [10].

The NLST, published in 2011, was the largest randomized, controlled trial com-
paring LDCT to chest X-ray, enrolling 53,454 individuals between ages 55 and 74 
with at least 30 pack-years of smoking [8]. It included current smokers as well as 
those who had quit within 15 years. In the NLST, participants received 3 years of 
annual screening by either LDCT or by chest X-ray. At a median follow-up of 
6.5  years, those in the LDCT arm experienced a 20% relative reduction in lung 
cancer mortality, as well as a 7% reduction in all-cause mortality. The adherence 
rate with three rounds of annual screening was over 90%. Twenty-four percent of 
LDCT scans were noted to be abnormal (defined as a lung nodule ≥4 mm), with 
lung cancer confirmed in just 3.6% of these abnormal scans [8]. Critiques of the 
NLST include its comparison of LDCT vs. chest X-ray (instead of no screening), 
and small differences in adherence and work-up of screen-detected nodules between 
the study arms. Despite this, the NLST set the stage for rapid advancement in the 
field of lung cancer screening.

Smaller prospective studies preceding the NLST also compared LDCT with 
chest X-ray among United States and international cohorts and similarly found that 
CT scans identified more early stage lung cancer, but none demonstrated a reduction 
in lung cancer mortality [11–13]. Following the NLST, several studies in Europe 
examined LDCT vs. no screening, with varying protocols for inclusion criteria and 
screening interval, but these trials were underpowered to detect a mortality differ-
ence with LDCT [14–18].

�Nelson and Beyond

After the publication of the NLST, the United States Preventive Services Task Force 
(USPSTF) gave a “B” recommendation in support of LCS in 2013, and the Centers 
for Medicare and Medicaid Services (CMS) followed with a decision memo adding 
LCS as a preventive service benefit in 2015 [19, 20]. For patients, endorsement from 
these organizations was critical to expanding access to LCS, and for healthcare 
institutions, this marked a pivotal point in the development and growth of LCS pro-
grams across the country. Both the USPSTF and CMS have published revised state-
ments in support of broadening eligibility criteria for the purpose of improving 
health equity among previously under-screened populations [21, 22].

The NELSON trial, published in 2020, demonstrated results remarkably similar 
to the NLST [23]. Over 15,000 individuals were randomized to LDCT screening 
with increasing intervals between scans vs. a control group, which received no 
screening. Notably, 84% of participants were men, and smoking intensity 
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requirements were lower than that of the NLST, with a minimum history of 15–20 
cigarettes a day for 25–30 years. At 10 years of follow-up, there was 24% decrease 
in lung cancer mortality among individuals undergoing LDCT screening. In a small 
subgroup of female participants from NELSON, there was an even greater reduc-
tion in lung cancer mortality with screening. Moreover, NELSON also demon-
strated high discriminatory power for lung cancer diagnosis using volumetric 
measurements to characterize screen-detected lung nodules [24].

The most recent prospective clinical trial in the LCS field is the International 
Lung Screening Trial, which aimed to compare the effectiveness of USPSTF 2013 
criteria with the PLCOm2012 six-year lung cancer risk model in selecting individuals 
for annual lung cancer screening with LDCT scan [25]. Tammemagi and colleagues 
demonstrated that a PLCOm2012 risk score of 1.7% had greater efficiency for enroll-
ing high-risk patients into lung cancer screening. Specifically, the PLCOm2012-
eligible group had a statistically significantly higher cancer detection rate compared 
with USPSTF-eligible individuals. However, the patients selected for LCS based on 
individual risk were older in age, had more comorbidities, and a shorter life 
expectancy.

�Conclusion

Lung cancer screening research and clinical trials over the past half-century have 
paved the way for significant advances in the field, and specifically the reduction of 
lung cancer mortality. While this progress has led to one of the most exciting peri-
ods in cancer screening, many questions remain. Areas of active investigation 
include testing methods for community outreach to improve LCS uptake, improving 
accuracy of lung cancer risk prediction among vulnerable populations, defining 
strategies for effective LCS implementation, and evaluating the role of molecular 
biomarkers in LCS. With the ultimate goal of improving the lives of all patients at 
risk for lung cancer, the future of screening remains as tantalizing as ever.
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Chapter 3
Stigma and Fatalism in Lung Cancer

Lisa A. Bevilacqua, Nathaniel R. Evans III, and Olugbenga Okusanya

�Stigma

�Stigma Definition and Background

Health-related stigma is a common and well-described phenomenon, with a grow-
ing body of literature on the role of stigma in shaping how patients interact with the 
healthcare system. Stigma describes a negative and untrue set of beliefs or general-
izations held by society toward an individual, group, or circumstance [1]. One com-
ponent of health-related stigma that has been consistently identified is the role of 
blame toward individuals who have a preventable condition or engage in risky 
behaviors which may lead to a disease process [1]. Common and well-studied 
examples of such health-related stigma include the biases and assumptions associ-
ated with individuals with substance use disorders, mental illness, and HIV/
AIDS.  Individuals with these diseases have been shown to consistently receive 
poorer care, in part due to the stigma associated with their medical condition [2, 3].
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�Stigma in Lung Cancer

Research into the stigma associated with a lung cancer diagnosis has grown signifi-
cantly in the past decade [4, 5]. A lung cancer diagnosis is susceptible to stigmatiza-
tion due to the perceived nature of this disease as being preventable by an individual’s 
choices or behaviors. Cigarette smoking is a modifiable risk factor for the develop-
ment of lung cancer, and this association is well-known both in medicine and among 
the general public. Smoking rapidly became a stigmatized behavior in the United 
States as part of an aggressive public health campaign [6]. As such, a diagnosis of 
lung cancer is linked in the public consciousness to smoking, and thus public per-
ceptions of smoking as a “choice” or “behavior” contribute to stigma against 
patients with lung cancer [7]. Hamann et al. (2014) found that 95% of lung cancer 
patients they interviewed reported a perceived stigma associated with smoking, 
regardless of their actual smoking history [8]. Other studies have reported patient 
experiences in which an immediate assumption of a smoking history was made 
when revealing their diagnosis to family and friends [9]. These findings are espe-
cially notable when considering that 10–15% of newly diagnosed lung cancers 
occur in patients without a smoking history [10].

Compared to patients with other cancers, those with lung cancer report higher 
levels of stigma [11], psychological distress [6], and internalized shame [12]. In one 
study, a group of respondents demonstrated implicit bias against lung cancer as 
compared to breast cancer [13, 14]. In this study, participants responded to images 
representing lung cancer or breast cancer presented in random sequence and classi-
fied those images with words that represented positive or negative feelings. The 
authors found that participants were quicker to associate lung cancer images with 
negative concepts and breast cancer with positive concepts and slower in the oppo-
site direction. These findings were held among all surveyed, including cancer 
patients, their caregivers, healthcare providers, and members of the public [14]. In 
one survey of patients with lung cancer, almost one-quarter of respondents felt that 
they were treated differently by healthcare providers because of the type of cancer 
they have [15]. Of those patients, smokers were more likely to report being treated 
differently than former and never smokers.

Furthermore, evidence supports that these experiences of stigma by patients with 
lung cancer are not simply perceptions [16]. One study found that among a random 
sample of healthy women, patients with lung cancer were considered “at least partly 
to blame” by 70% of respondents, approaching levels of blame for chlamydia (87%) 
and obesity (96%), but less than leukemia (9%), breast cancer (15%), bowel cancer 
(23%), or cervical cancer (37%) [17]. Even among physicians, there appears to be 
bias against lung cancer. One study found that primary care physicians were less 
likely to make specialist referrals for patients with advanced lung cancers versus 
advanced breast cancers [18]. When lung cancer patients were referred, it was more 
commonly for symptom control than cancer therapy.

A cross-sectional survey of the general public, oncologists, and people with lung 
cancer conducted in 2008 and 2018 found that over that decade, there had been no 
significant change in the percentage of the general public who believed that patients 

L. A. Bevilacqua et al.



17

with lung cancer are “at least partially to blame” for their illness. However, there 
appeared to be improved awareness among oncologists in agreeing that stigma 
exists [9]. There also appears to be greater awareness of this stigma among patients 
with lung cancer. More patients believed there was a stigma associated with this 
disease over the timeframe studied. In this same group of patients, over half agreed 
that strangers and acquaintances had said or done things that blamed them for their 
illness and felt that friends/family would be more supportive if they had a different 
type of cancer [9].

Public perceptions of lung cancer as a disease that the patient is to blame can also 
be seen in the level of public engagement with efforts against lung cancer. In one 
sample of healthy adults without a cancer history, only 8% of those surveyed 
reported involvement with a lung cancer organization, compared to 18% for breast 
cancer organizations [19]. Among those surveyed, 59% also believed that patients 
with lung cancer “are at least partly to blame for their illness,” with 31% also 
acknowledging that “lung cancer patients are treated differently than other cancer 
patients.”

Additional evidence of the stigma associated with lung cancer can be seen in the 
relatively low funding rates that lung cancer receives compared to other cancers that 
are both less prevalent and less deadly. In 2020, lung cancer received approximately 
$447 million in NCI/NIH funding, compared to $788 million for breast cancer. 
Colorectal and prostate cancers received $319 and $264 million, respectively [20]. 
These findings have been replicated in the non-profit sector [21].

Structural factors also impact stigma against patients with lung cancer. It is well-
established that tobacco companies have targeted people from low socioeconomic 
backgrounds and other marginalized groups. The tobacco industry also has a well-
documented history of racism and has developed advertising tactics targeted at 
Black Americans to increase smoking rates [22]. Black and Hispanic neighbor-
hoods are also more likely to have high distributions of tobacco retailers [23]. In 
addition, historically marginalized communities are less likely to be screened for 
tobacco use [24], receive physician advice to quit smoking [25], and receive tobacco 
cessation treatment [23]. Thus, when groups already marginalized and stigmatized 
within the healthcare system [23] are subject to more aggressive tobacco advertising 
and less counseling and screening, lung cancer stigma can be compounded. 
Unfortunately, few studies to date have investigated this complex relationship 
between lung cancer stigma and structural racism, poverty, and disparities in cancer 
outcomes.

�Measuring Stigma

Two main instruments have been developed to assess stigma specifically in lung 
cancer. Cataldo et  al. developed and validated the Cataldo Lung Cancer Stigma 
Scale (CLCSS) [26]. This 31-item Likert scale identifies four main domains: stigma 
and shame, social isolation, discrimination, and smoking. It has subsequently been 
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shortened to a 21-item scale [27]. The Lung Cancer Stigma Inventory is another tool 
that has been developed and validated for use in measuring clinically significant 
levels of stigma in lung cancer [28]. In this model, Ostroff et al. develop a frame-
work identifying three primary elements of lung cancer stigma from the patient’s 
perspective: “(1) perceived stigma (how what others think and say is evaluated by 
the patient); (2) internalized stigma (how perceived stigma can affect patients 
through self-blame and guilt); and (3) constrained disclosure (how stigma limits 
discussions of lung cancer with others).” Several other instruments assessing stigma 
in multiple types of cancer have been used in the lung cancer literature [5].

�Consequences of Stigma

The stigma against lung cancer has significant consequences for patients with this 
disease throughout the continuum of care, from diagnosis to treatment and through 
to survivorship [29, 30].

�Delayed Presentation and Avoidance of Treatment

Despite lung cancer remaining the most common cause of cancer death in the 
United States [31], it continues to be routinely diagnosed at a late stage. This vicious 
cycle of late-stage diagnosis, in turn, contributes to the high mortality of this disease 
[32]. Several studies have found that lung cancer stigma is independently associated 
with delays in medical care-seeking behavior [33, 34]. In one study of patients at an 
academic thoracic practice in the United States, a positive correlation was noted 
between lung cancer stigma scores using the Cataldo scale and timing of medical 
help-seeking behavior, defined as days from symptom onset to when a patient called 
his or her primary care physician.

In other studies, a positive smoking status has been independently associated 
with delayed reporting of symptoms of lung cancer [35, 36], although many of these 
studies have been qualitative [37–39].

�Quality of Life

Quality of life has been established as an independent predictor of survival for can-
cer patients [40]. Multiple studies have found that stigma is associated with poorer 
quality of life in lung cancer. One report found that even after controlling for sex, 
age, anxiety, and depression, lung cancer stigma still accounted for differences in 
quality of life [41]. Furthermore, stigma, depression, and quality of life did not dif-
fer by smoking status in this study. This association between stigma and quality of 
life has been replicated in diverse populations in the United States and abroad 
[42, 43].
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�Depression/Anxiety/Psychological Distress

Stigma has also been associated with adverse psychosocial outcomes, including 
depression, anxiety, and psychosocial distress among patients with lung cancer 
[28]. One study of 95 patients currently receiving chemotherapy showed a positive 
association between stigma and depressive symptoms, even after accounting for 
relevant demographic and clinical factors [27]. Depressive symptoms were also 
associated with social rejection, financial insecurity, internalized shame, and social 
isolation in this sample. Another study found a positive correlation between stigma 
and anxiety, depression, and lung cancer symptom severity. Furthermore, stigma 
explained a significant percentage of the variance in lung cancer symptom severity 
beyond that of anxiety, depression, and patient age.

In one longitudinal study of patients with lung cancer in Australia, there was a 
positive correlation between psychological distress and lung cancer stigma approxi-
mately 6 months after diagnosis, which did not exist at 3 months [44]. This contrasts 
with another longitudinal study of patients receiving active medical treatment of 
their lung cancer, which found that higher levels of stigma predicted significant 
declines in emotional well-being at 6 and 12 weeks, as well as declines in physical/
functional well-being at the 6-week time point [45].

�Interventions to Reduce Stigma

Despite the increasing awareness of the role of stigma in lung cancer diagnosis, 
psychosocial experiences, and outcomes over the past two decades, there has been 
limited research on interventions targeting this issue [46]. Hamann et al. advocated 
for a multilevel approach to addressing stigma and the barriers it creates at all 
phases of care, including prevention, screening, diagnosis, treatment, and survivor-
ship [30].

One small pilot study of 14 patients assessed a Psychological Wellness 
Intervention based on Cognitive Behavioral Theory that included psychoeducation, 
skills in stress reduction, problem-solving, cognitive challenging, and enhancing 
relationship support [47]. This intervention was delivered by telephone delivered in 
six weekly 50–55-min sessions. The authors found that scores for psychological 
distress, cancer-related distress, depression, and stigma improved over time. These 
findings have not yet been replicated in larger samples or when compared to a con-
trol group not receiving an intervention.

Some interventions have also been aimed at the level of the healthcare provider. 
Banerjee et al. (2021) recently reported on using a communication skills module for 
50 providers who treat patients with lung cancer [48]. The healthcare providers who 
participated in this intervention reported improvement in their self-efficacy in 
empathic communication. Further work is needed to determine if this intervention 
with providers translates into improved communication with and outcomes for 
patients.
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�Conclusions

Lung cancer stigma remains a persistent problem at the individual, healthcare pro-
vider, and societal level. Stigma creates barriers to care, including screening, open 
communication, and pursuit of treatment. Despite increasing recognition of these 
problems in the scientific literature, limited interventions have been developed to 
target stigma and its impact on lung cancer outcomes. Furthermore, although lung 
cancer remains the leading cause of cancer deaths in the United States, it remains 
underfunded in both the government and private sectors.

�Fatalism

Fatalism is defined as the belief that events are predetermined and thus cannot be 
controlled [49]. Within the medical field, “cancer fatalism” has been described as 
“the belief that death is inevitable when cancer is present” and has been identified 
as a barrier to screening and treatment [50]. This phenomenon has also been linked 
to the concept of “therapeutic nihilism” and is closely related to experiences of 
healthcare stigma [29]. In one systematic review of the literature on stigma and 
nihilism in lung cancer, multiple qualitative studies reported a sense of fatalism (i.e., 
lung cancer is a fatal disease) among patients with a lung cancer diagnosis, although 
it was noted that there have been few studies that empirically quantify this associa-
tion [29].

For example, one qualitative study investigating reasons for patient refusal of 
physicians’ recommendations found that one of the reasons why patients with lung 
cancer refused was that they believed the treatment was futile [51]. Another 
interview-based study found that lung cancer was perceived as an uncontrollable 
disease among current, former, and never smokers from low socioeconomic back-
grounds [39]. Within this sample, levels of fatalism were higher among smokers 
compared with nonsmokers, with almost half of current smokers agreeing that lung 
cancer is “a death sentence.” In another UK survey, 20% of active smokers believed 
they had smoked too long to benefit from any lung cancer screening program, and 
44% that they would invariably get lung cancer sometime during their life [39]. The 
finding of higher fatalism scores among current smokers compared to former and 
nonsmokers has been replicated in other studies [52].

Among providers treating patients with lung cancer, fatalism has been associated 
with variation in treatment options that healthcare professionals offer however these 
studies have also mainly been qualitative [29]. Other studies have attempted to 
quantify the impact of fatalistic beliefs on attitudes toward lung cancer among pro-
viders. One study of US-based pulmonologists and thoracic surgeons found that 
providers whose beliefs were categorized as “pessimistic” were significantly less 
likely to believe in a survival benefit for chemotherapy in addition to radiotherapy 
for unresectable locally advanced non-small cell lung cancer. In this study, 
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pessimism was defined as underestimating 5-year survival for stage I disease. 
Interestingly, pulmonologists were more likely to underestimate the survival benefit 
when compared to surgeons, as were those who trained before 1980 compared to 
after [53]. Importantly, this study was done in 2000, and more contemporary beliefs 
on the futility of treatment for lung cancer as treatment paradigms have improved 
have not been investigated.

Social-demographic variables have been associated with differences in fatalism. 
Berghamo et al. (2013) surveyed 357 patients with lung cancer in New York City. 
Patients who identified as Black or Hispanic were significantly more likely to 
endorse fatalistic views and medical mistrust. These views were also more common 
among patients with late-stage lung cancer [54]. The authors hypothesized that this 
might partially explain the disparities in cancer stage at diagnosis.

In one study of colorectal and lung cancer patients, women, patients with lower 
educational attainment, and lower income all reported significantly more fatalistic 
beliefs [52]. Consistent with Berghamo et al., White patients reported the lowest 
levels of fatalism compared to Black, Hispanic, and Asian patients. Fatalistic views 
did not differ between cancer sites (lung versus colon); however, they differed by 
stage of cancer.

Cultural differences in beliefs and attitudes toward cancer may also contribute to 
fatalism regarding the role of surgery in the treatment of lung cancer. One well-
described belief is the idea that operating on (cutting into) cancer can expose it to 
air, thus contributing to spread of the cancer. Patients who hold this belief have been 
shown to have less willingness to undergo surgery [55]. This belief is most com-
monly reported among women, rural patients, and Asian, African-American, and 
Latino/a patients and has been described in several cancer populations, including 
lung, bowel, and breast [55–57].

Thus, cancer fatalism, much like stigma, is multifactorial and contributes to dis-
parities in cancer outcomes through reduced screening, delayed care, and pursuit of 
fewer/less aggressive treatment options.
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Chapter 4
Training in Shared Decision Making About 
Lung Cancer Screening: Patient Eligibility 
Assessment, Education, and Decision 
Counseling

Melissa DiCarlo, Kristine Pham, and Ronald E. Myers

�Background

Persons eligible for lung cancer screening (LCS) under current United States 
Preventive Services Task Force (USPSTF) guidelines include adults who are 50 to 
80 years of age, have at least a 20-pack-year smoking history, and either currently 
smoke or have formerly smoked but quit within the past 15 years [1]. Recently 
revised Centers for Medicare and Medicare Services (CMS) guidelines provide cov-
erage to individuals who satisfy criteria that align with USPSTF guidelines, except 
for limiting age eligibility to those between 50 and 77 years of age [2]. Inclusion of 
a shared decision-making (SDM) requirement makes LCS unique in Centers for 
Medicare and Medicaid (CMS) coverage for cancer screening. CMS specifies that 
SDM should involve the identification of patients who are eligible for LCS, the use 
of a decision aid to educate patients about screening risks and benefits, informing 
patients about initial and repeat LCS, along with diagnostic follow-up, and helping 
patients clarify their personal preference related to screening. It is important that 
practice providers, patient navigators, care coordinators, and others learn how to 
assess patient eligibility for screening, educate patients about screening, and engage 
patients in SDM about LCS [3].
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�The Need for Training in Shared Decision Making About 
Lung Cancer Screening

Brenner et  al. [4] recorded 14 physician–patient conversations about initiating 
LCS. Half of the encounters involved primary care providers. Qualitative analyses 
of conversation transcripts focused on patient involvement in decision making, time 
spent discussing SDM, evidence of decision-aid use, and SDM quality. Findings 
indicated that patient involvement in decision making was very low (6 on a scale of 
0 to 100), less than 1 min was devoted to discussing LCS screening, there was no 
evidence of decision-aid use, and none of the conversations met the lowest threshold 
of skill criteria used to assess decision quality (8 out of 12 SDM behaviors). More 
recently, Nishi et al. [5] recently reported on a study that involved 266 consenting 
patients who were determined to be eligible for LCS and were recruited from two 
academic tertiary care centers in the south-central United States. All study partici-
pants underwent LCS and completed a survey questionnaire that included items to 
assess their involvement in the SDM process, knowledge of LCS, receipt of LCS 
educational materials, knowledge about LCS, and decisional conflict related to 
screening. Survey data analysis showed that 87% of participants reported that they 
were involved in the screening decision process. However, only 41% provided cor-
rect responses to survey knowledge questions and 34% reported decisional conflict 
about screening.

In a recent review, Müller et al. [6] found that a number of training programs 
have been developed to educate healthcare providers about the need for SDM related 
to many important health care decisions, but few have focused on imparting knowl-
edge and skills actually needed to engage patients in SDM. Légaré et al. [7] observed 
that this limitation helps to explain why providers often do not engage their patients 
in SDM about their care, and that training strategies should not only increase pro-
vider knowledge, but also must enhance provider skills and confidence in SDM 
performance [8, 9]. There is little information in the literature on the impact of train-
ing providers to engage patients in SDM about LCS and on the effect of training on 
LCS rates in clinical practice.

In a study that involved physician training in SDM for prostate cancer screening, 
Volk et al. [10] enrolled 49 primary care physicians to complete an online training 
course that used case-based learning. The course prepared participants to encourage 
patients to ask questions about screening, provide guidance to patients about deci-
sion making, tailor information about screening to patient needs, and establish a 
decision-making partnership. Using post-training data, the authors found that over 
90% of providers correctly identified the steps in the SDM process, 65% said they 
felt very confident in their capacity to explore a patient’s values related to screening, 
and more than 70% reported that they intended to engage their eligible patients in 
SDM about screening in the future.
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Lowenstein et al. [11] recently reported on a study conducted in three radiology 
clinics in a large academic medical center, where nursing and advanced practice 
providers were trained to use an interactive tablet to conduct an in-office SDM ses-
sion with patients who presented at the clinic for LCS. Through the analysis of 26 
audio-recorded sessions, the authors determined that most elements of SDM 
required by CMS were reviewed by the nonphysician providers. Furthermore, they 
found that among 30 patients who completed an SDM session with a trained pro-
vider, patient knowledge about LCS increased significantly.

Hoffman et al. [12] have highlighted the importance of training primary care 
physicians and non-physicians who “can help to ensure patient engagement, 
deliver consistent and comprehensive information, and support tobacco cessa-
tion … (and) increase value-concordant decisions and satisfaction with the deci-
sion process.” To address this need, the National Lung Cancer Roundtable, 
Thomas Jefferson University, the College of Chest Physicians, and the GO2 
Foundation have developed a comprehensive lung cancer screening SDM training 
program.

�Developing a Lung Cancer Screening Shared Decision-Making 
Training Program

Beginning in 2018, the National Lung Cancer Roundtable, Thomas Jefferson 
University, and the American College of Chest Physicians initiated the process of 
bringing together physicians, researchers, instructional designers, and public health 
professionals from around the nation to begin developing a training short course for 
providers on SDM about LCS. Initial discussions led to the development of a unique 
online training program designed to prepare primary care providers, nurses, and 
others to engage patients in all aspects of SDM about LCS as defined by CMS cov-
erage guidelines. This collaboration, which also involved the GO2 Foundation for 
Lung Cancer, was designed to a self-directed, accredited, online training program 
that includes three modules, which prepare to learner (1) assess patient eligibility 
for lung cancer screening, (2) educate patients about lung cancer and lung cancer 
screening, and (3) help patients make a well-informed decision about screening. 
This unique program, Shared Decision Making in Lung Cancer Screening, can be 
accessed online at the following site:

https://www.chestnet.org/Store/Products/Standard-Products/eLearning/
Shared-Decision-Making-in-Lung-Cancer-Screening.

Module 1 is titled, Assessment of Eligibility for Lung Cancer Screening. The 
objective of this module is to help learners to identify eligible patients based on 
CMS and USPSTF guidelines, calculate pack-years of cigarette smoking history, 
and complete necessary documentation in the electronic medical record (EMR). 
The module meets the objectives by guiding learners through CMS and USPSTF 
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eligibility criteria, suggesting prompts for initiating a discussion with patients about 
smoking history. In addition, the module provides a simple formula for the learner 
to use in calculating pack-years of smoking exposure. In addition, the module 
guides the learner through four case-based scenarios to enhance pack-year calcula-
tion skills. In each of these scenarios, a patient story is presented and prompts are 
given to facilitate the discussion of smoking history. After each instance, the learner 
is asked to determine the patient screening eligibility status. Feedback is provided 
to the learner in order to reinforce the correct determination. Furthermore, this mod-
ule guides the learner to enter patient smoking history data and screening eligibility 
status in the patient’s EMR. Module 1 includes a pretest and a posttest that ask ques-
tions to assess learner knowledge before and after completing this part of the train-
ing program.

Module 2 is titled, Education about Lung Cancer Screening. This module pres-
ents the learner with information on lung cancer risk, initial and repeat screening, 
and the potential benefits and harms of screening. Information on the importance of 
tobacco treatment is also provided. The objective of this module is to educate pro-
viders on LCS, so that they can educate their patients about this important preven-
tive health behavior. The module first reviews the relative risk of smoking and 
cancers, providing learners with baseline understanding of smoking exposure and 
cancer risk. The presentation of this information is followed by an overview of the 
importance of annual low-dose computed tomography (LDCT) screening for lung 
cancer. In addition, the module provides guidance on how LDCT screening can be 
described to patients. Moreover, the module identifies potential risks of screening 
and highlights the importance of tobacco treatment and available tobacco treatment 
resources for persons who currently smoke and those who have quit smoking.

The module also gives the provider access to LCS infographisc that can be shared 
with patients and can be used as an educational tool. One of the LCS infographics 
provides basic information about the LCS process. The other infographic, which is 
shown in the figure below, presents more detailed information about the likelihood 
of being diagnosed with early stage lung cancer in the absence of screening in the 
presence of LCS. In addition, this tool includes information about the likelihood of 
being recommended for annual screening (given a normal screening result) and of 
being referred for diagnostic follow-up after screening (given an abnormal screen-
ing result). The information also presents important information about the potential 
for over-diagnosis, the safety of LDCT screening, screening-related costs, and the 
importance of tobacco treatment. Finally, the infographic encourages patients to 
indicate their level of interest in LCS and let their healthcare provider know how 
they feel about screening. Module 2 includes pretest and posttest questions intended 
to assess knowledge before and after completing this section of the training program.

Module 3 of the training program, Support for Making a Decision about Lung 
Cancer Screening, serves as an introduction to SDM about LCS. Objectives of this 
module are to enable learners to understand what constitutes shared decision 
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making, elicit patient values related to LCS, determine patient screening prefer-
ence, develop a patient-specific screening action plan, and document the patient’s 
screening preference and action plan in the EMR. Importantly, the module provides 
guidance on how to conduct a screening decision counseling session [13] that 
involves not only providing information about LCS but also completing an exercise 
that involves eliciting reasons that patients may have to be screened or not to be 
screened. This exercise involves eliciting personal reasons/goals that motivate the 
patient to and not to screen. The learner finds out how to elicit and clarify reasons/
goals that are important to the patient. Past research has shown that there are a 
variety of cognitive, affective, and social factors that affect personal preference for 
choosing one option over another [14, 15]. These factors may be described as fears, 
worries and concerns, importance or convenience, susceptibility or risk, efficacy or 
accuracy, and social support and influence.

In accordance with the categories listed here, examples of reasons/goals a patient 
may have to screen include the following: (1) “I’m worried about having cancer and 
I want to know,” (2) “Screening won’t take much time,” (3) “My smoking history 
puts me at risk,” (4) “I believe screening can help find out if I have a problem,” and 
(5) “My daughter wants me to screen.” Similarly, patients may express reasons/
goals that influence why they don’t want to have LDCT screening, such as the fol-
lowing: (1) “I’m afraid of finding out that I have lung cancer,” (2) “I’m too busy to 
go in for screening,” (3) “I stopped smoking, so I’m not at risk,” (4) “I’ve heard that 
screening generates a lot of false positives,” and (5) “My friends think screening is 
a bad idea.” Specific patient scenarios included in the module show the learner how 
to help patients identify their top reasons, elicit the level of influence each reason 
has on their decision, weigh the relative importance of the reason, clarify the 
patient’s screening preference, and develop a screening plan that is concordant with 
that preference. The program provides learners allows the learner to download a 
“fillable” PDF document displayed below that they can use to facilitate structured 
SDM conversations with patients about LCS.

Going forward, we plan to include access in the training program to an online 
interactive decision counseling tool (the Jefferson Decision Counseling Guide) that 
can be used to guide the SDM conversation and assess SDM quality. This tool uses 
patient responses to compute a patient’s LCS preference score and screening deci-
sion and can serve to document the encounter and the screening decision.
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As in other modules of the training program, Module 3 includes a pretest and a 
posttest questions designed to assess learner knowledge before and after completing 
this section of the training program. Finally, the training program includes an evalu-
ation that learners are asked to complete. The evaluation captures information on 
learner perspectives related to each module. More specifically, items are included to 
determine overall effectiveness and the extent to which objectives were achieved. 
Items were also included to assess whether the learner’s practice is likely to change 
based on the content and materials that are part of the training program and whether 
the individual’s SDM skills and performance are likely to change. Furthermore, the 
evaluation instrument asked the learner to identify impediments to implementation 
of SDM in practice and to provide feedback on the training experience.

�Evaluating SDM Quality

It has been recognized that there is a need for high-quality SDM performance in 
healthcare [16, 17]. As described by Brenner et al. [4] and others, this need is appar-
ent in relation to conversations about LCS that take place between providers and 
patients. In the Lung Cancer Screening Shared Decision Making Training Program, 
we address this problem by using data from the online Jefferson Decision Counseling 
Guide to evaluate five aspects of the physician–patient encounter. Specifically, the 
online tool allows the provider to document the following: (1) patient education 
about LCS, (2) the clarify of patient reasons to and not to have screening, (3) the 
uniqueness of patient reasons to and not to have screening, (4) the concordance of 
patient preference and choice to or not to screen, and (5) development of an 
action plan.

The Jefferson Decision Counseling Guide allows for access to any educational 
resource or materials during the conversation. As previously discussed, it is impor-
tant to ensure that the patient is educated about the risks and benefits of lung cancer 
screening, and for the provider to address any concerns that may arise. Before pro-
ceeding to the next step, the provider is required to indicate “yes” or “no” when 
prompted if educational materials were reviewed with the patient. Once the patient 
reviews information about screening, the provider elicits the patient’s reasons for 
and against screening. Then, the provider guides the patient through the process of 
identifying their top three reasons, elicits the effect of each reason on the decision 
to or not to screen, asks the patient to rank the reasons in terms of importance, and 
determines the relative importance of the reasons. The provider uses the Jefferson 
Decision Counseling Guide to execute an algorithm that computes the patient’s 
preference score, a continuous measure ranging from 0 to 100, with a higher score 
indicating a preference for screening.

Finally, the Jefferson Decision Counseling Guide is designed to generate a SDM 
quality score that ranges from 0 to 5, with 0 (zero) being a low-quality decision 
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counseling session and 5 being a high-quality decision counseling session. The 
score is based on whether the following components of SDM were completed: 
patient education, elicitation of clear patient reasons influencing preference, identi-
fication of unique patient reasons influencing preference, determination of a patient 
preference that is concordant with the patient choice, and development of a prefer-
ence-related action plan. Each of these components is scored 1 = Completed or 0 = 
Not Completed.

�Disseminating the Lung Cancer Screening SDM 
Training Program

The Lung Cancer Screening SDM Training Program development team has 
embarked on the process of disseminating the program. This process involved the 
initial release online program and planning for dissemination in Jefferson Health 
and other health systems.

Initial Release of the SDM Training Program. The current Lung Cancer 
Screening Shared Decision Making Training Program was launched in June 2021 
by the American College of Chest Physicians (CHEST), in conjunction with 
Thomas Jefferson University. This event was announced by a press release, and 
information about how to access was disseminated to CHEST organization mem-
bership. After the program release, Thomas Jefferson University and the Center 
for Health, Law, and Policy Innovation (CHLPI) at Harvard University organized 
an online webinar titled, Engaging a Learning Community to Achieve the Promise 
of Lung Cancer Screening. This webinar, which was sponsored by Dialogue4Health, 
included a presentation and panel discussion on the role health systems can play in 
promoting quality SDM and increasing LCS.  Participants were also informed 
about the online Lung Cancer Screening Shared Decision-Making Training 
program.

SDM Training Program Dissemination in Health Systems. Primary care practices 
in Jefferson Health, a large health system that serves diverse patient populations in 
southeastern Pennsylvania, New Jersey, and Delaware. Beginning in 2022, we initi-
ated work with health system leadership to identify points of contact with primary 
care practices. We are working with these key players to develop effective modes of 
communication that can be used to engage each of the organizations five campuses 
and practices/providers (e.g., email blast, live information session, grand rounds 
presentations, etc.). As part of this process, we are exploring challenges and oppor-
tunities related to disseminating information about the training program, designing 
strategies that can maximize provider awareness and uptake of the training program, 
and collecting data on training program completion (including program pretest, 
posttest, and evaluation data), SDM performance, and LCS rates before and after 
program dissemination.
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We have also engaged leadership from other health systems to identify opportu-
nities for disseminating the Lung Cancer Screening Shared Decision-Making 
Program. In this regard, we plan to contact organizational leaders of Federally 
Qualified Health Centers (FQHCs) in the area. FQHC providers play a key role in 
delivering preventive health care to vulnerable patient populations, including many 
individuals who are at risk for being diagnosed with lung cancer and are eligible for 
LCS. Following the model outlined above, we will work with FQHC leadership to 
identify and engage the points of contact who can help develop a plan to dissemi-
nate the SDM program to providers in FQHC practices. Again, this plan will involve 
tracking the dissemination process, provider uptake of training, SDM performance, 
and LCS rates before and after dissemination occurs.

�Conclusion

Currently, few health systems support programs designed to train healthcare provid-
ers in SDM about LCS. This situation contributes to poor-quality SDM performance 
and disappointingly low LCS rates. In our view, both SDM and LCS rates can be 
improved substantially through SDM training.

The potential impact that investing in such training is substantial, as indicated by 
Shih et al. [18]. In this study, the authors identified two cohorts of persons who were 
55 to 64 years of age and were privately insured and underwent LDCT screening 
between 2016 and 2017 to determine the extent to which SDM about LCS was 
implemented and the effect of SDM on screening. In the first cohort, SDM docu-
mentation reached 8%, and LDCT screening rates were also 8%. The second cohort 
included persons who had SDM documented at the time of an office visit. In this 
cohort, the LDCT screening reached 62%. Given that LCS rates across the United 
States are lower than 20% [19], the potential impact health system support for SMD 
training on LCS rates in diverse patient populations in substantial.

We are in the early stages of disseminating the SDM training program described 
above. Plans for dissemination include advertising the program to primary care pro-
viders across Jefferson and other health systems in Philadelphia. We also aim to 
offer training to providers in Federally Qualified Health Centers (FQHC) in the 
area. In addition, we are taking steps to identify geographic areas in which lung 
cancer mortality rates and cigarette smoking rates are high. In these areas, we intend 
to implement intensive efforts to promote SDM training for providers in practice. 
Moreover, we intend to assess SDM training program participation, SDM perfor-
mance, and LCS rates before and after training. If embraced by health systems 
across the country, this approach offers a unique opportunity to increase high-
quality SDM, raise LCS rates, reduce the burdens of lung cancer morbidity and 
mortality, and increase equity in lung cancer care.

Finally, it is important to note that in addition to developing the Lung Cancer 
Screening Shared Decision-Making Training program, we have developed an 
approach to measuring the quality of SDM of SDM performance. Following 
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recommendations made by Alston et al. [20], this approach involves assessing 
whether patients have been exposed to information about the screening decision to 
be made, documenting if patients have been given the opportunity to express their 
reasons for and against having an LDCT screening test; clarifying the patient’s pref-
erence related to screening; and engaging patients in the process of developing a 
preference-concordant action plan related to screening.

Implementing an SDM training process and applying a rigorous process of eval-
uating the quality of SDM about LCS are important elements of an overall program 
of increasing SDM quality and health equity in lung cancer screening [21]. It is 
important to note that while current LCS guidelines are clear about recommending, 
and even requiring SDM (CMS guidelines) prior to initial screening, they are vague 
about the nature and content of SDM performance. That is, the guidelines recom-
mend the presentation of information about the benefits and harms of LCS, the fre-
quency of screening, and the follow-up of positive test results. However, they do not 
explain that SDM involves more than simply providing information. It also involves 
a discussion of patient values, clarification of patient preference, and the develop-
ment of a plan to operationalize that preference. It is hoped that these elements of 
the SDM process and some standards for SDM quality assessment will be included 
in future iterations of USPSTF and CMS guidelines for LCS.
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Chapter 5
Smoking Cessation in a Lung Cancer 
Screening Program

Brooke Ruane

�Background

Tobacco use is the leading preventable cause of disease and all-cause mortality in the 
United States [1, 2]. Cigarettes are responsible for over seven million deaths world-
wide and 480,000 deaths in the United States yearly [3, 4]. In 1964, the United States 
Surgeon General released a landmark report on the harmful effects of smoking. Since 
then, there have been worldwide initiatives to end tobacco use [1]. Research dedi-
cated to better understanding tobacco use has significantly contributed to the 
improvement of smoking cessation initiatives and treatment options. Nicotine addic-
tion and dependence is the main reason smokers continue to smoke. Smoking cessa-
tion must be approached as an addiction, with comprehensive interventions 
addressing the psychological and physiological aspects of addiction. Smoking cessa-
tion within a LCS program could broaden the impact of LCS, further reducing mor-
tality and risk of smoking-related diseases. This chapter will examine nicotine 
addiction and dependence, review pharmacologic and behavioral strategies to address 
nicotine addiction, and the importance of smoking cessation within a LCS program.

�Nicotine and Tobacco

Nicotine is a highly addictive chemical substance, naturally found in the tobacco 
plant. It has been shown to be more addictive than heroin, cocaine, marijuana, and 
other illicit drugs [5].
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Nicotine is present in all forms of tobacco products, along with thousands of other 
chemicals and toxins that are created and released by the combustion of tobacco. 
These toxins are inhaled when tobacco is burned and used in the form of a cigarette. 
Surprisingly, nicotine itself does not have the same risks as other chemicals in 
tobacco and tobacco smoke. Despite what many think, many diseases and deaths in 
smokers are related to the mix of these chemicals, not the nicotine itself [6]. However, 
nicotine is the primary inducer of tobacco dependence and may result in compulsive 
behavior or an addiction. The paramount driver of continued tobacco use is nicotine 
addiction [6]. Not all smokers are diagnosed as nicotine dependent; however, the 
incidence of diagnosis is higher than any other substance use disorder [7].

The tobacco industry has been working for decades to continually improve and 
intensify the rapid delivery of nicotine without regard for the downstream health 
impact. Tobacco companies discovered that adding the corrosive substance ammo-
nia increased nicotine absorption, making cigarettes even more addictive than prior 
iterations of cigarettes [1, 2, 8].

�Chemicals in Cigarettes

One cigarette, when lit and activated, contains a mix of over 7000 chemicals, includ-
ing toxic metals, poisonous gases, and carcinogens. There are at least 70 known 
carcinogens in cigarettes, such as formaldehyde, which is used to embalm bodies, 
and vinyl chloride, which is used to make pipes [2].

Not all chemicals found in a cigarette are added in the manufacturing process. 
Some substances, like nicotine, are naturally occurring in the plant itself. Other 
potentially harmful chemicals, such as cadmium, lead, and nitrates, are absorbed 
from the soil and fertilizer as the tobacco plant grows and remains in the tobacco 
leaves when they are processed and turned into cigarettes [5]. Additional chemical 
compounds form due to combustion during the burning of a cigarette. As a result, 
harmful chemicals may develop throughout the lifecycle of a cigarette; growing, 
manufacturing, or burning [5].

Over the years, the tobacco industry has redesigned the cigarette to help increase 
sales and improve profit margins. The “light” or “ultralight” cigarettes were designed 
after the link between tar and cancer risk was identified [5, 8, 9]. Features of these 
light cigarettes include cellulose acetate filters to trap tar and reduce intake, highly 
porous cigarette paper to allow toxic chemicals to escape, ventilation holes in the 
filter tip to dilute smoke with air, and different tobacco blends thought to decrease 
smoke yield of polynuclear aromatic hydrocarbons (PAHs) [9]. When all these fea-
tures were combined and machine measured, they produced a lower yield of tar than 
the smoke from a regular cigarette [9].

Light cigarettes were marketed as containing fewer chemicals and less tar, as 
well as carrying a reduced risk of disease. However, individuals smoking light ciga-
rettes are at the same risk of developing smoking-related cancers and diseases as 
their regular cigarette-smoking counterparts [9]. Studies indicate that the same 
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features that reduce tar yield also lessen nicotine yield. To compensate for the lower 
nicotine yield, smokers must take deeper, larger, and more frequent puffs or increase 
their cigarette intake to achieve a comparable nicotine level [9]. Despite features of 
light cigarettes appearing less harmful due to decreased tar levels, machine-
measuring does not take overcompensation due to lesser nicotine levels into consid-
eration; therefore, smokers of light cigarettes inhale more tar, nicotine, and chemicals 
than machine-based numbers indicate [9].

�Chemicals in Other Tobacco Products

The cigarette is not the only tobacco product with potentially harmful chemicals, 
other products include hookah, smokeless tobacco, and e-cigarettes. Hookah smoke 
has been found to contain carbon monoxide, metals, and carcinogens [10]. 
Additionally, hookah smokers may be at a higher risk of absorption of these toxic 
chemicals than cigarette smokers. This risk is associated with the length of time for 
a “hookah session” [10, 11]. A 1-h hookah session produces as much smoke as sev-
eral packs of cigarettes, inhaling 100–200 times the amount of smoke in a single 
cigarette [5, 10, 11].

Smokeless tobacco has been found to contain at least 4000 chemicals, with as 
many as 30 linked to cancer [5, 12]. Heavy metals including cadmium, lead, and 
nickel, in addition to other harmful substances such as formaldehyde, and 
N-Nitrosonornicotine (NNN) have all been found in smokeless tobacco [5, 10]. 
NNN is a known carcinogen in animals and may be linked to increased cancer risk 
in humans [5, 13, 14]. Furthermore, smokeless tobacco is proven to cause esopha-
geal, pancreatic, and oral cancer [5, 15].

E-cigarettes are the most recent “tobacco product” with a variety of models 
released in the last decade. Marketed as a “safer” alternative to smoking, yet con-
taining many of the same chemicals and toxins as cigarettes. While not all, most 
contain nicotine and have also been found to contain formaldehyde, acrolein, and 
acetaldehyde [1, 5]. The combination of these chemicals is linked to irreversible 
lung damage [5]. Additionally, e-cigarettes are often flavored with chemical com-
pounds such as diacetyl and acetoin. While these chemicals are safe to ingest, inhal-
ing these compounds is associated with interstitial lung disease [5, 16].

�Biological Basis of Nicotine Dependence

Nicotine acts on the brain and nervous system, easily crossing the blood-brain bar-
rier and then diffusing into brain tissue. Nicotine is a selective binder to nicotinic 
cholinergic receptors (nAChRs) in the brain and other tissues [17]. It imitates the 
action of the natural neurotransmitter acetylcholine by binding to those “nicotine 
receptors.” This results in a release of neurotransmitters, predominately dopamine, 
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norepinephrine, acetylcholine, serotonin (5-HT), GABA, glutamate, and endor-
phins [17], stimulating various responses and behaviors after intake.

The most crucial reward pathway in the brain is the mesolimbic dopamine sys-
tem, composed of the ventral tegmental area (VTA) and nucleus accumbens (NAc) 
[18]. The VTA-NAc pathway involves reward and mediating the reinforcing actions 
of drug abuse. Dopamine is the neurotransmitter responsible for emotion, motiva-
tion, feelings of pleasure, and VTA-NAc pathway activation [17, 18].

When nicotine receptors located in the VTA and NAc are stimulated, they release 
large quantities of dopamine, activating the mesolimbic dopamine system [18]. 
Addictive substances and behaviors provide shortcuts to the brain’s reward system 
by flooding it with dopamine. This process is critical for drug-induced rewards and 
is responsible for reinforcing behaviors similar to other dependence-producing 
drugs [18]. Nicotine use alters the brain structure and function of neurotransmitters, 
including dopamine, norepinephrine, serotonin (5-HT), glutamate, gamma-
aminobutyric acid (GABA), and endogenous opioid peptides, which are associated 
with the development of psychiatric disorders [18]. Habitual nicotine use results in 
an increase in active nicotine receptor sites, resulting in nicotine tolerance and 
dependence [18].

�Cognitive Management of Dependence

The majority of cigarette smokers (68%) want to quit smoking entirely [1]. However, 
quitting smoking successfully is exceedingly difficult. Nicotine addiction is a men-
tal and physical disease with compulsive behaviors. Prior to the twentieth century, 
smoking cessation was approached as a habit, not an addiction [2, 18]. The pharma-
cologic and behavioral process changes that determine nicotine addiction are like 
those seen with heroin and cocaine addiction. Cigarettes are designed for addiction, 
delivering more nicotine faster than seen in previous eras [2]. The simple design of 
the cigarette allows nicotine in toxic substances inhaled into the pulmonary alveolar 
sacs to rapidly enter blood capillaries via simple diffusion, travel via the pulmonary 
veins to the left atrium, enter the left ventricle and be pumped immediately through 
the aortic arch to the central nervous system. Nicotine alters brain structure and 
function, resulting in cravings that intensify with prolonged use [2, 7]. Smokers 
become dependent on the physical action of smoking, in addition to the physiologi-
cal dependence, and continue to smoke despite knowing the negative health effects 
and wanting to quit. Smokers feel intense compulsions to continue to smoke, in 
addition to feeling trapped in a pattern of repetitive and senseless thinking.

When initiating smoking cessation treatment, it is important to evaluate what 
level of nicotine dependence may be present in the smoker. High levels of nicotine 
dependence are associated with an increased risk of difficulty quitting, distress, and 
relapse [1, 19]. Additionally, smokers with high nicotine dependence have a greater 
success rate with nicotine replacement therapy (NRT) [1, 20]. Therefore, nicotine 
dependence levels should be evaluated, allowing for treatment options and tailoring 
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of recommendations based on the level of dependence. Several questionnaires can 
be utilized to measure nicotine dependence, including the Fagerstrom Test for 
Nicotine Dependence, Wisconsin Inventory of Smoking Dependence and Motives, 
and Smokeless Tobacco Dependence Scale [17].

Nicotine dependence must be treated as an addiction, with counseling and behav-
ioral approaches, as well as medications for withdrawal symptoms. A comprehen-
sive approach to tobacco-cessation must address pharmacology, conditioned factors, 
personality, and social settings [18]. A publication by Jiloha et al. states that phar-
macological treatment for smoking cessation should both block the positive rein-
forcing effects of nicotine as well as prevent or reduce the development of withdrawal 
symptoms. Pharmacotherapy should also target the receptor subtypes involved in 
nicotine addiction without affecting the receptors that, if activated, would produce 
unwanted adverse effects.

In the United States, it is common to browse for smoking cessation treatments 
and receive infinite results. However, the Food and Drug Administration (FDA) cur-
rently has only approved a handful of treatment modalities for smoking cessation; 
including nicotine replacement therapy (NRT) (transdermal patch, gum, nasal spray, 
inhaler, and lozenges); bupropion (Zyban, Wellbutrin), varenicline (Chantix) [20].

�Nicotine Replacement Therapies

At least half of adult smokers (55.1%) attempt to quit smoking each year, with thou-
sands struggling with quitting daily [7]. Evidence-based cessation counseling, in 
conjunction with medications, is the most efficacious intervention and is proven to 
increase rates of long-term cessation. Although both cessation counseling and medi-
cation can be effective, the dual modality methodology is superior [1, 7]. Despite 
this evidence, less than one-third of smokers of those attempting to quit report using 
medications or counseling when quitting smoking [1, 7].

Nicotine dependence is what makes quitting so tricky and leads to most smokers 
having multiple quit attempts [21]. Many smokers may have at least 30 or more quit 
attempts before successfully quitting [22]. Because all smoking cessation treatment 
strategies should approach nicotine as an addiction, a dual-tack approach is best, 
which addresses both the physical (urges, withdrawal) and psychological (mental, 
emotional) aspects of dependence. NRTs work to address physical aspects of addic-
tion [15], while behavioral programs, such as 1–800-QUIT-NOW or smoking ces-
sation counseling programs, aim to address the psychological aspects of 
addiction [23].

NRTs work directly and indirectly by enhancing natural gratification signals, 
thereby helping to manage chronic withdrawal and sudden compulsions. The main 
mechanism of action of an NRT is the stimulation of nicotinic receptors in the ven-
tral tegmental area of the brain and the consequent release of dopamine in the 
nucleus accumben [24]. NRTs deliver lower plasma concentrations that rise more 
slowly than conventional cigarettes, decreasing the behaviorally reinforcing effects 
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of smoking [1]. Additionally, NRTs work to satisfy the physiological need for a 
reward [1, 18].

NRTs have shown to be effective and may double one’s chances at smoking cessa-
tion [15]. There are six different forms of NRT products: transdermal patches, loz-
enges, gums, nasal sprays, inhalers, and sublingual tablets [1, 25]. The nicotine patch, 
also known as “the controller medication,” delivers a steady dose of nicotine over 
16–24 h to maintain a continuous nicotine level in the blood and prevent cravings 
from peaking [1, 26]. All other NRT products are “short-acting” and achieve lower 
levels of nicotine in the blood than nicotine patches. Therefore, they are mainly pre-
scribed for “breakthrough cravings” and are used every 1–2 h as needed for with-
drawal symptoms [1, 26]. When used in combination with patches, short-acting NRTs 
act to provide an additional spike in nicotine levels in the blood, like that of a cigarette.

There are only two prescription medications approved by the FDA to treat nico-
tine addiction, varenicline and bupropion. Varenicline is a selective alpha4-beta2 neu-
ronal nicotinic acetylcholine receptor partial agonist and antagonist, which works to 
block the effects of nicotine on the brain while also providing some receptor stimu-
lation [27]. Its mechanism of action inhibits dopaminergic activation produced 
through smoking, decreases cravings, reduces withdrawal symptoms, and prevents 
nicotine stimulation of the mesolimbic dopamine system which is associated with 
nicotine addiction [27]. The American Thoracic Society (ATS) clinical practice 
guidelines strongly recommend varenicline for smoking cessation over the nicotine 
patch and bupropion [28]. Additionally, there are recommendations to initiate vare-
nicline even in adults not ready to quit [28].

Bupropion is an atypical antidepressant that was initially developed to treat 
depression and later found to be effective in smoking cessation [25]. Bupropion is a 
norepinephrine/dopamine reuptake inhibitor and can decrease the function of 
nAChRs by acting as an antagonist of the receptors [1]. As an nAChR antagonist, it 
alters nicotine-mediated dopamine responses, which likely causes antismoking 
activity [18].

�Lung Cancer and Smoking

The risks of disease and death related to tobacco use have been well documented for 
more than a century. Smoking is the number one cause of lung cancer. However, 
despite this knowledge, lung cancer is still the most common tobacco-related cause 
of cancer mortality in the United States [2]. Cigarettes contain notorious carcino-
gens, toxins, and chemicals. Repeated exposure to these chemicals through tobacco 
smoke stresses healthy cells, causing damage and altering their normal growth and 
function, thus starting a path toward cancer formation [2]. Typically, the immune 
system protects individuals from cancer by sending out tumor fighters to attack 
cancer cells. However, the same toxins within the cigarette that stress healthy cells 
weaken tumor-fighting cells. Without tumor fighters, these abnormal cancer cells 
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continue to grow and spread. Therefore, not only does tobacco smoke causes cancer, 
but then it inhibits the body from fighting the cancer with its own immune system [2].

Even after a cancer diagnosis, 64% of patients continue to smoke [29]. Smoking 
cessation is critical amongst this population as poorer outcomes in cancer patients 
have been linked to tobacco use. It directly impacts the overall effectiveness of treat-
ment, quality of life, and long-term survival [29]. In addition to promoting tumor 
growth, tobacco smoke may decrease chemotherapy benefits [2]. Therefore, smok-
ing after cancer diagnosis increases the failure of treatment across all types of can-
cer [30]. Smokers with cancer have a lower quality of life, as well as an increase in 
symptoms during and following chemotherapy infusions compared to nonsmokers 
with cancer [31]. There is also an increased chance of second primary cancer with 
continued tobacco use.

�Smoking Cessation Within a Lung Cancer Screening Program

Lung cancer screening with low-dose computed tomography (LDCT) has been 
demonstrated to decrease lung cancer mortality and overall mortality in high-risk 
individuals [32]. Individuals who qualify for screening are not only at an increased 
risk for lung cancer, but also at risk for other cancers and diseases. Furthermore, 
those undergoing screening and continuing to smoke are at even higher risk.

Smoking cessation counseling along with SDM, are CMS requirements for all 
current smokers in order to receive reimbursement for screening. LCS programs have 
an opportunity to further improve the impact of LCS by integrating smoking cessa-
tion within their programs as many individuals who undergo screening are current 
smokers. Studies indicate an increase in smoking cessation following a screen-
detected abnormality on LDCT [33]. The SDM process and screening results review 
process are opportunities to encourage smoking cessation [33]. Integrating smoking 
cessation within LCS further improves smoking-related morbidity and mortality [33].

Thomas Jefferson University Hospital, a major urban, academic medical center, 
has a nursing-driven centralized lung cancer screening program. The program relies 
heavily on a multidisciplinary model to provide the best possible patient care; how-
ever, our core team is comprised of an advanced practice provider, two master tobacco 
treatment specialist-certified nurse navigators, and a dedicated coordinator. After 
referral to the program, an eligibility assessment including an extensive smoking his-
tory is conducted by the program coordinator. After patients sit down with our highly 
trained specialized nurse navigators for a shared decision-making session with smok-
ing cessation counseling when applicable. If a patient agrees to undergo screening 
with a LDCT, the program offers an extensive result review, as well as concierge 
scheduling of follow-up tests, procedures, and appointments, if applicable. In addition 
to our high-quality, evidence-based workflow, our LCS program has worked dili-
gently to develop a more comprehensive and standardized approach to smoking ces-
sation. Along with tobacco cessation counseling during SDM, our tobacco treatment 
protocol includes follow-up counseling at the time of LCS results review, additional 
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support at an optional 2-week appointment, and/or ongoing telephone counseling as 
requested by patients. Furthermore, we provide all patients who are interested in a 
prescription for tobacco cessation medication and other treatment options.

An effective smoking cessation program must have a comprehensive approach to 
treating nicotine addiction at both the psychological and physiological root of the 
dependence. Often, healthcare professionals feel they do not have time to address 
all aspects of patient care in addition to tobacco cessation with their patients. LCS 
programs have a unique opportunity to provide one-to-one tobacco counseling with 
patients who are at increased risk for negative health outcomes associated with 
tobacco use.

�Conclusion

Smoking cessation is known to decrease the risk of lung cancer mortality, all-cause 
mortality, as well as reduce the incidence of diseases including chronic obstructive 
pulmonary disease (COPD), heart disease, and cerebrovascular disease. Smoking 
cessation at any age has short-term and long-term benefits including increasing life 
expectancy. Even among individuals considered senior citizens (≥65 years), cessa-
tion can increase the life expectancy by years [2]. Additionally, even just decreasing 
one’s daily cigarette consumption is linked to increased health benefits, such as 
decreases in COPD and asthma symptoms, and reduced progression of peripheral 
vascular disease [34]. All healthcare providers should initiate smoking cessation 
discussions with smokers at each point of contact, regardless of specialty. 
Unfortunately, the increasing complexity of patient care and time constraints for 
office appointments provide barriers for the proper initiation of smoking cessation. 
LCS programs are not only dedicated to early detection but also prevention of lung 
cancer. Therefore, programs have been well-positioned to be the champions of 
smoking cessation. Furthermore, CMS requires smoking cessation counseling of all 
current smokers undergoing SDM for LCS. Smoking cessation is multifaceted pro-
cess and requires a comprehensive approach that addresses the physiological and 
psychological aspects of addiction, while providing support and nonjudgmental 
space to discuss the challenges of quitting smoking. The integration of evidence-
based smoking cessation counseling and treatment in LCS programs would amplify 
the benefits of LCS, further improving long-term patient outcomes.
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Chapter 6
Why Health Equity Is So Important 
in Lung Cancer Screening?

Gregory C. Kane and Stephen K. Klasko

In her landmark book, Medical Apartheid, Harriet Washington catalogs a history of 
disparate medical care in the United States dating to the very founding of our nation 
[1]. The documented transgressions are an abomination and are only matched in 
modern history by the medical experimentation of physicians associated with the 
Third Reich in Nazi Germany during World War II. Of course, the distinguishing 
feature of the history that Washington so clearly brings to the light of day is that the 
abuses against both slaves and free Blacks went on for more than 200 years, whereas 
the perpetrators of Nazi atrocities occurring between 1933 and 1945 were brought 
to justice through the Nuremberg trials soon after the conclusion of World War II 
with the Doctor’s Trials ending in August 1947 [2].

One of us (GCK) considered this history when looking a former Tuskegee 
Airman in the eye for an initial pulmonary evaluation at the Jefferson-National 
Jewish Health Korman Respiratory Institute in Philadelphia (part of Jefferson 
Health). Well aware of the Tuskegee experiment, this physician was humbled by 
Mr. Ramsey King’s (not his real name) ability to forgive the past and find gratitude 
in his heart and his life. It is hard for us to imagine today that we live in a country 
that would deny local residents (the black community of Tuskegee Alabama) who 
were serving to protect the country, essential and available treatment for an infec-
tion in the name of “research.” The standard and simple therapy for syphilis, peni-
cillin, was withheld in a misguided effort to contribute additional and unnecessary 
information to our understanding of the natural history of syphilis. Fast forward to 
the present, even today, as I examined Mr. King, I was mindful of the medical 

G. C. Kane (*) 
Department of Medicine, Thomas Jefferson University, Philadelphia, PA, USA
e-mail: Gregory.Kane@Jefferson.edu 

S. K. Klasko 
Thomas Jefferson University and Jefferson Health, Philadelphia, PA, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
G. C. Kane et al. (eds.), Lung Cancer Screening, 
https://doi.org/10.1007/978-3-031-33596-9_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33596-9_6&domain=pdf
mailto:Gregory.Kane@Jefferson.edu
https://doi.org/10.1007/978-3-031-33596-9_6


48

establishment’s role in providing not only disparate care, but unethical and crimi-
nal withholding of treatment. It was a sobering experience, indeed, to acknowledge 
the sins of organized medicine while at the same time, trying to earn the trust of a 
military service hero as well as a father, soldier, and airman. If Harriet Washington’s 
collection of past wrongs is not enough, recent events in the United States since the 
COVID-19 pandemic have further highlighted the need for health equity all across 
this nation. One of us (SKK) was responsible during the pandemic for the largest 
health system in a major urban community, Philadelphia, with among the greatest 
poverty in the African-American community. Asking the descendants of these 
“experiments” to “trust the science” added a whole new challenge in the fight 
against COVID-19.

In this chapter, we will use the convention outlined by Richard Rothstein in his 
landmark book entitled The Color of Law [3]. Thus, the term “we” will refer to the 
collective of the members of the healthcare system workforce, including adminis-
trative and clinical leaders, physicians, nurses, respiratory therapists, medical assis-
tants, navigators, and public health professionals. As Rothstein declared in the 
preface: “As the citizens of this democracy, we, all of us, white, black, Hispanic, 
Asian, Native American and others, bear a collective responsibility to enforce our 
Constitution and to rectify past violations whose effects endure.” When using the 
word, we, our meaning is that this is what we, collectively must and should be doing 
in order to achieve health equity in lung cancer screening (LCS) and so many other 
health care services in the United States. In order to ensure an equitable future, it is 
our collective responsibility as physicians, healthcare professionals of all types, and 
healthcare leaders to practice and teach a brand of medicine that provides health 
assurance for all in an equitable manner.

As the ravages of COVID-19 exposed raw emotions all across the globe, racial 
and ethnic disparities were examined in the United States with greater focus than in 
any time since the late 1960s. While the events around the murder of George Floyd 
in Minneapolis, Minnesota catalyzed a national reckoning with white privilege and 
racial injustice, healthcare organizations also joined the dialogue and recommitted 
to addressing disparities in health and healthcare delivery. Data from the Robert 
Wood Johnson Foundation and Virginia Commonwealth University have high-
lighted stark differences in health outcomes between US neighborhoods, in some 
cases separated by as few as five miles, but with life expectancy discrepancies that 
would reach 20 years. This is true in Philadelphia and nearly as disparate in other 
major cities in the United States [4]. For example, in Philadelphia, the average sur-
vival in Society Hill (Zip code 19107) is 88 years, while just five miles away in the 
Strawberry Mansion section of the city (Zip code 19121) the average life expec-
tancy is just 68 years. Imagine looking at two newborns in the Jefferson University 
Hospital nursery and recognizing that one will live until 3010 while the other will 
die well before the end of the century… totally based on the zip code to which they 
are going home. It turns out that one of the most direct causes of life expectancy in 
the United States is the neighborhood where you were born [4]! When considered 
afresh, these disparities have galvanized what we must do to provide more equitable 
healthcare and address the social determinants of health as well if we are to give all 
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Americans, no matter the color of their skin or socioeconomic status, an equal 
opportunity for life, liberty and the pursuit of happiness in this country [5, 6].

Lung cancer screening (LCS), as a newly prescribed screening service, recently 
endorsed by the United States Preventive Services Task Force (USPSTF) provides a 
new and important opportunity for organized American medicine to address health 
equity for all and demonstrate that we have learned from the past and re-committed 
ourselves to a more equitable future. Specifically, LCS is an opportunity to impact 
all communities equitably [7]. As the most recent cancer among the top causes of 
cancer death to be added to the USPSTF list of recommended screenings (cervical, 
breast, prostate, and colon); there is an exciting opportunity to measure and report 
our progress and take an accounting of the impact of LCS on overall lung cancer 
mortality. The exciting aspect of this transcends the numbers, namely, to start under-
standing lung cancer mortality in specific populations nationally and within indi-
vidual cities and even within specific zip codes. This will require new approaches 
and new partnerships as well as a new spirit in American healthcare. It will also be 
a “wake up call” around an aspect of health care that we have known academically 
but rarely acted on, namely, that most of a patient’s health is determined by what 
happens in the home, not what happens in the doctor’s office.

So then, what is health equity? The definition is more challenging than it may 
seem and requires multiple vantage points. The United States Department of Health 
and Human Services as well as the CDC have defined health equity as “the attain-
ment of the highest level of health for all people” [8]. The Robert Wood Johnson 
Foundation has described health equity as meaning “that everyone has a fair and just 
opportunity to be as healthy as possible.” This requires removing obstacles to health 
such as poverty, discrimination, and their consequences, including powerlessness 
and lack of access to good jobs with fair pay, quality education and housing, safe 
environments, and health care” [9]. On balance, Dr. Camara Jones of the Morehouse 
School of Medicine has referred to health equity as “the assurance of the conditions 
of optimal health for all people” [9]. Regardless of which definition we choose to 
feature, the bottom line is that now is the time to help all people in all communities 
to achieve their best health, by understanding and addressing the root causes of 
disease and dysfunction.

Unfortunately, from the outset of LCS, we have been plagued by the mistakes of 
the past and find ourselves playing “catch up”. The pivotal study which highlighted 
the success of lung cancer screening and reducing mortality [10] only included 
approximately 4 1/2% African-Americans in its enrollment. Thus, this pivotal study 
limited the true insights we could draw upon from the African-American popula-
tion. Since that time, it has been necessary for subsequent investigators to explore 
the nuances and lessons to overcome that underrepresentation. Recently published 
studies have provided evidence of progress, but further work is required [11].

Fortunately, many modern healthcare leaders have taken on the mantle of 
addressing health equity in their communities. One of the authors of this chapter 
(SKK) developed a number of healthcare initiatives impacting Philadelphia while 
leading Jefferson Health as President and CEO from 2013 through 2021. Jefferson 
developed the Philadelphia Collaborative for Health Equity and committed the 

6  Why Health Equity Is So Important in Lung Cancer Screening?



50

majority of its philanthropic efforts to reducing disparities. At the same time, the 
CEO committed 25% of his personal incentive to targeted health equity initiatives. 
Jefferson’s efforts led to investments from individuals and corporations with the aim 
of reducing disparities in heart disease and stroke among immigrant and under-
served populations, as well as similar initiatives in cancer therapeutics and lung 
cancer screening among others.

This approach is not unique. Cincinnati Children’s Hospital, for example, is a 
referral pediatric academic Medical Center that has addressed community issues 
such as reading proficiency. This certainly is not a traditional metric directly related 
to the financial bottom line of the organization, to address specific social determi-
nants of health, namely, education and health literacy [12]. At Jefferson Health’s 
academic center, the Thomas Jefferson University Hospital, early efforts at lung 
cancer screening achieved a substantial impact among the African-American com-
munity with more than 40% of LCS scans performed among this self-identified 
demographic [11]. If this can be accomplished in the poorest city in the United 
States with one of the highest smoking rates, [13] it would be expected that we 
could see this type of success in other communities.

The senior administrations of Jefferson and Cincinnati Children’s approached 
health equity as an important aspect of their success and set the tone for other health 
systems striving to address health equity in their own communities. In essence, they 
and others started a movement that made clear that the institution’s success was 
partly dependent on its outreach to all segments of its community and the health of 
the most underserved members of that community.

Central to an equitable approach are several factors: equitable outreach (actively 
reaching and serving sub-populations within a particular region), motivation and 
commitment to not repeating the mistakes of the past, and conscious efforts to over-
come bias and adjust methodology to meet a particular patient population’s expecta-
tions. Historically, academic centers, often located in the heart of our poorest cities, 
have been content to allow those who choose to present for screening or other ser-
vices to undergo such procedures, rather than making inroads into the most vulner-
able communities. As Arnold Relman, former editor of the New England Journal of 
Medicine has described, the healthcare system in the United States has gone through 
three tectonic shifts. These have included “the Era of Expansion,” “the Era of Cost 
Containment,” and most recently “the Era of Assessment and Accountability” [14]. 
Now, we must seek new approaches with the goal of reaching vulnerable patients 
who may be most at risk for mortality related to some common diseases. Noting that 
Relman often railed against the “medical-industrial complex,” it would be remark-
ably fitting for us to refer to this new re-examination and new dialogue among 
Academic Medical Center’s as the dawn of “the Era of Health Equity” [15].

To be sure, reaching such communities takes unique efforts to create trust and 
acceptance. We cannot achieve health equity without building trust in our communi-
ties. While the meaning of trust is readily understood and felt by members of each 
community, these authors have chosen to define trust by a mathematical formula. 
Trust is equal to the sum of credibility, reliability, and intimacy while inversely 
related to self-interest [16]. Surprisingly, to those of us in healthcare, this 
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methodology was derived from professionals in the financial industry and was first 
displayed as a formula:

	
Trust

Credibility Reliability Intimacy

Self Interest
=

+ +
- 	

Lung cancer screening is an opportunity to alter our path in healthcare and define 
this generation’s era of health equity. This opportunity could not have come at a 
more opportune time. Mortality disproportionately affects black men more than 
white men, and black women more than white women [17]. We will be judged by 
the next generation’s assessment of how we respond to this challenge.

It is exciting that several organizations including the Bristol Myers Squibb 
Foundation have made a point to support a more equitable approach to Lung Cancer 
Screening and outreach to vulnerable populations. In Anne Arundel County, 
Maryland, healthcare teams are addressing disparities as core to their strategic mis-
sion. In rural North Carolina, leaders are literally bringing health equity to the poor 
through mobile screening units utilizing CT scanners in traveling buses. In Kentucky, 
leaders are addressing one the nation’s highest statewide lung cancer mortality rates 
with an impressive and nationally leading approach to impact all persons, regardless 
of their community or skin color through “Kentucky LEADS.” And in Maine, where 
there is a fatal combination of one of the highest lung cancer incidence rates and the 
reality that many residents face social determinants which challenge access, the 
Maine Lung Cancer Prevention and Screening initiative (Lung CAPS) has helped 
facilitate the growth of more equitable lung cancer screening [18].

Jefferson Health’s partnership with the Bristol Myers Squibb Foundation has set 
an example for addressing vulnerable populations upfront and doing so with an 
awareness of bias, culture, the importance of building trust, and managing fear. As 
such, a program that looks to overcome inequity must work to overcome barriers, 
reflect, and engage the community.

Only in fully engaging the community can an academic health center deliver on 
the promise of lung cancer screening for all! It is a direct by-product of this rela-
tionship and the challenge that it engendered through a charitable grant, that 
Jefferson Health’s academic center, the Thomas Jefferson University Hospital, 
excelled in early efforts of lung cancer screening to achieve a substantial impact 
among the African-American community with more than 40% of LCS scans per-
formed among this key demographic with a higher-than-expected lung cancer mor-
tality [11, 17].

In conclusion, health equity entails giving every person the opportunity to enjoy 
their maximum health status. To achieve that goal with respect to lung cancer and 
lung cancer mortality, a population approach to successful screening is essential. 
Such an approach would have its foundation in the epidemiology of lung cancer and 
utilize methods of community engagement and outreach to assure that no patient is 
left behind in the goal to prevent lung cancer and further reduce mortality through 
early detection. In this new Era of “Addressing Health Equity,” health systems can 
lead the way. At Jefferson, the only way we can achieve our mission of “we improve 
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lives” is if health equity and trust are at the center of all of our health assurance 
activities. Only in this way can we erase the stain of the Tuskegee era and slavery on 
this country’s medical history.
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Chapter 7
Engaging a Health System Learning 
Community to Increase Lung Cancer 
Screening

Ronald E. Myers, Melissa DiCarlo, Rickie Brawer, Hee-Soon Juon, 
Kristine Pham, Christine S. Shusted, Charnita Zeigler-Johnson, 
and Julie A. Barta

�Background

As shown in randomized controlled trials, screening with low-dose computed 
tomography (LDCT) is an effective way to diagnose early lung cancer. In 2011, the 
National Lung Screening Trial (NLST) found a 20% relative reduction in lung 
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cancer mortality when screening with annual LDCT screening compared to single-
view chest radiography [1]. A recent meta-analysis of lung cancer screening research 
studies has reinforced the finding that periodic LDCT screening can significantly 
reduce the cumulative 10-year lung cancer mortality rate [2].

The United States Preventive Services Task Force (USPSTF) initially issued 
guidelines supporting lung cancer screening with annual LDCT in 2013 [3], which 
have recently been revised and updated. Currently, the USPSTF recommends that 
asymptomatic adults who are between the ages of 50 and80 years have at least a 20 
pack-year history of cigarette smoking, and currently smoke or have smoked and 
who quit within the past 15 years should make a shared decision with a healthcare 
provider about having annual LCS [4].

The Centers for Medicare and Medicaid Services (CMS) announced in 2015 that 
annual LCS would be covered as a preventive health care benefit for persons who 
are 55 to 77 years of age, have 30 pack-years of exposure to smoking, have not quit 
smoking with 15 years, and undergo shared decision making (SDM) about LCS [5]. 
Importantly, shared decision making (SDM) is required for coverage of LCS. These 
guidelines have recently been updated, expanding the age eligibility to 50 to 
77 years, and reducing the period of cigarette smoking exposure to 20 pack-years [6].

Unfortunately, SDM and LCS occur infrequently in clinical practice [7–9] and 
statewide LCS rates are very low [7, 10–12]. Health systems in the United States are 
in a unique position to support the implementation of effective methods to increase 
SDM and LCS rates, and thereby reducing lung cancer mortality and related 
disparities.

�A Model to Guide Formation of a Health System 
Learning Community

With support from a 5-year Bristol Myers Squibb Foundation grant, Jefferson 
Health (Jefferson), a large academic health system in Philadelphia, PA, developed 
the Lung Cancer Learning Community (LC2) Initiative. This project focused on 
increasing SDM and LCS in vulnerable populations by applying the Health System 
Learning Community (HSLC) Model, a framework developed with support from 
the Patient-Centered Outcomes Research Institute guide health system efforts to 
increase cancer screening [13].

The HSLC Model is a theory-based framework that integrates concepts from the 
Collective Impact Model (CIM) and the Interactive Systems Framework for 
Dissemination and Implementation (ISF) [14, 15]. The model extends the 
Exploration, Preparation, Implementation, and Sustainment (EPIS) framework 
described by Moullin et al. [16] by focusing on how to operationalize health system-
based learning communities to effect change in routine care.

The HSLC posits that a learning community comprised of health organization 
leaders and important stakeholders can work together to identify major population 
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health problems. This model calls for collaborative action to identify effective 
evidence-based intervention strategies that can address population health needs 
and determine how such strategies can be implemented. The model also offers 
steps that can be taken to engage collaborators in developing health intervention 
strategies, adapting those strategies to fit health system and population needs, 
implementing effective interventions in practice settings, and sustaining imple-
mentation in routine care.

At Jefferson, the LC2 Initiative seeks to achieve the following aims: Aim 1. 
Engage health system patients and providers, health plans, community organiza-
tions, and other stakeholders in an effort to increase SDM and LCS in vulnerable 
populations; Aim 2: Identify effective intervention strategies that can increase SDM 
and LCS in primary care practices that serve vulnerable patients; Aim 3: Catalyze 
health system, health plan, and community support for intervention implementa-
tion; and Aim 4. Evaluate learning community member engagement.

�Aim 1: Engaging Patients, Providers, and Stakeholders.

As shown in Fig.  7.1, Jefferson initially formed a Strategic Management Team 
(SMT). The SMT includes individuals representing Jefferson’s Department of 
Medicine, Department of Medical Oncology, Department of Radiology, and the 
Department Family and Community Medicine. This group, which is responsible for 
providing oversight of the learning community, meets every 2 weeks.

The SMT organized a Coordinating Team (CT) to lead the day-to-day activities 
of the learning community. The CT, which meets on a weekly basis, includes 
researchers, public health professionals, social workers, administrators, and staff 
from the health system’s centralized LCS program. The SMT also formed a Steering 
Committee (SC), Patient and Stakeholder Advisory Committee (PASAC), Research 
and Evaluation Committee (REC), System Leadership Group (SLG), and a 
Policy Group.

Members of the SC include senior clinical leaders and representatives from 
major health plans in the area, state and local health departments, and community 
organizations. This group, which meets four times a year, is responsible for identi-
fying intervention strategies that can reach vulnerable populations and for determin-
ing how to sustain the implementation of effective intervention in the health system.

The PASAC includes patients from vulnerable populations (African American 
and Asian primary care patients), primary care physicians, clinical care coordina-
tors, oncology social workers, and representatives of community organizations. 
PASAC members meet four times a year in order to examine intervention materials 
and methods and recommend how intervention delivery can be adapted to fit the 
health system and address patient population needs. In effect, the PASAC represents 
the “voice” of those who will be directly affected by and involved in the implemen-
tation of recommended intervention strategies.
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Fig. 7.1  Lung cancer learning community model

The REC is comprised of health system population science researchers, clini-
cians involved in LCS, and biostatistics support personnel. REC members meet 
once a month in meetings that focus on the implemention of research studies, col-
lection of relevant data on intervention processes and outcomes, and analysis of 
collected data to determine the impact of interventions on SDM and LCS rates. This 
group also is charged with the responsibility of evaluating learning community 
member participation and engagement.

The System Leadership Group (SLG) includes health system leaders who are 
responsible for setting health system priorities and allocating resources for opera-
tionalizing those priorities. The SLG meets on an annual basis to review study prog-
ress and make decisions related to screening intervention implementation and 
maintenance.

Finally, the Policy Group brings together members of the SC, REC, and SLG 
who are experienced in carrying out cost analyses, developing value-based care 
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arrangements, and advocacy. This group meets on an ad hoc basis to explore issues 
related to implementing SDM and LCS and develop proposals that can be opera-
tionalized at the health system level.

�Aim 2. Identifying Effective Interventions.

Patient Outreach. Regarding Aim 2, the SC identified primary care patient outreach 
as a potentially effective strategy to increase SDM and LCS. The specific nature of 
patient outreach in LCS was informed by prior research on patient decision support 
and navigation methods [17–19] that have been effective in raising cancer screening 
rates among diverse patient populations [18, 19]. Specifically, the intervention strat-
egy involved using health system electronic medical record (EMR) data to identify 
primary care patients who were potentially eligible for LCS who had a scheduled 
appointment to see their primary care provider, and engaging research coordinators 
in the delivery of an LCS telephone outreach contact (OC). Thus, OC involved 
delivery of mailed LCS education materials and a telephone outreach call to patients 
identified through EMR review.

SC members proposed delivery of OC to patients in primary care practices that 
served African American, Chinese, and Korean patients. The SC also recommended 
that selected patients should be mailed a copy of the patient educational booklet used 
by Jefferson’s centralized screening center and a print decision aid that answered 
patient questions about LCS, screening efficacy, and the risks and benefits of 
LDCT. Furthermore, the SC suggested that this mailing should be followed by a care 
coordinator telephone contact to verify LCS eligibility, review mailed materials, and 
offer to schedule an LCS visit.

The SC also proposed that selected primary care patients should not only receive 
the mailed OC materials and outreach call, but should also be guided through SDM 
by the research coordinator during the telephone contact. It was decided that research 
coordinators would use the Decision Counseling Program©, an interactive online 
decision aid, to guide patients through LCS education and decision counseling (DC) 
sessions to verify screening eligibility, review educational materials, elicit personal 
values related to screening, and clarify screening preference. This combined inter-
vention is referred to as OC-DC. Importantly, the SC recommended that in OC and 
OC-DC contacts, research coordinators should be authorized to help patients sched-
ule a visit to the health system’s centralized LCS center or encourage the patient to 
discuss screening with their primary care provider. The SC conveyed its recommen-
dations and intervention materials to the PASAC and REC.

The PASAC reviewed OC and OC-DC print materials and decision counseling 
methods in order to determine how the interventions should be adapted to meet the 
needs of patients from vulnerable populations. In this regard, PASAC members rec-
ommended that the patient education materials be modified to ensure they were 
written at a sixth-grade reading level and were translated from English into Chinese 
and Korean languages. PASAC members also recommended that health system care 
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Fig. 7.2  Lung cancer screening outreach pilot study design

coordinators should be trained in DC and should have the capacity to conduct tele-
phone DC sessions in the preferred language of each patient. The CT conveyed 
recommendations made by the SC and PASAC to the REC.

In accordance with this guidance, members of the REC developed a randomized 
trial (Fig. 7.2) that was approved by the Thomas Jefferson University Institutional 
Review Board. As described in a recent publication, [20] the pilot study was 
designed to determine LCS rates in the context of usual care and assess the impact 
of OC and OC-DC intervention strategies on LCS in four primary care practices that 
serve African American, Chinese, and Korean patients. In terms of intervention con-
tacts, health system care coordinators sought to engage patients in the language 
preferred by patients in each practice. The pilot study, which was initiated in 2019, 
included 2376 patients through EMR inspection who were 50 to 80 years of age, 
were current or former smokers, and had not undergone LCS recently. As smoking 
pack-year data were lacking in the EMR for most patients, the patient sample 
included individuals who were deemed “potentially-eligible” for LCS.  The CT 
worked with Jefferson IS&T personnel to identify patients for the pilot study and 
oversaw patient recruitment, randomization, and delivery of OC and OC-DC patient 
contacts.

A total of 1748 patients were assigned to a usual care Control Group, and 628 
patients will be randomized either to an OC Group (N = 314) or an OC-DC Group 
(N = 314). At 90 days after enrollment, CT members reviewed EMR data to assess 
patient LCS. Data analyses showed that at baseline, patients in the Control Group, 
OC Group, and OC-DC Group has screening rates of 2%, 4%, and 7%, respectively. 
Together, the screening rate among patients in the combined OC and OC-DC Group 
was significantly higher than that of patients in the Control Group (p  =  0.001). 
Among patients in the OC Group (n = 31) and the OC-DC Group (n = 39) who were 
determined to be eligible for screening, LCS rates were 29% and 39%, respectively.

Provider Support. The CT has worked with the National Lung Cancer Round 
Table and the American College of Chest Physicians® to advance provider educa-
tion about SDM in LCS.  This effort has resulted in the development of a free, 
accredited online training program, which is titled, “Shared Decision Making in 
Lung Cancer Screening.” The program, which has been updated to reflect recent 
changes the United States Preventive Services Task Force and Centers for Medicaid 
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and Medicare Services in LCS guidelines, will be launched in 2022. Importantly, 
health systems will be able to offer this program to all providers who are in a posi-
tion to assess patient eligibility for LCS and engage eligible patients in SDM.

The new program includes three modules that offer training in (1) Assessment of 
patient eligibility for lung cancer screening and tobacco treatment, (2) Education of 
patients about lung cancer screening, and tobacco treatment, and (3) Support for 
SDM about lung cancer screening. Learners who complete all three modules will be 
able to identify individuals who are eligible for annual lung cancer screening, edu-
cate those who are eligible about the potential benefits and harms of screening, help 
them make a shared decision about screening, and inform those who smoke or who 
have stopped smoking about available tobacco treatment services.

�Aim 3. Catalyzing Support for Collaborative Action

Jefferson engaged a representative of the Harvard University Center for Health, 
Law and Policy Innovation (CHLPI) in the Policy Group to help assess health sys-
tem, health plan, and community views on how to increase SDM and LCS. To this 
end, the Policy Group developed a key-informant interview guide that could elicit 
interviewee views on fostering collaborative efforts to identify screening-eligible 
patients, facilitate educate providers and patients about LCS, implement effective 
intervention strategies, develop value-based arrangements that support SDM and 
LCS, and advocate for increased resources needed to sustain intervention 
implementation.

The Policy Group identified and targeted eight health system leaders and five 
health plan leaders for interviews. CT members conducted either an in-person or 
telephone-based interview with each designated participant. All interviews were 
audio recorded and were transcribed. Two CT research coordinators reviewed and 
coded the transcripts using NVivo software (QSR International, Burlington, MA, 
USA) to identify salient themes. A third CT member acted as a tiebreaker in 
instances where there was a difference of assigned code.

These qualitative analyses identified the following major themes: (1) Supporting 
a learning community infrastructure, (2) Sharing physician, patient, and community 
educational resources and effective intervention strategies, (3) Advocating for pub-
lic/private investment in lung cancer screening, (4) Conducting cost analyses related 
to screening, (5) Using value-based contracting to support screening, and (6) 
Incentivizing provider assessment of screening eligibility. Each of these themes was 
defined as a proposal for collaborative action. Based on these findings, the Policy 
Group developed an online survey questionnaire designed to assess support for 
operationalizing the proposals.

Working with the Policy Group, the CT proceeded to identify leaders of the 
health system, leaders of area health plans, and representatives of area public and 
private health organizations and community organizations. An invitation to com-
plete the survey was distributed to 12 health system leaders, six health plan leaders, 
representatives of three health organizations, and four community representatives 
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Table 7.1  Survey on support for call to action proposals (N = 25)

Collaborative action proposals
Support

TotalYes No
Health plans and health systems should… N % N % N %

Support a learning community infrastructure. 25 100.0 0 0.0 25 100.0
Share educational resources for physicians, patients, and the 
community.

25 100.0 0 0.0 25 100.0

Advocate for investment in lung cancer screening. 25 100.0 0 0.0 25 100.0
Conduct cost analyses related to screening. 23 92.0 2 8.0 25 100.0
Use value-based contracting to support screening. 21 84.0 4 16.0 25 100.0
Incentivize the assessment of screening eligibility. 20 80.0 5 20.0 25 100.0

via email. Follow-up emails and telephone reminders. We received a completed 
survey questionnaire for all 25 (100%) individuals who were invited to participate. 
Data analyses involved determining frequencies of response for each survey item.

Table 7.1 shows that there was unanimous support for the development of lung 
cancer learning communities in health systems, collaboration on patient screening 
education and intervention delivery, and advocacy to increase public and private 
investment in LCS. Twenty-three (92%) respondents supported collaboration on the 
conduct of cost analyses related to LCS; 21 (84%) expressed support for incorporat-
ing LCS in value-based contracting between the health system and payers; and, 20 
(80%) felt it was important to incentivize the process of determining patient eligibil-
ity for LCS.

We have included these findings in the form of proposals presented in a white 
paper titled, “Engaging a Learning Community to Achieve the Promise of Lung 
Cancer Screening” [21]. The proposals, which are outlined below, serve as a “call to 
action” for health systems and lung cancer learning communities:

Proposal 1  Health systems should organize a lung cancer learning community that 
can guide collaborative efforts of the health system, health plans, and other stake-
holders to increase shared decision making and screening, promote smoking cessa-
tion, and reduce disparities.

Proposal 2  Health system lung cancer learning communities should encourage 
health systems and health plans to identify individuals eligible for lung cancer 
screening and ensure that shared decision making, lung cancer screening, and smok-
ing cessation services are offered at multiple “touchpoints” in care.

Proposal 3  Health system lung cancer learning communities should encourage 
health systems and health plans to conduct cost analyses to guide collaborative 
efforts to support shared decision making, screening, diagnostic follow-up, treat-
ment, and smoking cessation.

Proposal 4  Health system lung cancer learning communities should advocate for 
increased public and private investment to identify and implement effective strategies 
that can increase shared decision making, lung cancer screening, and smoking cessation.
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�Aim 4. Evaluating Engagement Among Members 
of the Learning Community

As part of the LC2 initiative, Jefferson evaluated the engagement of learning 
community members in the activities described above. As shown in Table 7.2, 
we initially invited 102 members to participate in a total of 168 in-person or 
virtual meetings of the CT, SMT, SLG, SC, PASAC, REC, and PT. Participation 
was at least 70% for these groups, with the exception of the SC, which was 60%.

We also asked individuals who attended meetings to complete a survey question-
naire that included items from Wilder Collaboration Factors Inventory (CFI) [22, 
23]. Learning community members completed the survey at three points in time 
(2018, 2019, and 2020). Specifically, the participant survey assessed perceptions 
related to the strength of engagement in the LC2 Initiative, using a Likert scale 
response set (Strongly Disagree = 1 to Strongly Agree = 5). The survey solicited 
responses in five domains: purpose of the learning community (two factors), mem-
ber characteristics (four factors), process and structure (four factors), communica-
tion (two items), and resources (one factor). Mean scores were computed for each 
domain and constituent factors.

Table 7.3 shows that the LC2 Initiative provided strong support for participant 
understanding of learning community purpose, collaborative interactions with other 
members, and access to resources. In addition, participants felt that the learning 
community provided moderate to high levels of support for their engagement in 
guiding LC2 Initiative processes, outcomes assessment, and overall communica-
tion. A review of individual factors suggests that the learning community could be 
strengthened by devoting increased attention to increasing the representativeness of 
membership, facilitating greater discussion, clarifying member roles and responsi-
bilities, and providing guidance related to the priorities and pacing of learning com-
munity activities.

Table 7.2  LC2 Initiative member participation by learning community component

Learning community component
Members
N

Meetings
N

Participationa

(%)

Coordinating team 8 70 (77.5)
Strategic management team 5 36 (86.1)
System leadership group 13 3 (76.9)
Steering committee 23 6 (60.1)
Patient and stakeholder advisory committee 29 3 (70.3)
Research and evaluation committee 13 40 (70.0)
Policy team 11 8 (84.5)
Total 102 168

aAverage participation in each meeting/the total number of meetings
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Table 7.3  Wilder CFI survey results among LC2 Members, 2018–2020

Domains and factors

2018 2019 2020
N = 41 N = 27 N = 35
Mean SD Mean SD Mean SD

Purpose 4.0 0.6 4.0 0.7 4.2 0.7
 �� Concrete, attainable goals and objectives 4.0 0.8 4.0 0.7 4.1 0.8
 �� Shared vision 4.0 0.6 4.1 0.7 4.2 0.7
Member characteristics 4.0 0.5 4.2 0.5 4.1 0.5
 �� Mutual respect, understanding, and trust 4.1 0.6 4.5 0.5 4.4 0.5
 �� Appropriate cross-section of members 3.9 0.6 4.1 0.7 3.8 0.6
 �� Members see collaboration as in their self-interest 4.2 0.8 4.2 0.7 4.3 0.6
 �� Ability to compromise 3.7 0.7 3.8 0.9 3.8 1.0
Process and structure 3.9 0.6 3.9 0.6 3.9 0.6
 �� Members share a stake in both process and outcome 4.0 0.6 3.9 0.6 4.1 0.6
 �� Flexibility 4.0 0.8 4.2 0.7 3.9 0.9
 �� Development of clear roles and policy guidelines 3.6 0.8 3.6 0.8 3.5 0.9
 �� Appropriate pace of development 3.8 0.7 3.8 0.7 3.9 0.7
Communication 3.9 0.7 4.0 0.7 3.9 0.8
 �� Open and frequent communication 4.0 0.7 4.0 0.9 4.0 0.9
 �� Established informal relationships and communication 

links
3.7 1.0 4.0 0.9 3.7 1.0

Resources 4.2 0.7 4.1 0.8 4.1 0.9
 �� Skilled leadership 4.2 0.7 4.1 0.8 4.1 0.9

Scores ≥4.0 indicate areas of strength related to engagement; scores 3.0–3.9 indicate areas of 
moderate strength; and, scores <3.0 indicate areas of weakness

�Conclusion

In accordance with the HSLC Model, Jefferson developed a health system-based 
learning community that is dedicated to increasing SDM and LCS in diverse patient 
populations, identifying an effective intervention that can increase SDM and LCS 
rates, and, developing strategies for advancing SDM and LCS in health systems. 
The LC2 Initiative described here represents the effort of one health system to 
embrace the challenge of catalyzing collaboration among multiple stakeholders to 
implement innovations that can change healthcare practice.

The multicomponent organizational structure of the LC2 Initiative addresses 
aspects of health system change described by Psek et al. [24] that include data ana-
lytics, people and partnerships, patient and family engagement, ethics and over-
sight, evaluation and methodology, funding, organization, prioritization, and 
deliverables. As described by Lessard et al. [25], this type of learning community 
can facilitate activities at multiple levels of a health system and involve individuals 
who represented health system, payer, and community perspectives.

Health systems have the opportunity to embrace the challenge of adopting 
and adapting a learning community strategy in order to advance SDM and LCS 
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in diverse patient populations. If health systems accept this “call to action,” we 
can we increase SDM and LCS substantially and achieve higher levels of 
equity in LCS.
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Chapter 8
Different Approaches for Offering Lung 
Cancer Screening

Humberto Choi  and Peter Mazzone 

�Background

The goal of lung cancer screening (LCS) is to reduce lung cancer deaths by early 
detection. Population LCS is not just the performance of a low-dose computed 
tomography (LDCT) scan. It is a complex program that aims to find a balance of 
maximizing mortality reduction, while avoiding potential harms from screening. A 
team effort involving multiple disciplines is necessary to offer high-quality 
LCS.  There are different models of how a program can be organized to offer 
screening.

The processes involved in screening include identifying and scheduling appro-
priate individuals, conducting a shared decision making (SDM) visit, performing a 
LDCT scan, interpreting the scan and communicating the results, managing abnor-
mal findings, and assuring adherence with diagnostic follow-up and the annual 
repeat screening exam. The role and extent of participation of the stakeholders dif-
fer depending on how the program is structured.

In this chapter, we will review the components of high-quality LCS, define LCS 
program models, discuss how program components could be addressed in each LCS 
program model, and review the role of a program coordinator or navigator.
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�Components of a High-Quality Lung Cancer 
Screening Program

High-quality LCS maximizes the benefits of screening while reducing potential 
harms. Key components that should be present in every LCS program have been 
identified [1]. In any approach, the program should include the following 
components:

•	 Criteria for who is eligible for LCS: In accordance with the best evidence and 
current policy.

•	 Criteria for the frequency and duration of screening: In accordance with the best 
evidence and current policy.

•	 Plans for the performance of initial and repeat LDCT: Based on ACR-STR tech-
nical specifications [2].

•	 Structured reporting of LDCT results, including reporting of lung nodule find-
ings: Based on current guidance (e.g., LungRADS), recommendations for fol-
low-up, and reporting of significant non-nodule findings.

•	 Criteria for lung nodule size that is labeled as a test positive: In accordance with 
the best evidence and current recommendations (e.g., LungRADS).

•	 Lung nodule management algorithms and team: Following algorithms for small 
solid, large solid, and sub-solid lung nodules based on best evidence and current 
guidelines, and engagement of a multi-disciplinary team with lung nodule man-
agement expertise.

•	 Smoking cessation expertise: Either as part of the screening program or in con-
cert with an established smoking cessation program.

•	 A means to promote patient and provider education: Focused on LCS, diagnostic 
follow-up, and tobacco treatment.

•	 A patient navigation and scheduling system: To promote outreach to eligible 
patients and ensure compliance with initial screening, diagnostic follow-up, and 
annual repeat screening recommendations.

•	 Data collection: To assist with patient tracking and management as well as to 
drive quality improvement initiatives.

In Table 8.1 we summarize the key components of an LCS program and how 
respective screening processes may be managed differently by centralized, decen-
tralized, and hybrid approaches. We will define each of these approaches below.

H. Choi and P. Mazzone



69

Table 8.1  Lung cancer screening program components and processes in centralized, decentralized, 
and hybrid approaches

Components of a 
high-quality LCS 
program [1] Program element Centralized Decentralized Hybrid

Eligibility criteria in 
keeping with current 
recommendations 
and policy [3]
Frequency and 
duration of 
screening in keeping 
with current 
recommendations 
and policy

Clinical 
leadership

PCP, 
pulmonologist, 
radiologist

– PCP, 
pulmonologist, 
radiologist

Identifying and 
enrolling 
individuals

PCP, specialists, 
EHR tools, 
population 
management 
system

PCP PCP, population 
management 
system

Scheduling Structured 
scheduling system

Primary care 
office or 
radiology 
scheduler

Variable

SDM Dedicated 
program provider

PCP PCP

LDCT performed 
based on ACR-STR 
technical 
specifications
Structured reporting 
of LDCT results

Imaging protocol Radiologist Radiologist Radiologist
Structured report Radiologist Radiologist Radiologist
Communication 
of results

Dedicated 
program provider

PCP PCP

Non-nodule 
incidental 
findings

Non-cancer 
specialists

PCP with 
support of 
local 
specialists

PCP

Develop policy for 
lung nodule size that 
is labeled as a 
positive test
Lung nodule 
management 
algorithms and 
multidisciplinary 
team

Nodule 
evaluation 
algorithm

Pulmonologist, 
interventional 
pulmonologist, 
radiologist, 
thoracic surgeon

PCP with the 
support of 
local thoracic 
specialists

Variable

Tracking and 
ensuring 
follow-up

Dedicated 
coordinator/
navigator

PCP PCP or dedicated 
coordinator/
navigator

Smoking cessation Offer tobacco 
treatment

Trained program 
providers, 
dedicated 
smoking cessation 
program or 
referral to other 
programs

PCP or referral 
to smoking 
cessation 
programs

PCP, dedicated 
smoking 
cessation 
program or 
referral to other 
programs

Patient and provider 
education

Program 
awareness

Marketing team – Marketing team

Data collection, 
reporting and quality 
improvement

Patient 
management 
system, regular 
data review

IT specialist, 
program 
leadership team

– IT specialist, 
program 
leadership

Other Administration Administrator – Variable
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�Centralized Model

Centralized programs generally have a dedicated team that is responsible for most 
or all processes related to LCS (Fig. 8.1). Centralized screening requires core clini-
cal leadership, dedicated resources, and personnel to maintain the infrastructure and 
manage or support each step of the screening process.

A centralized program receives referrals from providers outside of the program 
or actively identifies screening-eligible individuals served by the health system. 
Program members perform SDM visits, orders, and schedules LDCT scans. The 
program is responsible for interpreting the LDCT scans, communicating results to 
patients and ordering providers, managing screen-detected findings, and tracking 
patients to ensure adherence with follow-up recommendations and annual repeat 
screening. A dedicated LCS coordinator or navigator, clinical leadership, multidis-
ciplinary collaboration, clinical providers, schedulers, IT and administrative sup-
port, patient management and data collection systems, and marketing expertise are 
all components of a centralized screening program.

The Lung Cancer Screening Program at Cleveland Clinic is an example of a 
centralized model [4]. Our program was initially decentralized, but challenges 
involving the selection of screen-ineligible individuals, difficulties with timely 
communication and management of screening-detected findings and mandates to 
perform meaningful SDM visits and report data to a central registry, all supported a 
shift to a centralized model. The program became fully centralized in 2015. Clinical 
leadership of the program includes a pulmonologist and thoracic radiologist who 

a

b

c

Fig. 8.1  Different approaches to offering lung cancer screening: (a) centralized model; (b) decen-
tralized program; (c) hybrid program. LCS lung cancer screening, LDCT low dose computed 
tomography, PCP primary care provider, SDM shared decision making
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provide oversight of the program. Infrastructure support includes program coordi-
nators and schedulers.

Primary care providers within our health system have partnered with and referred 
individuals to the program. Scheduling systems have been developed so that the 
patient can be scheduled for their SDM visit as they leave their provider visit, can 
self-schedule their visit, or have the screening scheduling team assist with schedul-
ing. The program coordinator assists in tracking scheduling progress and following 
individuals who completed an LDCT scan to ensure adherence with follow-up or 
annual repeat screening. Advanced practice providers (APPs) review eligibility cri-
teria at the time of the SDM visit, where they also educate, support values-driven 
decisions, and offer tobacco cessation treatment. The relationship they develop with 
providers helps when they communicate LDCT results, and advise about the man-
agement of screen-detected findings. Regional physician champions assist the APP 
team with clinical management and outreach efforts at screening sites across our 
health system.

High-risk cases (e.g., Lung-RADS 4 cases) are reviewed at a weekly lung nodule 
management multidisciplinary meeting with a thoracic radiologist and pulmonolo-
gists specialized in lung nodule and lung cancer management. Lung cancer care is 
offered together with multidisciplinary collaboration that involves thoracic surgery, 
medical, and radiation oncology. Non-nodule-related findings on LDCT are also 
managed by our LCS team. Collaboration with non-cancer specialists is guided by 
care pathways developed to manage non-nodule incidental findings (e.g., thyroid 
nodules, adrenal nodules, coronary calcification, aortic aneurysms, and interstitial 
lung disease).

Information technology (IT) experts have assisted with building order sets, 
reports, and notes with extractable data elements. We use a commercially available 
software application to collect data from these reports and notes, report data to the 
ACR registry, and track individuals to maximize compliance with follow-up recom-
mendations. A separate coordinator from the radiology department is responsible 
for the oversight of the registry and reporting to the American College of Radiology 
database. This coordinator also troubleshoots issues with CT scanners and facili-
tates communication between the clinical team and radiologists.

�Decentralized and Hybrid Models

A decentralized LCS program performs and interprets LDCT scans, while identifi-
cation of screen-eligible individuals, ordering LDCT scans, performing SDM, com-
munication of scan results, management of nodule and non-nodule findings, and 
smoking cessation guidance are owned by the ordering provider (Fig.  8.1). 
Therefore, decentralized programs rely mostly on primary care providers (PCPs) 
(Table 8.1).

Hybrid LCS programs include some of the elements of both centralized and a 
decentralized approaches. Definitions of hybrid programs have varied, as there are 
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different ways that a hybrid program incorporates centralized and decentralized pro-
cesses (Table 8.1). A program in a large health system may have one central site per-
forming screening with a centralized approach whereas peripheral sites screen with a 
decentralized approach. Other hybrid programs may have centralized resource sup-
port for some of the screening components related to the ordering providers who 
otherwise own the patients care (e.g., a population management system or program 
navigator, connection with a nodule, or smoking cessation program). The centralized 
team may also develop and share tools with the PCPs (e.g., decision aids to assist with 
SDM, nodule management algorithms, algorithms for the management of non-nodule 
findings, and connections to nodule management and smoking cessation programs).

Though high-quality care is possible in any of these approaches, a hybrid model 
is preferred to a fully decentralized program, whereas a centralized approach is not 
possible given the multiple demands put on primary care providers. It is important 
to highlight that centralized oversight and support within a hybrid program can be 
critical to ensuring that all of the components of high-quality screening program are 
in place. A centralized team can assist in scheduling individuals, make sure that they 
are eligible for screening, standardize smoking cessation practices, standardize 
screen-detected management, track and ensure adherence, maintain a registry, and 
population management. Other functions such as administration support, market-
ing, and IT support are also more easily performed by a centralized team.

Successful decentralized and hybrid models rely on PCPs who have the time and 
interest to take ownership of preventive cancer care. In these screening models, 
PCPs are responsible for SDM and the management of screen-detected findings, 
processes that could benefit from an established patient–provider relationship and 
the trust developed over time. The adoption of the Lung CT Screening Reporting 
and Data System (Lung-RADS) that provides standardized screening LDCT report-
ing and management recommendations assists in the interpretation of LDCT scans. 
However, the integration of a reliable network of engaged specialists with expertise 
in lung nodule and lung cancer care is essential considering the high rate of false-
positive findings and non-nodule-related incidental findings [5].

A qualitative study that evaluated clinician perspectives noted that providers at less 
centralized programs felt that time to complete the many steps of LCS was the great-
est barrier to screening their patients [6]. They identified that they needed assistance 
with verifying eligibility, ensuring insurance coverage, and tracking patients. These 
are the functions where central support such as that provided by a program coordina-
tor can be impactful. Clinicians in LCS programs without a dedicated coordinator 
have to rely on calendar alerts, problem lists, and other methods to track patients [6].

�Role of Patient Care Coordinators or Patient Navigators

The patient care coordinator or patient navigator is an important team member in all 
models of LCS. This is a role that impacts outcomes and promotes the retention of 
individuals in the program. The terms coordinator and navigator are used 
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interchangeably in the literature to describe similar responsibilities given to the per-
son in this role. Although the job title and specific tasks may differ among pro-
grams, the role typically involves ensuring that appropriate and eligible individuals 
are enrolled in screening, verifying insurance coverage, and tracking individuals to 
ensure adherence. Coordinators may also be responsible for conducting SDM, nod-
ule management, diagnostic evaluation for potential cancer, and management of 
incidental findings [7]. The complexity of certain tasks makes this role well-suited 
for healthcare professionals who have a clinical background, such as nurses, nurse 
practitioners, or physician assistants. However, many tasks can be performed by 
non-clinical providers.

Large programs may have more than one coordinator, a mix of both clinical and 
non-clinical coordinators. In our program at Cleveland Clinic, the coordinators are 
not clinical providers. They assess eligibility criteria, make sure that individuals are 
scheduled and have follow-up, participate in outreach, patient retention, data collec-
tion, and scheduling coordination aspects of the program. In the Lung Cancer 
Screening Program at Cleveland Clinic, the APP team’s responsibilities include: (1) 
performing SDM (i.e., verifying patient eligibility, educating patients about the ben-
efits and harms of screening, ensuring that the screening decision reflects patient 
values and preference, and providing smoking cessation guidance), (2) tracking and 
managing the screening-detected findings, and arranging repeat screening. Some of 
these responsibilities may be performed in relation to LCS by individuals identified 
as patient care coordinators or patient navigators in other health systems.

A large, academic center evaluated the impact of the hiring of a full-time coordi-
nator to a centralized screening program [8]. The coordinator (nurse practitioner) 
conducted SDM, tobacco treatment counseling, and tracked participants. In that 
program, adherence to screening increased from 22% to 66% after hiring the pro-
gram coordinator.

�Integration of Smoking Cessation Interventions

LCS is a “teachable moment” for smoking cessation interventions. CMS and the 
USPSTF recommend that smoking cessation counseling and interventions are inte-
grated into LCS programs [9]. Smoking cessation maximizes the clinical benefit of 
LCS and its’ cost-effectiveness [10].

The approach to smoking cessation is not different in the LCS setting than it is in 
any office setting. There are several smoking cessation resources that can assist in 
building a standardized approach [11–14]. The standardization of care is likely 
more consistent in centralized compared with decentralized programs. A study con-
ducted at a decentralized LCS program in Seattle, Washington, demonstrated a low 
provision of smoking cessation resources to individuals who smoke [15]. In that 
study, only 20% of participants were referred to tobacco services, 29% were recom-
mended nicotine replacement therapy and 17% received a prescription for smoking 
cessation aids. In addition, only 5% received both counseling services and cessation 
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medication [15]. Interestingly, smoking cessation resources were more likely to be 
offered when LDCT was ordered by a PCP or a specialist compared to another gen-
eralist provider.

Undergoing screening alone is not enough to modify smoking behavior [16, 17]. 
Therefore a proactive and systematic strategy to offer smoking cessation is neces-
sary. It is important for screening programs to develop their own smoking cessation 
resources or make referrals to established programs.

�Determining the Best Approach to Offer Lung 
Cancer Screening

A high-quality LCS program can be successful in any setting with the appropriate 
support to provide all of the components of high-quality screening. The model 
adopted by a program depends on the clinical setting and available resources. In 
addition to clinical expertise, the level of interest and engagement of PCPs and spe-
cialists are factors that can determine a program success.

A policy statement from the American College of Chest Physicians and American 
Thoracic Society provides guidance on the components necessary to develop a 
high-quality program. [1] The principles are to carefully select individuals using 
accepted criteria, perform LDCT imaging, offer tobacco treatment, provide struc-
tured interpretation and reporting, and multidisciplinary management of pulmonary 
nodules and suspected cancers. Quality indicators related to the processes and out-
comes of LCS have been proposed (Table  8.2) [18]. Regardless of the program 
model, these indicators can be used to measure the performance of an LCS pro-
gram’s delivery of high-quality care.

There are many benefits of a centralized approach. It has been demonstrated that 
a centralized model is more likely to include individuals who meet eligibility crite-
ria and more likely to have screening participants adhere to annual repeat screening 
compared to a decentralized program [19]. A single-center study from a hybrid pro-
gram that included centralized and decentralized approaches at different sites com-
pared the outcomes between the two approaches [19]. Among the patients who were 
ineligible for screening, 90% were screened in the decentralized program. Adherence 
to annual repeat screening was 70% in the centralized program compared with 41% 
in the decentralized approach. Similar results were reported by Yim et al. [20] in a 
study that included five health systems. Adherence to annual repeat screening was 
lower in decentralized programs compared to centralized programs (34.8% vs 
76.1%, respectively) in this study. Interestingly, black race was associated with 27% 
reduced adherence to annual repeat screening in decentralized programs, while no 
such effect was observed in centralized programs [19].

The PCP’s perspectives are important when developing a program. PCPs rou-
tinely screen individuals for other types of cancers, such as breast, cervical, and 
colorectal cancers. In general, PCPs are supportive of LCS but there is variability on 
their role preferences [21]. There is also concern about the limited time and ability 
to counsel patients about LDCT screening, and about the high false-positive rates 
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Table 8.2  Proposed quality indicators related to processes and outcomes of lung cancer screening 
programs [18]

Process and outcome metrics

Screening 
appropriateness

The percentage of individuals who complete LDCT screening for lung 
cancer who are screening eligible based on USPSTF criteria

Smoking cessation The percentage of people who currently smoke who participate in LDCT 
scan screening who have documentation of a smoking cessation 
intervention

Compliance The percentage of lung cancer LDCT scan screening eligible individuals 
who completed an LDCT scan examination and are identified as having 
lung-RADS category 1 or 2 findings who completed the next annual LDCT 
screening examination
The percentage of individuals who completed an LDCT scan lung cancer 
screening examination and were identified as having a lung-RADS 
category 3 nodule in which a surveillance LDCT scan is performed at 
6 months (±2 months)
The percentage of individuals who completed an LDCT scan lung cancer 
screening examination and were identified as having a lung-RADS 
category 4 nodule in which a surveillance LDCT scan is performed at 
3 months (±6 weeks) or additional diagnostic evaluation is performed 
within 3 months

Evaluation of 
concerning 
findings

The time in days from identification of a lung-RADS category 4B or X 
lung nodule or mass on an LDCT scan screening examination, in someone 
with lung cancer, to the diagnosis of lung cancer

LDCT low dose computed tomography, Lung-RADS lung CT Screening Reporting and Data 
System, USPSTF United States Preventive Services Taskforce

that may require specialist consultation [21]. A centralized model generally assumes 
the responsibility of most of the LCS process, ideally while maintaining good com-
munication with PCPs to keep them engaged. In the decentralized approach, the 
presence of a coordinator can offset some of the responsibilities of PCPs such as 
assuring eligibility and follow-up.

Very few LCS programs have included rural areas. Often the areas where smok-
ing rates and lung cancer burden are high may lack screening programs and some 
key specialists such as pulmonary, thoracic surgery, and radiologists with experi-
ence in screening, who are essential for a program to be successful [22]. It is impor-
tant for programs in locations where some resources or personnel are not available 
to develop relationships with programs where their patients can receive these ser-
vices. Mobile screening programs are alternatives for remote areas [23].

�Conclusion

There are different LCS program models – centralized, decentralized, and hybrid. 
Each model can be successful when organized and supported to provide all of the 
components of high-quality screening. The structure of each LCS program will 
depend on available resources, the type of institution, and the skills of local provid-
ers. Although the approaches may differ, the principles of a high-quality LCS 
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program are the same: careful patient selection, shared decision making, LDCT 
imaging with structured reporting, provide tobacco treatment, and multidisciplinary 
management of screen-detected findings.
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Chapter 9
Enhancing EMR Methods to Identify 
Patients Eligible for Lung Cancer 
Screening

Hee-Soon Juon, Sarah Reed, Ayako Shimada, Jude Francis, 
and Ronald E. Myers

�Background

Lung cancer is by far the leading cause of cancer death among both men and women, 
making up almost 25% of all cancer deaths in the United States [1]. In 2022, there 
will be an estimated 236,740 cases of lung cancer and 130,180 deaths from the dis-
ease in the United States [1]. The number of new lung cancer cases continues to 
decrease, partly because people are quitting smoking. Also, the number of deaths 
from lung cancer continues to drop due to people stopping smoking and advances in 
early detection and treatment [1].

H.-S. Juon 
Department of Medical Oncology, Thomas Jefferson University, Philadelphia, PA, USA
e-mail: Hee-Soon.Juon@Jefferson.edu 

S. Reed 
Jefferson Health, Philadelphia, PA, USA

Janus Health Technologies, Chicago, IL, USA
e-mail: sarah.reed@janus-ai.com 

A. Shimada 
Department of Pharmacology and Experimental Therapeutics, Division of Biostatistics, 
Thomas Jefferson University, Philadelphia, PA, USA
e-mail: ayako.shimada@jefferson.edu 

J. Francis 
Information Services and Technology—Enterprise Analytics, Thomas Jefferson University 
Hospital, Philadelphia, PA, USA
e-mail: jude.francis@jefferson.edu 

R. E. Myers (*) 
Medical Oncology, Thomas Jefferson University, Philadelphia, PA, USA
e-mail: Ronald.Myers@Jefferson.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
G. C. Kane et al. (eds.), Lung Cancer Screening, 
https://doi.org/10.1007/978-3-031-33596-9_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33596-9_9&domain=pdf
mailto:Hee-Soon.Juon@Jefferson.edu
mailto:sarah.reed@janus-ai.com
mailto:ayako.shimada@jefferson.edu
mailto:jude.francis@jefferson.edu
mailto:Ronald.Myers@Jefferson.edu
https://doi.org/10.1007/978-3-031-33596-9_9


80

It is well established that lung cancer screening (LCS) of high-risk individuals 
with low-dose computed tomography (LDCT) demonstrates a mortality benefit [2, 
3]. However, despite recommendations, only a relatively small proportion of eligi-
ble individuals are currently being screened, as evidenced by low numbers of pro-
gram enrollees relative to the estimated fewer than 2% of the eligible population 
(seven million) in the United States who would meet eligibility criteria [4]. While 
multiple interventions will be required to target this challenge, a solution currently 
being explored is the mass identification of high-risk individuals through population-
based eligibility screening utilizing the electronic medical records (EMR) [5].

The widespread adoption of the EMR by primary care providers and health systems, 
and meaningful use incentives, which encourage using the EMR to document patients’ 
tobacco status, create opportunities to implement EMR-based clinical decision support 
tools to promote appropriate LCS [6]. The eligible to have LDCT, who were 55 to 
77 years old, had a ≥30 pack-year smoking history recorded at the time of the encounter, 
and had not quit smoking ≥15 years previously [7]. Pack-year cigarette smoking history 
is very important to determine eligibility of LCS. However, EMR data on pack-years of 
smoking exposure are currently limited and unreliably recorded due to incomplete, inac-
curate, or underestimate true exposure [8–13]. Nevertheless, the accuracy of documen-
tation of smoking history in the EMR has not been extensively examined [9, 10].

In this chapter, we explore the utilization of the EMR to improve efficiency in 
identifying patients who are eligible for LCS by comparing an EMR query to a 
patient self-report using Natural Language Processing (NLP) in a machine learn-
ing model.

�Background

In 2019, we initiated the conduct of an institutional review board (IRB)-approved 
randomized controlled trial in Jefferson Health (Jefferson), a large health system in 
southeastern Pennsylvania [14]. Primary care physicians in this health system are 
encouraged to identify patients who are eligible for LCS for referral to a centralized 
LCS program, known as the Jefferson Lung Cancer Screening Program (JLCSP). To 
conduct the study, we identified four Jefferson primary care practices for inclusion 
in the study. Two of the practices were Family and Community Medicine practices 
and the other two were Internal Medicine practices.

The investigation involved using standard EMR methods to identify patients who 
were potentially eligible for LCS according to the existing guidelines based on age 
and having a history of cigarette smoking. Note, we did not attempt to assess pack-
years of smoking exposure. The research team planned to randomize potentially 
eligible patients to one of three study groups: Outreach Contact plus Decision 
Counseling (OC-DC), Outreach Contact alone (OC), or usual care control group 
(UC). We also planned to contact patients allocated to the intervention groups to 
verify screening eligibility. The primary goal of the study was to determine the indi-
vidual and combined effects of the OC-DC, and OC strategies on LCS rates com-
pared to usual care. Over a seven-month period, we identified 4421 potentially 

H.-S. Juon et al.



81

eligible patients and randomized 2376 as follows: OC-DC group (N = 314), OC 
group (N = 314), and UC group (N-1748).

The research team did not attempt to contact patients in the UC group to assess 
screening eligibility, but did take steps to do so for patients in the OC-DC, and OC 
groups. Initially, we sent a study invitation letter to patients in the intervention 
groups, and, in response, a total of 29 patients refused further contact. We proceeded 
with the manual inspection of medical records followed by attempts to make tele-
phone contact with the remaining 599 patients in order to assess screening eligibil-
ity. We were able to contact a total of 280 of these patients and were not able to 
contact 319 patients. A comparison of patients who were reached and those who 
were not reached showed that there were no statistically significant differences in 
age, gender, race, and self-reported smoking status, based on contact status. Among 
the patients who were contacted and who provided eligibility information, a total of 
64 (23%) were found to eligible for LCS.

We used data collected for patients in the combined intervention group to con-
duct of a study that focused on determining whether the use of health system patients 
who are eligible for LCS. This effort aims to extend earlier reports in the literature 
on the use of alternative methods to ascertain LCS eligibility status from health 
system EMR data [15, 16].

�Methods

Setting/Study Population  To explore the potential for NLP and ML in identifying 
patients’ eligible for LCS, we built an innovative model to identify which patients 
were most likely to be eligible. Since our training database was modest in size, we 
leveraged an existing rule-based system for extracting smoking history (SHAPES) 
[17]. Specifically, we combined the output from the rule-based system with a pre-
trained language model (DistilBERT) [18] that we fine-tuned with the 2006 i2b2 
NLP Shared Task smoking status dataset [19]. Finally, we used the combined fea-
ture set as the input for a random forest binary classifier that predicted a patient’s 
probability of being eligible for lung cancer screening. Figure 9.1 provides a general 
overview of the NLP workflow’s text preprocessing and model architecture.

Data Utilization  For the randomized, controlled trial to test the effects of patient 
outreach and SDM contacts on LCS rates, 280 patients received a verified label of 
eligible or ineligible for lung cancer screening that we use as the target outcome. 
For each patient, we obtained clinical notes for any encounter present in the health 
system EMR, which resulted in 29,922 clinical notes for the 280 patients. We 
removed extra spaces, tabs, linebreaks, and stop words in each clinical note using 
the NLTK and pandas Python packages.

Rule-Based System  The Smoking History And Pack-year Extraction System 
(SHAPES) is a rule-based pack-year extraction system that uses Python and regular 
expressions. These rules identify several indicators of explicit or implicit non-zero 
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Fig. 9.1  Overview of the NLP workflow’s text preprocessing and model architecture

pack-year history from clinical notes, including smoking history duration, smoking 
rate, current smoking status, quitting status, and others. We adapted SHAPES regu-
lar expression rules to create 16 features. In total, 7 of the 16 features are numeric 
and extract the year, age, or relative time difference since a subject started or quit 
smoking. The remaining nine features are boolean and indicate whether the notes 
mention the subject never smoking, ever smoking, attempts to quit, rates of cigarette 
consumption, or the duration of smoking history.

Fine-Tuned Language Model  Transfer learning from large-scale pre-trained mod-
els has become commonly applied for NLP tasks. The latest generation of these 
language models, such as the Bidirectional Encoder Representations from 
Transformers (BERT) model [19], are deep learning models based on the trans-
former architecture, which are composed of encoder–decoder networks that use 
self-attention on the encoder side and attention on the decoder side. These trans-
former language models improve upon previous NLP techniques by learning 
context-based representations of text.

By training these language models on millions of sample texts, they can perform 
well on general-purpose NLP tasks. To apply these pre-trained language models on 
domain-specific tasks, we can fine-tune the pre-trained model on smaller, task-
specific datasets. In our case, we fine-tuned the DistilBERT pre-trained model with 
clinical notes from the 2006 i2b2 NLP Shared Task smoking status dataset. 
DistilBERT is an adaptation of BERT that leverages knowledge distillation to 
reduce the model’s size by 40% and increase the speed by 60% while retaining 97% 
of BERT’s language understanding performance [20].

We used the 2006 i2b2 NLP Shared Task smoking status dataset, which consists 
of 502 clinical notes that annotators classified as one of five smoking status catego-
ries: “Smoker”, “Current Smoker”, “Past Smoker”, “Non-Smoker”, and “Unknown”. 
Figure 9.2 shows the frequency of classes. We split the dataset to randomly select 
30% as the test data and the remainder as the training data. After fine-tuning the 
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Fig. 9.2  Frequency of 
classes in the 2006 i2b2 
Shared Task smoking 
status dataset

DistilBERT pre-trained model, the resulting F1 score and accuracy on the domain-
specific test data were 0.70 and 0.71, respectively.

�Results

In this study, we created a normalized confusion matrix for the test data prediction 
(see Fig. 9.3). We applied the fine-tuned DistilBERT model to produce probabilities 
for the five smoking status categories for each of the 29,922 clinical notes from our 
health system EMR for the 280 patients in our study. This effort allowed us to 
develop a final model that predicts the likelihood that a patient is eligible or ineli-
gible for LCS.

The final model used a combined feature-set of the 16 features from the rule-
based system, the five features from the fine-tuned language model, and the patient’s 
age at the time of the note’s encounter. Since patients have a variable number of 
notes, we aggregated the dataset from note-level to patient-level granularity by aver-
aging features for each patient.

To find the best model architecture for our task, we leveraged the Tree-based 
Pipeline Optimization Tool (TPOT), a Python tool that uses genetic programming to 
automate feature selection, feature preprocessing, feature construction, model 
selection, and parameter optimization [21]. The TPOT classifier search optimized 
for the area under the receiver operating characteristic curve (ROC-AUC) and used 
a 5 × 2 repeated, stratified cross-validation (five repetitions of two folds per repeti-
tion) for 60 generations. The best-performing pipeline used a multi-layer perceptron 
classifier and achieved a cross-validation ROC-AUC and accuracy of 0.68 and 0.75, 
respectively. Figure 9.4 shows the ROC curve.

Determining the functional impact of the NLP/ML model on the efficiency of 
identifying eligible patients for LCS is a function of assessing the efficiency of 
identifying eligible patients and the cost of making contact to verify eligibility. 
Here, we assume that patients identified as “Eligible” by the model will be targeted 
for contact by screening personnel. Increased efficiency can be realized by allocat-
ing resources to contact a smaller proportion of ineligible patients (the number of 
patients identified as ineligible divided by the total number of patients), and the cost 
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Fig. 9.3  Normalized 
confusion matrix of smoking 
status predictions after 
DistilBERT fine-tuning

Fig. 9.4  ROC curve for lung 
cancer screening eligibility 
predictions from the 
final model

relates to the misidentification of eligible patients as ineligible (the number of false 
negatives divided by the sum of the true positives and the false negatives).

The output of the model is a continuous number between 0 and 1. To delineate 
between eligible and ineligible patients, health systems must decide on a threshold. 
For example, a threshold of 0.1 designates eligible patients as any patient with a 
model output higher than 0.1. However, the choice of threshold impacts the distribu-
tion of false positives (ineligible patients that are misidentified as eligible) and false 
negatives (eligible patients that are misidentified as ineligible). False positives 
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reduce efficiency since resources are wasted to contact patients that are not eligible 
for screening. Conversely, there is a cost related to false negatives, since patients 
who are eligible for screening may not be contacted. One way to choose a threshold 
may be to find one that has the greatest difference between efficiency and cost, as 
defined previously. This solution is represented by the distance between the green 
and red curves in Fig. 9.5.

Figure 9.6 illustrates the efficiency gains from our model that corresponds to dif-
ferent levels of risk for eligible patient misidentification. At a threshold of 0.1, we 
can expect a 48% efficiency gain with a 20% chance of misidentifying eligible 
patients as ineligible. In practical terms, we would only need to contact 145 of the 
280 patients using our model, and 35% of the contacted patients would be eligible 
for lung cancer screening. This result offers an improvement from the practice of 
contacting all 280 patients, as only 23% of the contacted patients were eligible 
for LCS.

Fig. 9.5  A comparison of 
efficiency gain and misidenti-
fication rate with changing 
class threshold

Fig. 9.6  Illustration of the 
trade-off between efficiency 
gain and misidentification rate 
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�Conclusion

Applying a basic EMR data query strategy of identify primary care patients who are 
potentially eligible for screening using age and smoking status data is unfortunately 
inefficient. This observation has been well-documented in the literature on LCS and 
has been attributed largely to the incompleteness and inaccuracy of EMR smoking 
history data [22, 23]. In the study reported here, we found that in comparison of a 
standard approach to EMR data abstraction and a labor-intensive patient contact 
process to potentially eligible patients for LCS, our enhanced model was more effi-
cient and is likely to substantially reduce the time and effort involved in LCS pro-
gram operation.

The small training dataset available from the pilot study presented a considerable 
challenge to building and training an NLP model. However, we demonstrated that 
operationalizing such a model could substantially increase the likelihood that 
patients targeted for contact would actually be eligible for LCS. At a threshold of 
0.1, we were able to determine the proportion of contacted patients who were eli-
gible for screening through methods used in the original study from 23% to 35%. In 
practice, a similar model trained with a larger dataset would result in improved 
performance and would allow for leveraging other techniques, such as including 
dense numerical representations (“embeddings”) from the fine-tuned language 
model as features in a final model. In analyses not shown here, we also found that 
demographic background and smoking status was comparable for patients who 
were reached and those who were not reached. Thus, results may be applicable to 
the broader patient population of persons who are potentially eligible for LCS. It is 
important to note, however, that this study was conducted in one health system and 
in a small number of practices, limiting generalizability.

Furthermore, it is important to pay special attention to algorithmic “fairness” in 
curating the training dataset and to examine model predictions. There are many 
ways to mitigate bias. One of the most straightforward strategies to reduce bias is to 
ensure that the training dataset includes an adequate number of samples to represent 
each subgroup of interest (e.g., persons who currently smoke and those who have 
quit smoking or whites and African Americans). To fully understand the effect of 
the model on equity in LCS, we must understand if the model is making more errors 
for one subgroup versus others. There are many ways to define equity in numeric 
terms. The discussion of the various equity metrics is dependent on the goals and 
objectives of health system leaders who choose to apply the methods described 
here, including their desire to improve efficiency and address equity in LCS.
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Chapter 10
Primary Care Provider Support 
and Patient Outreach in Lung Cancer 
Screening

Randa Sifri, William Curry, Heather Bittner Fagan, Beth Careyva, 
Brian Stello, and Ronald E. Myers

�Background

Primary care is a fundamental component of healthcare and serves as a trusted chan-
nel of communication between health systems and diverse populations and com-
munities. Operationalizing direct and indirect support for primary care providers 
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can promote positive health outcomes and health equity, such as in the case of lung 
cancer screening and follow-up [1–3]. To reduce lung cancer mortality and related 
disparities, health systems have an opportunity to help primary care providers 
increase both shared decision making (SDM) and lung cancer screening (LCS) rates 
in a manner that is patient centric and can reach diverse populations [4]. 
Unfortunately, there are few reports in the literature on successful health system 
efforts to develop, implement, evaluate, and sustain the use of evidence-based prac-
tices in preventive healthcare, including in cancer screening [5].

As described by Tabriz et al. [6], health systems offering LCS make this preven-
tive health service available using a decentralized, centralized, or hybrid approach. 
In decentralized programs, “frontend providers,” mostly primary care physicians, 
are encouraged to identify patients eligible for screening, educate eligible patients 
about screening, engage patients in counseling and SDM related to screening, refer/
schedule interested patients for screening, and follow patients who actually screen. 
Centralized LCS programs commonly rely on front-end practitioners to identify and 
refer LCS-eligible patients to a screening center. Center staff then seek to contact 
referred patients, verify screening eligibility, and schedule a screening visit with 
eligible patients. For those patients who are reached, found to be eligible, and pres-
ent at a scheduled visit, center staff provide patient education, assess screening pref-
erence, guide interested patients through screening, and arrange follow-up care. 
Some health systems offer a hybrid approach that includes decentralized and cen-
tralized elements.

Irrespective of how screening services are made available, LCS rates are subop-
timal. Health systems can change this reality by forming a lung cancer learning 
community of health system leaders, providers, patients, and other stakeholders 
committed to improving lung health [7]. In accordance with the Exploration, 
Preparation, Implementation, and Sustainment (EPIS) framework proposed by 
Moullin et  al. [8], the health system learning community can analyze the health 
system’s internal context and external environment to identify barriers to and facili-
tators of strategy implementation and then develop a strategy to support primary 
care providers and outreach to patients who are eligible for screening. This step is 
followed by an implementation phase, in which intervention processes are opera-
tionalized and evaluated as part of a process of continuous improvement [9]. 
Ultimately, this process can lead to the tailored integration of intervention strategies 
that can be sustained in routine care.

�Supporting Primary Care Providers

Healthcare system and stakeholders have an opportunity to embrace the challenge 
of increasing LCS by supporting primary care provider efforts to identify eligible 
patients, engage patients in SDM, and facilitate the follow-up of patients, both those 
who complete screening and those who do not.

R. Sifri et al.
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Supporting the Identification of Patients Eligible for Screening  An initial step in 
increasing LCS is the identification of eligible patients. In accordance with current 
guidelines, the identification of eligible patients requires a current and accurate 
assessment of cigarette screening. Unfortunately, complete and accurate pack year-
based smoking history data are not routinely captured in electronic medical records 
(EMRs) [10, 11].

Due to the stigma associated with smoking, patients may be reluctant to disclose 
accurately, and this along with varying cigarette use over the life span can introduce 
complexity and inconsistent in reporting of smoking history on the part of the 
patient. In terms of providers, these issues are exacerbated by time constraints expe-
rienced in busy outpatient practices, leading to inaccurate and longitudinally incon-
sistent documentation of smoking history. To address these issues, easy-to-use 
patient-facing tools could be made available for use outside of an office visit. Tools 
for patients and providers could include structured paper or digital templates that 
allow for the calculation of pack years.

A study by Dharod et al. [12] reported on the use of a patient portal interactive 
Website to assess screening eligibility and included a decision aid for LCS. Portal 
invitations were sent to 1000 patients, and while many (86%) read the invitation, the 
percentage of patients who visited the website (40%) and completed the decision 
aid (35%) was considerably lower. Ultimately, of the 99 patients who were con-
firmed screening eligible, 22 (22%) actually completed a LDCT scan. While it is 
encouraging that many patients read the invitation, the findings suggest that direct 
contact with a healthcare team member as part of the process may have increased 
the response rate. In this regard, pack-year assessment tools could be used by trained 
outreach personnel (e.g., care coordinators or patient navigators) prior to an office 
visit, with findings entered into the EMR, or by practice clinical staff at the time of 
an office visit.

Provider Education and Training in SDM  Once patients and/or providers are 
aware of an individuals’ eligibility for LCS, providers must be prepared with both 
knowledge, e.g., knowing the risks and benefits of screening, and skill to actively 
invite and engage a patient into a discussion to elicit patient values and beliefs. In a 
recent review, Müller et al. [13] found that a number of training programs have been 
developed to educate healthcare providers about SDM. These programs have aimed 
to increase provider knowledge and enhance provider skills and confidence in SDM 
across a spectrum of medical decisions [14]. There are a limited number of studies 
that have reported on the impact of SDM training related to LCS. SDM about LCS 
in primary care settings occurs infrequently and varies in quality [15]. Lack of time 
and/or training in SDM are likely contributors. Moreover, sub-optimal SDM for 
LCS is likely to contribute to low levels of LCS and to repeat screening.

In a study focused on training primary care physicians in SDM for LCS, Volk 
et al. [16] enrolled 49 primary care physicians in an online training course that used 
case-based learning that prepared participants to encourage patients to ask questions 
about screening, provide guidance to patients about decision making, tailor 
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information about screening to patient needs, and establish a decision-making part-
nership. Using post-training data, the authors found that over 90% of providers 
correctly identified the steps in the SDM process, 65% said they felt very confident 
in their capacity to explore a patient’s values related to screening, and more than 
70% reported that they intended to engage their eligible patients in SDM about 
screening in the future.

To assess the effects of training providers in SDM about LCS on patient LCS 
rates, Olazagasti et al. [17] recruited 35 physicians and identified an initial cohort of 
consecutive patients who were eligible for LCS and had made a routine office visit. 
At baseline, only 26% of the patients were found to have had screening. Participating 
physicians attended a series of in-person training sessions on SDM and 
LCS. Subsequently, the research team identified a second cohort of patients who 
visited the provider after the training experience was completed. In the second 
cohort, 78% of screening-eligible patients underwent screening. This increase in the 
LCS rate was substantial and highly significant (p < 0.001).

Additional evidence on the impact of provider training in SDM about LCS has 
been provided by research on training practice staff to engage patients in SDM 
about LCS at the time of a primary care practice office visit [18]. The researchers 
recruited current smokers 55 to 77 years of age who were patients across five com-
munity health centers, and randomized participants to receive either an in-office 
patient navigation intervention or usual care. They also trained patient navigators to 
guide intervention group participants through an LCS eligibility assessment, edu-
cate participants about LCS, and cue participants to discuss LCS at an ensuing 
encounter with their primary care provider. Among 94 intervention group partici-
pants, 23 (24%) had LDCT screening, while among 69 control group participants, 
only 9% underwent screening (p < 0.001). In addition, Fagan et al. (2020) demon-
strated that a telephone-based SDM intervention delivered by a trained care coordi-
nator as an outreach contact before a scheduled primary care office visit 
promoted LCS.

A free, accredited online training program for providers has been developed to 
facilitate SDM training. This program, which can be accessed at https://www.chest-
net.org/Store/Products/Standard-Products/eLearning/Shared-Decision-Making-in-
Lung-Cancer-Screening, includes modules on assessing patient eligibility for 
screening, educating patients about LCS, performing SDM about LCS. Information 
about tobacco treatment resources is also included. The target audience for this 
program includes primary care physicians and other healthcare providers who are 
responsible for identifying and offering LCS to eligible patients. Healthcare sys-
tems could proactively disseminate information about this and other LCS training 
resources to their providers.

Facilitating Patient Referral and Appointment-Scheduling  Once LCS eligibility 
is documented in the EMR, providers affiliated with health systems that offer decen-
tralized screening can complete SDM, refer the patient for screening, and order an 
LDCT screening exam. Point-of-care alerts linked to a structured LDCT order set 
have been shown to help facilitate placing an order for LDCT [19]. Ideally, the order 
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set would document SDM completion, treatment, and/or referrals for tobacco treat-
ment, along with the LDCT order with scheduling logistics. In centralized screening 
programs, providers may choose to refer eligible patients to LCS program staff for 
appointment scheduling, SDM, initial screening and follow-up, and tobacco treat-
ment. Support for the diagnostic follow-up of abnormal results and for the encour-
agement of repeat screening are also offered.

While it is imperative to improve LCS in patients who present at a primary care 
practice, health systems should devote resources to contacting patients who do not 
present for care at an office visit in order to assure inclusion and equity. Patient 
outreach methods can serve to augment provider capacity to identify and engage 
screening-eligible patients in LCS in decentralized, centralized, and hybrid screen-
ing programs.

�Outreach to Primary Care Patients

LCS can be an important test of the increasingly common population focus of health 
systems; it is a case study of several outreach and navigation tools at play and the 
need to integrate these efforts into primary care. Patient outreach for LCS is particu-
larly challenging as two main tenets of LCS must be met to be successful: (1) 
patients must be accurately identified as meeting eligibility for LCS and (2) a pro-
cess for providing SDM must be documented to complete an order for testing.

These aspects of LCS necessitate a different level of interaction with the patient 
that theoretically could be facilitated through the use of EMR patient portals. 
Furthermore, outreach to patients to improve LCS must incorporate strategies that 
reach patients who do not typically or regularly access their primary care office. 
This is particularly important with LCS as tools for identifying eligible patients that 
lead PCPs to act at the time of the visit are not readily available. Due to poor tobacco 
history documentation in most EHRs, PCPs are not prompted to order screening at 
the point of care as they often are for colorectal cancer (CRC) or breast cancer 
screening.

Patient Contact  Patient outreach and navigation to encourage different types of 
cancer screening are common and the more successful outreach approaches are via 
phone/text, mail, and the EMR portal. Historically, patient navigators have been 
nurses who are assigned to help patients diagnosed with cancer find their way 
through the complex and confusing diagnostic and treatment process; and numerous 
studies of such contacts have been shown to have positive effects on cancer preven-
tion and control [20–24]. Patient navigation has had a positive impact on cancer 
screening and has been effective in increasing equity in screening utilization [25, 
26]. It is important to note that SDM is not mandated in screening for breast, cervi-
cal, and colorectal cancer. In those instances, providers can generate and send orders 
or hand actual screening tests or prescriptions to patients directly (e.g., mammogra-
phy scripts and FIT/FOBT kits), and patient navigation can be initiated immediately.
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Patient Engagement at the Time of an Office Visit  Patient navigation in the con-
text of LCS has been reported in the clinic setting [27]. In the context of office-
based efforts to engage patients in LCS, Reuland et  al. [28] used EMR data to 
identify primary care patients who were potentially eligible for LCS. The research 
team contacted patients by telephone and arranged for them to visit their primary 
care practice to view an LCS educational video. In this study, patients were exposed 
to an educational video at the time of the office visit. Of 36 participants who visited 
the practice and viewed the video, 10 (28%) underwent LCS within 90 days after 
the visit. It is important to note that patients included in this study were not engaged 
in SDM about LCS prior to or at the time of the office visit. Research is needed on 
the design, delivery, and impact of health system patient outreach contacts via mail, 
telehealth, EMR based, and other communication channels to facilitate SDM 
and LCS.

Patient Engagement Prior to an Office Visit  In an ongoing study being conducted 
in the Lehigh Valley Health Network in southeastern Pennsylvania, primary care 
patients in ten primary care practices who were currently smoking or formerly 
smoked and also had a scheduled primary care office visit were engaged to partici-
pate in a LCS study. In addition, the research team engaged a physician champion 
in each participating practice. Project staff identified 993 patients as potentially eli-
gible for LCS through EMR queries and sent these individuals a screening invita-
tion letter and a copy of an LCS decision aid. As a result of outreach contacts, a 
project care coordinator succeeded in enrolling 253 screening-eligible participants 
in the study, reviewed the decision aid with each participant, assessed participant 
interest in screening, and encouraged the participant to discuss screening with a 
provider at their scheduled office visit. Furthermore, the care coordinator entered 
the results of the contact into the EMR prior to the visit. The research team found 
that 174 (69%) participants completed LCS.

In a patient outreach study that involved primary care patients from a health sys-
tem in Delaware, Bittner-Fagan et al. [29] used EMR data to identify patients who 
were potentially eligible for LCS. A research assistant contacted identified individu-
als, assessed eligibility for LCS, obtained consent, scheduled a telephone call with 
a study care coordinator, and mailed a copy of a 1-page LCS decision aid to each 
participant. During the ensuing call, a care coordinator trained in SDM reviewed 
information in the decision aid and used an online software application (the Decision 
Counseling Program©, or DCP), to guide the participant through a decision coun-
seling exercise that served to clarify the participant’s screening preference (to be 
screened, unsure about being screened, not to be screened). This project identified 
419 patients who were potentially eligible for LCS and enrolled 55 eligible partici-
pants in the study. Of this number, 36 participants completed a decision counseling 
session, and 13 (36%) underwent LCS.

An additional ongoing 3-arm randomized controlled trial was conducted in four 
primary care practices of a metropolitan health system [30]. Practice patients identi-
fied through medical records who were aged 50–80 years and who currently smoked 
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heavily or had a history of heavy smoking were randomized to receive Outreach 
Contact plus Decision Counseling (OC-DC, n = 314), Outreach Contact alone (OC, 
n = 314), or usual care (UC, n = 1748). OC-DC involved mailing a 1-page decision 
aid to the participant and a care coordinator telephone call. The care coordinator 
verified LCS eligibility, guided eligible participants through the LCS decision aid, 
completed a screening decision counseling exercise, and developed an action plan 
based on participant preference. The OC involved mailing the 1-page decision aid, 
determining eligibility, and delivery of care coordinator telephone call to verify 
screening LCS eligibility and record participant interest in screening. LCS was sig-
nificantly higher in the combined OC/OC-DC group versus usual care controls 
(p = 0.001). Among screening-eligible patients, screening was higher in the OC-DC 
group than in the OC group (40% and 28%, respectively).

Elsewhere, Tanner et  al. [31] reported that outreach contacts which included 
SDM before a primary care office visit and an SDM encounter that took place at the 
time of an office had comparable effects on LCS rates. Findings from the studies 
described here strongly suggest that the use of patient outreach strategies should be 
explored.

�Conclusion

Primary care faces ongoing tension between priorities of acute care, chronic illness, 
and prevention. Even prior to the COVID-19 pandemic, patient-initiated visits in a 
fee-for-service structure prioritize acute care over prevention. The COVID-19 pan-
demic further deprioritized prevention and cancer screening [32]. Until COVID-19 
becomes endemic, practice strain is likely to continue, both in terms of access 
demands for acute illness care as well as staffing shortages which may limit practice 
capacity to engage in population health management. Health systems should rei-
magine quality improvement in LCS, consider using incentives in a creative man-
ner, promote the reimbursement of value-based care, and broaden support for 
team-based care in the management of competing demands.

Reimagine Quality Improvement  Structured quality improvement in LCS requires 
the ability to accurately capture the denominator of eligible patients and will require 
more accurate data collection especially related to smoking history. Depending on 
in-person visits to capture this information will likely miss many eligible patients 
and underestimate the true denominator of those who are eligible for screening. 
Current practices of monitoring the number of screening tests ordered and com-
pleted are also likely to exclude patients in vulnerable populations experiencing 
disparities and those who do not make routine office visits. The strategies presented 
above for documentation of smoking history will help to mitigate this challenge.

Most quality improvement initiatives in cancer screening are based on patient 
completion of screening, a binary measurement that does not support the more sub-
tle act of engaging in SDM where sometimes choosing not to screen is aligned with 
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the patient values and their comorbidities. While healthcare team can facilitate 
adherence through motivational interviewing and navigation, there may be patient-
level factors that are not easily addressed that prevent a patient from screening com-
pletion. Assessing the number of eligible patients who have participated in SDM in 
addition to completion of LDCT would provide a patient-centered view of quality 
improvement. Proceeding with the choice made by an informed patient would be 
considered successful SDM in LCS, even if this activity does not result in testing. 
Creating systems and practices to support patients to operationalize their decisions 
after the primary care encounter, including via navigation, may also aid in support-
ing patient goals.

Reconsider Incentives  Aligning incentives may help to facilitate improvement in 
rates of shared decision making and LCS. Most traditional quality programs incen-
tivize via bonuses and/or linkage to salary, most often for clinicians. Programs that 
only incentivize clinicians have not been found to consistently improve patient-
related outcomes [33]. Another possibility for health systems to consider is to also 
incentivize staff, who play a pivotal role in ensuring documentation of smoking 
history needed for effective screening, in order to promote further alignment of 
efforts.

Health systems may also consider implementing alternative incentives that may 
be even more important to clinicians and teams, such as using quality incentive pay-
ments to add staff and/or community health workers in lieu of a traditional bonus 
structure. This approach would allow clinicians and practices to be rewarded with 
the capacity to develop the teams needed to deliver more effective patient care. For 
some, this may be more motivating than an incremental payment. It has also been 
acknowledged that there is not a single incentive model most likely to be effective 
and that a combination of financial and non-financial incentives may be best able to 
influence change [34].

Our recommendations align with the literature and Wernli et al. [35] to identify 
several steps that health systems can take in order to increase SDM and LCS. These 
steps include training both care coordinators and clinicians in SDM about LCS and 
using care coordination as a means of supporting primary care and specialty care 
efforts to provide high-quality preventive care to patients. We recommend that 
health systems train and support primary care providers and care coordinators to 
identify patients who are eligible for screening, guide patients through SDM about 
screening, and facilitating the referral and follow-up of patients who make an 
informed decision to screen. This effort should involve enhancing the use of the 
EMR to identify patients who are eligible for screening, providing providers with 
tools and training needed to integrate SDM in routine care, and supporting patient 
outreach.

Managing Competing Demands  In response to competing demands, practices 
have adopted multiple strategies to address prevention outside of the patient visit. 
However, LCS is only one of many quality measures and needs that clinicians and 
teams are asked to address. Values-based reimbursement (VBR) contracts and other 
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incentive payments currently emphasize other more easily measured screening 
tests, e.g., breast and colon cancer screening, in part because of limitations with 
determining the true denominator for LCS, yet the financial reality is of particular 
concern given that lung cancer is the number one cause of cancer deaths worldwide.

To achieve and sustain LCS, healthcare systems need the capability to engage in 
data-driven population health, moving beyond our current system of reactive and 
transactional care for those who schedule appointments and reaching out to the 
greater communities we serve. This requires a pivot to increased reimbursement for 
value-based care. In addition to restructuring payment for primary care, an optimal 
practice context includes both a team-based approach and a functional EMR 
infrastructure.

The team-based approach includes clinical staff ensuring the documentation of 
smoking history and notating those who are eligible, followed by SDM with a pro-
vider and support for the patient after the encounter. While point-of-care reminders 
have been found to be effective for patients who have scheduled appointments, 
population health management via registry review is needed to engage those with 
barriers to accessing routine primary care. Health systems should support registry 
review and outreach to capture those individuals who may meet screening criteria 
but are not regularly accessing healthcare. Moreover, the health system EMR infra-
structure should include tools to facilitate the capture of smoking history, tailored 
order sets with decision tools, and health maintenance alerts to provide cues for both 
initial and annual screening for the appropriate age ranges.

Finally, a “one size fits all” approach is unlikely to be effective given the unique 
contexts of healthcare systems and individual primary care practices. Workflows 
and infrastructure that can be tailored to best meet the needs of patients and health-
care teams and can utilize multi-modal approaches are needed to accelerate LCS 
across patient populations and fully leverage the power of primary care.
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Chapter 11
Shared Decision Making in the Lung 
Cancer Screening Context

Jamie L. Studts, Erin A. Hirsch, Nina A. Thomas, Channing E. Tate, 
Amy G. Huebschmann, Melissa DiCarlo, and Ronald E. Myers

�Background

In response to the landmark results of the National Lung Screening Trial (NLST), 
the US Preventive Services Task Force (USPSTF) updated their lung cancer screen-
ing (LCS) guideline at the end of 2013, recommending annual low-dose computed 
tomography (LDCT) for individuals at elevated risk of developing lung cancer [1], 
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and there was little surprise that the guideline also favored shared decision making 
(SDM) as the preferred approach to discussing the LCS opportunity with potentially 
eligible candidates. This recommendation was not surprising, because the USPSTF 
has favored a SDM approach to virtually all preventive health service options and 
recommendations since 2004 [2], and has recently updated and reaffirmed a com-
mitment to SDM [3]. Nearly all relevant authoritative professional and community 
organizations have developed recommendations favoring LCS implementation fol-
lowing the publication of the NLST primary results, which showed a favorable 
benefit-to-risk ratio for LDCT and both a lung cancer specific and overall mortality 
reduction compared to standard chest radiographs [4].

When the Centers for Medicare and Medicaid Services (CMS) offered their 
National Coverage Determination on LCS in 2015 [5, 6], the organization mandated 
delivery and documentation of SDM as a requirement for LDCT reimbursement for 
a Medicare beneficiary and allocated payment for SDM performance. Furthermore, 
CMS stipulated several key points that must be addressed during the SDM consulta-
tion with patients who are determined to be eligible for LCS, including patient edu-
cation about the benefits and harms of screening, follow-up diagnostic testing, and 
the importance of adhering to annual screening. In addition to outlining key consid-
erations, CMS took an additional step. Specifically, CMS required the use of at least 
one decision aid or decision support tool as part of the SDM consultation [5].

The decision support stipulation may have been premature, given the lack of 
widely available evidence-based decision aids to support the SDM consultation at 
the time [7]. Importantly, however, this requirement signaled a clear focus on help-
ing eligible candidates make informed and collaborative choices that are based not 
only on the evidence but also based on candidate’s personal values and preferences. 
Subsequent guidance from CMS regarding interventions for other health condi-
tions, including implantable cardioverter-defibrillators and for left atrial appendage 
closure (LAAC) for stroke prophylaxis in atrial fibrillation, has also required docu-
mentation of SDM and decision aids as part of the care delivery and reimbursement 
process [8, 9].

Based on evidence provided by the publication of the NELSON Trial results 
[10], as well as additional accumulating evidence [11], the USPSTF revisited their 
LCS guidelines. This effort led to the presentation of updated guidance in 2021 
[12], which again included a recommendation for clinicians to employ SDM as the 
preferred approach to addressing the LCS opportunity with potentially eligible 
patients. Subsequently, CMS initiated a coverage analysis that led to a revised deter-
mination that retained the SDM requirement for LCS reimbursement, but relaxed 
requirements on who could deliver the SDM consultation and also modified the 
required content to be covered in the consultation [13]. The required content now 
includes (1) determination of beneficiary eligibility, (2) SDM using a decision aid, 
(3) counseling on the importance of adherence, impact of comorbidities, and/or 
ability/willingness to undergo treatment, and (4) counseling on the importance of 
smoking cessation or sustained abstinence.

To summarize, LCS has been consistently recommended by professional guide-
lines and by the USPSTF since 2013 and by CMS since 2015, and virtually all 
guidelines have recommended or required the use of SDM to support clinician and 
candidate consideration of the LCS opportunity. However, few of these guidelines 
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have specifically defined best practices for how to implement SDM into clinical 
workflows. Despite recommendations and mandates, data have unfortunately shown 
a combination of limited implementation of SDM [14] and poor quality implemen-
tation when attempted [15].

�What Is Shared Decision Making?

As defined by Elwyn and colleagues, SDM refers to “…an approach where clini-
cians and patients share the best available evidence when faced with the task of 
making decisions, and where patients are supported to consider options, to achieve 
informed preferences” [16]. Beyond the fundamental principle of respecting the 
autonomy of individuals to make decisions regarding their own health, what does 
SDM seek to achieve? One way to think of this is that in a SDM process, the goal is 
for patients to reflect on the best available evidence in light of their own personal 
values, preferences, and health goals—thus, some have also termed SDM as a 
“meeting of two experts”—where the patient is an expert in their own values, pref-
erences, and goals, and the clinician is the expert in the data regarding the benefits 
and risks of the intervention. In the LCS context, an additional goal would be to 
enhance engagement and personal commitment to achieving an informed choice, 
and, for those who choose to screen, participation in the full screening algorithm 
(i.e., initial screening, diagnostic follow-up, and repeat screening). The fundamental 
value proposition of LCS, as demonstrated in the literature (e.g., NLST, the 
NELSON Trial, etc.) [4, 10], is that to achieve the individual and population health 
benefits offered by LCS, adherence to the screening algorithm is essential.

Studies have demonstrated that SDM can play a central role—helping screening 
candidates develop a thorough understanding of the LCS opportunity (e.g., potential 
benefits, potential harms, and unknowns) and make an informed choice that is con-
sistent with their values, preferences, and health goals [17, 18], and is built on a 
foundation of commitment to the algorithm of screening that will give them the best 
chance of benefitting from periodic LCS.  A recent report demonstrated that 
Medicare beneficiaries who have an SDM consultation documented via billing 
records are more likely to be adherent to repeat screening in comparison to those 
individuals who don’t have a documented SDM consultation [19]. Recognizing 
both the benefits and challenges of implementing SDM for LCS, the American 
Thoracic Society and the U.S. Department of Veterans Affairs have developed 
stakeholder research priorities to identify best practices, prioritize research ques-
tions, and select preferred outcomes for this line of inquiry.

�Shared Decision-Making Frameworks

There are several available SDM frameworks to help guide skill-building for clini-
cians and SDM implementation in clinical and community settings to support opti-
mal decision making in the context of complex medical decisions [20, 21]. While 
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each framework may integrate variations around the SDM process, two of the key 
principles relevant to all models include the notion described above that any SDM 
consultation includes two experts—the clinician expert, who is the authority on the 
potential risks and benefits for the choices under consideration, and the patient 
expert, who is the authority on their personal beliefs, values, and preferences that 
need to be integrated into the decision-making process. The second key principle 
recognizes that the SDM consultation is a collaborative process. Responsibility and 
power are shared by the participants in a conversation that takes place in the context 
of the clinician–patient relationship, one that is focused on delivering patient-
centered care with respect for patient autonomy in decisions that will impact their 
health [22].

To support the implementation of SDM in the LCS context, two common models 
of SDM are briefly presented. First, developed by the Agency for Healthcare 
Research and Quality, the SHARE approach offers a five-step process from Seek (S) 
to Evaluation (E) [21]. Second, the Elwyn Model proposes three key phases of 
SDM, including choice talk, option talk, and decision talk, simplifying the process 
of achieving SDM [20].

The SHARE Approach  The SHARE Approach to SDM includes five steps, repre-
senting each letter in the SHARE acronym [21]. The portal on the Agency for 
Healthcare Research and Quality (AHRQ) website provides a set of training mod-
ules, support materials, and other resources to facilitate implementation. Within this 
approach to SDM, clinicians first Seek the participant’s active participation in the 
specific decision through an invitation to consider the option under consideration 
and a clear description of the choice to be made. Next, the clinician Helps the indi-
vidual explore and compare each of the available options by reviewing the potential 
benefits, harms, and unknowns associated with each. Third, the clinician Assesses 
the individual’s values and preferences by eliciting them through discussion and 
connecting them with the choice under consideration. In the fourth step, the clini-
cian collaborates with the individual to Reach a decision and develop a plan of 
action. While many SDM approaches may stop at that point, the SHARE Approach 
adds a final step, Evaluation, that emphasizes the importance of evaluating the indi-
vidual’s decision, including the process and the outcomes from the decision, whether 
the plan was implemented or not, and sorting through any challenges that may have 
altered the plan. This SHARE approach outlines a step-by-step process that clini-
cians can use to implement SDM into their clinical practice, including SDM about 
LCS. The model has been integrated into primary clinician training regarding LCS 
with favorable preliminary outcomes [23].

Elwyn Talk Model  Elwyn and colleagues have introduced a model of SDM imple-
mentation that highlights three essential steps [20]. The model emphasizes three 
types of discussion that should occur within the clinician–patient exchange to fulfill 
the principles of SDM.  The first step involves choice talk, which introduces the 
choice to be discussed and considered, including the range of available options. The 
second step covers option talk, and it involves a description of the available options, 
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including potential benefits, harms, and unknowns about each option. This compo-
nent may integrate the use of a decision aid to support the accurate and efficient 
delivery of information about each option. The final step, decision talk, aims to 
elicit patient values and integrate them with the evidence to achieve an informed 
preference. Ideally, reaching an informed preference is followed by planning a 
course of action, which may include the choice to defer definitive action.

The fundamental elements of these two models are quite similar and capture the 
principles and spirit of SDM. Early data from primary care clinicians suggest that 
they support the principles of SDM as it applies to LCS. However, neither model is 
very informative about how to elicit patient values nor to clarify patient preference. 
Rather they assume an implicit understanding of candidate values and beliefs [24].

To facilitate the full collaborative process, ensuring all elements of the SDM 
process are addressed, patient decision aids (PtDAs) may be used. Although many 
different types of PtDAs have been developed, tools that are used directly in the 
clinician–patient visit are called encounter or consultation-style PtDAs. Also called 
decision support tools, PtDAs are designed to facilitate the efficient, accurate, and 
unbiased presentation of options and support consideration of personal values, 
beliefs, and preferences into the decision-making process.

�Decision Aids or Decision Support Tools 

Consistent with guidance to support the implementation of SDM as a key element 
of the LCS trajectory, PtDAs have been recommended or required [6, 13] as tools to 
facilitate high-quality SDM that can help clinicians and candidates/participants 
navigate the screening decision. As defined by the International Patient Decision 
Aid Standards (IPDAS) Collaboration, “Patient decision aids are tools designed to 
help people participate in decision making about healthcare options. They provide 
information on the options and help candidates clarify and communicate the per-
sonal value they associate with different features of the options” [25].

It is important to recognize what decision aids are not—they are not designed to 
advise, persuade, or direct individuals to a certain choice. Rather they are tools that 
invite participants to play an active role in managing their care, by clearly articulat-
ing the choice to be made, carefully presenting available evidence regarding avail-
able options, supporting elicitation of patient values and clarification of personal 
preference related to the decision, and helping the clinician and participant arrive at 
an optimal choice.

Updated most recently in 2017, a series of systematic literature reviews con-
ducted as part of the Cochrane Collaboration have consistently identified a number 
of reliable benefits of implementing PtDAs for use in health decision making [26]. 
Specifically, the use of PtDAs improves patient understanding of attributes related 
to the choices to be made (e.g., increased knowledge, accuracy of risk perceptions, 
and congruence between values and choices) and a high-quality decision-making 
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process (e.g., reduced decisional conflict, elicitation of personal values and prefer-
ence, and increased active engagement in decision making). In addition, using 
PtDAs is associated with improvements in clinician–patient communication, prepa-
ration for action, and decision satisfaction [26].

Implementing SDM as a central component of the LCS process has received 
nearly universal support from all authoritative organizations and has even been 
mandated in the process of screening Medicare beneficiaries. In tandem with this 
support and based on substantial historical evidence, there has been an encourage-
ment to integrate PtDAs to help structure the LCS dialogue between clinicians and 
candidates/participants. Yet, data evaluating application of SDM for LCS has identi-
fied a range of implementation barriers and threats to realizing the value of SDM 
[15, 27].

�Challenges to Implementing Shared Decision Making 
in the Lung Cancer Screening Context

The established literature regarding barriers to implementing SDM in broader clini-
cal settings identifies three principal challenges to provider performance: (1) per-
ceived time constraints (additional time burden), (2) perceived relevance to patients, 
and (3) concerns regarding the value of SDM in the specific context [28]. Conversely, 
the literature has also demonstrated that clinician motivation, and the perceived 
favorable impact on clinical processes and patient outcomes constitute the three 
primary facilitators of implementing SDM [29]. In addition to these constraints and 
supports, there are important challenges, including a lack of training and skill devel-
opment in this new application of SDM [30, 31], and deeply embedded negative 
sociocultural perspectives related to lung cancer and persons who smoke (e.g., 
nihilism and fatalism) [32].

Time Burden/Constraints  As with implementing SDM generally [28], the time 
burden for clinicians stands as one of the most commonly sited challenges to inte-
grating SDM into the LCS process [7, 33]. Given the responsibility for encouraging 
preventive healthcare that is embraced by primary care clinicians, adding any time 
to the patient consultation constitutes a significant challenge. The broader literature 
suggests that integrating SDM using PtDAs may extend clinic visits by 2.5 min on 
average [34], but objective data regarding the extended time burden of SDM for 
LCS remains scarce. One study showed no difference between usual care and imple-
mentation of a PtDA [35], but additional data are needed to build efficient and 
effective workflows and processes. Furthermore, the perceived time burden [7] 
related to SDM and the need to address SDM in the context of the cultural stigma 
and nihilism associated with lung cancer need to be addressed [32]. As with the 
implementation of any new evidence-based practice, growing pains are inevitable. 
However, progress is being made in the development of efficient, person-centered 
care approaches that utilize technology as well as build relationships to support the 
quality implementation of SDM and LCS.
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Skills/Training  Another threat to optimally implementing SDM, many clinicians 
lack appropriate LCS knowledge [36–38] and do not have sufficient skills to engage 
patients in SDM and to integrate SDM in routine practice [31]. Overestimating 
provider knowledge of LCS and overstating SDM skills have the combined func-
tional effect of missing the opportunities to learn about LCS and pursue training in 
SDM. Novel approaches to circumnavigate this challenge are needed.

SDM Misunderstanding  An interesting challenge to implementing SDM in LCS 
is that there is a widespread belief that clinicians are already doing SDM and that 
training is not needed [39]. Compelling data presented by Brenner and colleagues 
provides important insights into the reality of SDM performance in clinical care 
related to LCS [15]. In this study, investigators reviewed transcribed consultations 
between a clinician and an LCS candidate. Using a rigorous coding algorithm, the 
data showed that none of the consultations met the minimum criteria for SDM, and 
the overall mean SDM score was 6 on a scale of 0–100 for the essential elements of 
SDM. It is not clear if clinicians would have indicated that they were conducting 
SDM in these consultations, yet, it was very clear that SDM was not being con-
ducted as required or recommended in these consultations. Furthermore, there was 
no evidence of PtDA use.

Lack of Patient Decision Aids (PtDAs)  When CMS initially adopted the SDM 
requirement for reimbursement of LCS services, it may have been premature to 
require utilization of decision tools [7]. While a robust literature has developed sup-
porting the utility of PtDAs to improve a range of important outcomes [26], no 
LCS-focused tools were available at the time the policy was adopted. Since that 
time, there has been substantial development of decision preparation aids and 
consultation-style decision support tools to facilitate SDM for LCS [40, 41], but 
implementation remains suboptimal [42] despite the potential of these tools to help 
clinicians and candidates achieve a structured, efficient, and collaborative consider-
ation of LCS.

Inadequate Staff and Technology Support  In addition to a lack of clinician edu-
cation and training regarding SDM for LCS, additional clinical staff also have lim-
ited experience and knowledge to facilitate high-quality LCS and SDM [7]. Some 
clinical settings have reported challenges or resistance to developing new work-
flows that integrate LCS and SDM [33]. Similarly, technological platforms have 
been slow to adapt to the new clinical service pathways, creating challenges to 
identifying potential screening candidates and delivering efficient SDM procedures 
in the primary care setting [43].

Incompatibility with Clinical Practice Guidelines  In the broader SDM litera-
ture, there has been concern that SDM can be in conflict with clinical practice 
guidelines that dictate strong recommendations for patient behavior [39]. This con-
cern has also been raised in the LCS context, suggesting that SDM is unnecessary 
given the strengths of the evidence supporting LCS [44], but this concern is com-
monly based on a misunderstanding of SDM and lack of familiarity with the exten-
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sive data reported in the literature that support the short-term and long-term benefits 
of SDM. Furthermore, patients have reported favorable responses to SDM and the 
use of PtDAs, expressing a preference for more information and more communica-
tion and involvement in the decision-making process [45].

Combining the anticipated complexity of a new evidence-based cancer screen-
ing, the novel SDM mandate adopted by CMS, and the unique aspects of popula-
tions and communities that will be served by LCS, it is in many ways understandable 
that implementation of SDM for LCS has faced a slow start. However, when reflect-
ing on the quality of the data supporting LCS and the consistent policies recom-
mending and/or mandating SDM as a vital component of the LCS process, we 
realize that there is an urgent need to expedite the implementation. Without such 
efforts to accelerate implementation, we will continue to fall far short of realizing 
the full individual and population health benefits of LCS. Identifying effective and 
innovative approaches to facilitating the adoption and implementation of sustain-
able high-quality SDM have been underway and will play a central role in reducing 
lung cancer death through early detection.

�Supporting Implementation of Shared Decision Making 
in the Lung Cancer Screening Context

To support quality implementation of SDM, a number of approaches and materials 
have been developed to achieve optimal SDM and LCS outcomes. These approaches 
include a combination of implementation strategies [46] that improve how SDM is 
delivered and may be considered as ways to “package” the core components of 
SDM into discrete decision coaching and counseling approaches [4]. Packages of 
core SDM components are ways to operationalize discrete decision coaching and 
counseling approaches, such as the Share model or the Elwyn 3-step model, in 
terms of the PtDAs and other decision support tools that can guide clinicians and 
patients through the SDM process.

Some key implementation strategies for delivering these packages of SDM core 
components include: (1) training and skill development, (2) expanding the clinical 
staff roles trained to deliver SDM, and (3) expanding the modes/ways that SDM 
may be delivered to promote better overall uptake by patients, as well as improving 
the equitable reach to patients. Some ways to improve overall reach as well as equi-
table reach include the use of telehealth delivery methods to deliver the core SDM 
components with attention to the literacy levels and visuals used in patient decision 
aids (PtDAs). Fundamentally, each of these approaches seeks to expand the high-
quality implementation of SDM for LCS that considers efficiency and appropriate-
ness in ways that support clinician and candidate consideration of LCS.

Training and Skill Development  One of the most substantial barriers to integrat-
ing high-quality SDM in any clinical setting involves a lack of appropriate training 
and skill development, including both the necessary knowledge regarding the key 
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principles and research on LCS but also the development of the skills to elicit patient 
values and clarify preferences [31]. Légaré has led international efforts to train a 
broad array of clinicians in SDM and has identified core competencies, including 
listening skills, language skills, nonverbal skills, contextual appropriateness, and 
attitudinal skills [47]. Unfortunately, outcomes data related to SDM skills training 
is limited and has not substantially improved outcomes according to a Cochrane 
Review [48]. Despite the limited literature, there is a persistent need to expand clini-
cal training in LCS and SDM to support implementation and expedite the realiza-
tion of the benefits of LDCT.

Recognizing the acute need for SDM training for clinicians regarding the LCS 
context, Myers and colleagues collaborated with the American College of Chest 
Physicians (ACCP) to develop a brief, no-cost, accredited online training program 
to help clinicians learn the principles and practices of SDM.  Importantly, the 
45–60  minute training program integrates key contextual factors related to LCS 
[49]. The program integrates content regarding LCS eligibility criteria, documenta-
tion requirements, LCS benefits and harms, brief efforts to address tobacco treat-
ment, SDM steps, examples of candidate motivations to screen/not screen, and 
support for helping candidates make high-quality choices. Built by a transdisci-
plinary team, early testing and feedback of the program have been favorable, and 
broader evaluation efforts are ongoing. However, additional training efforts using 
diverse platforms (e.g., in-person, online, integrated into graduate medical educa-
tion) remain necessary to facilitate broader implementation of SDM, particularly 
regarding LCS. Other training resources developed by our team and others include 
online training with prompts to develop a clinical workflow for a specific clinic, and 
other implementation resources like PtDAs.

Expanding Clinician Delivery Options  The initial CMS criteria required that 
licensed clinicians (e.g., physicians, advanced practice nurses, or physician assis-
tants) conduct SDM and perform the patient counseling session [6], potentially con-
straining delivery options and hampering efficiency. There does not appear to be 
sufficient data showing the superiority of licensed clinician delivery of SDM or the 
use of decision aids. Furthermore, observational data suggest that busy clinicians 
may not be able to allocate sufficient effort to engage patients in high-quality SDM 
[15]. Thus, the most recent CMS coverage statement has withdrawn the requirement 
that SDM be delivered by a licensed clinician, creating a wider range training and 
implementation options. However, while this flexibility permits broader implemen-
tation, SDM consultation provided by non-licensed clinicians may not be reimburs-
able or reimbursable at a lower rate. Hoffman and colleagues [7] have advocated for 
the use of trained decision coaches in LCS based on data collected in other settings 
[50]. Other research has successfully explored the use of patient navigators or com-
munity health workers to conduct engagement activities and SDM to expand deliv-
ery options [51, 52].

Decision Coaching and Counseling  Decision coaching involves a decision coun-
selor or coach that offers a “…individualized, nondirective facilitation of patient 
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preparation for shared decision making” [50]. The approach commonly seeks to 
prepare candidates/participants to finalize their healthcare choice with the respon-
sible clinician but offers a more efficient and less time-constrained delivery of infor-
mation, elicitation of values and preferences, and supports readiness to make the 
choice in question. This approach combined with telehealth or the use of PtDAs can 
fulfill the SDM consultation requirement but may not be reimbursable in certain 
situations.

Decision counseling commonly employs a trained clinician, whose credentials 
would not meet the licensure requirements as a physician, advanced practice nurse, 
or physician assistant, but would have ample training in SDM and LCS to commu-
nicate appropriate information about LCS, elicit personal values, beliefs, and pref-
erences, and integrate those sources of information into an informed choice about 
becoming engaged in screening. While decision counseling may not be reimburs-
able by some health insurers, it offers a unique and efficient opportunity to achieve 
an informed choice for screening candidates and build engagement with the LCS 
program for those who chose to pursue screening.

Lowenstein and colleagues conducted a cohort comparison study examining out-
comes comparing a decision coaching intervention with a decision aid against a 
standard of care condition [35]. Results showed that candidates reported greater 
LCS knowledge and a better SDM process in the decision coaching cohort than in 
the usual care condition. Additionally, the decision coaching intervention did not 
increase visit time, and decision coaches fulfilled the CMS-required elements of 
SDM in nearly all consultations. Fagan and colleagues have also demonstrated the 
utility of a decision counseling approach to achieving high-quality SDM and 
enhanced uptake of LCS, providing additional support for the feasibility and effec-
tiveness of decision coaching and counseling in real-world settings [53]. These data 
support the feasibility and potential efficacy of the decision coaching approach, and 
additional research is warranted to explore the potential of this approach to imple-
menting SDM without expanding consultation time.

Patient Decision Aids/Decision Support Tools  Patient decision aids (PtDAs) con-
stitute one of the fundamental approaches to supporting participant engagement by 
facilitating a structured conversation about the LCS opportunity. As noted previ-
ously, PtDAs provide support to achieve a structured conversation between two 
experts, a clinician expert, and a patient expert, that enhances the likelihood of a 
quality decision process and a quality decision. Systematic literature reviews have 
consistently demonstrated a broad range of benefits associated with the implemen-
tation of PtDAs [34]. There have been substantial efforts to develop tools to support 
LCS consideration in advance of meeting with a clinician, including video-based 
approaches [54, 55] and web-based approaches [56, 57].

While these approaches have demonstrated feasibility and efficacy in helping 
prepare individuals for an SDM consultation, encounter-style PtDAs are meant to 
be used during the consultation and play a more proximal role in supporting SDM 
for LCS. Led by Volk and colleagues as part of the Eisenberg Center for Clinical 
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Decisions and Communications Science, AHRQ has developed a suite of tools to 
support SDM regarding LCS, including a robust encounter PtDA, “A Decisionmaking 
Tool for You and Your Health Care Professional” [58]. Additional encounter tools 
have been developed and evaluated [59], but there is a need for more tools that target 
specific communities and take additional factors (e.g., health literacy, unique back-
grounds) into consideration [60].

Fukunaga and colleagues reported an early systematic review of tools to pro-
mote SDM for LCS that reviewed a relatively modest set of instruments. The review 
concluded that the tools improved knowledge, reduced decisional conflict, and 
were acceptable to both clinicians and candidates/participants [40]. More recently, 
Jallow and colleagues have reported a scoping review examining the content and 
presentation styles used in LCS PtDAs [41], concluding that there was notable 
heterogeneity in content coverage and design. The authors suggested efforts to 
achieve greater consistency and the application of consensus guidelines regarding 
PtDA design.

Specifically, PtDAs create a unique opportunity to guarantee coverage of all the 
essential points outlined regarding the LCS opportunity, consistent with the initial 
CMS guidelines [6]. While CMS no longer mandates specific content regarding 
potential benefits and harms, to achieve a quality decision within the SDM frame-
work, PtDAs should continue to include several essential elements. These elements 
include: (1) a clear description of the LCS opportunity and process and an invitation 
to engage the decision, (2) the potential benefits, the potential harms, and the 
unknowns of each screening option (i.e., only LDCT), (3) the importance of adher-
ence and tobacco cessation services, if appropriate, and (4) a form of values elicita-
tion and preference elicitation that allows candidates to align the information with 
their individual perspectives, values, and health goals in order to achieve an optimal 
decision and plan.

Telehealth Delivery  Patient counseling and SDM (procedural code G0296) were 
not initially allowed for use in billing for services delivered via telehealth [6]. 
However, in 2018 CMS added G0296 to the list of telehealth services that could be 
delivered by a licensed clinician and reimbursed. CMS further expanded support for 
telehealth delivery of G0296 and many other services to help address challenges 
presented by the SARS-COV2 pandemic that emerged in 2020. Importantly, tele-
health does not require an in-person visit in advance of the LDCT scan, can focus 
attention on individuals who are eligible for screening, and can minimize transpor-
tation costs.

Clinician–researchers have recently explored the use of telehealth delivery of the 
patient counseling and SDM session using a decision aid, comparing it against the 
face-to-face visiting using the same decision aid [61]. Results were comparable 
across setting on outcomes related to screening uptake, decision satisfaction, and 
decisional conflict. All outcomes were favorable for both groups, including 88% 
uptake, very high levels of decision satisfaction, and minimal residual decisional 
conflict post-intervention [61]. These results provide early support for the use of 
telephone-delivered SDM for LCS and open the door for other platforms (e.g., 
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secure Zoom or MS Teams) approaches to conducting SDM and reducing access 
barriers and clinical burden.

Supporting Health Equity  In addition to respecting patient autonomy, imple-
menting SDM has been proposed as a key strategy to reduce health inequity [7, 60, 
62], and systematic reviews of the SDM literature have supported the value of SDM 
in supporting socially disadvantaged populations [63, 64]. One of the motivating 
factors for expanding the eligibility criteria for LCS was to address the burden of 
lung cancer that emerges earlier and with less tobacco exposure in underserved 
communities. The warranted historical mistrust of healthcare by individuals among 
underserved communities (including individuals with diverse racial and ethnic 
backgrounds, individuals who reside in rural areas, those who are facing socioeco-
nomic challenges, or other vulnerable communities that are likely to experience 
challenges to engaging high-quality healthcare (e.g., LGBTQIA+, seriously men-
tally ill)) undoubtedly impedes the process of making LCS widely available.

As SDM for LCS respects individual autonomy and supports person-centered 
care principles, implementing LCS may help build and restore trusting relationships 
[65] that can not only enhance opportunities for initiating LCS but also sustaining 
adherence to the LCS algorithm that will help tilt the benefit-risk equation toward 
benefit. It is important to consider factors that may improve the equitable reach to 
patients as part of the implementation planning process, including the use of PtDAs 
designed with ample consideration of health literacy and numeracy, use of appropri-
ate imagery, and cultural adaptations appropriate for unique communities.

�Conclusions

While there have been notable challenges to implementing SDM in the LCS context 
(as well as challenges to implementing a host of other aspects of high-quality LCS) 
[66], there have been substantial efforts to develop tools and approaches to over-
come these challenges. Ongoing and expanding development and research efforts 
continue to design and revise more effective tools and approaches to continue to 
support quality decision making and LCS implementation. While the pace of trans-
lation from the clinical trials and supportive policy stances to community uptake 
remains slow, it is vital to sustain person-centered efforts like SDM to build trust 
with at-risk persons, populations, and communities that often operate at the fringes 
of the healthcare system. Changing this situation will require substantial targeted 
and compassionate efforts to support uptake and adherence to achieve the promise 
offered by LCS.  It is essential that the next phase of efforts to implement high-
quality SDM and LCS begin with a fundamental understanding of the community 
to be served and their unique and sometimes complicated relationships that exist 
with and within healthcare systems. By placing the people to be served at the center 
of the process, we will have a better chance to reduce the burdens associated with 
lung cancer morbidity and mortality.
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Chapter 12
Advances in Tobacco Treatment

Sung Whang

Smoking continues to be one of the most modifiable risk factors of morbidity and 
mortality. Despite decades of ongoing efforts in smoking cessation, tobacco prod-
ucts continue to be the leading cause of preventable death worldwide [1]. Cigarette 
smoke contains an estimated 70 different chemicals that are suspected human car-
cinogens and are responsible for half a million American deaths each year [2]. 
Deaths from tobacco smoke can be attributed to cancers and pulmonary disease for 
persons who smoke or have smoked, and among persons who have been exposed to 
secondhand smoke [2]. An estimated 70% of smokers visit a clinician each year, 
making each appointment an opportunity for the provider to assess tobacco use and 
potentially intervene. No matter how brief, advice given face-to-face about quitting 
has been shown to increase cessation rates [1]. The United States Public Health 
Service outlines the 5-As (ask, advise, assess, assist, and arrange) as a framework 
that guides a proactive approach to tobacco treatment, regardless of a smoker’s 
readiness to quit [1]. Identifying patients who use tobacco, assessing readiness to 
quit, providing practical counseling and treatment options, and ensuring follow-up 
have been the mainstay in evidence-based tobacco treatment.

In contrast to tobacco treatment options in decades past, numerous advances 
have been made in effective smoking cessation interventions [1]. Tobacco treatment 
must be individualized according to the severity of nicotine dependence and likeli-
hood of developing withdrawal symptoms, medical comorbidities or potential con-
traindications to pharmacotherapy, financial resources, compliance, and patient 
preference [3]. This approach and the use of combination therapies, both behavioral 
interventions and pharmacotherapy, provide optimal tobacco treatment. Behavioral 
interventions may be comprised of various platforms such as in-person meeting, 
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support groups, and text messaging and are held by specialists who are certified in 
tobacco treatment [3].

Motivational interviewing has come to the fore, providing a more intense counseling 
intervention intended to increase motivation among persons who smoke and may not be 
interested in quitting, encourage agency over smoking behaviors, and assist in creating 
a plan or implementing techniques to control urges and triggers [3]. This approach uses 
techniques that include exploring personal feelings and discovering ambivalence 
regarding smoking. In this regard, motivational interviewing involves using change talk 
about smoking cessation and commitment language related to intentions to practice 
specific actions to change smoking-related behaviors [1]. Rather than lecturing a 
tobacco user, this approach encourages clinician to help patients use their own words to 
commit to change [1]. To strengthen future quit attempts during motivational interview-
ing, the clinician can address relevance, risk, rewards, roadblocks, and repetition [1].

Another counseling intervention shown to be effective is problem-solving and 
skills training. Using problem-solving in practical counseling may include: (1) rec-
ognizing potentially risky situations by identifying circumstances that increase the 
threat of smoking or relapse, (2) developing coping skills to manage those threats, 
and (3) providing information about the harms of smoking and the benefits of suc-
cessful cessation. An additional element of practical counseling is a supportive 
treatment which includes encouraging cessation attempts, communicating con-
cerns, and encouraging the patient to discuss quitting [1].

Nicotine is the primary addictive substance in tobacco products and sustains 
tobacco use [2]. When quitting, patients experience symptoms of nicotine with-
drawal such as cravings, mood changes, insomnia, and increased appetite [4]. 
Nicotine replacement therapy (NRT) supplies a controlled amount of nicotine to help 
gradually wean the patient away from smoking with decreased withdrawal symp-
toms and without the additional harmful chemicals of tobacco products. Assessing 
nicotine dependence can determine smoking behavior and guide patient therapy.

The Cutting Down, Annoyance by Criticism, Guilty Feelings, and Eye Openers 
(CAGE) questionnaire is a tool clinicians can use for screening patients for addic-
tive behaviors and has been modified for smoking behavior. As a simple acronym, 
CAGE is amended to four questions where two affirming responses constitute a 
positive screen [5]. CAGE can be broken down into feeling a need to Control or Cut 
down, getting Annoyed or Angry with criticism, feeling Guilty, and needing an Eye-
Opener [5]. Similarly, the “Four Cs” Test, known to mental health clinicians, may 
also be applied to nicotine dependence—compulsion, control, cutting down, and 
consequences [5]. The Heaviness of Smoking Index is another simple and quick 
tool to determine the severity of nicotine dependence using two questions: (1) How 
many cigarettes do you smoke a day? and (2) How soon after waking up do you 
smoke your first cigarette? [3]. Finally, the Fagerstrom Test for Nicotine Dependence 
is a standard instrument used to determine the intensity of nicotine addiction and 
guide prescribing medications to alleviate nicotine withdrawal [5]. Although this 
tool may take longer to administer, it has proven to be an important reference in 
nicotine dependence and can help dictate NRT dosing and frequency [5].

The United States Food and Drug Administration (FDA) has approved seven 
first-line medications for tobacco treatment shown to be more effective in increasing 

S. Whang



119

the chances of cessation, and in recent years have largely been covered by most 
insurance companies [4]. When deciding on initial pharmaco-therapeutics, the 
choice will be determined by patient preference. Guidelines will recommend either 
varenicline or a nicotine replacement therapy (NRT) combination of two products, 
the nicotine patch and a short-acting nicotine product [3]. NRT is most effective 
when using the nicotine patch, delivering a basal dose of nicotine throughout the 
day, along with a more rapid-acting NRT as needed to relieve withdrawal symptoms 
[3]. NRT is used to replace nicotine in lieu of combustible tobacco products to aid 
in reducing urges and during trigger situations [3]. Fortunately, several NRT are 
commercially available over the counter without a need for prescription, including 
the long-acting transdermal patch and rapid-acting chewing gum or lozenges.

Additional short-acting NRT is available with a prescription, such as an oral inhaler 
as well as a nasal spray under the brand Nicotrol [4]. It is recommended NRT be used 
at least 8 weeks after smoking cessation or as needed during a high risk of relapse, 
however, there are no reported findings that are definitive in clarifying whether grad-
ual or abrupt withdrawal is more favorable. NRT is generally well-tolerated. However, 
specific side effects typically pertain to the delivery method and may be mitigated by 
titrating doses or changing delivery methods. There are no clear contraindications to 
initiating NRT. Notably, long-term use of NRT has been deemed safe and not associ-
ated with harmful effects and the risk of dependence on NRT products is low [3].

Varenicline tartrate (brand name Chantix) and bupropion hydrochloride (brand 
names Zyban, Wellbutrin) are two FDA-approved oral prescription cessation medi-
cations that do not contain nicotine. Varenicline is a partial agonist on nicotinic 
receptors that mediate the release of dopamine, the neurotransmitter that perpetu-
ates addiction, effectively reducing the rewarding effects of nicotine [3]. Because 
smokers enjoy cigarettes less on varenicline, some may even reduce their consump-
tion prior to an established quit date. The partial agonist action helps to decrease the 
intensity of withdrawal symptoms as well [3]. Varenicline can begin when the per-
son who smokes is currently smoking and chooses a flexible quit date within a 
month of beginning the medication or choosing to gradually reduce their amount of 
smoking before quitting completely. Varenicline can be used for up to 6 months to 
aid in continued abstinence [3]. In clinical trials, varenicline alone has proved more 
effective in promoting smoking cessation than the nicotine patch or bupropion and 
is comparable to combining multiple NRT modalities [2].

Bupropion and the nicotine patch have been found to be comparable to one 
another and performed significantly superior to placebo. Bupropion was initially 
marketed as an antidepressant, blocking the reuptake of dopamine and norepineph-
rine and allowing increased levels in the brain, effectively simulating the effects of 
nicotine. Bupropion additionally has antagonist activity on nicotinic receptors. It 
can be used alone as a second-line therapy after varenicline and combination NRT, 
or in combination with NRT which increases cessation rates than with either alone 
[2]. Bupropion can be used for as little as 12 weeks, however, continued use for a 
year has been shown to enhance abstinence rates [2]. General practices using phar-
macotherapy are described in Table 12.1. However, prescribers are recommended to 
refer to specific manufacturers’ recommendations far as dosing information, adverse 
effects, and contraindications.
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Table 12.1  FDA-approved first-line pharmacotherapy for tobacco cessation

Drug Dosing Administration Common side effects

Nicotine patch
 �� • � 7 mg
 �� • � 14 mg
 �� • � 21 mg

 �� • � Less dependence 
start with 
nicotine patch 
14 mg/day

 �� • � High dependence 
start with 
nicotine patch 
21 mg/day

Apply one patch to 
hairless, clean, dry 
skin for 24 h rotate 
the site daily to avoid 
skin irritation

 �� • � Skin irritation
 �� • � Insomnia
 �� • � Vivid dreams

Nicotine gum
 �� • � 2 mg
 �� • � 4 mg

 �� • � Less dependence, 
use 2 mg pieces

 �� • � High dependence, 
use 4 mg pieces

“Chew and park”: 
Chew until tingling 
sensations occurs, 
then “park” between 
gum and cheek until 
tingling disappears. 
Then chew again to 
repeat, parking in the 
opposite cheek. Chew 
one piece of gum 
whenever there is an 
urge to smoke. Use up 
to 24 pieces per day

 �� • � Mouth soreness
 �� • � Oral irritation
 �� • � GI irritation
 �� • � Hiccups
 �� • � Jaw pain
 �� • � Excess salivation
 �� • � Headache
 �� • � Heart palpitations

Nicotine lozenge
 �� • � 2 mg
 �� • � 4 mg

 �� • � Less dependence, 
use 2 mg

 �� • � High dependence, 
use 4 mg

Place lozenge in the 
mouth and allow to 
dissolve for 30 min. 
Maximum 20 
lozenges per day

 �� • � Oral irritation
 �� • � Mouth ulcers
 �� • � Abdominal pain
 �� • � Hiccups
 �� • � Heartburn
 �� • � Nausea/vomiting
 �� • � Diarrhea
 �� • � Headache
 �� • � Palpitations

aNicotine inhaler 
(10 mg/cartridge)

Puff into mouth as 
needed; use 6–16 
cartridges per day. 
Each cartridge is 
about 20 min of 
continuous use

Puff into mouth to 
back of throat or in 
short breaths for 
mucosal absorption 
(not inhaling into 
chest). Maximum 16 
cartridges per day

 �� • � Oral irritation
 �� • � Throat irritation
 �� • � Cough

aNicotine nasal spray 
(10 mg/mL)

Use 1 spray in each 
nostril 1–2 times per 
hour

Maximum of 10 
sprays per hour or 80 
spray per day

 �� • � Nasal irritation
 �� • � Throat irritation
 �� • � Cough
 �� • � Rhinitis
 �� • � Headache

aBupropion SR 
(sustained release) 
150 mg

150 mg once daily for 
the first 3 days, then 
increase to 150 mg 
twice daily

Begin at least 
1–2 weeks before 
target quit date

 �� • � Insomnia
 �� • � Headache
 �� • � Dizziness
 �� • � Diaphoresis
 �� • � Weight loss
 �� • � Xerostomia
 �� • � Nausea/vomiting

(continued)
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Earlier in the chapter, it was noted that pharmacotherapy should typically be 
based on patient preferences and, although few, contraindications need to be consid-
ered with patient comorbidities. Fortunately, recent studies have dispelled historical 
fears regarding particular adverse reactions. For example, large studies have found 
treatment with varenicline or bupropion did not increase neuropsychiatric adverse 
effects and now suggest the use of varenicline as more efficacious than NRT in 
patients with psychiatric illnesses [6]. Tobacco cessation medications have now 
been shown to probably be safe to use in patients in the setting of acute coronary 
syndrome [6]. Bupropion reduces seizure threshold and is still contraindicated in 
patients with seizure disorder [6].

With today’s advances in tobacco treatment and control, the prevalence of cur-
rent cigarette smokers has significantly declined and now there are more persons 
who formerly smoked than there are persons who currently smoke [7]. National use 
of the tobacco quitline 1–800-QUIT-NOW has made it possible for persons who 
smoke to access intensive interventions including counseling and pharmacotherapy 
more than ever [1]. Tobacco control measures have also been helpful in decreasing 
tobacco use including restrictions on advertising and sponsorship, increased prices, 
indoor smoke-free policies, warning labels, and additional government campaigns 
and community tobacco control programs have reduced the prevalence of tobacco 
use [7].

Although much progress has been made, disease and death attributed to tobacco 
use have remained a significant public health concern. Visions of a tobacco-free 
society have spurred additional strategies to complement ongoing efforts such as 
reducing nicotine content and even greater restrictions on sales for categories of 
tobacco products. For example, electronic cigarettes (e-cigarettes) have not been 
shown to be beneficial in smoking cessation, due to their potential for nicotine 
addiction and various risks of respiratory complications [3]. Although studies dem-
onstrate e-cigarettes may be beneficial in achieving abstinence of cigarettes, indi-
viduals continued to use these products found to have carcinogens and toxins [3]. 
Because long-term health consequences are unknown, clinicians should advise 
complete cessation of e-cigarettes when the patient can do so without threatening 
their abstinence from conventional tobacco products [7].

It is important for healthcare providers to remember nicotine dependence is an 
addiction—a chronic disease prone to relapse. In order to become a tobacco-free 

Table 12.1  (continued)

Drug Dosing Administration Common side effects
aVarenicline
 �� • � Starting month 

pack
 �� • � 0.5 mg
 �� • � 1 mg

Starting month pack:
Days 1–3: 0.5 mg 
once daily
Days 4–7: 0.5 mg 
twice daily
Day 8 and later: 1 mg 
twice daily

Treatment should be 
continued for at least 
12 weeks; consider 
dose reduction if 1 mg 
doses twice daily is 
not tolerated

 �� • � Insomnia
 �� • � Nausea/vomiting
 �� • � Vivid dreams
 �� • � Headache
 �� • � Nasopharyngitis
 �� • � Xerostomia

aRequires prescription
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society, clinicians must continue to develop, implement, and disseminate evidence-
based clinical practice guidelines for smoking interventions. Smoke-free policies 
and increasing the price of cigarettes continue to reduce smoking prevalence, reduce 
cigarette consumption, and increase smoking cessation [7]. Mass media campaigns, 
pictorial health warnings, and local tobacco control programs also reduce the preva-
lence of smoking and increase quit attempts and must therefore be optimized [7]. In 
the future, a push for comprehensive insurance coverage for tobacco treatment 
including counseling and pharmacotherapy, as well as reimbursement for clinician 
tobacco treatment, should help to create an environment that is more supportive of 
cessation. Combining both clinical and public health tobacco strategies will con-
tinue to reinforce smoking cessation interventions for individuals, populations, and 
communities [7].
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Chapter 13
Organizational Workflow for Lung Cancer 
Screening

Teresa Giamboy and Julie A. Barta

�Background

Lung cancer screening with low-dose CT (LDCT) imaging has been proven to be an 
effective tool in recognizing those at risk for developing lung cancer and offering 
this preventative measure in an effort to detect the disease earlier, when more treat-
ment options are available and ultimately when more lives can be saved. There are 
many aspects to offering this service, which requires coordination and organization 
across several disciplines. Implementing LDCT screening for lung cancer is a 
highly complex process that requires substantial upfront planning and investment 
among leadership and staff, as well as ongoing communication to help troubleshoot 
challenges that arise throughout the implementation process [1]. Organizing a high-
quality lung cancer screening (LCS) program will be discussed throughout this 
chapter, outlining the numerous components that are necessary to offer individuals 
seamless preventative care and “top box” patient experience.

T. Giamboy 
Jefferson Health Northeast, Sidney Kimmel Cancer Center at Torresdale, Thomas Jefferson 
University, Philadelphia, PA, USA
e-mail: Teresa.Giamboy@jefferson.edu 

J. A. Barta (*) 
Department of Medicine, Thomas Jefferson University, Philadelphia, PA, USA
e-mail: Julie.Barta@jefferson.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
G. C. Kane et al. (eds.), Lung Cancer Screening, 
https://doi.org/10.1007/978-3-031-33596-9_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33596-9_13&domain=pdf
mailto:Teresa.Giamboy@jefferson.edu
mailto:Julie.Barta@jefferson.edu
https://doi.org/10.1007/978-3-031-33596-9_13


126

�Planning for Implementation of a Lung Cancer 
Screening Program

When organizing a lung cancer screening program, the first undertaking is to deter-
mine the goals of the organization in which you are structuring this program and to 
engage relevant stakeholders [2]. There are various models of programmatic struc-
ture for such an offering, however, the more centralized and comprehensive a pro-
gram is designed to be, the more resources and coordination it takes to organize and 
oversee this operationally. It is our opinion that a centralized model of lung cancer 
screening, hosted by a dedicated clinical team with multidisciplinary and interde-
partmental support, is critical to the program’s success and most beneficial to the 
individuals the program serves. We know that adherence to annual lung cancer 
screening is higher among individuals who were screened through a centralized 
program, demonstrating the value of centralization and the need to further imple-
ment strategies that improve adherence to annual screening for lung cancer [3, 4].

Selecting a motivated leader and team of multidisciplinary specialists to drive the 
program forward is important. Establishing a program steering committee that 
meets regularly to plan, and then frequently to assess outcomes once the program is 
implemented, is a sound approach to accomplishing this task. Quality improvement 
should be a continuous process, ensuring the screening program remains competi-
tive in a rapidly changing healthcare environment [5]. Pinpointing key stakeholders 
and ensuring their teams and departments have the capability to execute their por-
tion of the screening process is vital; the bones need to be there. That includes a CT 
scanner with low-dose capability and calibration, reading radiologists who are well 
acquainted with CT chest imaging and appropriate reading protocols, and a CT 
technologist team accustomed to providing this service in a safe way to patients, 
ensuring radiation dosage is delivered in the appropriate manner. The multidisci-
plinary team members may vary based on who is available at the institution. 
However, remote support and connectivity, which are better established now sec-
ondary to widespread familiarity wtih telemedicine, may allow for specialty col-
laboration at a distance in order to be comprehensive. Most commonly, those 
stakeholders include primary care providers, pulmonologists, thoracic surgeons, 
and oncologists, among others. Once the team is assembled, the discussion of how 
the patients will make their way through the program can be generated.

It is essential to determine the scope and subsequent workflow of the program. 
Given the potential for such a large number of lives to be positively affected by a 
timely diagnosis of early stage treatable disease, the initiation of lung cancer screen-
ing programs should be given the highest priority by healthcare institutions and 
providers [6]. It is important to have a strong understanding of any challenges that 
may exist in the current state, and to anticipate issues that may arise once a program 
is implemented. A realistic timeline should be created based on these factors, par-
ticularly if modifications and/or additions are required. There needs to be a clear 
goal and vision to help direct program development that encompasses all of these 
relevant variables, to be most effective to the population you serve. There is a need 
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to understand how best to coordinate care with and engage referring providers, as 
well as how to educate providers about requirements and patient eligibility [7].

Understanding guidelines and recommendations of eligibility for lung cancer 
screening is critical to program intake and patient throughput. Governmental and 
private payors will dictate which of their patients should receive preventative cancer 
screening based on evidence-based research and publications. Programmatic struc-
ture must align to screen appropriately within these guidelines and recommenda-
tions, in order to achieve maximum financial return while ensuring all patients 
receive equitable care. Finally, it is important to recognize that this is cancer screen-
ing, and in order for patients to be attracted to preventative care, it should be easy, 
accessible, covered, and relatively painless to complete. The centralized program 
model assists in providing this service in a concierge-type approach, as the team 
assists in coordinating the screening continuum for each patient. Centralized pro-
grams can even access potential charitable sources with greater ease to cover screen-
ings for patients who lack insurance.

�The Centralized Model

Investing in a centralized program model will require the support of multiple clinical 
positions, including a dedicated clinician, most often an advanced practice provider 
(nurse practitioner or physician assistant), as well as a navigator and program coordi-
nator (Fig. 13.1). Finally, there are other logistical considerations when determining 
the feasibility of building a lung cancer screening program, inclusive of collaboration 
and planning with other teams, most importantly scheduling and radiology, and 
ensuring that there is enough support within those departments to take on an addi-
tional volume of significant work. Finally, recognizing the financial components to 
hosting this type of program is key in justifying and advocating for centralization, 
understanding that downstream revenue will ultimately flow from this investment.

With a dedicated team, program coordinators begin the process by managing all 
referred patients to screening, as well as individuals who self-refer. The role of the 
program coordinator is to handle all intake (calls/electronic referrals, work queues, 
etc.), confirm eligibility based on age, smoking status, risk, and insurance coverage, 
and to schedule patients for shared decision making and then, if the opt in, a 
LDCT. Based on the structure of the program, these appointments may occur in one 
visit or can be in two separate encounters. Patient encounters may occur via tele-
phone, telehealth, or in-person. The coordinator, ensuring that the patient’s entrance 
into the program is simple and efficient, also manages referrals, authorizations, and 
all communication at this stage of the process. A crucial component to program coor-
dination is strong and consistent customer service, as this is a patient’s initial touch 
point with the program, and first impressions are long lasting. Documentation of calls 
and updates should be recorded in the electronic medical record, and any issues or 
barriers brought to the attention of the team to address and/or prepare for prior to the 
patient’s appointment. Maintaining referral queues and pending authorizations must 
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Fig. 13.1  Workflow for a Nursing-Driven, Centralized LCS Program Supported by a 
Multidisciplinary Team. A clinical trial comprised of a Nurse Practitioner, Nurse Navigator, and 
Coordinator with well-defined roles can guide patients through the LCS process in a comprehen-
sive fashion. All individuals with positive LDCT scans are reviewed at a weekly Multidisciplinary 
Nodule Conference, receiving critical collaborative guidance from Pulmonary, Thoracic Surgery, 
and Radiology. The core team maintains relationships and communication with referring primary 
care providers throughout the LCS process

be kept up to date daily, and always supported. In a program with significant volume, 
additional coordinators may be required to support these efforts.

The navigator role is flexible in the sense that this can be filled by a non-clinical 
or clinical person. However, the benefit of having a nurse navigator in this position 
is significantly positive, as they have a strong educational background in healthcare 
and can field more complex questions and concerns from patients as well as provide 
patient education. Centralization allows the nurse navigator to become involved at 
the time of shared decision making, which is a critical component of the lung cancer 
screening process that is considered best practice, and an opportunity for the navi-
gator and provider to work together to care for the patient comprehensively. Shared 
decision making (SDM) consists of communication, collaboration, aspects of evi-
dence-based medicine, and relationship building—all based on the principle of the 
autonomy of the patient. It is a complex process, with each consultation unique [8]. 
Nurse navigators also assist in counseling patients on tobacco addiction and cessa-
tion opportunities, during shared decision making and while following the patient 
through the screening process. They will often be involved in calling patients with 
screening results to review pulmonary and/or incidental findings found on LDCT, 
and continuing cessation follow-up and treatment recommendations in coordination 
with the provider’s prescribed treatment plan. Having navigators who are certified 
tobacco treatment specialists further boosts strong support for patients who commit 
to cessation.
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When suspicious findings are detected and individuals require additional testing 
or diagnostic intervention, nurse navigators assist in collaborating with the multidis-
ciplinary team to ensure patients travel through the care continuum successfully, 
helping to identify and overcome any barriers along the way. Involvement in nodule 
conferences or tumor boards with the comprehensive team allows for the navigator 
to practice at the top of their clinical scope, remaining involved in the care of the 
patients and tracking the status of pending work-up. Communication with the 
patient and the team is key throughout this process, and navigators are typically the 
glue that holds it all together. This work helps to support more robust screening 
program rates, adherence to annual and follow-up screening, shortening time to 
treatment, increased patient satisfaction, and improved quality of life for the patient 
[9]. Data keeping, tracking, and reporting are often responsibilities supported by the 
nurse navigator, allowing them to remain abreast of any shifts or trends that may be 
occurring or to identify efficiencies or improvements that could be implemented.

Finally, the provider who is dedicated to a lung cancer screening program has the 
task to complete the shared decision-making discussion, in collaboration with the 
patient and the nurse navigator, and to make final recommendations for tobacco ces-
sation treatment. LDCT orders and tobacco cessation treatments are prescribed by 
this provider, who is ultimately responsible for the results and continuation of medi-
cations when appropriate. Advanced practitioners are uniquely positioned to pro-
vide lung cancer screening within a formal screening program [10]. Those with a 
background in pulmonology or thoracic surgery are strong candidates for this role, 
given their clinical expertise. In fact, many practices will embed a lung cancer 
screening program into these groups, which harbors immediate and continued sup-
port by a team of physicians and other providers. The benefit of this model is that 
those APPs have the knowledge and proficiency to read CT imaging and are able to 
make recommendations as licensed providers who can also bill for their services. A 
background, and ideally certification, in tobacco treatment is ideal for this role as a 
large portion of patients will require tobacco addiction counseling and cessation 
treatment planning.

Other APP involvement includes follow-up with those who are discovered to 
have suspicious findings, educating patients, and referring providers about potential 
disease differentials and appropriate next steps. Presenting these cases at multidis-
ciplinary tumor boards and communicating those recommendations to patients 
ensures that diagnosis is never delayed. Coordinating care with other specialists to 
ensure timely work-up is critical when malignancy is a concern. Very importantly, 
continual and consistent documentation in the patient’s electronic medical record is 
necessary so that the care team can stay informed. Direct messaging through the 
medical record is a preferred method of communication so that other members of 
the care team can easily access additional details of the patient’s case if needed. The 
APP can also communicate with the patient directly through the electronic medical 
record, if the functionality exists and the patient is adept.
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�Multidisciplinary Teams in Lung Cancer Screening

A multidisciplinary team serves both operational and clinical care aims in a central-
ized LCS program. Foundational partnerships must be built among a core team of 
physicians and APPs in Pulmonary Medicine and Interventional Pulmonology, 
Thoracic Surgery, and Radiology and Interventional Radiology. Additional critical 
members of the multidisciplinary steering committee include Primary Care champi-
ons, Pathology and Cytology specialists with expertise in lung cancer, Thoracic 
Medical Oncology and Radiation Oncology providers, research coordinators and 
data analysts from the Clinical Trials Office, medical administrators representing 
each of the core specialties, and marketing specialists [2]. From an operational 
standpoint, the multidisciplinary steering committee’s objective is to develop an 
integrated workflow and high-quality screening process for eligible individuals 
[11]. This includes a multitude of logistical challenges ranging from scheduling and 
coordinating appointments, to streamlining referral processes in the electronic 
health record, to the governance of LDCT results, and setting standard protocols for 
screen-detected nodules and other findings.

From a clinical standpoint, the multidisciplinary team frequently reflects existing 
Lung Cancer Tumor Board or Lung Nodule Clinic membership and can leverage 
clinical partnerships that are already in place. Processes for multidisciplinary teams 
have been described for the management of both incidental and screen-detected 
nodules [12, 13]. Goals for multidisciplinary Lung Nodule teams include an empha-
sis on standardized, guideline-concordant care (or clear reasons for guideline devia-
tion) and reliable follow-up, as well as the reduction in diagnostic delay for cancers 
and also reduction of unnecessary procedures for low-risk nodules. A common 
theme across such interdisciplinary collaborations is a time-intensive commitment 
to this process, which may be a barrier for some healthcare systems.

�Tracking Data and Quality Metrics

Beginning in the planning phase of LCS implementation, developing mechanisms 
for tracking data and quality metrics are critically important. At the patient level, 
LCS programs must know when screened patients are due to return for ongoing 
annual LDCT or short-interval scans following a positive LDCT [14]. At the pro-
gram level, basic quality metrics for LCS may include the percentage of individuals 
completing screening who are eligible by the United States Preventive Services 
Task Force Criteria and documentation of tobacco treatment counseling for indi-
viduals who currently smoke [15, 16]. Additional quality metrics proposed by the 
National Lung Cancer Roundtable focus on screening adherence by the American 
College of Radiology Lung-RADS category and require detailed data entry for cal-
culation of adherence rates at annual and short-interval time points [15]. These and 
other metrics have clinical, programmatic, and financial implications for LCS 
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programs. Administrators and healthcare organization leadership may use such out-
comes to drive resource allocation across health systems, making accurate and stan-
dardized patient tracking imperative for the success of LCS programs.

�Conclusions

A well-organized workflow will lead to improved performance for the lung cancer 
screening program with a mechanism to address timely referrals for suspected can-
cers, quality improvement to achieve timely patient follow-up, and standardized 
approaches for addressing incidental findings. Coupled with a multi-disciplinary 
steering committee; highly organized workflow will yield benefits through identify-
ing early stage lung cancers and substantially impacting the mortality of lung cancer 
in the community served (Fig. 13.1).
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Chapter 14
Lung-RADS® and Radiology Reporting 
Requirements

Cole Miller and Baskaran Sundaram

�Background

Lung cancer is the leading cause of cancer-related mortality in the United States. 
The US Preventative Services Task Force (USPSTF) recommends lung cancer 
screening for current high-risk smokers with low-dose computed tomography 
(LDCT) or those that have quit within the past 15 years. High risk is defined as 
adults aged 50–80 with at least a 20-pack-year history of smoking. This recom-
mendation was mainly based on the National Lung Screening Trial (NLST) data. 
The NLST enrolled 53,454 randomly assigned participants and found a 20% 
reduction in mortality from lung cancer in the LDCT group compared to chest 
radiography [1]. Chest radiography and alternative methods of screening such as 
sputum cytology have previously failed to show survival benefits [2]. LDCT pro-
vides many advantages over plain chest radiography, including increased resolu-
tion and contrast in the lung tissue and cross-sectional data acquisition, eliminating 
overlying structures obscuring pulmonary nodules. LDCT scanning produces 
high-resolution volumetric imaging of the thoracic cavity performed in a single 
breath-hold, which reduces artifacts from respiratory motion and low levels of 
radiation exposure [3, 4], without compromising image quality [5]. The major dis-
advantage of LDCT for lung cancer screening is the high false-positive rate, lead-
ing to over-testing, additional radiation exposure, patient anxiety, invasive 
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procedures, and high cost of care [1, 6]. Despite the proven benefit of lung cancer 
screening, recent data suggest that implementation of lung cancer screening 
remains low in the United States [7].

�Lung-RADS®

One of the essential aspects of the lung cancer screening process is interpreting and 
outputting screening test findings accurately in a practical and reliable manner. 
Hence, it is critical to have a simple, meaningful, reproducible, and universally 
applicable system that allows data collection. It is comprehensively accomplished by 
Lung-Reporting And Data Systems (Lung-RADS®) developed by the American 
College of Radiology (ACR). There are other ACR reporting systems for different 
organs and diseases, such as coronary artery disease (CAD-RADS®), liver imaging 
(LI-RADS®), prostate imaging (PI-RADS®), and thyroid imaging (TI-RADS®). 
ACR modeled Lung-RADS® after the Breast Imaging RADS (BI-RADS®) for breast 
cancer screening, the most successful and longest-standing reporting system in any 
cancer screening. BI-RADS®, currently in its fifth edition, was initiated in the 1980s 
to address heterogeneity in mammography reporting and management recommenda-
tions. It includes a lexicon of image descriptors, a reporting structure with assess-
ment categories, corresponding management recommendations, and a data collection 
and quality assurance implementation framework. Further editions continued to 
enhance its performance, reducing the interobserver variability in reporting breast 
mammograms and sonograms [8–12]. Therefore, ACR introduced Lung-RADS® 
version 1.0 in 2014 with the hope of finding similar success and updated it in 2019 
with version 1.1. Currently, version 2.0 is in coming out in mid-late 2022.

The ACR has licensed Lung-RADS® under a Creative Commons Attribution-No 
Derivatives 4.0 International License. Lung-RADS® is a quality assurance tool used 
to standardize lung cancer screening CT reporting and management recommenda-
tions, reduce confusion in CT interpretations, and facilitate outcome monitoring. 
Lung-RADS® helps determine an accurate categorization of CT scan results to maxi-
mize the lung cancer screening potential for lowering lung cancer-specific morbidity 
and mortality while minimizing false-positive results. Moreover, it facilitates improve-
ment in screening performance by compiling data such as positive screening rates in 
individual practices and comparing them with regional and national benchmarks.

�Comparison of Fleischner and NLST Criteria

It is essential to differentiate Lung-RADS® from Fleischner Society Criteria for 
lung nodule management, which refers to the management of pulmonary nodules 
incidentally detected on CT examinations performed for purposes other than lung 
cancer screening [13]. They apply to the general population in patients over 35 years 
without new or growing pulmonary nodules. The Fleischner criteria apply to the 
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lung nodules in immunocompetent individuals without a known malignancy or who 
do not meet the lung cancer screening eligibility [13]. Lung-RADS® guidelines 
apply to patients with a high risk for developing lung cancer.

Understanding the similarities and differences between Lung-RADS® and NLST 
parameters is also essential. In the NLST, researchers determined a positive screen 
as any lung nodule equal to or greater than 4 mm in size in its greatest dimension 
regardless of consistency or other characteristics. This cutoff significantly reduced 
lung cancer mortality by 20%, but the positive screening rate was over 27% on ini-
tial screening, while lung cancer was only diagnosed in 1.1% of the CT screening 
group [1]. Later, the International Early Lung Cancer Action Program (I-ELCAP) 
studied the effect of using alternative thresholds for defining a positive screen. They 
found that increasing the size threshold to 6 mm reduced the positive screening rate 
to 10.2% while also reducing additional diagnostic testing by 36%. This 2  mm 
increase in size threshold found that no patients experienced a 9 months or longer 
delay in their cancer diagnosis [14]. The researchers then introduced new size 
thresholds to NLST data and found that 64% of positive screens were 7  mm or 
smaller. If the threshold was raised to 8 mm, they found that false-positive rates 
were reduced to only 10.5%, however, missed or delayed cancer diagnoses increased 
to 15.8% [15]. Hence, the Lung-RADS® determined that the optimal lung nodule 
size threshold can be raised to 6 mm, balancing the benefits and harms.

Additionally, nodule characteristics were incorporated into Lung-RADS®, 
including calcifications, solid or non-solid components, ground-glass appearance, 
and changes over time. NLST did not specify a different threshold for non-solid 
nodules. NLST considered a nodule larger than 4  mm nodule benign only if it 
remained stable in size for 2 years [4]. To further decrease false-positive screening, 
Lung-RADS® set the positive screening threshold to 20 mm for ground-glass nod-
ules (later increased to 30 mm in Lung-RADS® V1.1) and the duration of nodule 
stability required to qualify as benign to 3 months [16].

�Lung-RADS® Version 1.0

The initial 2014 Lung-RADS® version 1.0 includes a set of assessment categories 
ranging from zero to 4X. They specify different parameters for solid nodules, part-
solid (PS) nodules, and non-solid ground-glass nodules (GGN). Category zero 
indicates an incomplete screen, which warrants additional imaging. Other desig-
nations include the modifier “S,” indicating clinically significant non-lung cancer-
related findings, and modifier, “C” indicating prior lung cancer to append to each 
Lung-RADS® assessment category and their corresponding management recom-
mendations. A Category 1 (negative) screen indicates a scan with no lung nodules 
and solid nodules with a benign pattern of calcifications (complete, central, pop-
corn, or concentric rings) and fat-containing (hamartoma) nodules (Fig.  14.1). 
Category 2 nodules (benign appearance or display benign behavior) include solid 
or PS nodules smaller than 6 mm, non-solid nodules under 20 mm, or the Lung-
RADS® category 3 and 4 nodules that have remained stable for three or more 
months. These nodules (Fig. 14.2) also carry a very low risk of malignancy and are 
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Fig. 14.1  LDCT shows a 
smoothly marginated 
15 mm left upper lobe lung 
nodule (arrow) with 
internal adipose contents 
(ACR-Lung RADS 
category 1)

Fig. 14.2  LDCT shows a 
stable (for 5 years) 3 mm 
middle lobe solid lung 
nodule (arrow) without 
internal calcifications or 
adipose contents (ACR-
Lung RADS category 2)
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Fig. 14.3  LDCT shows a 
right upper lobe solid 
7 mm lung nodule (arrow) 
without internal 
calcifications (ACR-Lung 
Rads category 3) that was 
downgraded later to a 
ACR-Lung Rads category 
2 nodule due to its stability 
for more than 3 months

returned to annual LDCT screenings [16]. Category 3 nodules (probably benign) 
include 6 mm or larger to under 8 mm sized solid nodules at baseline (or new 4 and 
5 mm), ≥ 6 mm PS nodules with solid component <6 mm (or new 1–5 mm nod-
ules), or GGN nodules ≥20 mm (baseline or new). These nodules (Fig. 14.3) have 
a 1–2% risk of malignancy and are recommended to get a 6-month follow-up 
LDCT [16]. Category 4A nodules are (suspicious) characterized by solid nodules 
8–14 mm at baseline (or growing <8 mm or new 6 and 7 mm nodules), PS nodules 
that are 6 mm or larger with the solid component 6–7 mm (or new or increasing by 
<4 mm solid part), or an endobronchial nodule. These nodules (Fig. 14.4) have a 
5–15% risk of malignancy and are recommended to get a 3-month follow-up with 
LDCT.  PET/CT may be used if the solid component is 8  mm or larger [16]. 
Category 4B nodules (suspicious) include solid nodules (Fig.  14.5) 15  mm or 
larger (or new/growing 8 mm or larger) and PS nodules with a solid component 
8 mm or larger (or new/growing 4 mm or larger solid part). The category 4X refers 
to any category o three or four nodules (Fig.  14.6) with additional features or 
imaging findings that increase the suspicion of malignancy. These category 4B 
and 4X nodules carry a risk of malignancy of more than 15% and require prompt 
evaluation with a diagnostic standard radiation dose CT with or without contrast, 
PET/CT, or tissue sampling depending on the probability of malignancy and 
comorbidities. Category 1 and 2 LDCTs are considered screen negatives, and 3 
and 4 LDCTs are considered screen positives [16]. The estimated population 
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Fig. 14.4  LDCT shows a left upper 
lobe part-solid nodule (arrow) with 
a 6 mm to 8 mm solid component 
(ACR-Lung RADS category 4A)

Fig. 14.5  LDCT shows a right 
upper lobe solid 12 mm lung nodule 
(arrow) that grew from 7 to 8 mm to 
12 months previously (ACR-Lung 
RADS category 4B). The patient 
underwent surgical resection and the 
final diagnosis was determined to be 
squamous cell carcinoma pathologic 
stage 1A2 (pT1b, pN0, cM0)
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Fig. 14.6  LDCT shows a 30 mm left upper lobe lung nodule (arrow in 6A) with a 50 mm left AP 
window lymph node (arrow in 6B) indicating ACR-Lung RADS 4X. The patient underwent surgi-
cal resection and the final diagnosis was determined to be small cell carcinoma

prevalence for category 2 nodules is 90%, 3 is 5%, and 4 is 2%. Similarly, the 
estimated prevalence for the clinically significant non-lung cancer findings is 
10% [16].

�Lung-RADS® Versions

In 2019, ACR introduced Lung-RADS® version 1.1 with several significant 
updates to the categorizing and managing of pulmonary nodule subtypes. The 
first update addressed the perifissural nodules, and the intrapulmonary lymph 
nodes near or contiguous with pleural layers and fissures. They are typically oval, 
lentiform, or triangular solid nodules with smooth margins and a maximum diam-
eter of under 10  mm. Lung-RADS® 1.1 classified these nodules as category 2 
(benign), while previously, any 6–10  mm solid nodules were in category 3 or 
4A. Xu et al. found that perifissural nodules comprised 83% of the intermediate 
solid pulmonary nodules in the NELSON trial, and at 1 year follow-up, no cancer 
was found [17]. Additionally, McWilliams et  al. found that in the pooled data 
from Canada’s PANCAN and BCCA trials, the probability of developing lung 
cancer from a perifissural nodule was 0% [18]. In addition, a secondary analysis 
of NLST data revealed that none of the 216 perifissural nodules out of 1092 solid 
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nodules in the 6–10  mm size range later became malignancy [19]. ACR 
implemented this change based on data on perifissural nodules that make up a 
significant percentage of detected nodules yet are invariably benign. Although, in 
clinical practice, the subjective variations of perifissural nodules may pose man-
agement challenges.

Another major update in Lung-RADS® 1.1 was increasing GGN’s positive 
screen size threshold from 20 to 30 mm. In the baseline CT, the GGN under 20 mm 
is classified as category 2 with lung RADS- version 1.0, and a GGN of 20 mm or 
larger is classified as category 3. With Lung-RADS® version 1.1, a GGN of up to 
30 mm is classified as category 2. Another addition to Lung-RADS® 1.1 addresses 
the management of new large 4B category nodules that develop on annual repeat 
screening. Lung-RADS® 1.1 recommends a 1-month follow-up LDCT to identify 
infectious or inflammatory nodules rather than proceeding with immediate diag-
nostic testing or tissue sampling [16]. The fourth update for improving the accu-
racy of the nodule diameters is the mean diameter to one decimal point (derived 
by the long and short axis diameter measurements to one decimal point). They 
may not round the individual short and long-axis measurements, allowing for 
more precise nodule measurements [16]. Additionally, Lung-RADS 1.1 included 
the nodule volumetry with diameter measurements [16]. The lung nodule volum-
etry has the potential to improve the inter-reader agreement for nodule size and 
Lung-RADS® categorization [20]. Although, the lung nodule volumetric measure-
ments are not possible or reliable for every lung nodule due to their non-spherical 
nature. Lung nodule contouring for volumetric analysis is time-consuming and 
with a significant measurement threshold variation between software programs.

Based on Nelson trial data, Lung-RADS® version two published in mid-late 
2022 addresses additional items such as atypical lung cysts, endobronchial nodules, 
and costal pleural nodules and update management recommendations for some of 
the clinical scenarios [6]. Future studies need to demonstrate the performance and 
outcome of the current version of Lung-RADS.

�Lung-RADS® Performance

Researchers retrospectively assessed the impact of the Lung-RADS 1.0 on a real-
world clinical lung cancer program [21]. Their initial categorization of positive and 
negative screen results was based on National Comprehensive Cancer Network 
(NCCN), which was in alignment with the NLST study data. In their analysis, the 
screen negatives per NCCN criteria was 72.4% (1579 of 2180 patients) versus 
89.4% (1949 of 2180 patients) with Lung-RADS®. They found the same number of 
(1.8%) lung cancers diagnosed in both methods. Lung-RADS® reduced the overall 
positive rate from 27.6% to 10.6%. No false negatives were present in the 152 
patients with longer than 12-month follow-up reclassified as benign. Applying ACR 
Lung-RADS increased the positive predictive value for diagnosed malignancy in 
1603 patients with follow-up from 6.9% to 17.3% [21].
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Similarly, Pinsky et  al. retrospectively researched the performance of Lung-
RADS® 1.0 on NLST study data [22]. In their study, Lung-RADS® 1.0 would poten-
tially miss 13% of 649 lung cancers that NLST found (86 total cancers; 25 at 
baseline and 61 at subsequent screenings). Although, potentially missed and the 
not-missed cancers had similar characteristics in stage (two-thirds were stage one), 
cell type (similar small-cell and adenocarcinoma proportions), and 5-year survival 
(71.7% vs. 64.2%; p = 0.22). They also found that Lung-RADS® would potentially 
avoid 66.6% overall false-positive screening (52% at baseline and 76% at subse-
quent screenings) with NLST. As a result, Lung-RADS® would potentially avoid 
23.4% of invasive procedures and 48.5% of follow-up chest CT examinations 
(50.5% at baseline and 45.5% at subsequent screenings) due to false-positive 
tests [22].

Chung et al. explored if Lung-RADS ® category 4X improves malignancy pre-
diction in subsolid nodules [23]. It is important to remember that the definition for 
category 4X is the category 3 or 4 lesions with suspicious features such as spicula-
tion, GGN that doubles in size in 1 year, and enlarged lymph nodes. These features 
may be subjective, and upgrading a nodule from the lower category may trigger an 
immediate intensive diagnostic work-up. Their analysis included 374 subsolid nod-
ules, and 56 were considered malignant nodules. They found that 15–24% of sub-
solid nodules were upgraded to 4X, and they successfully increased the malignancy 
rate in category 4X to approximately 50%. They also found that they falsely 
upstaged an average of 27% of lesions from benign to malignant lesions [23]. The 
findings indicate that the 4X category may be cautiously assigned to category 3 and 
4 nodules by experienced radiologists. Although, a short-term follow-up could 
avoid unnecessary invasive management.

Kastner et al. studied the impact of reclassifying nodules in Lung RARS® ver-
sion 1.1 compared to version 1.0 using secondary analysis of the NLST study data 
[19]. It is important to note that the introduction of perifissural nodules and 30 mm 
instead of 20 mm size threshold change for ground-glass nodules between Lung 
RADS® 1.1 and Lung-RARS® 1.0 [19]. They found that 1092 nodules between 6 
and 10  mm. 216 (19.8%) were perifissural nodules, and none turned malignant. 
New size-based reclassification of the ground glass nodules did not reach statistical 
significance [19]. Their results support the idea that the perifissural nodules measur-
ing under 10 mm can be safely categorized as benign category two lesions. These 
results validated the safety of Lung-RADS® use and indicated that Lung-RADS® 
application increases the accuracy and cost-effectiveness of lung cancer screening 
with LDCT.

�Lung-RADS® Limitations

Lung-RADS®, while effective in decreasing false-positive rates in lung cancer 
screening and standardizing reporting and managing pulmonary nodules, has limi-
tations. Lung-RADS® does not explicitly address definitions for identification, 
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documentation, characterization, and management of common co-existing abnor-
malities such as pneumonia, vascular aneurysm, coronary calcifications, enlarged 
lymph nodes, findings in the upper abdominal organs, and chest wall findings, 
including osseous abnormalities in this high-risk population [16, 24]. We typically 
assign an “S” modifier; however, referring physicians need to recognize and manage 
these findings appropriately. There are other scenarios that Lung-RADS® does not 
explicitly address. Many of these limitations are nicely discussed in a review article 
by Martin et al. [24]. For example, it is unclear how best to manage a newly found 
category 3 (probably benign) solid lung nodule in patients exiting the screening 
eligibility age range [24]. Also, unclear guidance for nodules with prolonged growth 
rates, nodules that reduce in size and increase in attenuation (such as primary ade-
nocarcinoma), the best methodology to measure complex nodules such as part-solid 
nodules, the optimal time to reenroll patients in the screening pathway after a stable 
abnormality, patients with a lung infection, and categorizing cavitary nodules [24].

�Imaging Facility and Physician Requirements

Radiology imaging facilities interested in providing lung cancer screening must 
meet the Centers for Medicare and Medicaid Services (CMS) requirements that 
allow LDCT examinations for reimbursement as a preventative service under 
Medicare. Per these guidelines, radiology imaging facilities must perform LDCT 
with a volumetric CT dose index (CTDIvol) of 3.0 mGy or less for standard-sized 
patients (defined as 5′7″ and approximately 155 lbs) with appropriate adjustments 
in CTDIvol for smaller or larger patients [25]. The facilities must also use a stan-
dardized lung nodule identification, classification, and reporting system [25]. They 
are also highly encouraged to submit data to a CMS-approved registry (ACR Lung 
Cancer Screening Registry) for each LDCT examination performed. Submission 
data includes details about the facility, ordering physician, radiologist, patient 
identifiers, screening date, CT scanner, radiation dose, indication for the examina-
tion, lung nodules, reporting system used, patient smoking status, and smoking 
cessation interventions [25]. Also, there are expectations for the interpreting radi-
ologist such as American Board of Radiology certification or board eligibility, 
diagnostic radiology and radiation safety training, involvement in the supervision 
and interpretation of at least 300 chest CTs in the past 3 years, CME participation, 
and perform lung cancer screening with LDCT in a radiology imaging facility that 
meets the requirements discussed above [25]. The CMS selected slightly different 
beneficiary eligibility criteria compared to the guidelines set forth by the 
USPSTF. The CMS now agreed to cover asymptomatic patients aged 50–77 with 
a 20-pack-year or more smoking history who is currently smoking or quitting 
within the last 15 years. Additionally, the beneficiary must receive an order for 
their LDCT lung cancer screening after lung cancer screening education and 
shared decision making with their physician. This visit must include counseling on 
eligibility, risks and benefits of screening, adherence to the annual screening pro-
tocols, and adherence to smoking abstinence and cessation interventions [25].

C. Miller and B. Sundaram



143

�Conclusion

In conclusion, Lung-RADS® provides an effective tool for defining, classifying, and 
reporting findings of LDCT examinations for lung cancer screening. Lung-RADS® 
successfully identifies and risk-stratifies positive lung cancer screens and standard-
izes follow-up management. The implementation of Lung-RADS® has decreased 
the rate of false-positive findings without reducing sensitivity for detecting malig-
nancy. Reporting data to organizations such as the ACR lung cancer screening reg-
istry has allowed for continued improvement of the Lung-RADS® classification 
schema. The updates included in Lung-RADS® 1.1 have proven to benefit the rates 
of false-positive examinations further. As imaging-related technology improves 
tools for segmentation, volumetric analysis, and AI integration, the Lung-RADS® 
system will continue to enhance the early detection of lung cancer while minimiz-
ing the deleterious effects of false-positive screens. While there are a few limitations 
to the current Lung-RADS® version, it will continue to improve at regular intervals 
based on updated knowledge and understanding.
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Chapter 15
Managing Incidental Findings

Brooke Ruane and Debra Dyer

�Background

Lung cancer is the leading cause of cancer-related mortality among men and women. 
There were 235,760 new cases of lung cancer and 131,880 deaths in 2021, more 
than breast, colon, and prostate cancer combined [1]. Preventative healthcare with 
screenings is an essential strategy in the early detection and/or prevention of various 
medical conditions, including cancers. Screening with low-dose chest computed 
tomography (LDCT) can identify early stage lung cancer and also provides an 
opportunity to identify significant incidental findings (IFs) unrelated to lung cancer. 
IFs are common in lung cancer screening CT (LCS CT). Some are considered sig-
nificant or potentially significant and actionable while others are considered insig-
nificant and not actionable. It is important that the actionable IFs receive appropriate 
attention as they may have a significant impact on patient care and outcomes. This 
chapter will examine IFs commonly detected during lung cancer screening, review 
pathways to report findings, and discuss the management of clinically signifi-
cant IFs.
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�Lung Cancer Screening

The National Lung Screening Trial (NLST) demonstrated the benefit of screening 
high-risk individuals for lung cancer using an LDCT scan to decrease lung cancer 
death and all-cause mortality. The NLST demonstrated a 20% relative reduction in 
lung cancer mortality and a 6.7% reduction in all-cause mortality with LDCT com-
pared to standard chest radiography [2].

The United States Preventive Services Taskforce (USPSTF) guidelines recom-
mend annual screening with LDCT for eligible patients. The eligibility criteria, 
which were recently expanded in 2021, include individuals aged 50–80, with at 
least a 20-pack-year smoking history, and who continue to smoke or have quit 
within the last 15 years [3, 4]. Individuals must be asymptomatic for lung cancer or 
infection. Eligible individuals are at high risk for smoking-related comorbidities 
and also age-related competing causes of death, which may be a contributing factor 
to the reduction in all-cause mortality [5]. While lung cancer screening (LCS) is 
aimed at the early detection of lung cancer, there may be an additional benefit in the 
identification of incidental findings in this population.

�Incidental Findings

IFs are defined as unexpected findings discovered on imaging studies unrelated to 
the intent, diagnosis, or symptoms that led to the imaging [6]. Many times, these 
findings have been present for years but go undetected, and they may have minimal 
impact on patient outcomes. It is not uncommon for patients to have abnormalities 
without ever having any symptoms [6, 7].

By definition, the LDCT is performed at a lower radiation dose than a routine 
chest CT. The low-dose technique for LCS is designed to optimize the visualization 
of the lung parenchyma but does not optimally visualize the soft tissues in the chest. 
In addition, since the CT extends from the lower neck into the upper abdomen, some 
solid organs may be only partially imaged such as the thyroid or kidney. An abnor-
mality may be recognized and identified as an IF but not well demonstrated or 
incompletely visualized. Follow-up imaging may be needed to better characterize or 
fully image the abnormality.

IFs may be located in any of the following anatomic locations: abdominal, mus-
culoskeletal, cardiovascular, breast, chest wall, esophagus, lung/pleura, mediasti-
num, and thyroid [8]. The identification of IFs has been reported as a cause of 
increased anxiety in patients [7]. Given the frequency of their discovery, a discus-
sion about IFs should be included in the shared decision-making conversations with 
patients about lung cancer screening [9].

Individuals eligible for LCS are inherently at higher risk for other comorbidities, 
such as cardiovascular disease (heart disease and stroke), diabetes mellitus, and 
osteoporosis [10]. Cigarette smoking is attributed to one of every four cardiovascu-
lar deaths, and early signs of cardiovascular disease (CVD) have been seen in light 
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smokers, who smoke less than five cigarettes a day [10]. Therefore, screening has 
the additional benefit of allowing us to identify other health issues that need to be 
addressed.

�Types of Incidental Findings

A retrospective review of the LDCT cohort in the NLST trial found that 58.7% of 
participants had “minor” IFs and 19.6% had “potentially significant” findings [11]. 
The IFs were divided into five organ groupings: cardiovascular, thyroid, adrenal, 
renal, and hepatobiliary [11]. At least one in five patients undergoing LDCT for 
LCS may be expected to have potentially actionable incidental findings on imaging. 
The prevalence of potentially significant abnormalities was highest for cardiovascu-
lar (8.5%), renal (2.4%), hepatobiliary (2.1%), adrenal (1.2%), and thyroid (0.6%). 
However, it was rare (0.39%) for individuals to be diagnosed with an extrathoracic 
malignancy on a LDCT scan. The most common cancers were kidney (0.26%), 
thyroid (0.08%), and liver (0.05%) [11].

Not all IFs are considered clinically significant or actionable. For example, renal 
findings such as a non-obstructing calculus or simple or hyperdense/hemorrhagic 
cyst <4 cm requires no additional workup. However, an MRI or CT with or without 
contrast is recommended for a soft tissue density (or mixed) density renal mass [8].

Other clinically significant findings may include mediastinal lymphadenopathy 
(>15  mm in short axis), thyroid nodule >15  mm, ascending aortic aneurysm 
>42 mm, and interstitial lung disease [8]. All masses should have dedicated imaging 
of that specific area [8].

�Incidental Findings and Follow-up Testing

As the adoption of LDCT has grown, the need for guidance on the management of 
IFs has become recognized. In response to this need, the American College of 
Radiology (ACR) LCS Steering Committee created the ACR Lung Cancer Screening 
CT Incidental Findings Quick Reference Guide to assist providers in identifying 
appropriate next steps (Fig. 15.1). The Quick Guide defines the most common IFs 
and outlines which are significant and which are “OK,” or typically insignificant or 
benign. The Guide provides recommended actions for common IFs involving seven 
anatomic regions including 15 discrete organs. The recommendations are based on 
the references in the medical literature including multiple White Papers developed 
by the ACR for managing IFs [12–20]. For IFs not addressed in the White Papers, 
recommendations were based on content from other peer-reviewed publications and 
input from subspecialty experts. The Guide is intended to be used by LCS Program 
coordinators or nurse navigators as they assist in care coordination in collaboration 
with referring providers.
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Fig. 15.1  (a) ACR lung cancer screening incidental findings quick reference guide (Page 1). (b) 
ACR lung cancer screening incidental findings quick reference guide (Page 2)

a
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Unnecessary additional testing following LDCT is a significant concern among 
providers and patients. To minimize the risk of additional testing, the ACR Quick 
Guide clearly outlines the most common incidental findings, which need follow-up 
and which are considered insignificant. Additional testing related to IFs may include 

b

Fig. 15.1  (continued)
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a dedicated CT with or without contrast, MRI, or Ultrasound of that specific organ. 
Others may include primary care evaluation, cardiology, pulmonary, or gastrointes-
tinal referrals [8].

While the ACR Quick Guide advises appropriate next steps, it is important to 
evaluate any IF within the clinical context of each individual patient. Patients should 
be screened for any potential symptoms or family history related to IF. At our urban 
academic medical center’s centralized screening program, we review patient charts 
for previous workup of IFs and confirm patients are on appropriate medications for 
findings. It is critical to review all prior imaging, if available, to evaluate for stability 
or change [8].

The findings should be discussed in detail with the patient’s primary care physi-
cian (PCP) and/or referring provider. While the LCS program may determine an IF 
does not require further intervention, the PCP may feel differently based on prior 
interactions with the patient and additional findings that are unknown to the screen-
ing program.

�Reporting Incidental Findings on LCS, “S” Modifier

Ideally, the radiologist interpreting the LCS CT provides clear guidance regarding 
recommended follow-up in the CT report. This can be optimized if the LCS report 
contains a section dedicated to “significant incidental findings” or “other actionable 
findings.” Studies have shown that appropriate follow-up is improved if actionable 
items are listed in the Impression section of the report [21]. It is also important that 
the CT report indicate when an IF does not need follow-up to avoid unnecessary 
cost and resource utilization and any potential complications of unneeded work-up.

Radiologists typically use the ACR Lung CT Screening Reporting and Data 
System (Lung-RADS) to report LCS CT. The Lung-RADS classifies the CT find-
ings into categories 0,1,2,3,4A,4B, and 4X based on the size, characteristics, and 
behavior of lung nodules [22, 23].

Lung-RADS includes an “S” modifier for IFs. The radiologist should add the 
modifier to the Lung-RADS category when there is a significant or potentially sig-
nificant IF. The modifier flags the report indicating an IF is present that needs fur-
ther attention. It is to be used when there is a new or previously unknown finding. 
The modifier does not need to be used if the finding is already known such as CAC 
which was described on a previous LCS CT. The S modifier can be particularly use-
ful on the baseline CT such as identifying interstitial lung disease (ILD) in a patient 
with no prior diagnosis of ILD.

Repeated use of the modifier is however not needed unless there is a new IF or 
significant change in a pre-existing IF such as increased size of an aortic aneu-
rysm. The “S” modifier is unfortunately used inconsistently [5]. An IF is deemed 
“clinically significant” at the discretion of the reading radiologist. As a result, 
there is much variability in the reported prevalence and associated costs of IFs 
[5, 9, 11].
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If the CT report does not contain clear recommendations for follow-up, the inter-
preting radiologist can be contacted for further information. The Quick Guide can 
be a useful resource for the navigators and referring providers to clarify the next 
steps and to discuss the rationale for follow-up with the LCS patients.

�Common IFs on LDCT

The reported frequency of IFs in LCS varies considerably with studies reporting a 
wide range from 4 to 94% [11, 24–26]. The variability likely relates to having no 
consistent definition of what constitutes an IF and which are considered significant. 
The Quick Guide helps address this issue.

The most common IFs in LCS are pulmonary and cardiovascular abnormalities 
[2, 5, 9, 27]. A study by Morgan et al. found respiratory IFs in 69% of cases and 
cardiovascular IFs in 67.5% of cases [9]. In their review, nearly all patients had at 
least one reported IF but only 15% were actionable.

Most pulmonary IFs are related to emphysema, airways disease, or 
ILD. Emphysema is the most commonly reported IF, accounting for up to 75% of 
the pulmonary IFs. Since it is not unexpected, some argue it may not be appropriate 
to consider emphysema an “incidental” finding. However, most agree on the pres-
ence of emphysema can be significant and has prognostic value [28]. The extent 
(trace, mild, moderate, and severe) and type of emphysema (centrilobular, conflu-
ent, paraseptal, and advanced destructive) can be assessed on LCS CT (Fig. 15.2).

Interstitial lung disease is observed in 5–25% of patients receiving LCS CT [29–
31]. Although not as common as emphysema and airways disease, it can be very 
significant and carry prognostic ramifications. Respiratory Bronchiolitis (RB) is the 
most common smoking-related ILD and typically appears as upper lung predomi-
nant hazy ground glass nodules (Fig. 15.3). Other smoking-related ILDs include 
Desquamative Interstitial Pneumonia (DIP) and Pulmonary Langerhans cell histio-
cytosis (LCH). RB-associated ILD, DIP, and Pulmonary LCH are considered 

Fig. 15.2  72-year-old 
LCS patient with severe 
upper lung confluent 
emphysema
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Fig. 15.3  65-year-old 
LCS patient with 
respiratory bronchiolitis-
associated ILD

Fig. 15.4  65-year-old 
LCS patient with 
severe CAC

significant Ifs and the patients should receive a pulmonary consult. Fortunately, they 
usually respond favorably to smoking cessation.

Other forms of pulmonary fibrosis such as usual interstitial pneumonia (UIP) 
with reticulation, traction bronchiectasis, and honeycombing can be seen on LCS 
CT and are considered a significant IF. A recent report from an expert panel on ILD 
agreed that traction bronchiectasis and honeycombing warrant an S modifier in LCS 
and the patient should receive a pulmonary consult [32]. The group also recom-
mended that even more mild forms of interstitial lung abnormality (ILA) with sub-
pleural reticulation can progress and should be actively followed with yearly 
follow-up CT. In the setting of LCS, ILA can be re-evaluated on the next LCS CT.

Persons who smoke have an increased risk of coronary artery disease (CAD) 
which can be apparent on LCS-LDCT as CAC (Fig. 15.4). Multiple studies have 
shown CAC is a strong independent predictor of adverse future cardiac events 
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[33–37]. Morgan et al. reported CAC in 56% of patients undergoing LCS-LDCT 
[9]. Among National Lung Screening Trial (NLST) participants, 25% succumbed to 
cardiovascular disease [2]. Further analysis of CAC in the NLST confirmed the role 
LCS-LDCT can play in identifying CAC and indicated a visual scoring system 
(none, mild, moderate, and severe) is equivalent to the quantitative Agatston risk 
strata scoring [38]. The presence of moderate or severe CAC is considered signifi-
cant and should be assigned an “S” modifier in Lung-RADS. Even patients with 
mild CAC, though not requiring an S-modifier, may benefit from ASCVD risk 
assessment as indicated in the Quick Guide.

The Quick Guide lists common IFs on LCS CT in the adrenal glands, kidneys, 
liver, pancreas, mediastinum, breast, and thyroid. As outlined in the Quick Guide, 
an abnormality in the imaged portions of these organs may or may not require fur-
ther evaluation. Fortunately, the incidence of extrapulmonary malignancies in LCS 
is low, ranging from 0.4 to 1.6% [11, 39]. The most commonly diagnosed non-
pulmonary malignancies found on LCS-LDCT are thyroid cancer, renal cancer, and 
lymphoma. Although LCS has the potential to identify unexpected malignancies or 
other disease, appropriate strategies should be used to avoid unnecessary testing. 
For example, while incidental thyroid nodules are commonly identified on chest CT, 
the overwhelming majority of thyroid nodules are benign. Management of thyroid 
nodules is primarily determined by the size of the nodule. In the LCS-eligible popu-
lation, nodules <15 mm are typically benign with no need for follow-up. However, 
an ITN ≥ 15 mm (Fig. 15.5) is considered an actionable IF. An S modifier should be 
used and a thyroid ultrasound and clinical evaluation are recommended [14].

Another potentially significant IF on LCS-LDCT is low bone density. Individuals 
with a history of heavy cigarette smoking have an increased risk of osteoporosis 
[40]. CT attenuation values in vertebral bodies correlate with dual-energy X-ray 
absorptiometry (DEXA) values and are a useful tool to screen for osteoporosis [41]. 

Fig. 15.5  60-year-old 
LCS patient with 3 cm 
right thyroid nodule
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Bone density should be measured in the L1 vertebral body. Attenuation values <100 
HU are consistent with osteoporosis and values 100–130 are concerning for osteo-
penia. Vertebral body fractures can be easily assessed on sagittal LDCT reconstruc-
tions [42, 43]. The LungRADS “S”-modifier should be used for these findings and 
further evaluation by the primary care provider is recommended.

�Managing Incidental Findings in Centralized LCS Program

In some centralized screening Programs, the high likelihood of IF detection on 
LDCT is discussed with patients as part of the shared decision-making conversa-
tion. The dialogue should include the discovery of IFs but also potential additional 
testing/workup. Patients should be prepared and understand this risk before under-
going screening.

All prior imaging should be taken into consideration when assessing for stabil-
ity or change in an IF. Any outside imaging should be obtained and uploaded to 
the patient’s chart for a radiologist to review and make a formal comparison. After 
an IF has been reported, the LCS team performs a chart review to assess if the IF 
has been addressed by a PCP and/or specialist and if any diagnostic workup has 
been completed. For example, if a patient undergoes LDCT, and the radiologist 
reports an enlarged main pulmonary artery, the LCS team reviews the chart to 
determine if the patient recently completed an echocardiogram and whether pul-
monary hypertension was noted. If severe coronary artery calcifications (CAC) 
are noted, the LCS team can look to see if the patient is on statin medication or is 
already followed by a cardiologist. If neither of these are present, LCS Programs 
can directly reach out to the PCP to discuss findings to ensure they will be 
addressed.

IFs should be reviewed in detail with the patient at an appropriate level for their 
health literacy. We encourage family members to be included in the discussion. It is 
important not to overwhelm them with information. After discussing each finding, 
we pause to confirm patient understanding. It is imperative to allow an opportunity 
for the patient and any family members to ask questions in a nonjudgmental space. 
When discussing findings, it is also crucial to describe clinical significance and 
whether any additional workup is needed. The information gathered from this chart 
review can help improve the patient’s understanding and decrease their anxiety. The 
patient may feel more reassured knowing they are on a statin and followed by car-
diology despite having severe CAC; therefore, their current care meets evidence-
based guidelines [44].

IFs should be detailed in a results letter sent to the patient, PCP, and/or referring 
provider. We highlight or bold all findings and recommendations in the results letter, 
including IFs, making it stand out and more straightforward for providers to quickly 
identify results and recommendations.
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In addition to the letters, our program sends additional communications via 
direct secure messaging and/or telephone calls to the PCP or referring provider for 
any actionable IFs. We discuss with the provider any additional imaging recommen-
dations made by radiology before ordering subsequent testing. As part of the discus-
sion, we determine whether the provider will be ordering the testing or if they would 
prefer the centralized program to place the order. Good communication and identi-
fication of the responsible provider are vital to ensure appropriate imaging and/or 
referrals are completed in a timely manner.

�Multidisciplinary Team Approach

A multidisciplinary approach to IFs on LCS may not only improve outcomes but 
decrease unnecessary imaging. As a centralized LCS program, it is crucial to have an 
excellent collaborative and trusting relationship with primary care providers. Our pro-
gram restructured our reporting process and letters based on feedback from their offices. 
We ensure any additional testing and referrals are made in partnership with the PCP.

To ensure we provide the best care to our patients, we collaborated with doctors 
and nurse practitioners from cardiology, pulmonary, vascular surgery, and thoracic 
surgery to create pathways for clinically significant IFs and better understand what 
constitutes a clinically significant finding as well as what requires further testing 
[45]. Working with each specialist allows us to efficiently identify individuals who 
require intervention.

In conjunction with various specialties, our LCS developed several pathways, 
including our cardiology-focused aortic aneurysm pathway, our thoracic surgery-
based hernia/mediastinal pathway, our aortic aneurysm pathway in partnership with 
vascular surgery, and our pulmonary-driven interstitial lung disease and pulmonary 
hypertension pathway.

This multidisciplinary approach is not only reassuring to patients but also to their 
referring provider. Because it is not always clear which incidental findings are clini-
cally significant or actionable, additional guidance from specialties can define IF 
management.

Additionally, these collaborative multispecialty pathways for incidental findings 
requiring a specialty referral make the referral process seamless. Curating relation-
ships across specialties is crucial because when a clinically significant IF is identi-
fied, a referral is placed, and our pathway champions are contacted to ensure the 
patient is scheduled for further evaluation promptly. These multidisciplinary path-
ways take the onus off the patient and PCP and allow their appointments to focus on 
other health concerns while IFs are handled by the appropriate specialties. However, 
none of this is possible without having a strong foundation across specialties, a 
multidisciplinary team, and a willingness to work collaboratively. Without trust and 
confidence in your team, these referral processes will not work.

15  Managing Incidental Findings
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�Conclusion

The main objective of lung cancer screening is to reduce lung cancer-related mortal-
ity through the early detection of lung cancer. It has a critical role in improving 
long-term outcomes and can decrease all-cause mortality. IFs detected on LDCT 
provide an opportunity to intervene and address abnormalities before disease pro-
gression. While there is a risk of additional, and at times unnecessary, imaging and 
workup based on findings, the benefits for some IFs outweigh the risks. It is part of 
the overall mission for centralized and decentralized LCS Programs, to appropri-
ately manage IFs as part of comprehensive, high-quality screening care.

Collaboration with a multidisciplinary team to develop a structured and stan-
dardized approach to the handling of IFs helps ensure clinically significant findings 
are addressed. Furthermore, the standardization of IF reporting by radiologists is a 
crucial component of better management of IFs. It is imperative to remember that 
more than half of LDCT scans will likely identify a significant IF requiring inter-
vention. This provides a valuable opportunity to impact outcomes and educate our 
patients on improving their overall health, which is the ultimate goal of preventa-
tive care.
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Chapter 16
Leveraging the Electronic Health Record 
for Continuous Quality

Bracken Babula

�Background

Screening for lung cancer using low-dose computed tomography (LDCT) has been 
recommended by the United States Preventive Services Task Force (USPSTF) since 
2014 [1]. Compared to other types of cancer, screening for lung cancer is particu-
larly complex due to multipart inclusion criteria, associated risk and harms, regula-
tory requirements, and structured reporting needs [2]. Though small-scale screening 
programs may be able to address these complexities with basic tracking tools, most 
large institutions will need to leverage their electronic health record (EHR) to opti-
mize the quality of care and reduce the morbidity and mortality associated with lung 
cancer. In this chapter, we detail the complexities involved in screening for lung 
cancer and how the EHR can be utilized to achieve continuous quality.

�Screening Guidelines and Coverage

When identifying a cancer screening test, it is important to consider disease sever-
ity, the prevalence in the target population, the ability to diagnose and treat prior to 
the development of symptoms, and reduction of morbidity or mortality from the 
treatment [3]. These criteria have been used by organizations like the USPSTF to 
recommend screening tests for breast, cervical, colorectal, and lung cancers while 
finding insufficient evidence to support screening for ovarian, pancreatic, prostate, 
testicular, thyroid, bladder, oral, or skin cancers [4]. The evidence for breast, colon, 
and cervical cancer screening supports targeting a population-based primarily on 
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age and/or gender. By contrast, the target population for lung cancer screening is 
significantly more complex with criteria that include age, smoking history, and 
other factors. Initial coverage determinations in 2015 from the Centers for Medicare 
and Medicaid Services (CMS) also added significant complexity to performing 
LDCT for the purposes of lung cancer screening [5].

The initial guidelines from the USPSTF found grade B evidence to support 
screening for lung cancer in current or former smokers aged 55 to 80 with a 30-pack-
year smoking history [1], and a follow-up recommendation in 2021 amended the 
guidelines to include current or former smokers aged 50 to 80 with a 20-pack-year 
smoking history [6]. In both recommendations, the USPSTF recommends discon-
tinuing screening when a person has not smoked for 15 years or has a health prob-
lem that substantially limits life expectancy. Similar recommendations have been 
released from other professional societies with slight variations, such as the 
American College of Chest Physicians [7] and the American Cancer Society [8].

In 2015, CMS released a coverage determination that approved LDCT for this 
patient population, but added additional requirements for insurance coverage. These 
requirements included specific elements necessary for the LDCT order, eligibility 
criteria for radiologists and radiology imaging facilities, and the use of a CMS-
approved registry [5]. In 2022, CMS updated their coverage determination to match 
the 2021 USPSTF patient population and also to simplify the requirements for cov-
erage of LDCT. The new coverage determination reduces the specific requirements 
for the LDCT order and reading radiologists and also removes the requirement that 
facilities participate in a CMS-approved registry [9]. Pursuant to the Patient 
Protection and Affordable Care Act passed in 2010, private health insurance must 
also cover screenings with a grade A or B recommendation from the USPSTF [10].

�EHRs and Quality Metrics

There are a wide variety of options to address the complexities of lung cancer 
screening via the EHR. Some institutions will choose to implement large-scale pro-
grams with fully integrated EHR-based lung cancer screening programs. 
Alternatively, lung cancer screening can be supported by a third-party vendor or 
through standard computer database programs [11]. The larger the program, the 
more necessary it is to have an integrated EHR system that can track patients across 
the continuum of care, from identification to screening and onto follow-up. The 
National Lung Cancer Roundtable has identified a minimum list of features for an 
effective lung cancer screening software system (Table 16.1).

The features noted above serve two main functions in supporting a high-quality 
lung cancer screening program. The first is to ensure the collection of data required 
for reporting to CMS-approved registries such as the American College of 
Radiology’s Lung Cancer Screening Registry (ACR-LCSR) (Table 16.2). The ACR-
LCSR provides peer comparisons to participating institutions and physicians to help 
improve the quality of lung cancer screening programs [12]. The second function is 
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Table 16.1  Minimum recommended features and capability of a lung cancer screening software 
system [11]

Full integration and compatibility with existing EHR and patient portal
Patient registration and recall desk with full interface with EHR
Universal compatibility with all integrated digital imaging and communications in medicine 
software formats
Full capability of data extraction (lung-RADS category) from radiology reports
Lung nodule tracking and surveillance
Non-lung nodule (incidental findings) tracking
Automatic laboratory results interface and integration
Navigator dashboard
Complement of templated and customizable letters, integrated mail merge, and documentation 
of telephone communication with the EHR
Full automaticity in capturing all ACR-LCSR data elements
Full automaticity in routine batching and upload of ACR-LCSR data elements
Full capability to create data fields specific to individual screening program
Full capability to query and report data for lung cancer screening program quality and 
outcomes evaluation

Patient data
 ��   Age
 ��   Sex
 ��     Height, weight
 ��   Smoking status
 ��   Pack years and years since quitting
 ��   Smoking cessation guidance?
 ��   Shared decision making?
 ��   Signs or symptoms of lung cancer
Exam data
 ��   Facility, radiologist, and ordering practitioner NPIs
 ��   CT scanner manufacturer and model
 ��   Radiation dose/modality
 ��   Screening date
Result data
 ��   Lung-RADS category
 ��   Other significant abnormalities (modifier S)
 ��   Prior history of cancer (modifier C)
Follow-up data (as applicable)
 ��   Follow-up date
 ��   Diagnostic test
 ��   Tissue diagnosis and histology
 ��   Location
 ��   Stage
 ��   Follow-up months

Table 16.2 Required 
fields in the ACR-
LCSR [13]
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Access
 ��   Number referred
 ��   Number qualified
 ��   Number scanned
 ��   Number enrolled
 ��   Number discharged
 ��   Referral source
Smoking
 ��   Number current
 ��   Number former
 ��   Number quit
 ��   Number relapsed
Radiology
 ��   Lung-RADS category
 ��   “S” positive
 ��   Coronary calcifications
 ��   Emphysema
Cancer detection rate
 ��   Stage
 ��   Histology
 ��   Presumed by consensus
Noninvasive procedures
 ��   Pulmonary consults
 ��   PET/CT
Invasive procedures
 ��   Percutaneous biopsy
 ��   Bronchoscopy with biopsy
 ��   Surgery
 ��   Benign disease by modality

Table 16.3 Recommended 
quality metrics [14]

to allow for the collection of internal data that can be used by individual programs 
to ensure high-quality care. The American Thoracic Society has created a list of 
internal quality metrics that may be considered for use by individual institutions 
(Table 16.3).

Once an institution has identified the EHR, registry reporting requirements, and 
quality metrics that will be tracked internally, the next step is to identify the tools 
and workflows within the EHR to support high-quality care. In a lung cancer screen-
ing program, the EHR should be leveraged prior to screening, during the screening 
process, and for tracking and reporting purposes after screening.

�Identification of Patients for Screening

The first step in leveraging the EHR for a successful lung cancer screening program 
is identifying appropriate patients for screening. The increased adoption of EHRs 
has contributed to a steady increase in cancer screening rates, with clear benefits 
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related to using EHR tools for breast and colorectal cancer screening [15, 16]. 
Identifying patients for breast and colorectal cancer screening is accomplished by 
using two data points that exist in every EHR: age and gender. Additional EHR 
features also support custom recall frequencies based on recent results or allow 
providers to easily exclude patients for a variety of reasons. By contrast, identifying 
patients for lung cancer screening is significantly more complex.

In order to perform a LDCT for lung cancer screening, a minimum set of data 
must be identified and input into the EHR prior to placing the order. How that infor-
mation is collected and who inputs the information into the EHR are important 
considerations for all lung cancer screening programs. It is also important to bal-
ance accuracy versus precision as programs consider how to collect the two most 
relevant discrete data points for lung cancer screening: current smoking status and 
pack-years smoked.

Smoking status is frequently documented in the EHR as part of smoking cessa-
tion quality improvement metrics from programs such as the Healthcare Effectiveness 
Data and Information Set (HEDIS), Consumer Assessment of Healthcare Providers 
and Systems (CAHPS), Medicare Access and CHIP Reauthorization (MACRA), 
and Meaningful Use [17]. There is some evidence to suggest that when present, 
smoking status and years since quitting are accurately recorded in the EHR [18]. 
But none of the quality programs listed above have ever emphasized the accuracy of 
smoking intensity. As a result, even if recorded at all, pack-year data in the EHR 
correlates less well with actual smoking history [18].

Lung cancer screening programs should attempt to balance the available 
resources in order to screen the most number of eligible patients. For example, a 
program with a large centralized staff may opt to identify all current and former 
smokers and collect accurate smoking data, while a smaller or decentralized pro-
gram may opt to encourage staff and providers to update smoking information at the 
point of care. The latter approach may miss more than half of eligible patients due 
to inaccurate EHR data [19], but may be necessary if a centralized team is not avail-
able. To improve the accuracy and completeness of smoking data, consider using 
real-time alerts to staff or providers to update smoking data that is missing or out of 
date (Fig. 16.1).

Once data in the EHR has been updated as best as possible, there are two general 
approaches to the identification of patients for lung cancer screening. Using a 
“strict” identification criteria, the EHR can be used to identify patients in the correct 

ALERT 

This patient’s smoking history is incomplete or has not 

been updated this year. Please consider updating.  

Click here to update the Tobacco section �

Fig. 16.1  Real-time EHR 
alert to encourage 
providers or staff to update 
tobacco information
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age group, smoking status, pack years, and years since quitting if applicable. A 
more “broad” identification criteria might be used to identify all patients in a certain 
age group with a current or former smoking status, regardless of documented smok-
ing intensity.

�Shared Decision Making and Smoking Cessation Counseling

After patients have been identified for possible lung cancer screening, the next step is 
to perform shared decision making (SDM) and smoking cessation counseling, if 
applicable. Though SDM is commonly encouraged for other cancer screening studies, 
lung cancer screening is the first to have SDM required for insurance coverage [2, 5] 
and this requirement has been maintained in the updated CMS coverage determina-
tion [9]. A standardized approach to SDM within the EHR can help to ensure patient 
preferences are respected and providers properly document their conversations.

Various models exist to support SDM within EHRs, with one such model recom-
mending the following four phases: (1) identifying the context for SDM and initiat-
ing the process, (2) exploring options for care, (3) deliberation between patient and 
provider on the risks and benefits of different approaches, and (4) monitoring of 
ongoing care to ensure treatments respect preferences [20]. Once patients are identi-
fied, real-time alerts should be used in the EHR to encourage providers to perform 
SDM or to refer to a centralized team to perform the SDM (Fig. 16.2). Consider 
whether or not to make these alerts a “pop-up” versus an asynchronous or silent 
alert based on the preferences of your institution and users.

Whether SDM is performed by the referring provider or a central team, the EHR 
should be configured to present the available options to the provider and patient and 
allow for documentation of the outcome in real time. At a minimum, approved 
options for SDM [14] should be hyperlinked from the EHR. If possible, the SDM 
tool should be configured to extract discrete data from the EHR to streamline the 
process.

In addition to SDM, patients who are currently smoking should receive smoking 
cessation guidance using similarly structured tools. EHRs should be used to send 
electronic referrals to smoking cessation programs and electronic prescriptions for 

ALERT 

This patient may be eligible for Lung Cancer Screening 

with a Low Dose CT scan  

[DOCUMENT] Shared Decision Making note 

[ORDER] Referral to Lung Cancer Screening team 

Fig. 16.2  Real-time EHR 
alert to encourage 
providers or staff to 
consider LDCT and SDM
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smoking cessation medications. Some healthcare provider organizations have 
included a smoking cessation order set which might include various therapeutic 
options including doses as well as nicotine replacement therapy. By standardizing 
the identification, referral, and SDM process, lung cancer programs can ensure the 
proper collection of the standardized data required to order LDCT studies and prop-
erly follow patient outcomes.

�Screening, Results, and Follow-up

As highlighted above, identifying and referring patients for lung cancer screening is 
one of the biggest barriers to a successful program. Once the order has been placed, 
most EHRs should be configured to manage the LDCT order similar to any other 
cancer screening or radiology request. Some of the most important considerations 
include ensuring an efficient and effective scheduling process, as well as maintain-
ing tracking tools for screening completion and follow-up [2].

Scheduling for LDCT should be carefully protocolized to encourage proper 
tracking throughout the process. Work queues should be configured within the EHR 
to identify patients with an order that has not been scheduled, scheduled orders not 
yet completed, and scheduled orders that were subsequently canceled or no-showed. 
For programs seeing a large number of no-show appointments or last-minute can-
cellations, consider utilizing additional EHR functionality including patient educa-
tion tools, dynamic scheduling, and/or more effective appointment reminders [21]. 
Distinguishing between initial LDCT, subsequent LDCT, or follow-up imaging is 
also an important aspect of the scheduling process that is often a challenge for lung 
cancer screening programs [22].

Once the LDCT is performed and read, it is important to properly route the 
results. Tracking tools in the EHR can be utilized to identify studies by their Lung-
RADS category as well as any additional significant (“S”) findings. EHRs have 
flexible routing tools to identify the proper recipient of results, which may include 
central team members, ordering providers, or primary care providers. Though 
guidelines often recommend routing incidental findings back to the patient’s pri-
mary care physician [23], there may be insufficient data to support this as standard 
practice. In a recent analysis of primary care provider response to incidental find-
ings, some “felt compelled but frustrated” to follow-up on these findings, while 
others report not acting on results that are unfamiliar or occur in an unusual clinical 
context [24]. This process can be aided by including standard guidelines from the 
American College of Radiology with regard to standard follow-up for typical inci-
dental findings such as thyroid nodules, coronary artery calcification, unexpected 
pulmonary findings, and renal, pancreas, liver, or adrenal nodules or lesions [25].

In each step of the process, from identification, to referral, order, scheduling, and 
resulting, the EHR can be used to ensure high-quality care. It is important for lung 
cancer screening program leaders to maintain a close relationship with EHR ana-
lysts and architects to ensure the system is designed to achieve the desired outcomes.

16  Leveraging the Electronic Health Record for Continuous Quality
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�Reporting and Maintaining Quality

EHRs contain a variety of tools for tracking and reporting outcomes from screening 
programs. Most large EHRs support robust population health tools, while smaller 
EHRs may support basic reports and analysis. Lung cancer screening programs 
should identify relevant quality metrics and create dashboards and reports to pro-
vide real-time feedback.

Dashboards for quality improvement have become ubiquitous in EHRs, but for a 
relatively new screening program such as lung cancer, EHR administrators may 
need to customize their own tools. Successful dashboards not only provide real-time 
quality metrics, but they should also provide benchmarks to compare to similar 
institutions or national averages [11]. The primary process measure should be the 
percentage of eligible patients that are screened, as a surrogate for the outcome 
measure of 20% reduction in lung-cancer mortality as measured by the National 
Lung Screening Trial [26]. Additional process measures on the dashboard should 
track how closely patients enrolled in the program adhere to the USPSTF and ACR 
guidelines.

Reporting tools should also be made available from the dashboards to allow pro-
gram staff or individual providers to monitor their quality metrics. Providers can use 
reports to identify patients that may qualify but have not been screened, or patients 
that were screened but not appropriately followed-up. Robust data from the EHR 
can help to inform ways to approve each step of the process from identification, to 
screening, to follow-up.

The quality metrics associated with lung cancer screening programs should be 
used to highlight successes and identify weaknesses by taking advantage of data 
transparency within the EHR. Each institution may prioritize different aspects to 
define high-quality care, but the overall goal should be leveraging the EHR to main-
tain a highly effective screening program. Ideally, lung cancer screening programs 
would use HER quality data to create rapid cycle improvements and enhance impor-
tant outcome measures such as follow-up rates and referrals. This will be particu-
larly important since early cohort studies suggest that follow-up after initial scans 
may be less than 25%, representing an important opportunity for improvement 
guided by EHR data [27].

�Conclusions

There is a balance to strike in lung cancer screening between collecting enough data 
to ensure high-quality care while not making data collection so burdensome that it 
prevents screening. The complexities of this screening compared to other cancer 
screenings have been cited as the greatest system-level barrier [2], and likely explain 
why only about one out of eight eligible patients have been recently screened for 
lung cancer [28]. Recent changes to CMS coverage determination simplify some of 
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these complexities, but it remains to be seen if these changes are significant enough 
to improve screening rates. EHRs should be leveraged to increase screening rates 
and improve the quality of care, while also minimizing the associated complexities. 
While there is no universal solution for EHR configuration, there are several stan-
dards that can be implemented to support a high-quality lung cancer screening 
program.
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Chapter 17
Minimizing Harms of Screening

Prarthna Chandar Kulandaisamy

�Background

Nearly six decades have passed since the publication of the first Surgeon General’s 
Report on Smoking and Health and the expansive tobacco control efforts that have 
followed, but lung cancer is still the leading cause of cancer-related deaths in the 
United States as well as worldwide [1, 2]. In 2020, an estimated 228,820 persons 
were diagnosed with lung cancer, and 135,720 persons died of the disease [3]. Lung 
cancer has generally a poor prognosis, with an overall 5-year survival rate of less 
than 20%. However, early stage lung cancer has a better prognosis than late-stage 
disease and is more amenable to treatment, with a 5-year survival rate of over 50%. 
Therefore, lung cancer screening has the potential to drastically reduce lung cancer 
mortality, but as with any widely applied preventive healthcare measure, lung can-
cer screening comes with potential risks.

�Lung Cancer Screening

Lung cancer screening with low-dose computed tomography (LDCT) has been 
shown to improve the early detection of lung cancer and reduce mortality among 
screened individuals [4, 5]. The National Lung Screening Trial (NLST) resulted in 
a 20.0% reduction in lung cancer mortality for individuals at high risk of developing 
lung cancer when screened with LDCT compared to those screened with chest 
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radiography [6]. The United States Preventive Services Task Force (USPSTF) sub-
sequently released a recommendation supporting LDCT, requiring private insurers 
to cover the cost of screening [7, 8]. In 2015, the US Centers for Medicare and 
Medicaid Services (CMS) also issued a coverage determination for annual lung 
cancer screening with low-dose CT [9]. In 2021, USPSTF updated its guidelines for 
screening, lowering the criteria for screening, and thereby significantly increasing 
the number of eligible persons [10].

�Potential Harms of Lung Cancer Screening

In the years since the NLST, which showed a significant reduction in lung cancer 
mortality as well as an overall reduction in all-cause mortality in individuals screened 
with an LDCT, several additional trials have been conducted throughout the world. 
While many studies have been able to replicate the reduction in lung cancer deaths, 
none were able to establish a significant reduction in death from all causes, despite 
the NLST showing a 7% reduction in all-cause mortality [6]. This has led to debate 
around the world about the pros and cons of lung cancer screening, lung cancer 
screening programs, and costs associated with screening. The major risks associated 
with lung cancer screening are: (1) overdiagnosis, false positive results; (2) risks 
related to radiation exposure; and (3) patient economic and psychological impact.

�Overdiagnosis

Overdiagnosis is an often underappreciated harm of screening. In the context of 
cancer screening, this term refers to the detection of cancers that appear histopatho-
logically to be invasive malignant tumors but grow so slowly that they never would 
have become clinically evident during the usual lifetime of the patient or occur in a 
person who dies of another cause before the cancer symptoms appear [11, 12]. 
Factors contributing to overdiagnosis include the level of sensitivity of screening 
tests, biopsy rates, and thresholds for reporting abnormal-appearing cells in biopsy 
specimens as malignant.

The rate of overdiagnosis for lung cancer screening depends on the age and 
health status of the population (competing causes of mortality will increase overdi-
agnosis in older or sicker populations), the distribution of cancer types (bronchoal-
veolar cancers are more likely to be overdiagnosed due to its slow growth rate), and 
the screening protocol (more frequent screening or longer duration of screening will 
increase the overdiagnosis rate) [13]. Data from the NLST indicate approximately 
four cases of overdiagnosis (and three lung cancer deaths prevented) per 1000 peo-
ple screened over 6.5 years [14].
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Overdiagnosis has the potential to cause significant harm in these patients if 
they were to undergo more invasive or surgical interventions with no meaningful 
benefit added from these measures. Overdiagnosis is particularly problematic when 
patients experience complications from treatment. The concept of overdiagnosis 
has been discussed in depth by Dr. Peter Bach in his Thorax editorial [15]. He 
wrote, “overdiagnosis is potentially very harmful [to patients], given that surgery 
confers risks both short and long-term.” But he went on to acknowledge that “cur-
rent knowledge does not allow [physicians] to distinguish between those histologi-
cal foci that pose a reduced threat repair with those that pose a very real and 
imminent threat” [15]. It is clear that at this juncture, detected cancers require 
prompt and effective treatment.

�False Positive Results

Screening with LDCT identifies both cancerous and benign non-calcified nodules. 
The latter are often called “false positives”. Although most LDCT screening studies 
have reported on nodules detected, the categorization and manner of reporting are 
inconsistent. Across various screening studies, the average nodule detection rate per 
round of screening was 20%, but varied from 3 to 30% in RCTs and 5 to 51% in 
cohort studies. Most studies reported that >90% of nodules were benign [5]. The 
false-positive rate in lung cancer screening is particularly problematic as these nod-
ules have to be investigated, increasing expense and resource utilization, as well as 
frequently causing unnecessary morbidity, with reduced acceptance of screening 
among at-risk individuals. False-positive results can potentially lead to unnecessary 
tests (both invasive and non-invasive), incidental findings, and short-term increases 
in distress because of indeterminate results.

In the NLST 1.2% of patients who were not found to have lung cancer under-
went an invasive procedure such as needle biopsy or bronchoscopy, while 0.7% of 
patients who were not found to have lung cancer had a thoracoscopy, mediastinos-
copy, or thoracotomy [6]. Invasive nonsurgical procedures in patients with benign 
lesions were common (73% in NLST). These procedures have their own complica-
tions and adverse effects. The frequency of a major complication occurring during 
a diagnostic evaluation of a detected finding was 33 per 10,000 individuals 
screened by LDCT. In the NLST data, for patients who had nodules detected by 
LDCT that turned out to be benign, death occurred within 60 days among 0.06%, 
and major complications occurred among 0.36%. While these numbers are low, 
they give reason for pause because the deaths would not have occurred in the 
absence of screening and the detection of a false-positive result. The challenge for 
successful lung cancer screening programs is to minimize the number of false 
positives but also to achieve minimal rates of complication as result of various 
biopsy techniques.
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�Radiation Exposure

The effective dose of radiation in LDCT screening is estimated to be 1.5 mSv per 
examination, but there is substantial variation in actual clinical practice. However, 
diagnostic chest CT (~8  mSv)47 or PET-CT (~14  mSv)47–49 to further investigate 
detected lesions substantially increases exposure and accounts for most of the radia-
tion exposure in screening studies. The lifetime attributable risk (LAR) varies based on 
the age of onset of screening and differs between men and women. Among COSMOS 
trial participants who received 10 years of CT screening procedures, the risk of a new 
lung cancer ranged between 5.5/10,000 participants (this would be equivalent to 1 in 
1811) and 1.4/10000 participants (this would be equivalent to 1 in 6908), while the risk 
of major cancers among all organ systems could be up to twice is high [16]. Among 
other various cohort studies and RCTs, the incidence of lung cancer due to radiation 
exposure from screening varies between 0.05% and 1.8% [16, 17].

This is a challenging area of concern for multiple reasons, including that per-
son’s being screened are at higher risk by virtue of their inclusion in the screening 
cohort. In addition, some members of the scientific community have pointed out 
that for the most part, studies on the health effects of radiation have generally used 
data from higher dose exposures and extrapolated those results to lower dose cir-
cumstances such as would be the case here, in clinical use in lung cancer screening. 
Some have postulated that there may be a threshold or margin of safety associated 
with lower dose exposure as these have not been observed to consistently lead to 
cancer or other adverse health consequences [18]. There are studies that are now 
looking at using-ultra low dose CT for screening, which uses one-tenth of the radia-
tion of an LDCT. In the future, this approach has the potential to decrease the radia-
tion exposure-related risks from screening. For now, we must accept that there is 
uncertainty with regard to radiation exposure risks and rely on clinical trials in large 
populations guided by overall survival data in order to justify screening.

�Economic and Psychological Impact

The economic and psychological impact of lung cancer screening is grossly under-
reported. The cost-benefit analysis is a subject of continued debate, especially due 
to decreasing smoking rates as one would expect the incidence of lung cancer to 
decline as well. False-positive and incidental findings, unnecessary surgical inter-
ventions, and over-screening in lower-risk individuals all have the potential for cre-
ating imbalance in the cost-benefit equation. Several researchers have analyzed the 
cost-effectiveness of LDCT screening based on the NLST. One study estimated that 
the cost of preventing one lung cancer death was US$240,000. A second study 
revealed that screening with LDCT would cost US$81,000 per quality-adjusted life 
year (QALY) gained [19].

The data on the psychological impact of screening is even more sparse. One 
study showed that 46% of the screened population reported psychological distress 
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while awaiting results [20]. One can speculate about QOL benefits due to lower 
morbidity from advanced lung cancer, but there are also potential detriments due to 
anxiety, costs, and harms from the evaluation of both false positive scans and over-
diagnosed cancers. Data on psychological distress scores the importance of sound 
shared decision making at the onset of lung cancer screening so that persons have a 
clear option to opt into screening, understand the risks and benefits, and the details 
of follow-up before engaging in the screening process.

�Minimizing the Risks of Lung Cancer Screening

Minimizing the harms of screening requires a multifaceted approach as there are 
both direct and indirect risks as we have outlined above. This should be the focus of 
healthcare policymakers where in the era of rising healthcare costs, screening is 
being viewed as expensive and risky, thereby endangering the widespread imple-
mentation and acceptance of the screening program. Below are potential ways of 
overcoming the shortcomings of existing screening programs, some of which might 
remain just as wishful thinking.

�Need for a Validated Risk Predictive Calculator

While most lung cancer screening guidelines (including USPSTF) take into account 
the major risk factors for cancer, these are not all inclusive resulting in the screening 
of a large number of persons with relatively low risk, which in turn leads to a high 
number of false positive results and overdiagnosis. To overcome, this a number of 
risk prediction models and calculators have been proposed [21, 22]. But none of 
these models have been validated and applied to a larger and more heterogeneous 
population. Development of one such calculator, which will catch the maximum 
number of early stage lung cancer while screening the lowest number of people, 
would be ideal. Future studies should be aimed at developing such a calculator and 
should be applicable to the population that it is applied to. This may require develop-
ment of more than one calculator as the inherent risk of cancer varies widely among 
the population and depends on number of local variables of the population like their 
age, race, ethnicity, diversity, socio-economic status, and environmental exposures.

�Shared Decision Making

Shared decision making (SDM) is an important component of any medical decision. 
In the United States, formal SDM, including use of a decision aid, is required by 
CMS to order a CT for lung cancer screening. SDM visits improve patients’ under-
standing of the benefits and harms of lung cancer screening [23, 24]. However, 
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some studies have shown that clinicians rarely use lung cancer screening decision 
aids, the quality of the shared decision-making discussions is poor and inconsistent, 
and they lack sufficient discussion on the harms of screening [25, 26]. A recent 
review of more than 100 randomized clinical trials concluded that decision aids 
increase patients’ knowledge and result in decisions that are more likely to reflect 
their values. Patients can make informed choices about LDCT only if practitioners 
fully disclose all the potential harms of screening, including the risk of overdiagno-
sis. After an in-depth discussion, patients may decide against screening, if it is not 
something that is in line with their worldview and values. It will be important for 
researchers to continue to refine estimates of lung cancer overdiagnosis, allowing 
physicians to provide more accurate information to our patients. The fear associated 
with even a slight suspicion of lung cancer highlights the need for careful education 
of LDCT participants, and the need for carefully worded scan interpretations.

�A Multidisciplinary Team Approach

Once a LDCT is completed, clinically concerning results from the screening CT 
should be presented and discussed before a multidisciplinary team. This is espe-
cially important when abnormal incidental findings are identified on LDCT. The 
multidisciplinary team will use both interdisciplinary review, standard algorithms, 
and detailed discussions with radiology, pulmonology, and thoracic surgery to arrive 
at a consensus for management. This approach allows for a collaborative effort that 
aims to find the balance between an overly aggressive workup, with high propor-
tions of unnecessary procedures and the risk of overtreatment, and overly lax man-
agement with infrequent surveillance, resulting in delayed and late-stage diagnoses.

At our Philadelphia-based institution, all positive lung cancer screening results 
are discussed extensively in a weekly multidisciplinary conference with clinicians 
from pulmonology, interventional pulmonology, and thoracic surgery. As positive 
LDCT results (Lung-RADS 3, 4A, 4B, and 4X) have the potential to trigger addi-
tional imaging and/or invasive procedures, which is why we believe it is imperative 
to have a multidisciplinary discussion ahead of deciding on the next steps. Cases 
that result in a cancer diagnosis are then reviewed by a subsequent panel which 
includes providers from pulmonology, thoracic surgery, medical oncology, radia-
tion oncology, radiology, and pathology to formulate an appropriate treatment plan. 
This heavily collaborative workflow has led to fewer patients undergoing invasive 
tests based on a positive screening result than would be expected by adhering to a 
strict protocol that doesn’t allow for team discussion. Every patient is unique, hence 
management of each patient should be tailor-made for the patient; and a team-based 
approach allows for this flexibility by contextualizing each patient.

A multidisciplinary approach is not limited to clinical discussions surrounding 
interpreting results and developing treatment strategies. As the lung cancer screen-
ing process has been shown to create significant stress and anxiety, offering psycho-
logical guidance and support to patients is imperative. Lung cancer screening 
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providers should seek input from colleagues in psychiatry, psychology, and social 
work, to help manage stressors related to the screening process and related barriers 
(e.g., parking costs, transportation, and child care) for patients undergoing screen-
ing. Additionally, working with mental health professionals to determine how to 
most effectively answer all questions and concerns from individuals considering 
LDCT may significantly psychological distress.

Another area for multidisciplinary collaboration in lung cancer screening is 
smoking cessation. Tobacco use is linked to approximately 90% of lung cancer 
cases; simply stated, smoking cessation is the most effective and inexpensive tool 
for reduction in lung cancer and lung cancer mortality. Smoking cessation counsel-
ing is required by CMS for lung cancer screening reimbursement, and programs 
should offer robust cessation programs run by certified tobacco cessation specialists 
with guidance from psychiatry, psychology, social work, primary care, and 
pulmonology.

�Conclusion

Despite the potential risks of lung cancer screening, the benefits from screening far 
outweigh the known harms. It is the responsibility of the healthcare team and the 
policymakers to identify, manage, and mitigate these risks to improve outcomes and 
resource utilization. It will be essential for programs to monitor their outcomes and 
treatment-related complications in order to ensure that lung cancer screening pro-
grams have a positive impact on the community. A multidisciplinary team approach 
is an indispensable part of a successful screening program and goes a long way in 
minimizing the harms of screening.
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Chapter 18
A Multidisciplinary Approach

Tyler Grenda and Olugbenga Okusanya

�Organizing a Multidisciplinary Team

As lung cancer screening recommendations have grown with expanded screening cri-
teria, recommendations regarding comprehensive management of lung nodules with 
multidisciplinary expertise have been established [1, 2]. In order to realize the benefits 
of lung cancer screening, the findings of the low-dose chest CT must be managed 
appropriately [3]. As a result, success in lung cancer screening requires the engage-
ment of a multidisciplinary lung cancer screening program that includes stakeholders, 
such as diagnostic radiology, pulmonology, and thoracic surgery [4]. When develop-
ing a lung cancer screening program, careful implementation is necessary in order to 
achieve a favorable balance of benefit and risk with respect to screening. As a result, 
prior literature has highlighted the importance of management of patients with pul-
monary nodules should be performed in the context of a multidisciplinary team that 
includes radiologists, pulmonologists, thoracic surgeons, and cancer specialists [5].

In order to optimize the outcomes of a screening program, organizing a team 
around the key providers for lung nodule management across several phases of care 
(e.g. screening and surgery) is essential. For example, radiologists are key stakehold-
ers across multiple aspects of lung cancer screening, including interpretation of radio-
graphic studies and tissue biopsy [6]. In addition, surgeons play an important role in 
decisions related to planning and performing interventions for lung nodules. Nurse 
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navigators are a crucial part of the multidisciplinary team, as they are essential in 
program development, tracking of outcomes, and providing patient care within screen-
ing programs [7]. As a result, lung cancer screening programs should utilize a multi-
disciplinary team, including chest radiology, pulmonology, and thoracic surgery [8, 9].

Prior literature has highlighted the importance of multidisciplinary team in areas 
such as lung cancer management, where significant benefits were observed with 
respect to guideline compliance and revisions to treatment plans [10]. When applied 
to lung cancer screening, there is no specific template that must be followed with 
respect to the composition of the “team.” However, approaches to the multidisci-
plinary team for lung cancer screening have previously been described [11].

�Strengths of a Multidisciplinary Team

The multidisciplinary team lends the expertise of individual specialties and the indi-
vidual perspectives that each specialty provides to amplify the value of the lung 
cancer screening team. Previous literature has suggested that a multidisciplinary 
lung nodule clinic may promote guideline-concordant care for patients with inci-
dentally detected lung nodules [12]. Furthermore, this study also highlighted the 
importance of the multidisciplinary team in guideline-discordant care in the setting 
of competing diagnoses that may affect typical patient management. As a result, the 
multidisciplinary team may be particularly important in navigating the management 
of patients with multiple comorbid conditions or complex medical issues.

In addition, the multidisciplinary team is best situated to navigate complex nod-
ule management, such as the patient with multiple lung nodules or ground glass 
opacities, by leveraging the expertise of multiple specialties. For example, pulmon-
ologists can contribute comprehensive differential diagnoses and evaluation strate-
gies, particularly for nodules that have a high likelihood of being nonneoplastic, 
while thoracic surgeons can provide context regarding the extent of surgical resec-
tion that may be needed based on nodule location. Increased incidence of challeng-
ing clinical scenarios, such as the “multiple ground glass opacity patient” is 
anticipated with the expansion of lung cancer screening services, requiring exper-
tise and a well-organized approach to ensure optimal management [13]. In addition, 
previous literature has demonstrated high rates of adherence to recommendations in 
the setting of a multidisciplinary approach for lung nodule management [11]. 
Ensuring adherence will be imperative to ensure recommendations are translated 
into clinical care management to ultimately result in patient mortality benefits.

�Determining Optimal Management Strategy

While the benefits of lung cancer screening include improvement in mortality and 
quality of life, risks of screening include false positive results, overdiagnosis of 
incidental findings, and complications related to diagnostic evaluations [8]. A 
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multidisciplinary team may promote efficient utilization of resources, such as 
selecting appropriate specialist consultations in the evaluation of lung nodules 
[14]. A focus on the utilization of services will be important as lung cancer screen-
ing services expand and the potential impact of the increased demand on limited 
services, such as surgical specialists [15]. Prior literature has suggested the mul-
tidisciplinary team may be able to recognize and mitigate procedures that are 
likely to have low diagnostic value, such as bronchoscopic biopsy of a pure 
ground-glass nodule that is growing in absolute size. As a result, a lung cancer 
screening program should review every biopsy decision in a multidisciplinary set-
ting [3].

Similarly by including specialties that perform biopsy procedures, such as inter-
ventional radiologists, interventional pulmonologists, and thoracic surgeons, atten-
tion can be focused on the feasibility of biopsy and potential yield of biopsy in 
clinical management. More importantly, a multidisciplinary team that includes pro-
ceduralists can determine the best modality for biopsy. The importance of the mul-
tidisciplinary approach for tissue sampling in lung cancer has previously been 
highlighted [16]. Leveraging the expertise of the “team” may be particularly impor-
tant for lung nodules that require special consideration for biopsy (e.g., located 
along the fissure or mediastinum). Furthermore, identification of lung nodules that 
would require diagnostic lobectomy for resection, due to anatomic considerations, 
can be stratified to the appropriate diagnostic modality based on a multidisciplinary 
discussion that includes key stakeholders.

In addition to diagnostic strategy, surgeon engagement is necessary to ensure low 
morbidity and mortality for patients undergoing surgical intervention for suspected 
or confirmed early-stage lung cancer [17]. Surgeons may provide a unique perspec-
tive on lung nodules, particularly in patients with previous lung surgery, differenti-
ating postoperative changes from potential pathology. In addition, thoracic surgeons 
may offer value in minimizing potential risk and providing opinions on an efficient 
biopsy strategy, should intervention be required [18]. Finally, it is particularly 
important to ensure patients obtain the same survival benefits observed in screening 
trials, such as the NLST, that are predicated on low perioperative morality to ensure 
expected mortality benefits are realized [19].

�Maximizing Efficiency

From a healthcare system perspective, utilization of services directed by the multi-
disciplinary team is important. The costs of services related to lung cancer screen-
ing need to be considered, particularly as events such as false-positive results may 
attribute additional costs and thus need to be efficiently navigated by the multidisci-
plinary team [8]. In addition, reducing delays in care of the patients with lung nod-
ules detected during screening is essential as well. Previous literature has suggested 
that a coordinated multidisciplinary team may also provide benefits by reducing 
delays in care [20].
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�Quality Improvement

Optimizing quality is key to realizing the benefits of lung cancer screening. The 
multidisciplinary team may have unique opportunities for quality improvement ini-
tiatives in lung cancer screening programs. With a group that includes multiple 
engaged providers that span the spectrum of providers from screening to diagnosis/
treatment, one can track metrics, such as nondiagnostic biopsy yield to inform qual-
ity improvement for the lung cancer screening program. In addition, the issues of 
false-negative screening results are an important consideration [21]. The review of 
a multidisciplinary team may also be beneficial in limiting potential false-negative 
results. As potential program-level metrics are developed for screening programs, 
the multidisciplinary team may be particularly important to ensure programs meet 
clinical performance benchmarks that are established to ensure quality [22]. The 
multidisciplinary team thus has a unique opportunity to improve quality over grow-
ing experience in order to optimize patient outcomes.

�Conclusion

Lung cancer screening services should be provided in the setting of a multidisci-
plinary team that includes the expertise of a diverse group of providers engaged in 
the management of lung nodules, such as radiologists, pulmonologists, nursing, and 
surgeons. This approach may ensure adherence to established guidelines, improve 
the efficiency of care, navigate difficult clinical scenarios, and provide optimal deci-
sions related to interventions. In addition, the multidisciplinary approach may assist 
in tracking of metrics and ensuring programs meet quality benchmarks.
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Chapter 19
Managing Lung Cancer Screening 
in a Major Healthcare System

James H. Finigan and Neha Agarwal

�Background

In 2013, the US Preventative Services Task Force (USPSTF) released guidelines 
based on the National Lung Cancer Screening Trial (NLST) to screen patients aged 
55–80  years who smoked 30-pack-years with a low-dose computed tomography 
(LDCT) [1, 2]. The Centers for Medicare and Medicaid Services (CMS) approved 
reimbursement for lung cancer screening in 2015, making millions of Americans 
eligible for this new service. Many community and academic healthcare settings 
across the nation quickly adopted lung cancer screening (LCS) programs with the 
hopes of replicating the 20% lung cancer mortality reduction seen in NLST trial 
participants. However, the establishment of an effective screening programs has 
been difficult and slow, especially in community-based healthcare settings [3]. 
Screening programs need to do more than simply order an imaging study on the 
right person, at the right time. They require dedicated financial resources, stake-
holder engagement, compliance with guidelines, quality control, and of course, 
additional time to sufficiently counsel patients.

In 2015, Shepard et  al. described the crucial elements that made a successful 
LCS program. Broadly, these include education, technological resources, and a 
robust team of physicians and program coordinators with access to software that 
enables tight communication with their patient population [4]. Coordinating all 
these resources across a large healthcare system, whether urban or rural, can be 
quite challenging.
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�Choosing the Appropriate Guideline

Although the USPSTF recommended guidelines were based on the results of the 
NLST, the proposed guidelines differ from CMS and the National Comprehensive 
Cancer Network (NCCN) recommendations [5] (Table 19.1). The upper age limit 
for screening eligibility according to the 2013 USPSTF guidelines is 80 years and 
for CMS is 77 years. Alternatively, the NCCN risk stratifies patients into two cate-
gories. The first group, NCCN1, is modeled after the NLST population (age 55–74), 
while the second group, NCCN2, has a lower age of eligibility (≥50 years), reduced 
pack-year smoking history to ≥20 years, and requires one additional risk factor. 
Risk factors identified by the NCCN include exposures (to radon, silica, asbestos, 
cadmium, arsenic, beryllium, chromium, diesel, fume, or nickel), personal history 
of other cancer, family history of lung cancer, or personal history of lung disease 
(emphysema, chronic obstructive pulmonary disease, or pulmonary fibrosis).

Which set of guidelines accurately captures the at-risk population and should be 
implemented by a LCS program? In 2017, Nemesure et  al. analyzed all biopsy-
proven lung cancer cases seen at their institution over a 10-year period [5]. They 
found that only 49% of the studied patients met USPSTF screening criteria, 46% of 
patients met CMS screening criteria, and 70% of patients met NCCN screening 
criteria. Populations who were at risk of being missed included patients at the 
extremes of age (age < 55 and age > 77), patients who quit smoking over 15 years 
ago, or patients who never smoked. 15% of biopsy-proven cases were aged less than 
55 and 15% of cases were over the age of 77. Additionally, 28% of patients quit 
smoking >15 years prior, thereby making them ineligible for screening based on 
USPSTF 2013, CMS, and NCCN1 guidelines. Furthermore, 13% of patients never 
smoked. These missed populations are consistent with a prior study performed in 
Olmstead County, Minnesota [6], suggesting the need to reevaluate the current 
guidelines especially amidst increasing life expectancy and decreasing smoking 
trends in the United States.

It is important to note that none of the aforementioned guidelines account for 
race or ethnicity. The NLST population had a very small percentage of minority 
patients, and in 2015 Fiscella et al. showed that CMS guidelines do not accurately 
assess lung cancer risk in the Black and Hispanic populations [7]. Black patients 
have a higher lung cancer incidence independent of pack-year history while Hispanic 

Table 19.1  Lung cancer screening recommendations per society

USPSTF 2021 USPSTF 2013 CMS NCCN 1 NCCN 2

Age 50–80 55–80 55–70 55–74 ≥50
Pack-years ≥20 ≥30 ≥30 ≥30 ≥20
Years quit <15 years <15 years <15 years <15 years
Other a1 additional risk factor

aAdditional risk factors as defined by NCCN include history of lung disease, personal history of 
cancer, family history of lung cancer, exposure history (asbestos, silica, radon, cadmium, arsenic, 
beryllium, chromium, diesel fumes, nickel). (Adopted and modified [5])
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patients have a lower incidence, possibly due to differences in environmental expo-
sures and/or genetic susceptibilities [8–10]. Therefore, the application of USPSTF 
or CMS guidelines may increase racial disparities in lung cancer screening. Lung 
cancer risk prediction models that capture differences in race include that used in 
the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO2012) and 
one developed by Etzel et al. [11, 12]. These risk models included factors such as 
COPD, history of hay fever, and exposure to asbestos and wood dust. Application of 
the PCLO2012 model increased LCS eligibility amongst the Black population.

These studies clearly demonstrated the need for updated guidelines that capture 
high-risk patients at the extremes of age and patients from minority groups. In 
March 2021, the USPSTF updated lung cancer screening guidelines, lowering the 
age of eligibility from 55 years to 50 years, and the minimum pack-year smoking 
history from 30 years to 20 years [13]. The Cancer Intervention and Surveillance 
Modeling Network (CISNET) Lung Cancer Working Group estimated that these 
updated guidelines would increase the screening-eligible population by 87%, detect 
an additional 21% of lung cancers, and increase screening of underrepresented com-
munities including women, non-Hispanic Black individuals, Hispanic individuals, 
Asian individuals, and lower-income individuals [14].

Ritzwoller et  al. studied the impact of these updated screening guidelines on 
reaching these patients who are historically underserved [15]. Their cohort study 
analyzed patients engaged in any of five healthcare systems part of the Population-
based Research to Optimize the Screening Process Lung Consortium (PROSPR); 
The Henry Ford Health System in Detroit Michigan, Kaiser Permanente Colorado 
in Aurora Colorado, Kaiser Permanente Hawaii in Oahu Hawaii, Marshfield Clinic 
Health System in Marshfield Wisconsin, and the University of Pennsylvania Health 
System in Philadelphia, Pennsylvania. Using electronic-health record derived clini-
cal and demographic data, the group found that the updated guidelines increased 
overall lung cancer screening eligibility by 53.7%, increased identification of lung 
cancers by 30%, and increased the number of eligible women by 17.1%, Hispanic 
patients by 23.3%, Asian/Native Hawaiian/Pacific Islander patients by 21.8%, Black 
patients by 17.5%, and patients in the lowest socioeconomic status by 17.9%. 
Additional studies are needed to assess whether these updated eligibility criteria 
truly reduce barriers to LCS for high-risk populations.

It is important to consider that these updated LCS guidelines can potentially 
cause increased harm. Screening can generate false-positive results leading to 
unnecessary procedures and their complications, overdiagnosis, radiation exposure, 
and increased patient anxiety [13]. In the CISNET modeling studies, the 2021 
expanded guidelines had a rate of 2.2 false-positive results per person over a life-
time of screening compared to 1.9 false-positive results in the 2013 guidelines [14]. 
This resulted in a mean 688 biopsies per 100,000 people compared to 518 biopsies 
using the prior eligibility criteria. Overdiagnosis ranged from 83 to 94 per 100,000 
patients compared to 69 with the 2013 criteria.

Because Medicare and most insurers are required to reimburse USPSTF recom-
mendations with a grade B or higher, most institutions follow the updated 2021 LCS 
guidelines. Nonetheless, ordering providers should recognize that these guidelines 
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may not capture high-risk populations including patients over the age of 80 and 
ethnic minorities. Furthermore, there is also an increase in harms related to screen-
ing [14]. While the screening CT scan is covered by most insurers, the additional 
clinic visits, testing, and treatment may not be [16]. This further increases the com-
plexity, cost, and burden for LCS [16].

�Establishing Lung Cancer Screening Champions

Identifying the institution’s champions for a lung cancer screening program is criti-
cal to overall success. Leaders help set the vision for a large program and encourage 
downstream innovations for continual quality improvement. Some studies have 
advocated for two project champions—an administrative leader who can help mobi-
lize physical and financial resources, and a physician leader who can provide guid-
ance on quality of care, implementation, and program monitoring [3, 17]. Because 
the number of patients eligible for screening is increasing, buy-in from healthcare 
administrators is crucial to secure the financial resources needed to access more 
equipment and space to accommodate the additional patient capacity. In rural and 
community healthcare settings, these project champions can also serve as ambas-
sadors to foster relationships with higher-volume referral centers that have access to 
specialized diagnostic equipment, subspecialists, and additional procedural capa-
bilities. Pulmonologists and radiologists are central to the lung cancer screening 
process and therefore are naturally suited to be institutional program champions.

�Need for Radiology Equipment and Support

LCS requires certain radiologic capacity to perform screens as well as follow-up on 
results. LCS centers need the capacity to perform CT scans, PET scans, and mag-
netic resonance images (MRIs) of the brain. This requires enough CT technologists, 
CT technology aides, nurses to insert IVs for nuclear medicine studies, and MRI 
technologists. CT scanners must meet technical requirements as set forth by the 
American College of Radiology (ACR), such as a volumetric CT dose index 
≤3 mGy for standard-sized patients with appropriate weight adjustments for other 
patients. By meeting these technical requirements, institutions are eligible for 
accreditation as a Designated Lung Cancer Screening Center [13].

In addition to scanning equipment, LCS centers need thoracic radiologists and 
radiologists who interpret nuclear medicine studies and MRIs. Previously, CMS 
dictated that radiologists at LCS centers needed continuing medical education cred-
its and a minimum number of chest CT scans read per year. However, CMS removed 
these requirements when the 2021 USPSTF screening guidelines were published. 
Radiologists are still required to utilize a standardized lung nodule reporting identi-
fication and classification system such as Lung-RADS [13]. The electronic health 
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record therefore should utilize software with access to reporting templates for 
radiologists.

Given the anticipated increase of screening CT examinations, image interpreta-
tion aids could be applied when possible. For example, computer-aided nodule 
detection has been shown to decrease interreader variability while automated vol-
ume measurement can assess nodule growth over time and thereby assist in evaluat-
ing malignant potential [18]. There is ongoing work to address the known limitations 
of these technological aides. Nonetheless, an LCS program should consider the use 
of these computer-based tools when able to improve standardization and nodule 
detection.

�Creating the Multidisciplinary Pulmonary Nodule 
Review Board

Many low-risk lung nodules found on screening CT scans have clear, image-based, 
and management plans based on Lung-RADS recommendations. However, some 
findings are more concerning for malignancy and warrant prompt discussion among 
a multidisciplinary team (MDT) of physicians involved in all aspects of lung nodule 
care including initial detection, tissue sampling, staging, and cancer treatment. 
Increasingly, MDT teams are recommended for optimal management of numerous 
malignancies. Guidelines in breast [19], central nervous system [20], rectal [21], 
and laryngeal cancers [22] all recommend management through a MDT team due to 
improvements in time to treatment [23], patient satisfaction [23], cost-effectiveness 
[24], and patient survival [25]. Many lung cancer care guidelines also recommend 
management through a MDT [26–28], however, there is a paucity of randomized 
control trials studying the impact of a MDT in patients with lung cancer.

In 2008, Coory et al. performed a systematic review of MDTs in lung cancer 
care and found that there is currently limited evidence to demonstrate that multi-
disciplinary care has an impact on patient survival for lung cancer [29]. Sixteen 
studies were included in the review, but clinical heterogeneity precluded pooled 
statistics. One primary study reported an increase in survival from 3.2 to 
6.6 months and an increase in chemotherapy use from 7% to 23% after the imple-
mentation of a MDT team [30]. However, the before and after design was weak 
evidence of a causal association. On the contrary, a single center, 3-year study 
performed in New South Wales, Australia, evaluated all patients with lung cancer. 
They found that patients presented through a MDT received more treatment, but 
there was no difference in survival [31]. However, patient survival is not the only 
outcome that must be considered. As elucidated by Patkar et al., the MDT estab-
lishes an environment that allows continuing medical education for all members 
[32], ensures adherence to guidelines, and improves coordination and efficient 
communication [30].

Therefore, successful LCS programs should have a multidisciplinary Pulmonary 
Nodule Review Group that ideally includes thoracic radiologists with Lung-RADS 
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training, general pulmonologists, interventional pulmonologists, interventional 
radiologists, thoracic surgeons, pathologists, medical and radiation oncologists, pal-
liative care, and lung cancer nurses [33]. In many tertiary centers, this group con-
venes weekly to formulate a diagnostic and management plan that can be discussed 
with a patient later that same day during their scheduled clinic visit. This structure 
allows the development of timely management plans with input from a variety of 
procedural subspecialists who can provide perspective on how to obtain a tissue 
diagnosis and staging while minimizing the number and risks of procedures. For 
patients ultimately diagnosed with metastatic non-small cell lung cancer, early 
referral to palliative care has demonstrated a 3-month survival benefit and signifi-
cant improvements in quality of life and mood [34]. In one study, palliative care 
inclusion in MDT meetings increased the proportion of patients being managed by 
palliative care from 80% to close to 100% [35].

Effective MDT meetings result in accurate cancer staging with the fewest num-
ber of procedures, timely care [36], higher treatment rates, and better adherence to 
clinical guidelines [37]. In fact, Boxer et al. showed that patients newly diagnosed 
with lung cancer who were presented at a MDT review were better characterized in 
terms of malignancy stage and Eastern Cooperative Oncology Group (ECOG) per-
formance status and were more likely to enroll in clinical trials [31]. This is consis-
tent with another study which demonstrated that presentation at a MDT review 
resulted in better staging (79% vs. 93%), quicker treatment (29 days vs. 17 days), 
and adherence to evidence-based guidelines (81% vs. 97%) [38]. The percentage of 
patients undergoing surgical staging procedures was 72% with MDT presentation 
compared to 33% without a MDT. Lastly, patients with stage IIIA NSCLC were 
more likely to undergo surgery if presented in the MDT, suggesting that thoracic 
surgery might be underutilized in the absence of a MDT.

Plutyer et al. studied the application of a custom-made clinical decision support 
system (CDSS) to support multidisciplinary decisions [39]. The system paralleled 
clinical thinking and presented findings from radiology, biopsies, pathology, molec-
ular diagnostics, patient medical history, functional status indicators, and patient 
preferences in a systematic fashion. All these data points could be visualized in one 
screen, enabling the identification of missing data and co-visualization of discor-
dant findings (e.g., PET scan and histology results). Application of this CDSS pro-
vided clinicians with a more holistic perspective of each case, ensured relevant 
information was not overlooked, and stimulated critical thinking. As of now, this 
CDSS is in its infancy, and further studies are needed to evaluate its generalizability 
and adaptability to additional clinical settings.

�The Nodule Review Board’s Procedural Capabilities

Ideally, these subspecialists participating in weekly meetings are also the procedur-
alists ultimately performing the diagnostic procedure. With current advances in 
technology, there are several minimally invasive procedures this group can pursue.
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Bronchoscopic interventions remain the preferred sampling modality due to their 
ability to diagnose and stage malignancies within one procedure. Interventional and 
often general pulmonologists are trained in bronchoscopy with endobronchial 
ultrasound-guided fine needle aspiration (EBUS-FNA) and more recently, robotic 
bronchoscopies. Since 2019, two robotic-assisted bronchoscopy (RAB) platforms are 
used to reach peripheral pulmonary nodules through bronchoscopic methods: the Ion 
(Intuitive Surgical) and the Monarch (Auris Health). The ongoing PRECIsE and com-
pleted BENEFIT trials demonstrated the feasibility and safety of the Ion and Monarch 
systems, respectively [40, 41]. In 2019, Fielding et al. studied the Ion platform in 17 
patients with an average lesion size of 12.2 mm, and demonstrated an overall diagnos-
tic yield of 79%, with a diagnostic yield for malignancy of 88% [42]. Similarly, the 
first feasibility study for the Monarch platform was conducted in 15 patients with an 
average lesion size of 26 mm (range 10–63 mm) [43]. Samples were collected in 93% 
of patients and no one suffered a pneumothorax or significant bleeding complication. 
Preliminary results from the BENEFIT trial with 56 patients demonstrated successful 
sampling in 96% cases, a diagnostic yield of 74%, and a pneumothorax rate of 3.6% 
[41]. Larger multicenter studies are needed to characterize the true diagnostic yield, 
complication rates compared to transcutaneous biopsies, and overall impact of the 
RAB platforms in being able to diagnose and stage lung cancers earlier. RAB plat-
forms allow bronchoscopic sampling and staging of even T1a lesions, which have a 
better prognosis than larger stage T1 lesions [44]. Therefore, if a pathologist is avail-
able for rapid-one site evaluation (ROSE), the pulmonologist can sample the nodule 
of interest, obtain a real-time tissue diagnosis, and pursue lymph node biopsies for 
cancer staging if indicated. By the time, the patient has awoken from procedural anes-
thesia, the pulmonologist has a preliminary diagnosis and staging information.

Thoracic surgeons also play a central role in the management of lung nodules, 
especially since some nodules suggestive of malignancy warrant surgical resection 
without a biopsy. The Society of Thoracic Surgeons (STS) created a General 
Thoracic Surgery Task Force on CT Screening that published a clinical statement 
elucidating their role [45]. The Task Force suggests that all thoracic surgeons 
involved in a LCS program be trained in performing lobectomies, segmentectomies, 
wedge resections, and minimally invasive thoracic surgery including video-assist 
thoracoscopic surgery (VATS) and robotic approaches. With an increasing number 
of pulmonary nodules detected earlier, there is a concomitant increase in the number 
of malignancies amenable to surgical resection and cure. For example, the 
International Early Lung Cancer Action Program demonstrated an increase in the 
use of VATS from 10% to 34% [46]. In 2020, Nguyen et al. described trends in 
robotic-assisted lobectomy (RL), video-assisted thoracoscopic lobectomy (VL), 
and open lobectomy (OL) [47]. From the study period of 2008 to 2015, there was a 
decline in OL (71% to 43%) with a concomitant increase in RL (1% to 17%) and 
VL (28% to 41%). RL had lower rates of complications, conversions to an open 
procedure, and shorter length of stay compared to the other surgical modalities. In 
high-volume centers where more than 25 lobectomies were performed annually, the 
cost of RL was comparable to VL and OL. Therefore, there is a clear and growing 
need for access to thoracic surgeons in lung cancer screening programs [48].
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Many smaller community and rural settings may not have access to interven-
tional radiologists, interventional pulmonologists, or thoracic surgeons [33]. The 
National Lung Cancer Audit in the UK demonstrated that patients who are first 
presented in a MDT based in a thoracic surgery center are more likely to undergo 
surgical resection, and even more so when the thoracic surgeon regularly attends 
MDT meetings [49]. In 2012, Meyenfeldt et al. published a meta-analysis evaluat-
ing the association between surgeon specialty, surgeon volume, and hospital volume 
of lung resections as related to postoperative mortality and long-term survival [50]. 
The results of a pooled estimated effect size demonstrated improved postoperative 
mortality for thoracic surgeons over general surgeons (OR 0.78, CI 0.7–0.88), and 
for cardiothoracic surgeons over general surgeons (OR: 0.82, CI 0.69–0.96). 
Interestingly, there was no significant relationship between surgeon volume and 
postoperative mortality or survival. High-volume hospitals had better postoperative 
mortality and improved survival, though the survival outcome did not reach statisti-
cal significance. Interestingly, the analysis could not identify a cutoff value to dis-
tinguish high-volume hospitals from low-volume hospitals. The authors concluded 
that the improvements in postoperative mortality may be due to the surgical team’s 
performance rather than the individual surgeon.

�Should Screening Be Centralized?

Given the different postoperative mortality between surgeon specialties, some cen-
ters have suggested centralization of lung cancer care. LCS programs can be classi-
fied as centralized or decentralized programs. Centralized programs have a dedicated 
team of clinicians, patient navigators, and nurse coordinators who accept referrals 
for LCS, manage patient screening, nodule tracking, patient communication, and 
follow-up management. In decentralized programs, primary care providers refer 
patients directly to a clinician for LCS.

In 2007, the Dutch Cancer Society formed a “Quality of Cancer Care” taskforce 
that performed an extensive review on outcomes associated with pancreatectomies, 
bladder, lung, colorectal, and breast cancer resections [51]. Their study demon-
strated that the quality of care varied by hospital and region as well as differences in 
infrastructure, procedural volume, and hospital specializations. Based on these find-
ings, the Dutch Surgical Society established criteria for hospitals to be able to per-
form lung cancer surgery based on procedural volume, infrastructure, specialization, 
and outcome measures [52]. Centralizing these complex and high-risk surgical pro-
cedures may improve postoperative mortality, long term survival, and encourage 
further quality improvement.

Sakoda et al. studied adherence to lung cancer screening across 5 academic and 
community-based sites that had both centralized and decentralized programs [53]. 
Their study demonstrated 46% adherence in patients receiving care through a cen-
tralized system, compared to 35.3% adherence for patients in a decentralized sys-
tem. Further analysis suggested that the independent factor strongly associated with 
adherence was the screening program type, with a 2.8-fold increased likelihood of 
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adherence with centralized screening (adjusted odds ratio 2.78). Smith et al. found 
similar results in their retrospective study of the Medical University of South 
Carolina’s hybrid LCS program [54]. Additionally, of all the patients screened, 90% 
of the ineligible patients were screened in the decentralized program, suggesting 
that centralized programs are better equipped to identify eligible patients.

Is there a role for decentralized programs? To date, no literature has yet eluci-
dated a benefit to decentralized programs. However, the creation of a centralized 
program requires significant planning, leadership, and resources. In regions where 
available resources do not permit the creation of centralized programs, decentral-
ized programs will continue to play an important role.

�The Role of the Electronic Health Record 
and Nodule Tracking

For an LCS program to be truly successful, it must have systems in place to identify 
and screen eligible patients, manage detected nodules and incidental findings, fol-
low patient adherence to annual screening, and encourage smoking cessation. The 
electronic health record (EHR) system can be a powerful tool that when utilized 
correctly and can decrease the complexities of LCS. Partnering with IT (Information 
technology) and clinical informatics specialists early on is crucial to developing a 
sustainable program within a large healthcare system [55].

The EHR can be used to identify patients eligible for LCS and can facilitate 
referrals to LCS programs, especially in decentralized healthcare settings, although 
inaccurate or incomplete smoking histories can limit utility. Dashboards with infor-
mation on population health management and clinical decision support tools such as 
best practice advisories can be integrated into an EHR to ease identification of eli-
gible patients. An EHR can also be designed with templated LCS referrals that 
require the ordering provider to verify key information such as smoking status, 
shared decision making, and smoking cessation counseling. Such templated refer-
rals decrease inappropriate referrals and can also function as decision aide tools [55].

The EHR plays an important role in facilitating screening for eligible patients. 
Unfortunately, even the most sophisticated EHRs are unable to provide enough sup-
port to effectively manage detected nodules [55]. Larger screening programs with 
thousands of patients would benefit from purchasing a proprietary third-party soft-
ware designed specifically for LCS and nodule tracking. Multiple tracking systems 
currently exist including Eon Health, LungView, PenLung, Medtronic’s LungGPS, 
and Lung Health. These programs can create a file for each screened patient, capture 
and transfer digital imaging from testing facilities, automatically extract pertinent 
nodule characteristics from a radiologist’s read, track the nodules’ Lung-RADS 
score and any incidental findings, provide navigation and decision-making support, 
monitor diagnostic testing, and generate templated letters to facilitate patient com-
munication [55]. When fully integrated with the EHR, these tracking programs have 
the capability of decreasing the total time spent per patient per year from an esti-
mated 122  min to 11.5  min [56]. Furthermore, LCS software has analytic 
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Table 19.2  Minimum recommended features and capability of a lung cancer screening 
software system

Full integration and compatibility with existing EHR and patient portal
Patient registration and recall desk with full interface with EHR
Universal compatibility with all integrated digital imaging and Communications in Medicine 
software formats
Full capability of data extraction (lung-RADS category) from radiology reports
Lung nodule tracking and surveillance
Non-lung nodule (incidental findings) tracking
Automatic laboratory results interface and integration
Navigator dashboard
Complement of templated and customizable letters, integrated mail merge, and documentation 
of telephone communication with the EHR
Full automaticity in capturing all ACR-LCSR data elements
Full automaticity in routine batching and upload of ACR-LCSR data elements
Full capability to create data fields specific to individual screening programa

Full capability to query and report data for lung cancer screening program quality and 
outcomes evaluation

aBeyond the required elements of the ACR, high-quality programs collect quality metrics associ-
ated with clinical care and program evaluation that may be specific to local circumstances. 
(Adopted from Chest [55])

capabilities, thereby facilitating quality improvement and programmatic evaluation. 
Table  19.2 shows the minimum recommended features of a LCS software sys-
tem [56].

Currently, many LCS tracking software programs cannot be fully integrated into 
the EHR [55]. There is increasing interest in building or revising existing EHRs so 
they can perform at the level of these software tracking programs. In the interim, it 
is crucial to partner with IT specialists who have intimate knowledge of the existing 
EHR and can analyze compatibility with the different LCS tracking software 
programs.

The cost of these organizational support systems varies depending on the LCS 
program size, program location, number of partnering radiology facilities, number 
of software updates, and maintenance needs [55]. Small LCS programs caring for 
fewer than a few hundred patients may instead use EHR-based tracking methods. 
Nonetheless, application of a LCS software allows a large program to track thou-
sands of patients, monitor patient adherence, and ultimately provide better care.

�Creating the Pulmonary Nodule Clinic and Team

Large LCS centers often have a designated pulmonary nodule clinic with pulmo-
nary physicians, patient navigators, support staff, and schedulers. Each of these 
individuals serves a critical role in the care and management of screening eligible 
patients. The physician director of the clinic is often one of the LCS program 
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champions. They work to establish a standardized workflow for the nodule clinic 
and provide oversight on guideline adherence and programmatic quality control. 
Clinical support staff are needed to obtain and upload imaging studies performed at 
other institutions, while front desk staff and schedulers promote timely follow-up 
[57]. Lastly, patient navigators are usually midlevel providers such as nurse practi-
tioners or physician assistants who connect patients with the appropriate care team 
and ensure patients adhere to recommended follow-up. Their role in LCS programs 
has been well demonstrated in multiple studies.

The Kaiser Permanente Colorado Group (KPCO) analyzed their LCS implemen-
tation in 2019 and found that only 46% of patients undergoing a LDCT truly met 
CMS eligibility and reimbursement criteria [58]. To improve this low rate and 
ensure only eligible patients underwent screening, the group recruited nurse naviga-
tors. After receiving a LCS referral, nurse navigators confirmed a patient’s smoking 
status, pack years, and time since quitting smoking. They then updated the elec-
tronic health records, and if the patient was eligible for screening, they ordered and 
scheduled a LDCT. Finally, the patient’s information was added into an electronic 
tracking tool. Adoption of a nurse navigator in this program’s LCS workflow 
increased their patient eligibility from 46% to 93%, and increased outreach to 
patients living in lower-income neighborhoods, those with lower levels of educa-
tion, and patients with a higher comorbidity burden. This demographic difference 
may be because healthier patients were more likely to be engaged with the health-
care system and seek out LCS, as demonstrated previously in a California LCS 
center [59]. Nonetheless, the literature demonstrates ample evidence that patient 
navigators play a crucial role in improving patient adherence and ensuring the right 
patients are screened [60].

�Patient Education and Resources

Shared decision making is at the forefront of LCS and requires providers to counsel 
patients on the aim of LCS, the possibility of false-positive results or incidental 
findings, and the risks of repeated radiation exposure. Although patients can be 
counseled by different types of providers including health educators or non-
physician practitioners, thorough counseling takes significant time and can be anxi-
ety provoking. Successful LCS programs should provide readily available resources 
such as waiting room pamphlets, online websites with answers to frequently asked 
questions, links to the literature, and contact information for their institution’s lung 
nodule program navigator [57]. These tools can supplement shared decision mak-
ing, encourage smoking cessation, and further prepare patients for incidentalomas 
or false-positive results. Among participants in NLST, 10.2% had baseline inciden-
tal clinical findings such as atherosclerosis, aneurysms, chronic obstructive pulmo-
nary disease, and indeterminant breast, liver, kidney, and adrenal lesions [61]. 
Providing additional educational resources can help minimize patient anxiety and 
promote adherence in a LCS program.
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�LCS Outreach and Publicity

Batlle et al. describe the importance of a marketing campaign in growing a LCS 
program [62]. Educational seminars and presentations directed at referring physi-
cians can foster PCP and subspecialist relationships, increase awareness of complex 
screening guidelines, and enhance exposure to the program. Similarly, there are 
numerous avenues to educate patients on the importance of screening. In addition to 
health fairs and community events [57], programs can also use online marketing to 
increase awareness. Opportunities include advertisements on social media, informa-
tional videos on the institution’s website, and blogs of real patient stories. Batlle 
et al. observed that one-third of their patients were referred to their program through 
sources including newspaper/magazine advertisements (13%), internet/social media 
(9%), radio commercials (5%), and word of mouth (3%) [62]. It is important to 
note, however, that these methods may miss vulnerable populations including 
patients in low-income communities. Designated outreach to these vulnerable pop-
ulations should be a component of all LCS programs.

�Adhering to Societal Guidelines and Reimbursements

LCS centers must adhere to several requirements designed to promote large-scale 
improvements in screening and qualify for CMS reimbursement guidelines. As of 
2021, CMS significantly reduced the requirements for coverage. To date, LCS pro-
grams are required to document pertinent patient eligibility information, a shared 
decision-making visit, and smoking cessation counseling [13]. Programs are no lon-
ger required to report their data to a national registry such as the ACR’s Lung Cancer 
Screening Registry. These liberalized guidelines aim to increase LCS access to vul-
nerable populations and reduce administrative hurdles to accommodate the growing 
number of eligible patients.
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Chapter 20
Cost Considerations

Gregory C. Kane

Cost is broadly defined as the amount of money paid or charged for something of 
value. Cost considerations in lung cancer screening (LCS), however, have implica-
tions that go well beyond the simple charge or fee to obtain an initial scan. In this 
chapter, we will discuss the relative value or charges for some of the basic medical 
services involved in LCS and also discuss the downstream value of medical services 
and revenue that may ultimately flow to hospitals, clinics, and healthcare systems. 
The goal is to shed light on the economic factors, primarily from the healthcare 
organization or health system perspective that are part of the landscape of lung can-
cer screening. Understanding this impact will be necessary as health systems plan 
for the growth of LCS in the balance of this decade. This chapter will not discuss 
costs related to other aspects of screening such as radiation exposure, economic 
costs associated with over-diagnosis, unnecessary medical procedures, or anxiety 
created by false-positive scans. Furthermore, patient financial and emotional costs 
experienced by patients who undergo screening are not addressed. These other costs 
are important but are beyond the scope of this chapter. Here, we will be focusing 
principally on the economic costs and revenue of medical testing and interventions 
for lung cancer and suspected lung cancer from an institutional perspective.

Prior to discussing fees or payments, which patients or consumers must pay for 
medical services, unless covered by insurance, it is necessary to understand the 
process of how Medicare pays for physician services. For each medical service, 
whether it be a physician visit, radiological study or medical procedure; a workRVU 
(a relative value unit of work) is designated which represents the relative value of a 
particular service among the multitude of evaluations, medical tests, and medical 
procedures a patient might potentially undergo for any medical reason [1]. The pay-
ment formula is further divided into three RVUs, one for physician work, one for 
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practice expense (PE), and one for malpractice expense (ME). While beyond the 
scope of this discussion, all workRVUs are geographically adjusted to reflect unique 
costs in different locales across the country. The workRVU for any medical service 
reimbursed by Medicare is then multiplied by a Medicare conversion factor, usually 
expressed in dollars, to obtain a final price. Historically, Medicare’s physician 
workRVU, the relative value of one physician’s service compared to another’s for 
any particular physician visit, radiological study, or medical procedure are deter-
mined by a committee of the American Medical Association. This body, composed 
largely of specialty physicians, wields substantial influence over the relative value 
of different services in American Medicine [2]. The actual cost of a medical service 
independent of any insurance coverage is determined by the workRVU and the 
Medicare multiplier with which the workRVU is multiplied to get the actual dollar 
cost of a service. While this multiplier is specific to Medicare, many private insurers 
follow Medicare’s lead in pricing their own coverage for medical services. With a 
budget neutrality adjustment to account for changes in RVUs, the current 2022 mul-
tiplier is $33.59, down $1.30 from 2021 [3].

Another foundational element of cost relates to “profit” or “margin contribution” 
and these terms can be defined in multiple ways. One reason for the challenge of 
this discussion is that hospitals and health systems typically have a very high over-
head for infrastructure costs when compared to stand-alone radiology facilities and 
community-based surgical centers where there is lower overhead principally related 
to focused facility design and staffing models. For purposes of the discussion in this 
chapter, we will assume that the evaluation of a positive low-dose CT scan with 
further diagnostic radiology, staging procedures, biopsies, and any necessary sur-
geries will be performed in a hospital or within a health system. The reader should 
understand that some assumptions would contribute to lower contribution margins 
as compared to outpatient radiology facilities or outpatient surgical centers, such as 
facilities that are prevalent for orthopedic procedures or gastrointestinal endoscopies.

Recognizing the variable background of our readership, a glossary of economics 
may be helpful and is provided in Table 20.1.

The first level of costs associated with lung cancer screening relates to intake and 
performance of the initial screening study. There are two aspects of this initial step 
in LCS. They are a review of the risks, benefits, and alternatives as part of shared 
decision making with the patient. The second aspect is the actual performance of the 
low-dose CT scan. This initial scan is often referred to as the “T0” scan or baseline 
scan. The reasons for this designation relate to the fact that the significance of this 
scan may not be fully appreciated until the follow-up or “T1” scan is completed. 
The comparison allows clinicians to assess the presence or absence of nodule 
growth—a key finding that suggests a high likelihood of lung cancer. These desig-
nations are most applicable to research studies or other published analyses. For 
patients with either Medicaid or Medicare coverage (including dual eligible per-
sons) or persons with private insurance, a low-dose CT (LDCT, CPT code 7121 
effective January 2021) is a covered service. While there is a cost as demonstrated 
in Table 20.2, the cost is not a barrier because federal law considers cancer screen-
ing tests for eligible enrolled persons as covered services. The cut-off age for lung 
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Table 20.1  Glossary of basic economic terms (adapted from the National Library of Medicine’s 
Glossary of Frequently Encountered Terms in Health Economics [4])

Term Meaning Significance or example

workRVU The assigned relative value of a particular 
service compared to other healthcare 
services

Product of the workRVU and a 
multiplier leads to a monetary 
value established by CMS. The 
actual price for medicare 
beneficiaries is established

Charge Monetary value for service requested by 
the seller/hospital

This can vary widely and may be 
more than CMS might designate 
for the service

Cost The actual amount of resource is that it 
would take to perform service

This can very based on utilization. 
For example, when a PET scanner 
is used twice is much each month, 
cost of the PET scan would go 
down

Fee A charge for a service rendered Such as fee for a physician visit
Fixed cost This cost relates to the investment in 

equipment or necessary staffing in a 
healthcare setting

For example, cost of the PET-CT 
machine

Variable cost This cost relates to factors tied to the 
individual frequency of use of the service

For example, cost of the nuclear 
pharmaceutical for the PET scan 
which will be administered to each 
individual patient

Health 
insurance

A method of providing coverage to pay 
for specific types of healthcare expenses 
incurred by an insured person. Policies 
typically designate what services will be 
covered, what amount will be paid, can be 
referred to as a “third party payer”

Private insurance such a blue cross 
and blue shield or government 
provided insurance such as 
medicare or medicaid are 
examples

Medicaid A federal health insurance program 
managed by the states which provide 
medical and healthcare coverage for poor

States determine who is eligible 
for this program

Medicare A federal health insurance program begun 
in the 1960s which provides medical and 
healthcare coverage for the elderly and 
disabled. Persons with end-stage renal 
disease who require dialysis are also 
eligible

Typically for persons 65 and older 
in the United States

Overhead Refers to fixed costs that apply to the 
overall organization

Examples of overhead would 
include the cost of maintaining 
parking facilities, security, HVAC 
systems, and routine maintenance

Physician 
practice pattern

An approach to diagnosing a specific 
illness that may be unique to a particular 
physician (or surgeon) or group of 
physicians

For example, some surgeons 
recommend a brain MRI be 
performed prior to resection for an 
early stage lung cancer, while 
other do not

(continued)
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Table 20.1  (continued)

Term Meaning Significance or example

Profit A financial gain is determined by the 
amount of revenue minus the cost of 
producing that service

Profit (or loss) can be assigned to 
specific service lines or specific 
business units. It can also apply to 
the global organization

Quality-
adjusted life 
year (QALY)

The life years gained as a result of any 
particular health interventions with 
consideration of the quality of these life 
years gained

For example, the years gained 
because a cancer was found at an 
early stage and successfully 
resected for cure instead of 
allowing this cancer to progress 
and metastasize

Contribution 
margin

Revenue minus expense for a particular 
type of service such as a surgery including 
assignment of appropriate overhead

The contribution margin may be 
calculated for a lung cancer 
surgery or treatment with radiation 
for primary lung cancer such as 
SBRT

Table 20.2  CPT codes and professional workRVU for typical services performed at the initial 
stage of lung cancer screening

Service (CPT code)
Professional 
component workRVUa

Fee 
schedule

Total workRVU 
professional and facility

Fee 
schedule

Shared decision 
making (G0296)

1.51 $52.69

LDCT (71271) 1.52 $53.04 4.32 150.74
Diagnostic CT 
thorax (71260)

1.63 $56.89 5.29 184.58

aThe designation includes workRVU plus practice expense (PE) workRVU and malpractice 
workRVU combined

cancer screening was initially 55 years meaning that certain individuals may qualify 
for screening eligibility and yet lack healthcare insurance through their employer or 
because they are out of work. These individuals are most commonly 55  years 
through 64 years. This creates particular challenges for these individuals, not only 
to cover the cost associated with the initial scan but also with regard to follow-up. 
Newer United States Preventive Services Task Force (USPSTF) guidelines created 
additional eligibility for persons as young as 50 years of age, thus leading to a larger 
proportion of patients below Medicare age (65 years) who might be without insur-
ance and unable to afford a low-dose CT [5, 6]. For this group, the cost of self-pay 
would represent a significant barrier for access to screening [7]. If we are to realize 
the promise of lung cancer screening, it is essential that we remain cognizant of this 
potential insurance gap for persons at risk for lung cancer between ages 50 and 64. 
For those who do have coverage, Table 20.2 outlines initial services often encoun-
tered at the early referral phase of lung cancer screening.

One conclusion based upon the above workRVU data is that a low-dose CT is 
reimbursed comparably, but slightly below, a traditional diagnostic CT scan which 
may include the administration of contrast media. Not included in the presented 
calculations are costs associated with follow-up including the follow-up of 
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incidental nodules or suspicious findings. Persons undergoing low-dose CT screen-
ing should be expected to have substantial smoking history and therefore are antici-
pated to have multiple important findings which require appropriate follow-up, 
which at least requires a T1 scan at a 12-month interval. One barrier for health 
systems is assuring that the cost for those necessary follow-ups is addressed to mini-
mize malpractice risks and assures optimal outcomes for screened persons. For per-
sons lacking insurance, the total cost for the shared decision making visit and the 
low-dose CT combined ($202.73) would be unreasonably high, especially when 
one considers that a follow-up scan most certainly will be required in order to assure 
that any detected lesion is followed appropriately for at least 1 year.

The impact of lung cancer screening would be negligible if cancers were not 
detected. The methodology of cancer diagnosis typically involves additional imag-
ing with contrast-enhanced CT chest, FDG PET-CT, or chest X-ray. Based upon 
results of these studies and comparison to the T0 scan, bronchoscopy (with or with-
out biopsy) and/or needle aspiration biopsy might be performed. Definitive studies 
are often surgical and may include mediastinoscopy for staging followed by VATS 
or robotic surgery with lung tissue resection.

The frequency of these studies in any cohort of screened individuals could be 
estimated in two ways. First, data from the NLST can be extrapolated. Second, data 
from actual screening programs (published or unpublished) might also form the 
basis of such analyses [8]. It is necessary, however, for healthcare executives to 
understand how these estimates might be calculated so that they might understand 
the impact of launching or expanding a lung cancer screening program, based upon 
the frequency of subsequent radiological, biopsy, and surgical interventions. In the 
NLST, 649 cancers were detected among 26,722 enrolled subjects over the T0, T1, 
and T2 scans or 3 years of follow-up. On average, this scenario would amount to 
approximately 216 patients diagnosed with lung cancer each year of the NLST 
among the 26,722 enrolled subjects. It is important to note that this is an average, as 
the number of cases in the NLST varied considerably each year [9].

The author team for the NLST cataloged the diagnostic studies performed 
among persons with positive low-dose CT scans, though they did not enumerate the 
CPT codes for the procedures. Moreover, in clinical practice, one would expect 
certain local practice variations, all of which would still be within the standard of 
care. For example, an FDG PET scan might be ordered with CT (designated as 
FDG PET-CT, CPT code 78492) or a biopsy may be more likely to be performed 
via bronchoscopy than needle aspiration depending on local resources. When con-
sidering these variations, this author will make certain assumptions. For example, 
we will assume that all follow-up CT scans will be conducted with contrast even 
though this might not necessarily be the case and all FDG PET scans will be carried 
out with CT for lesion localization. The authors of the NLST did not quantitate 
brain imaging with MRI or essential blood work prior to biopsy or surgery, but all 
subjects undergoing such interventions would typically have blood studies. This is 
not meant as criticism, but just to point out that this presentation will not comment 
on routine blood work as part of the cost of LCS. The cost of follow-up studies, 
then, can be estimated from the frequency of such follow-up studies in the NLST or 
other series [8, 9].

20  Cost Considerations



204

The methods of this analysis are based upon the following sequence of estimates. 
We have chosen to make the measure as “per 1000 persons screened” as this 
approach should prove facile for public health planners and health systems admin-
istrators. As mentioned above, among the active screened group over 3 years, the 
NLST identified 649 cancers in the low-dose CT arm of the trial in 26,722 persons 
compared to 279 cancers in the control group. Annualized this experience would 
represent 216 cancers per year in the 26,722 screened subjects or approximately 8 
cancers per 1000 subjects screened annually [8]. We acknowledge that this estimate 
is the average number of cancers. For comparison, Shusted and colleagues reported 
on 1276 subjects followed over 33 months with 32 cancers detected resulting in a 
slightly higher frequency of approximately 12 cancers/year per 1000 subjects, rep-
resenting real-life data from a diverse population in an inner-city academic screen-
ing program [9]. I also point out that additional cases of malignancy occurred in 367 
subjects including in some subjects who were never screened, and a significant 
number who were diagnosed during the post screening period. With these cases 
added in, one could anticipate up to 13 cancers/year per 1000 subjects. The com-
parison should be considered illuminating, as the range of 8–13 cancers might be 
expected among every 1000 patients screened annually in a typical risk population 
at least early in a screening program’s existence. In the midst of all this discussion 
about economic costs, wRVU, and contribution margin, this author would like to 
highlight the fact that these 8–13 cases of lung cancer represent patients with a high 
likelihood of surgical cure. They would have otherwise gone on to develop more 
advanced stages of lung cancer were it not for the advent of CT imaging-based 
LCS. The costs of life years lost are substantial and medical costs of more advanced-
stage symptomatic tumors would most likely exceed those costs associated with the 
evaluation of positive scans during the screening process. It would also be important 
for the reader to understand that other investigators, including Claudia Heschke and 
colleagues, identified 27 cancers in 1000 subjects with an initial scan and subse-
quent imaging based on the findings and follow-up that continued for up to two 
years. This reminds us that the yield of continuing to follow patients over time, 
including following abnormalities seen on the initial CT scan, at an appropriate 
interval, yields additional cancer diagnoses from the original cohort. Based on this 
study some might suggest that 27 cancers would be anticipated upon screening 1000 
patients annually, though this yield requires additional follow-up studies that extend 
beyond the first year. Thus, the reader should realize the number of cancers at an 
early phase of lung cancer screening may increase once patients with suspicious 
nodules complete the requisite follow-up [10].

The economic value of LCS to health systems is influenced by “downstream 
revenue,” which is the volume of additional clinical procedures including radiogra-
phy, biopsy, and surgeries and the associated revenues genrated. In some cases, 
when advanced tumors are diagnosed, this would include radiation treatments and/
or chemotherapy, molecular therapy, or immunotherapy administration. While the 
realization of revenue is straightforward, it is important to emphasize that the mar-
gin on surgeries and complex biopsy procedures often creates a favorable financial 
bottom-line view of screening for health systems. Therapy from radiation treat-
ments and chemotherapy, however, is also important. The frequency of non-lung 
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Table 20.3  Estimated numbers of key medical services (per 1000 screening examinations) and 
WorkRVUs (per individual study or service) for typical downstream services associated with 
suspicious findings on lung cancer screen

Service 
by CPT 
codea Service

Number 
per 1000 
enrolled 
annually

Work 
RVUs 2

Non-
facility 
PE 
RVUsb

Facility 
PERVUsb

Mal-
practice 
RVUsb

Total 
non-
facility 
RVUsb

Total 
facility 
RVUsb

71,046 Chest X-ray 32 0.22 0.08 0.08 0.01 0.31 0.31
71,260 Chest CT with 

contrast
109 1.16 0.42 0.42 0.05 1.63 1.63

78,492 FDG PET or 
FDG PET CTc

18 1.80 0.61 0.61 0.07 2.48 2.48

A9597 FDG PET tracer 
coded

18 N/A N/A N/A N/A N/A N/A

99,204 Level 4 new visit 
with 
pulmonologist

13e 2.6 2.09 1.12 0.24 4.93 3.96

32,408 Percutaneous 
transthoracic 
needle aspiration

3 3.18 24.82 0.98 0.28 28.28 4.44

38,505 Percutaneous 
extrathoracic 
needle biopsy 
(i.e., lymph node)

1 1.14 2.40 0.77 0.11 3.65 2.02

31,645 Bronchoscopy 
without biopsy

4 2.88 5.05 1.14 0.27 8.20 4.29

31,628 Bronchoscopy 
with biopsy

5 3.55 7.63 1.31 0.29 11.47 5.15

99,205 Level 5 new visit 
with surgeon

10f 3.5 2.69 1.56 0.32 6.51 5.38

39,401 Mediastinoscopy 1 3.5 NA 2.28 1.30 NA 9.02
32,607 Thoracoscopy 3 5.5 NA 2.21 1.34 NA 9.05
32,100 Thoracotomy 6 13.75 NA 6.71 3.33 NA 23.79

A “facility” place-of-services thought of as a hospital, ambulatory surgery center, or skilled nurs-
ing facility.
A “non facility” is typically associated with the physician’s office as the place of service
aCPT codes and descriptors only are copyright 2020 American Medical Association. All Rights 
Reserved. Applicable FARS/DFARS apply
b If values are reflected for a code with a status indicator other than “A,” “R,” or “T,” the RVUs 
generally reflect recommendations submitted to CMS processed through the PFS methodology 
without modification
c Author of this chapter made in assumption that FDG PET scan will be performed with CT scan 
for tumor localization based on typical but not universal physician practice patterns
dThe nuclear pharmaceutical is essential to this test and is billed separately as a pharmacy drug 
could charge (prices may vary based on the market)
eThe number of new visits with pulmonologist is not described in the NLST, however, it would be 
anticipated that associated with every percutaneous biopsy or bronchoscopy, a visit with pulmon-
ologist would occur
fThe number of new visits with a surgeon is not described in the NLST, however, it would be 
anticipated that associated with every percutaneous biopsy or bronchoscopy, a visit with pulmon-
ologist would occur
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cancer malignancies is also important in the lung cancer screening program, but the 
numbers are smaller relative to the total number of cancers detected and are not 
addressed in this presentation.

In Table 20.3, we used NLST data to estimate the annual incidence of specific 
follow-up tests or procedures per 1000 persons screened. We have also included 
workRVU for professional fees and total workRVU to include the facility or non-
facility component. Table  20.3 utilizes the frequency of these studies reported 
among the screened cohort in the NLST. For example, among 1000 screened sub-
jects there would be, on average, approximately 109 CT scans (beyond the screen-
ing studies) of the thorax and 18 PET-CT scans with 13 biopsy procedures and up to 
10 surgeries expected each year. These numbers should be considered as estimates, 
as actual experience is expected to vary. The value of this analysis may be greatest 
for planners in health systems that are building out their programs and are looking 
to estimate the volume of associated procedures. A weakness of this analysis is that 
the NLST did not comment on comprehensive therapies beyond those described above.

In an unpublished series, this author asked an institutional economic analysis 
team at Jefferson Health to assess revenue, both inpatient DRG revenue as well as 
professional fees, from select interventions across our actual insurance mix from the 
calendar year 2019. The number of downstream evaluations at our center city urban 
location included 34 PET scans yielding $1167 revenue per case or $39,678. Seven 
patients underwent biopsy with average net revenue that included any necessarily 
associated studies of $3515 per case for a net revenue of $ 24,605. Twelve patients 
underwent surgery with an average net revenue of $23,967/case or $287,604. In 
addition, one patient had severe coronary artery calcifications detected and required 
lifesaving CABG due to critical left main disease yielding $51,994 in net revenue 
(personal communication). More recently, the editors expanded their analysis of the 
contribution margin for LCS among 593 patients screened. The sum of inpatient and 
outpatient Current Procedural Terminology (CPT) codes for each patient was 
accounted, and the net revenue was calculated. These revenues were balanced 
against costs across all 593 patients, leading to a contribution margin of approxi-
mately $1,160,000 for the cohort (personal communication).

Why are financial considerations so important to health systems? The oft-quoted 
mantra of “no margin no mission,” first coined by a religious leader, Sister Irene 
Krause, in a faith-based health system, provided a very simple and straightforward 
view of how health systems set priorities. This view underscores the reality that 
unless they can stay financially solvent, there is no way to fund essential interven-
tions or new programs (such as lung cancer screening) [11]. The finances of lung 
cancer screening are actually quite appealing. For a small investment in a central-
ized program with a nurse navigator and an infrastructure to track and follow results, 
health systems can benefit from the “downstream” revenue of thoracic surgeries and 
cancer care. These services typically already provide revenue that drives health sys-
tems—it just occurs at a more accelerated rate through lung cancer screening pro-
grams while treating patients at an earlier stage as a result of a successful case 
identification that will support better outcomes and long-term survival. Thus, lung 
cancer screening is a true “win-win” and an example where doing well for patients 
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and communities translates into increased revenue for health systems, while improv-
ing lung cancer mortality and saving lives.

In the early years after the publication of the NLST, even before most medical 
societies came on board to support lung cancer screening, the cost-effectiveness was 
suggested and supported by a number of investigations [12]. One analysis estimated 
that the cost would be approximately $19,000/life year saved. This compares favor-
ably to recently published estimate for breast cancer, at $26,880.00 per life-year 
saved [13]. Other assessments of the quality-adjusted life-year saved (QALY) 
ranged higher ($81,000 per QALY gained) as analyzed by the NLST Research 
Team, but they also found widely variable results based upon modest adjustments in 
the screening group (such as specific age cohorts) or based on variable surgical 
mortality associated with the lung resection from 1.2% to 8% [14].

In summary, cancer care is a major part of the business of medicine, and LCS 
will generate activity (and contribution margins) for those health systems that add 
this service and promote its growth. Such added activity will lead to predictable 
healthcare services for diagnostic studies, biopsies, and surgeries for individual 
with suspicious lesions. While having reviewed the financial activity that can be 
expected to follow from these medical services, this author concludes by focusing 
attention on the lives saved. Indeed, saving 8–12 lives per 1000 screened each year 
should be judged as worth the cost. While prior actuarial analyses of the total num-
ber of saved lives have been published, the true reduction in lung cancer mortality 
is challenged by the need to expand lung cancer screening to all eligible persons 
[14]. An important question that is raised by the findings reported here is, “What are 
the societal costs of not rapidly expanding lung cancer screening to serve the major-
ity of at risk Americans?.”
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Chapter 21
Using Health Literacy Principles to Engage 
Patients from Diverse Backgrounds 
in Lung Cancer Screening

Rickie Brawer and Kristine Pham

�Background

Health disparities are exacerbated by underlying social determinants of health, 
resulting in poorer overall health and outcomes from diseases such as cancer. 
Findings from many studies confirm that lower health literacy is one of the social 
determinants of health associated with cancer-related disparities, and that expand-
ing partnerships with community-based organizations and consumers addresses 
unmet needs associated with cancer disparities [1–5]. Nearly 9 out of 10 adults may 
struggle with health literacy, but even those with proficient health literacy may 
experience difficulty with understanding and acting on health information, such as 
when they are stressed, sick, or were just told they have cancer. Examples of popula-
tions that may experience higher rates of lower health literacy include individuals 
with less education, older adults, individuals on Medicaid, and people with limited 
English proficiency (LEP) such as those for whom English is a second language 
[6–8]. According to studies, nearly half of all cancer patients may have difficulty 
understanding information related to their disease or treatment, potentially resulting 
in poorer health and treatment outcomes [6, 9, 10]. Recent studies have shown 
poorer cancer outcomes are associated with decreased adherence to treatment plans 
[11] and higher rates of missed appointments [10, 12]. In addition, as noted by the 
2020–2021 President’s Cancer Panel, screening barriers specific to lung cancer 
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include patient lack of awareness, fear of cancer diagnosis, stigma, and challenges 
related to accessing health care [13]. Provider unfamiliarity with lung cancer screen-
ing guidelines and difficulty identifying eligible patients were also cited. The 
President’s Cancer Panel developed four strategic goals and recommendations to 
enhance lung screening access and utilization for all populations [13]. Three of 
these goals directly address communication with patients and are described in the 
following text.

•	 Goal 1: Improve and align cancer screening communication to increase general 
community awareness about this relatively new screening, and enhance under-
standing about lung cancer and screening (knowledge, attitudes, beliefs) and uti-
lization of lung cancer screening.

•	 Goal 2: Facilitate equitable access to cancer screening through community out-
reach and use of trusted messengers such as trained community health workers 
and others with lived experience.

•	 Goal 3: Strengthen workforce collaborations to support cancer screening and 
risk assessment. This goal calls for training all team members so they have the 
knowledge and skills needed to support cancer screening.

While training in health literacy is not specifically mentioned, being able to com-
municate in ways that patients understand, that consider cultural beliefs, and that 
patients can easily act on is key to increasing lung cancer screening.

�Health Literacy Overview

The initial definition of health literacy, developed for the National Library of 
Medicine and used by the Institute of Medicine and Healthy People 2010 and 2020, 
is “the degree to which individuals have the capacity to obtain, process, and under-
stand basic health information and services needed to make appropriate health deci-
sions” [7, 14]. A key focus of the Healthy People 2030 plan (HP 2030) is to “eliminate 
health disparities, achieve health equity, and attain health literacy to improve the 
health and well-being of all.” Given this major focus, the U.S. Department of Health 
has expanded the definition of health literacy for HP 2030 to include both personal 
health literacy and organizational health literacy. As defined in the HP 2030 initia-
tive, personal health literacy is “the degree to which individuals have the ability to 
find, understand, and use information and services to inform health-related decisions 
and actions for themselves and others.” Personal health literacy includes understand-
ing the doctor’s instructions and being able to navigate the complex health system 
including the use of digital health technology. Organizational health literacy is 
defined as “the degree to which organizations equitably enable individuals to find, 
understand, and use information and services to inform health-related decisions and 
actions for themselves and others.” Organizational health literacy includes the ease 
of navigating the health system such as scheduling appointments, increasing the use 
of evidence-based practices like Teach-back and motivational interviewing to 
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enhance patient understanding and commitment, and organizational commitment to 
providing health communication materials that utilize best practices. Patients, com-
munity members, and providers should be continuously engaged in all aspects of the 
material development, implementation, and dissemination process [15–17].

The expansion of the health literacy definition promotes health equity and deci-
sion making by emphasizing peoples’ ability to not only understand information, 
but to be able to use that information to make informed decisions [16]. The revised 
definition also stresses the role and responsibilities of organizations in addressing 
health literacy and aligns with efforts of other national plans and guidelines [3] such 
as the National Academy of Medicine’s Ten Attributes of a Health Literate 
Organization [18], the Guide to Community Preventive Services [19], recommenda-
tions for the U.S. Preventive Services Task Force [20], the National Standards for 
Culturally and Linguistically Appropriate services in Health and Health Care 
(CLAS Standards) [11], and the Health and Human Services National Action Plan 
to Improve Health Literacy [15].

In 2019, the National Cancer Policy Forum and the Roundtable on Health 
Literacy brought together patients, advocates, clinicians, and representatives from 
health care organizations, academic medical centers, insurers, and federal agencies 
to explore opportunities to improve cancer communication across the continuum of 
care [10]. Suggestions for improving patient-provider communication include 
implementing effective training programs for providers that enhance listening skills, 
and build clinician skills to simplify complex information when communicating 
with patients about cancer prevention, risk reduction, screening, and treatment.

Training should also include evidence-based practices, such as motivational 
interviewing and shared decision-making, which promote patient-centered open 
dialogue that is culturally and linguistically sensitive.

Community-based outreach was noted as critical to building trust and improving 
the health of individuals and communities. Recommendations for improving cancer 
communication for the general public encourage engagement and collaboration 
with diverse members of the population, including patients, family members, and 
representatives from community organizations, in all stages of the development and 
dissemination of strategies and tools for communicating cancer information that is 
in plain language, actionable, and tailored to people in the community for whom the 
information is intended. To promote health literacy at the organizational level, train-
ing of all employees in communication that focuses on health literacy and imple-
menting policies that regularly assess patient education and practices was advised. 
Patient navigation programs to address access barriers to care, including health lit-
eracy and other social determinants of health, were also proposed [10].

As part of the effort to achieve health equity and eliminate preventable health 
disparities, the CDC created Health Equity Guiding Principles for Inclusive 
Communication to support the development of communication materials and strate-
gies that are culturally and linguistically appropriate. Examples of these principles 
include [21]:
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•	 Use a health equity lens that considers racism, and other forms of discrimination. 
Recognize that individuals do not view their lives or health through a single 
identity lens and may belong to one or more racial, ethnic, or demographic 
groups with varying health and social inequities and assets. Acknowledge that 
diversity exists within and across populations and communities.

•	 Acknowledge that access to information is necessary but not sufficient if people 
cannot understand or use it, or it is not culturally and linguistically appropriate. 
Avoid language that implies blame based on an individual’s or population’s 
increased risk of poorer health outcomes. Consider how to improve access to 
information based on preferences of the population of interest.

•	 Tailor communication strategies to the population one is trying to reach. 
Community engagement and leadership is fundamental to the development of 
outreach materials and strategies that are culturally relevant, unbiased, and reso-
nate with the intended audience. Pretest and revise materials with the intended 
audience before disseminating. Review the materials for language that the audi-
ence may find offensive, marginalizing, or stigmatizing. Sources for key princi-
ple and preferred terminology resource include: Key Principles|Gateway to 
Health Communication|CDC; Preferred Terms for Select Population Groups & 
Communities|Gateway to Health Communication|CDC; NCI dictionary of can-
cer terms https://www.cancer.gov/publications/dictionaries/cancer-terms/
expand/N. International Association for the Study of Lung Cancer: Language 
Guide (https://www.iaslc.org/IASLCLanguageGuide).

•	 Recognize that health literacy within a population of interest can vary depending 
on factors such as disability status, a primary language other than English, and 
access to technology and/or the ability to use it.

�Integrating Health Literacy into Health Care Systems

The 10 attributes of health literate health care organizations highlight what health 
care organizations can do to make it easier for people to navigate, understand, and 
use information and services to take care of their health [22, 23]. These attributes 
can serve as a measure of progress in advancing health literacy in an organization.

The Health Literate Care Model integrates health literacy into the evidence-
based Care Model (previously called the Chronic Care Model). The Care Model is 
a systems approach to achieving productive communication between clinical care 
and patients. This approach necessitates cooperative engagement of health system 
leadership, clinical practice, the community and patients, including their families 
and caregivers, to attain the information and resources needed to improve patient 
and community health outcomes [22, 23]. The Agency for Healthcare Research and 
Quality (AHRQ) Health Literacy Precautions Toolkit provides information and 
tools for integrating health literacy into the various components of the Care 
Model [24].
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Health literacy universal precautions assume that all patients may have difficulty 
at some point in understanding health information and navigating the complex 
health system. Given this assumption, practice-wide changes and simplifying oral 
and written communication are needed for patients of all health literacy levels. 
Universal precautions promote [24, 25]:

•	 Improving patient-provider communication by simplifying oral, written, and 
web-based information and confirming patient understanding through tools such 
as Teach-Back.

•	 Enhancing clinical practice and health system environments so they are easier to 
navigate.

•	 Creating environments that are patient-centered and engage and support patients’ 
efforts to improve their health.

�Personal Health Literacy: Communication Strategies

Productive patient-provider communication enables patients to be actively engaged 
in their health care. To achieve productive communication, health care providers 
need to convey information to patients orally and in writing that it is easily under-
stood, actionable, and empowers the patient in making decisions related to their 
health. The NIH Clear Communication strategy outlines five basic steps for devel-
oping health information for all populations, with particular emphasis on reaching 
those with lower health literacy [26]: define the intended audience (population of 
interest); conduct the research; develop a concept for the product; develop content 
and visual design of materials; pretest and revise material. Chapter 25 in this toolkit 
describes how this strategy was used to develop materials and public awareness 
strategies by the Lung Cancer Learning Community (LC2) initiative developed by 
Thomas Jefferson University.

Advisory groups give credibility to the research conducted and increase the like-
lihood that the materials, programs, and services developed will engage and meet 
the needs of patients and families. An advisory group that involves patients from the 
intended audience(s) and representatives from community organizations who serve 
these populations is key to informing and conducting community-based participa-
tory research designed to understand what patients from the intended audiences 
may already know and believe about lung cancer including myths and misinforma-
tion, cultural preferences and sensitivities, motivators for lung cancer screening 
uptake, and social determinants of health and barriers that may impact lung cancer 
screening. The advisory group is essential not only to inform the research process, 
but also the development, pretesting, and dissemination of communication materi-
als and strategies based on the research findings. They also play a key role in 
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helping health systems identify community resources and services that address 
screening barriers such as those related to social determinants of health.

Raising patient and public awareness about lung cancer screening requires a 
multi-pronged approach including strategies such as tailoring oral and written com-
munication to meet the needs of patients and the community; creating web-based 
material that is easy to find, use, and understand; and health literacy training for 
health system personnel.

�Health Literacy Strategies in Interpersonal Communication

It is difficult to determine which patients may have lower health literacy. Studies 
show that patients immediately forget 40–80% of the medical information they are 
given and about 50% of information is not remembered correctly [27, 28]. Patients 
with limited health literacy may even have completed high school or college, be 
well spoken, be employed in professions such as health care, and may indicate they 
understand written materials provided [29]. While methods to assess health literacy 
exist, they are not accurate in all situations, and the process can be stigmatizing for 
patients, for example, having health literacy status documented in the patient health 
record. Using universal precautions means that health care providers communicate 
with all patients and families assuming that they will have difficulty understanding 
some health information. Ultimately, this approach recognizes that everyone bene-
fits from communication that is clear, easy to understand, and actionable [24].

Principles for effective oral communication with patients include [30, 31]:

•	 Create a shame-free environment that encourages questions, shares concerns and 
problems, protects patients from embarrassment in front of others, is respectful, 
and builds trust.

•	 Ask the patient how she prefers to receive information (reading, hearing, or 
viewing).

•	 Speak in plain language—speak slowly with patients in a conversational manner 
that uses simple easy to understand language and avoids medical jargon. Include 
examples whenever possible and use visual models such as diagrams, pictures, 
and videos to illustrate the information. Table 21.1 provides common terminol-
ogy used when discussing lung cancer and lung cancer screening and sugges-
tions for plain language substitutions.

•	 Common terminology to describe lung cancer test results can also be confusing 
to patients. For example, in everyday life “positive” usually indicates something 
that is good or desired and “negative” is not good or desired. Yet for cancer test 
results the opposite is true. A positive test result means that one may have cancer 
and that further testing may be indicated. False-positive is also a misunderstood 
term and given the frequency of lung cancer test results that are false-positives, 
this term needs to be better explained for most people.
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Table 21.1  Common lung cancer terminology

Cancer terminology Simplified

Pulmonology Having to do with the lungs
Carcinogen Cancer causing
Low-dose computed 
tomography scan (also 
known as low-dose CT 
scan or LDCT)

A procedure that uses a computer linked to an X-ray machine that 
uses a low dose of radiation to take detailed pictures of tissues and 
organs in the body

Metastasis The spread of cancer cells from the place in the body where they 
first formed to another part of the body

Nodule A growth or lump that may be malignant (cancer) or benign (not 
cancer)

Malignant Cancerous. Malignant cells can invade nearby tissue and spread to 
other parts of the body

Benign Not cancerous
Pack-year A way to measure how much a person has smoked over a long 

period of time. To determine the pack year multiply the number of 
packs of cigarettes smoked per day times the number of years the 
person has smoked. For example: 1 pack per day for 20 years is 20 
pack-years. ½ pack per day for 40 years is 20 pack-years

(Source [39]: NCI Dictionary of Cancer Terms—National Cancer Institute)

•	 Focus on what the patient needs to know and needs to do. Limit, organize, and 
repeat the 3–5 most important key points. Teach 1 step at a time. Break down 
complex instructions.

•	 Communicate in ways that encourage patient engagement such as using pic-
tures, videos, interactive computer programs, and personal risk assessments. 
Prepare patients for their health care visit by encouraging them to write down 
their questions or providing a list of suggested questions to ask their health care 
providers. Motivational interviewing, cited as an evidence-based practice by 
the Robert Wood Johnson Foundation, National Committee for Quality 
Assurance, and the Joint Commission [32], facilitates patient-centered discus-
sion and fosters collaboration by asking patients open-ended questions about 
their goals, concerns, and other constraints in making a health care decision or 
behavioral change such as getting screened for lung cancer or giving up smok-
ing. The role of the provider is to listen, affirm, and reflect what the patient 
says; elicit, clarify, and resolve ambivalence; summarize the discussion and 
help the patient create a personal plan for next steps. Providers should empha-
size patient action, motivation, and self-empowerment rather than detailed facts 
[32]. Motivational interviewing and shared decision making communication 
strategies can be used sequentially to support the decision making process. 
Shared decision-making, a required component of lung cancer screening, also 
uses reflective listening to explore treatment options and help patients make 
informed decisions based on their preferences [33]. Chapters 4 and 11 in this 
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toolkit provide in-depth information regarding shared decision making and 
lung cancer screening.

•	 Confirm patient understanding and encourage questions using methods such as 
Teach-back. The Teach-back method assesses understanding by asking the 
patient to explain in his or her own words the information the staff provided, or 
by asking the patient to demonstrate a skill that was taught. Refrain from simply 
asking the patient “Do you understand?” Regardless of one’s ability to under-
stand the information, many people who do not understand may still answer 
“Yes.” Teach-back is not about testing the patient’s knowledge. It is about how 
well the provider explained the information [29]. Consider asking questions 
such as:

–– We discussed a lot today and want to make sure I explained things clearly. 
When you go home today, what will you tell your wife about our conversation 
concerning lung cancer screening?

–– We have gone over a lot of information; and I want to make sure I explained 
it correctly. Can you tell me about the plan we discussed for getting screened 
for lung cancer?

�Language Assistance

Providing language assistance for those with limited English Proficiency (LEP) and 
other communication needs, including translating health materials into commonly 
spoken languages, providing sign language and braille, and providing interpreter 
services for in-person encounters, is required by Section 504 of the Rehabilitation 
Act of 1973 and Title VI of the Civil Rights Act of 1964 [34]. In 2013, the Office of 
Minority Health released the enhanced National CLAS Standards, a comprehensive 
set of 15 guidelines that inform, guide, and facilitate practices related to culturally 
and linguistically appropriate health services. Four of these standards (standards 
5–8) directly relate to Communication and Language Assistance and apply to both 
oral and written communication [11]. These standards endorse providing language 
assistance to all LEP individuals at no cost; informing individuals about the avail-
ability of language assistance services in writing, verbally, and in preferred lan-
guages; ensuring that competently trained and tested bilingual interpreters are used 
and that American Sign Language (ASL) standards are met by individuals provid-
ing sign language; and providing easy-to-understand print and multimedia materials 
and signage in the most commonly spoken languages.

R. Brawer and K. Pham



219

�Using a Health Literacy Lens to Develop and Improve Written 
Health Materials

The Plain Writing Act of 2010 requires the federal government, including all health 
agencies, to apply health literacy plain writing principles to all documents in print 
and online [35]. As a result, the government and many other organizations, such as 
Medline Plus, have increased access to a variety of health materials written at or 
below a sixth grade level, that are accurate, easy to understand, and actionable. 
Whether one is using existing health education materials, revising materials, or 
developing new materials, assessing materials for readability, accuracy and rele-
vance, and design is necessary.

Your document is written in plain language when your intended audience under-
stands it. Engaging patients and members of the intended audience in the process is 
essential to ensuring documents are suitable, understandable, and actionable. 
Readability level alone is not an indicator that the document meets the health liter-
acy guidelines for plain language. Patient education materials are understandable 
and actionable when consumers of diverse backgrounds and varying levels of health 
literacy can process and explain key messages, and identify what they can do based 
on the information presented. The following information provides a brief overview 
for developing written materials; extensive toolkits such as the AHRQ Health 
Literacy Universal Precautions Toolkit [24], the Center for Healthcare Strategies 
[35], and the CMS Toolkit for Making Written Material Clear and Effective [36] are 
available.

Assessing suitability of existing lung cancer screening materials:

•	 Utilize preexisting tools to provide guidance on health literacy assessment of 
written materials and videos, such as the Suitability Assessment of Materials 
(SAM). SAM addresses content, literacy demand, graphics, layout and type, 
learning simulation, and motivation and cultural appropriateness [37]. The 
Patient Education Materials Assessment Tool (PEMAT) is a systematic method 
to evaluate and compare understandability and actionability of patient education 
materials and assesses content, word choice and style, use of numbers, organiza-
tion, layout and design, and use of visual aids [38]. Conducting a readability 
assessment for print materials in conjunction with the PEMAT is 
recommended.

•	 Conduct readability assessments using readability formulas such as SMOG, 
Fry, and Flesch-Kincaid. These assessments provide an estimate of the reading 
difficulty and are generally based on the number of multi-syllable words and 
sentence length. Assessing by hand is recommended; however, free online tools 
do exist (http://www.readabilityformulas.com/free-readability-formula-tests.
php) and Flesch-Kincaid is available as part of MS Word. Readability scores 
should be interpreted as a range of difficulty rather than a specific grade 
level [35].
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•	 Finally engage the intended audience in the review process and rely on their 
expertise and feedback to determine whether the material is clear and effective.

Processes for developing written materials to promote lung cancer screening: 
[26, 35].

•	 Identify the intended population and conduct research to understand their knowl-
edge, attitudes, beliefs, and perceived barriers to lung cancer screening. Engage 
the intended audience through the formation of an advisory group and other 
methods such as focus groups, surveys, and key informant interviews.

•	 Develop key concepts, messages, and strategies based on research findings. 
Develop materials and pretest with the intended audience. Conduct readability 
assessments. Revise according to readability assessment and pretesting feedback 
from the intended audience.

•	 Disseminate and evaluate materials based on input from the advisory group and 
intended audiences. Evaluate satisfaction and understanding, and the impact on 
the intended audience using focus groups, surveys, and related tools.

Principles for developing written materials to promote lung cancer screening 
[24, 26, 35]:

•	 Create text that is action and goal oriented. Explain the purpose and limit con-
tent: create personal relevance by describing the purpose and benefits of screen-
ing from the patient viewpoint. Consider the following: What is it that the patient 
wants and needs to know? Is the information sensitive to the patient’s gender, 
sexual orientation, and cultural or ethnic background? Emphasize desired patient 
actions, behaviors, and review key points. What is the least amount of informa-
tion needed to provide the reader with the knowledge and motivation to get 
screened?

•	 Utilize plain language principles for easy-to-read materials. Write in a friendly, 
conversational style using active voice to motivate patients to action. Use short 
sentences (10–15 words) and limit paragraphs to three to five sentences. Use 
medical jargon sparingly and instead focus on plain language that defines and 
explains medical terms simply and clearly as shown in Table  21.1 [39]. To 
address numeracy, limit the use of statistics and use general words like most, 
many, half. Mathematical concepts, such as risk, normal, and range, may not be 
easily understood by the intended audience. If possible, use words such as 
“chance” or “possibility” instead. Repeat and summarize important messages.

•	 Utilize design principles that make it easier for patients to read and navigate 
print materials. Written materials that appear dense and difficult may overwhelm 
patients and discourage their use. Materials should provide content that is logi-
cally structured, using bulleted lists with subheadings that organize information. 
Materials should be designed so that the ratio of white space to words and images 
is maximized by using strategies such as 1-in. margins, 1½ to double spaced text, 
and a font size that is 12 point or larger. Other design strategies that help poorer 
readers and older adults navigate written materials include: strong contrast 
between background and text colors; left justified margins; using fonts that are 
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easy to read; and avoiding italics, all CAPITAL LETTERS, and underlining 
which can make text appear blurry. For more guidance regarding strategies to 
develop written materials refer to the AHRQ Health Literacy Universal 
Precautions Toolkit [24], NIH Clear Communication—Clear and Simple [26], 
and the Center for Health Care Strategies Health Literacy Fact Sheets [35].

•	 Provide visual cues, illustrations, and interaction to help the reader focus on 
what is important. Incorporating visual images and patient interaction into writ-
ten materials increases the likelihood that the information will be remembered 
and focuses attention on what is important. To build trust in the information, 
visual images should establish a familiar context showing people and settings 
that are familiar to the intended audience. Visual cues use color, boxes, arrows, 
and other features to draw attention to important information and highlight the 
positive actions that individuals should do, rather than what they should not do. 
The inclusion of a question and answer section, opportunities to consider how 
the patient will resolve a problem, and writing action plans help patients deter-
mine their personal risk, and address their barriers to seeking care. Using visuals 
with testimonials from people with lived experience and photonovels (a comic 
book style publication based on the experiences of the intended audience about a 
health concern, such as lung cancer or smoking) provides realism and helps build 
patient self-efficacy.

•	 Translate materials into common languages spoken. In addition to information 
discussed in the oral communication section in the preceding text regarding 
meaningful access for those with limited English proficiency, written materials 
should be translated into desired languages by qualified individuals, back-
translated into English by a different translator to identify any discrepancies, and 
then pre-tested with individuals from the intended audience to ensure they are 
accurate, understandable, and culturally relevant and appropriate.

•	 Design websites for lower literacy users. Increasing access to quality online 
information is a priority. Websites should conduct usability testing with intended 
audiences to ensure the information is understandable and the site is easy to navi-
gate. Lower literacy website users face the same obstacles as poorer readers and 
principles for developing plain language written materials apply. In addition, 
many people experience decreased reading speed by as much as 25% on comput-
ers. Scrolling, drop-down menus, pop-ups, and text or visuals that move can 
impact visual concentration and website navigation and should be avoided or 
limited. Simplifying navigation is key to digital literacy and usability. The fol-
lowing usability guidelines provide specific steps/details to enhance accessibility 
for all patients, including those with disabilities, and should be employed to 
develop and evaluate existing and new websites: Research-Based Web Design & 
Usability Guidelines developed by the U.S.  General Services Administration 
[40]; the Customer Usability Toolkit at digital.gov [41]; and the Web Accessibility 
Evaluation Tools List [42].

•	 Pretest and revise. Conduct a review of materials using appropriate tools (SAM, 
PEMAT, readability tests). Pretest the draft and the final materials for compre-
hension, attractiveness, and acceptability with patients from the intended audi-
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ences. Revise and disseminate. Potential topics for pretesting include patient 
understanding of key messages; identifying anything that may be offensive or 
inappropriate; relatability of visual images; opportunities to improve the materi-
als, and other information that should be included. The Centers for Disease 
Control and Prevention (CDC) have several resources and toolkits to support 
educational material pretesting [43].

�Organizational Health Literacy and Lung Cancer Screening

Healthy People 2030 and the National Action Plan to Improve Health Literacy 
emphasize the responsibility of organizations to equitably address health literacy. 
The intent of the enhanced National CLAS standards is to improve health equity 
and quality and reduce health disparities through the development of a blueprint that 
provides a structure for health care organizations to “provide effective, equitable, 
understandable, and respectful quality care and services that are responsive to 
diverse cultural health beliefs and practices, preferred languages, health literacy, 
and other communication needs.” The National CLAS standards for Governance, 
Leadership, and Workforce are to: advance and sustain governance and leadership 
that promotes CLAS and health equity (standard 2); recruit, promote, and support a 
diverse governance, leadership, and workforce (standard 3); and educate and train 
governance, leadership, and workforce in CLAS (standard 4). In addition, standards 
9–15 provide guidance on establishing and assessing organizational engagement, 
continuous improvement efforts, and accountability [44].

Health organizations will have different goals and expectations for implementing 
CLAS standards based on the size, type, and mission of the organization as well as 
the strategies that are already in place. A shared vision and necessary resources to 
successfully implement planned strategies should be determined prior to implemen-
tation. For example, how will responsibilities for plan implementation be distrib-
uted throughout the organization and what resources are needed to effectively 
support and sustain this effort? Specific implementation strategies that organiza-
tions can undertake to establish or enhance culturally and linguistically appropriate 
services can be found in the CLAS Blueprint. Examples of strategies to promote 
CLAS at the organizational level that also support lung cancer screening efforts 
include [44]:

•	 Leadership support: Identify informed and committed champions of cultural 
competency throughout the organization to focus and sustain efforts around pro-
viding culturally competent care. Develop and commit to system-wide policies, 
practices, procedures, and programs that support CLAS. For example, policies 
that support review of patient education materials and ensure usability of health 
information systems.

•	 Training: Increase organizational awareness about lung cancer screening and 
smoking cessation services. Increase organizational capacity to provide CLAS 
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services through training focused on culture and health literacy, such as implicit 
bias, health literacy basics, motivational interviewing, and shared 
decision-making.

•	 Patient navigation support: Provide patient navigation programs to address 
access barriers to care, including health literacy and other social determinants of 
health, such as transportation, insurance access, and scheduling future 
appointments.

•	 Language assistance: Assess the language and communication proficiency of 
staff to determine fluency and appropriateness for serving as interpreters.

•	 Community outreach and engagement: Identify and partner with trusted com-
munity organizations and messengers, such as community health workers, to 
serve as a bridge between the community and health and social services, and 
facilitate access to and enrollment in services such as lung cancer screening.

•	 Evaluation: Work with information technology to support and track efforts such 
as lung cancer screening referrals and screening rates and integration of the pack 
year calculator into electronic medical records. Implement ongoing organizational 
assessment of CLAS-related activities such as training and patient satisfaction 
with provider communication (patient focus groups; CAPHS survey questions 
related to patient satisfaction with communication).

�Conclusion

The Healthy People 2030 objective for lung cancer screening is to increase the pro-
portion of adults who receive a lung cancer screening based on the most recent 
guidelines to 7.5%. While lung cancer screening can help prevent lung cancer deaths 
in high risk individuals, estimated lung cancer screening rates across the United 
States for 2019 are low at about 6.6%, or 1 out of 15 eligible individuals [45]. Low 
cancer screening rates have been linked to patient lack of awareness, fear of cancer 
diagnosis, stigma, and challenges related to accessing health care [13]. Increasing 
knowledge about screening recommendations among health care providers, people 
at risk for lung cancer, and the general public can help lower the lung cancer mortal-
ity rate. As reviewed throughout this chapter, integrating health literacy principles 
and training into care models and health systems can play a significant role in 
increasing awareness about and uptake of lung cancer screening and reducing health 
disparities. This approach also supports the National Action Plan to Improve Health 
Literacy, the enhanced National CLAS standards, and goals of the President’s 
Cancer Panel to improve and align cancer screening communication, facilitate equi-
table access to screening, and strengthen the knowledge and skills of the workforce 
to support cancer screening and risk assessment. Most importantly, patient and com-
munity engagement is essential to developing and implementing effective health 
communication materials and strategies that are respectful of and responsive to the 
needs of diverse populations and ultimately can reduce lung cancer disparities.
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Chapter 22
Local Therapy for Early-Stage Lung 
Cancer

Nathaniel R. Evans III and Maria Werner-Wasik

�Surgical Therapy to Early-Stage Lung Cancer

Surgical resection for lung cancer was first performed in the 1930s catalyzed by the 
availability of sulfa-based antibiotics which greatly enhanced the surgical outcomes 
[1]. In the near century since that innovation, surgical resection has evolved signifi-
cantly. Both the procedures performed and the approach by which they accom-
plished has radically changed. Additionally, improvements in radiological detection, 
pre-operative care, anesthetic techniques, and post-operative care have drastically 
improved the morbidity and mortality of lung cancer operations. This combined 
with advanced in-targeted therapy, adjuvant and “neo-adjuvant” systemic therapies 
for high-risk early-stage patients has markedly improved the outlook and prognosis 
for lung cancer surgery patients.

�The Evolution of Surgical Procedures for Lung Cancer

Evarts Graham performed the first surgical removal of a lung for lung cancer (which 
he called Pneumectomy) in 1932 [1]. This procedure, now known as pneumonec-
tomy, was the standard of surgical care for lung cancer resection until the 1950s. By 
that time several groups including Churchill at Massachusetts General Hospital 
showed that resection of the lobe a cancer arose from (lobectomy) was adequate if 
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the entire cancer could be removed that way, and that the stage of the cancer was a 
much better predictor of survival than the type of operation performed [2]. Thus, 
from the 1950s on, lobectomy became the standard for surgical resection of 
lung cancer.

With the advent of computed tomography, many more small lung cancers were 
identified. With that, the ability to remove less than a lobe of the lung, still removing 
the entire cancer and saving more functioning lung gained popularity [3]. Many 
practitioners argued that a lobectomy for very small lung cancer was more aggres-
sive than necessary. To address this concern, The Lung Cancer Study Group com-
parted lobectomy to “sublobar resection” in patients with small cancers and no 
lymph node involvement. This study found that although survival was similar, 
lobectomy patients were less likely to have recurrence of their cancers in the lung 
[4]. Thus, lobectomy remains the standard of care for resection of early-stage 
lung cancer.

Recently there is renewed interest in “sublobar” resections especially segmen-
tectomy (removal of one of the anatomic segments of a lobe rather than the entire 
lobe). Continued improvements in imaging and the adoption of lung cancer screen-
ing has helped identify more small early stage lung cancers. Additionally, as treat-
ment for lung cancers improves, there is a growing population of patients with 
second and third primary lung cancers [5]. Given all of this, a recently completed 
international trial that compared lobectomy to sublobar resection in stage IA lung 
cancer with modern staging, imaging, and surgical techniques promises to inform 
the approach to early stage lung cancer. Initial reports from this study suggest that 
in appropriately selected patients, sublobar resection may be as effective as lobec-
tomy in controlling local disease and improving survival [6].

�Screen Detected Lung Cancers

It is imperative to keep in mind that screen detected lung cancers represent a subset 
of lung cancers that are generally earlier stage and thus have a markedly improved 
prognosis. This is one of the factors that makes lung cancer screening so powerful. 
Screening is most effective when there is a distinct set of risk factors that can be 
used to identify those at risk and there is a clear advantage to finding and treating 
that screen detected disease earlier. In the case of lung cancer screening, both are 
emphatically true [7].

�Surgical Approach to Lung Cancer Surgery

Not only has the operation performed for lung cancer evolved over time. The 
approach used to perform that operation has also been the subject of constant 
change, innovation, and controversy. Until the 1990s, all thoracic surgery including 
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lung cancer resection was performed via an incision on the chest that divided the 
muscles of the chest and spread the space between the ribs to allow access to the 
chest. The advent of video thoracoscopes allowed for many thoracic procedures to 
be performed in a minimally invasive fashion. Although direct comparisons between 
VATS and thoracotomy lobectomy have been plagued with selection bias and poor 
accrual, many studies have shown equal mortality, improved morbidity, and faster 
recovery with VATS lobectomy [8]. More recently, the introduction of surgical 
robotic technology has introduced another minimally invasive option for lung can-
cer surgery. According to the National Cancer Centers Network (NCCN), mini-
mally invasive surgery is the treatment of choice for early stage lung cancer [9].

�Outcomes After Lung Cancer Surgery

Surgical resection remains the standard of care for those patients who are fit for an 
operation because it provides excellent local control of tumor and improvement in 
overall survival. The expected perioperative mortality for surgical resection for lung 
cancer is currently 2.2%. The most common post-operative complication is atrial 
arrhythmia which occurs in nearly 11% of patients [10]. Most importantly, the 
10-year survival for resected stage I lung cancer has been estimated at at least 88% 
[7]. At higher stages, there is the expected decrease in median survival, however 
advances in adjuvant therapy, including immunotherapy, and targeted therapy have 
improved survival in this subset of patients as well [11–13].

�Challenges in Lung Cancer Surgery

Despite excellent overall results after resection for lung cancer, there remains a sub-
set of patients who recur both locally and with distant disease [5]. Although multiple 
small studies have shown histologic and molecular markers that predict recurrence, 
there is not a widely established or accepted way to predict recurrence after surgical 
resection (or radiation or ablation) that is more accurate than pathologic staging. 
Although each version of the staging system becomes more specific, it remains a 
crude tool to predict recurrence [14]. The ability to predict recurrence and detect it 
earlier is one of the most pressing needs in research in early-stage lung cancer.

�Surgical Candidacy and Alternatives to Surgery

Given the excellent expected outcomes from surgical resection for early stage 
disease, it is of paramount importance to objectively determine who is a candidate 
for surgical resection in terms of cardiopulmonary reserve and medical 
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comorbidities. Guidelines for pre-operative assessment are well established. 
While most patients can be stratified using only a history and physical exam and 
pulmonary function tests, for those in whom the determination is less clear, a 
stepwise escalation of testing modalities is often employed, considering examina-
tions such as 6-min walk tests and quantitative perfusion [15]. For those patients 
who are deemed not to be candidates for resection, stereotactic body radiation is 
the mainstay of therapy. Other treatment modalities such as cryoablation and 
radio frequency ablation continue to be investigated as alternatives to surgery and 
radiation [16–18].

�Stereotactic Body Radiation Therapy (SBRT) for Treatment 
of Early-Stage Lung Cancer

Over the last two decades, Stereotactic Body Radiation Therapy (SBRT) has become 
an everyday tool for curative radiation in patients with small (usually defined as not 
exceeding 5 cm) node-negative non-small cell lung cancer (NSCLC) tumors. SBRT 
is used in medically inoperable patients (or those who refuse surgery), while lobec-
tomy with mediastinal lymph node dissection remains the gold standard otherwise. 
Overall, the popularity of SBRT represents a great success story for radiation oncol-
ogy due to its “high tech” noninvasive nature, requiring a minimum of visits and 
being associated with a high expectation of tumor control, as well as low toxicity 
[9, 19–21].

Current NCCN guidelines v.2–2022, recommend “definitive radiation therapy 
(RT), preferably stereotactic ablative radiotherapy (SABR, which is another term 
for SBRT) for medically inoperable patients with Stage IA and Stage IB node-
negative NSCLC” [19]. In comparison to standard fractionated thoracic RT, which 
prescribes a total radiation dose of 60 Gy in 30 daily doses, or fractions, SBRT uses 
few fractions, commonly 54 Gy in three fractions of 18 Gy each, or 60 Gy in five 
fractions of 10–12 Gy each in peripheral tumor locations, with other dosing/frac-
tionation schemes also acceptable [19]. Radiation dose distribution around the 
treated tumor is very tight, sparing therefore the normal surrounding lung paren-
chyma to minimize toxicity and exposure to surrounding normal lung. However, 
tumors in central locations, close to the large airways, large vessels, the esophagus, 
require special care in order to avoid potentially severe late toxicity, such as tracheo-
malacia, airway narrowing, or hemorrhage. A radiation dose escalation prospective 
trial of SBRT (RTOG 0813) studied a five-fraction regimen for central tumors with 
fraction sizes up to 12 Gy and was deemed safe [20].

Successful delivery of SBRT is not vendor-specific, allowing for use of a linear 
accelerator, CyberKnife, a proton unit, tomotherapy unit, etc. However, it is a 
sophisticated therapy, requiring a team expertise of radiation oncologists, medical 
dosimetrists, medical physicists, and radiation therapists, mostly to assure precise 
tumor targeting and honoring the tolerances of normal thoracic organs, in view of 
large fraction sizes.
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A wide introduction of SBRT in the Dutch population resulted in survival 
improvement (from 16 to 21 months) among patients with Stage I NSCLC, who 
otherwise would have not be treated at all, presumably due to the inability to undergo 
surgery [21]. The effectiveness of SBRT vs standard RT was compared in two ran-
domized trials [22, 23]. The SPACE trial demonstrated equivalent progression-free 
survival (PFS), which was the study’s primary endpoint, as well as overall survival 
(OS), when standard RT to 70 Gy was compared to SBRT (66 Gy in three fractions) 
[22]. In a similar CHISEL trial, SBRT was superior to standard RT with regard to 
freedom from local failure, as well as OS [23].

The first American prospective Phase II study of SBRT was the RTOG 0236, 
which has enrolled 59 medically inoperable patients with multiple comorbidities, 
mostly pulmonary and cardiac (e.g., 40% of patients had severely reduced diffusion 
capacity and 43% had severe cerebral, cardiac, or peripheral vascular disease) [24]. 
An impressive local tumor control of 98% at 3 years was accomplished, without 
severe adverse events, and with median survival time of 4 years. Therefore, a new 
effective treatment modality was established for those patients, who had few viable 
options previously. SBRT has not been demonstrated to cause a decline in pulmo-
nary function studies, such as the FEV1 and diffusion capacity [25]. Similarly, poor 
lung function should not prevent patients from being offered SBRT if the perceived 
risk of pneumothorax is too high to allow a biopsy, since the outcomes of biopsied 
vs non-biopsied patients were similar in large retrospective series [26]. However, a 
reasonable attempt at biopsy should be always performed, unless it is considered 
medically dangerous. In patients with evidence of an enlarging lung nodule, as well 
as an increasing hypermetabolic uptake on PET scan, a biopsy can be probably 
omitted, if contraindicated. Specific radiologic characteristics, such as tumor spicu-
lations on a CT scan, are highly suspicious for a primary lung malignancy. Advanced 
age is not a contraindication for lung SBRT, since octo- and nonagenarians seem to 
derive the same benefit from SBRT as younger patients [27].

Distant tumor spread remains a dominant failure pattern (20% at 5 years in the 
Dutch experience), and medically inoperable patients may not always be candidates 
for chemotherapy following SBRT due to their comorbidities [28]. With the recent 
success of immunotherapy (IO) in Stage III lung cancer, prospective randomized 
studies were initiated of IO as adjuvant therapy after SBRT [29–31]. The SWOG 
1914 trial is planning to enroll 480 high-risk patients with Stage I NSCLC, defined 
as having tumor size of at least 2  cm, or with a maximum Standardized Uptake 
Value (SUV) on a PET scan of at least 6.2, or a moderately or poorly differentiated 
histology. This should result in a higher chance of demonstrating benefit of the IO 
than allowing enrollment of unselected patients with lower likelihood of tumor 
recurrence. The primary study endpoint is overall survival.

The question whether SBRT would provide similar loco-regional control and 
survival as surgery for operable patients with early stage lung cancer remains unre-
solved. Several large Phase III randomized trials comparing surgery to SBRT 
(ROSEL; ACOSOG Z4009/RTOG 1021) were closed due to poor accrual [32]. 
SBRT has been delivered for early stage peripheral lesions in medically operable 
patients in the setting of a single-arm Phase II clinical trial, RTOG 0618, with 26 
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patients evaluated and achieving relatively high local tumor control (96%), low 
rates of surgical salvage and adverse events while preserving pulmonary function 
[33, 34].

In a pooled analysis of the STARS and ROSEL trials, which looked at operable 
Stage I NSCLC patients, SBRT was found to have a higher overall survival of 95% 
at 3 years compared to patients who had received lobectomy and mediastinal lymph 
node dissection at 75%, with similar recurrence-free survival [35]. Patients who had 
received surgery had more Grade 3 or higher events than the SBRT arms (44% vs 
10%). This analysis supports the idea that further studies are necessary. In fact, the 
ongoing US VALOR trial (SBRT vs lobectomy) is accruing patients well and is 
expected to complete enrollment by 2026 [36]. Patients eligible for VALOR need to 
have adequate lung function, that is, FEV1 > 40% and DLCO>40%. In any case, the 
availability of exciting surgical and non-surgical treatment options for screen-
detected and other early stage lung cancers promise to improve survival while maxi-
mizing lung function and minimizing side effects.
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Chapter 23
The Revolution of Lung Cancer 
Therapeutics

Zachary French, Jennifer Johnson, and Rita Axelrod

�Background

Lung cancer remains one of the most common cancers and tops the list for causes 
of cancer-related deaths worldwide. Though decreased rates of smoking in the 
United States may help reduce the number of cases, and increased rates of lung 
cancer screening may help us diagnose lung cancers at an earlier stage, we continue 
to diagnose and treat many patients with advanced stage disease. The development 
of targeted and immune therapies has changed the landscape for how we treat these 
patients and have helped improve outcomes. Choosing the right treatment (or com-
bination of treatments), for the right patient, at the right time, has become increas-
ingly complex. Here we will review the advances in lung cancer therapeutics and 
the outlook for future research.

�Non-small Cell Lung Cancer

The central modalities of treatment for early-stage non-small cell lung cancer 
(NSCLC) have been surgical resection and radiation therapy. These approaches 
offer an opportunity for cure for early localized disease. With increased rates of 
screening, we hope to diagnose more patients in this stage. The use of drug therapy 
begins with identifying patients who have resectable disease but may benefit from 
neoadjuvant or adjuvant chemotherapy. Chemotherapy has failed to show a benefit 
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in very early-stage disease (stage IA and stage IB <4  cm). The role of targeted 
agents or immunotherapy in is under investigation and not yet established.

The standard of care for patients with stages IB to IIIA disease and reasonable 
performance status is actively evolving. Surgical resection followed by adjuvant 
chemotherapy has been the most common approach [1]. Histology helps to guide 
the choice of chemotherapy, but platinum doublets have proven to be most effective 
while minimizing toxicity. Cisplatin or carboplatin provides the backbone of the 
doublet. The second agent is often pemetrexed for non-squamous histology, namely, 
adenocarcinomas [2]. For squamous histology, there are several acceptable second 
agents, including gemcitabine [3], docetaxel [4], and vinorelbine [5]. The standard 
estimate for adjuvant chemotherapy in these patients is that there is a 50% chance 
of relapse after surgery, and the addition of adjuvant therapy may decrease the 
chance of relapse by an additional 5–15% [6–10]. While not a marked improve-
ment, this strategy is recommended for all patients who may tolerate it regardless of 
age [11]. Adjuvant immunotherapy and targeted therapy with the EGFR-directed 
agent osimertinib are now approved in selected populations. The immunotherapy 
atezolizumab is given for 1 year following adjuvant chemotherapy for patients that 
are PD-L1 positive and do not have molecular targets for treatment [12]. In this trial, 
the median disease-free survival was not met for the atezolizumab arm, and 
35.5 months in the best supportive care arm. Osimertinib, a third generation anti-
EGFR tyrosine kinase inhibitor (TKI), is approved for adjuvant therapy for stages 
II-IIIA disease [13]. Median disease-free survival was not reached and 90% of 
patients were alive at 2 years in the osimertinib arm, compared to median disease-
free survival 19.6 months and 44% of patients alive at 2 years in the placebo arm.

Neoadjuvant (or induction) chemotherapy has been studied and proven effective 
as well but is not currently standard of care and only used in select patient popula-
tions. In one study, the use of neoadjuvant chemotherapy prior to surgery compared 
to surgery alone had a marked impact on survival [14]. In patients with potentially 
resectable disease (N2 nodal stage), neoadjuvant chemotherapy may increase the 
likelihood of successful surgical resection [15, 16]. Neoadjuvant chemotherapy is 
also the preferred strategy in patients with superior sulcus (Pancoast) tumors [17]. 
Neoadjuvant concurrent chemoradiation has also been studied and can be used in 
select cases, but has not been shown to be more effective than neoadjuvant chemo-
therapy alone for patients with stage IIIA(N2) disease [18], and this strategy actu-
ally led to increased morbidity and mortality when used prior to pneumonectomy 
[16]. For patients undergoing pneumonectomy, neoadjuvant chemotherapy without 
radiation is the preferred treatment modality [19, 20].

Some small studies have also investigated the role of neoadjuvant immunother-
apy without chemotherapy, though this is also not standard practice [21, 22]. Very 
recently, the FDA approved the combination of nivolumab with platinum doublet 
chemotherapy in the neoadjuvant setting. This strategy has the potential to become 
a new standard of care given the significant increase in median event-free survival 
by almost 11 months. As for neoadjuvant targeted therapy, there have been a few 
trials exploring the use of anti-EGFR TKIs erlotinib or gefitinib in this setting. Data 
from this small sample suggest neoadjuvant targeted therapy was feasible with 
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acceptable toxicity, and may lead to improved downstaging and complete resection 
rates, though more robust studies are needed [23, 24]. The incorporation of immu-
notherapy and targeted drug therapy in early-stage disease will require broader and 
earlier adoption of molecular characterization of tumors for individualized 
patient care.

Stage IIIA(N2) and IIIB NSCLC are most often considered unresectable due to 
size or location of the primary tumor, the extent of lymph node station involved, or 
poor lung function. The recommended strategy for these patients is definitive con-
current chemoradiation, which was shown to be better than radiotherapy alone, and 
better than sequential therapy [25]. Similar to the chemotherapy selection for adju-
vant disease, concurrent regimens are most often a platinum doublet, with cisplatin 
or carboplatin for the platinum agent, and pemetrexed or paclitaxel as the second 
agent [26, 27]. Newer evidence also supports the use of maintenance durvalumab 
following the completion of concurrent chemoradiation for a duration of 1  year 
[28]. The addition of durvalumab significantly extended median progression-free 
survival (PFS) from 5.6 to 16.8 months.

Metastatic stage IV NSCLC management requires a personalized approach for 
each case incorporating personal preferences of care, patient comorbidities, distri-
bution of disease, and predictive biomarkers. Balancing efficacy and toxicity is par-
ticularly important as this treatment is given with palliative and not curative intent. 
Systemic therapies with palliative intent are the mainstay of treatment for meta-
static NSCLC.

A portion of metastatic disease may be considered “oligometastatic,” meaning 
there are only 1–5 sites of metastatic disease. In this setting, consolidative surgery 
or radiation may be added to systemic therapy, and this has been shown to signifi-
cantly improve PFS [29]. Similarly, some patients experience “oligoprogression,” 
where most sites of disease stabilize or improve, but a limited number of sites prog-
ress [30]. This is most common in patients treated with targeted therapies and can 
also be seen with immunotherapy [31, 32]. Oligoprogression can be successfully 
treated with local radiation while continuing the original systemic therapy.

Regardless of whether patients have limited or diffuse metastatic disease, bio-
marker testing can help to choose the systemic therapy regimen with the most favor-
able risk/benefit ratio. Molecularly targeted therapy has allowed us to treat patients 
with medications that are specific to alterations in their cancer [33]. Identifying 
patients that have these targets is essential, as this will drastically alter management 
and outcomes. Ideally, comprehensive testing of all targetable mutations would be 
performed on all pathology samples at the time of diagnosis. If this has not been 
completed, obtaining this information should be pursued. Additionally, retesting for 
these targets at the time of relapse or progression should be considered as new tar-
gets can develop. As a generalization, these targets are more commonly found in 
adenocarcinomas than squamous cell carcinomas, and non-smokers more than 
smokers, but this is not absolute. The most common targets include EGFR, ALK, 
ROS1, MET, RET, BRAF V600E, KRAS G12C, NTRK, and HER2 [34–36]. 
Figure 23.1 demonstrates the relative frequency of these targets in the USA, though 
it is important to note that the distribution of these mutations does vary with 

23  The Revolution of Lung Cancer Therapeutics



238

a

c

b

Fig. 23.1  Lung cancer histology (a), NSCLC histology (b), and oncogenic mutations in NSCLC 
(c) in the USA. (Used with permission from Thai et al. [84])

geography. Most often these targets are mutually exclusive and do not occur 
together. Not all alterations within these genes predict response to specific agents. 
For example, different agents are used to treat the two most common EGFR patho-
genic variants, exon 19 deletion and L858R mutation, than are used to treat exon 20 
insertions [37]. Similarly, therapies directed at BRAF V600E are often ineffective 
against other non-V600E BRAF mutations [38]. KRAS G12C is currently the only 
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pathogenic variant responsive to an oral TKI (sotorasib) with other drugs in devel-
opment for G12A, G12D, and G12V.

Most of the agents used for these targets are oral, well tolerated, and produce a 
longer duration of response than chemotherapy. Drawbacks of these agents can 
include cardiac toxicity, pulmonary toxicity, rash, diarrhea, fatigue, and the eventual 
development of resistance mutations requiring an alternate strategy. Progression on 
targeted therapy is often slow and oligometastatic, and these sites of progression can 
be treated with local approaches like radiation or surgery while continuing the tar-
geted therapy agent. When tumors ultimately stop responding to targeted therapy, 
there are sometimes identifiable mechanisms of resistance, for which some have 
alternative targeted therapies available. For example, the first-generation tyrosine 
kinase inhibitors (TKIs) against EGFR including gefitinib and erlotinib were effec-
tive, but approximately 60% of tumors developed a second mutation in the EGFR 
gene, T790M, conferring resistance. Osimertinib is a third-generation anti-EGFR 
TKI that specifically targeted this mutation and was initially approved in the second 
line setting [39]. Subsequently, osimertinib was studied as a first-line agent and was 
proven to be more effective with improved overall survival (OS), and has now 
become the standard of care first-line agent for EGFR mutated NSCLC [40, 41]. 
Other secondary EGFR mutations and alterations in other genes involved in EGFR 
signaling are under investigation for the development of new agents [42]. In most 
cases, first-line treatment for metastatic NSCLC with an identified target will be an 
agent directed at that target. This often reserves chemotherapy for the time of dis-
ease progression. Unfortunately, patients with these mutations often do not respond 
to immunotherapy as well as those without them.

The other revolutionary change in NSCLC was the introduction of immunother-
apy in 2015. In addition to the preceding molecular testing, PD-L1 testing can serve 
as a predictive marker of response to immunotherapy agents [43]. However, studies 
have also demonstrated the effectiveness of immunotherapy even in patients whose 
pathology demonstrates <1% PD-L1 positivity [44].

One of the benefits of immunotherapy has been the side effect profile and tolerabil-
ity. Many patients with NSCLC have multiple comorbidities and decreased perfor-
mance status. Immunotherapy can be very well tolerated, sometimes with minimal 
adverse effects. A small number of patients will experience adverse effects from the 
use of immunotherapy and will develop immune related toxicities, which can affect 
any organ system. The most commonly affected organ is the skin. Other affected 
organs can include the colon, endocrine organs (thyroid, adrenals, pituitary, pancreas), 
liver, and lung [45]. Close monitoring for these toxicities is essential, and when identi-
fied, they must be graded. The grade of the toxicity will help determine when to treat, 
how to treat, and whether immunotherapy can be resumed. Standard treatment for 
immunotherapy toxicity is high dose glucocorticoids, at a dose equivalent to predni-
sone 1–2 mg/kg [46]. Steroids must be weaned slowly to prevent rebound effects. For 
low grade toxicity and toxicity not involving vital organs such as endocrinopathies, 
one can consider rechallenging with immunotherapy. However, after a patient has 
experienced a grade 3 or 4 toxicity, or toxicity involving a vital organ, immunotherapy 
should be permanently discontinued. The use of immunotherapy in patients with 
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known autoimmune disease, rheumatologic disease, and inflammatory bowel disease 
is controversial, and risks and benefits must be weighed.

In the metastatic setting, preferred first line regimens will include immunother-
apy, either as monotherapy, in combination with chemotherapy, or in combination 
with a second immunotherapy agent. If not included in the first line regimen, then 
the preferred second line regimen is immunotherapy as monotherapy.

The different ways in which immunotherapy can be used depends on PD-L1 test-
ing. For patients with >50% PD-L1 positivity, immunotherapy agents that target 
PD-1 or PD-L1 like pembrolizumab, atezolizumab, and cemiplimab can all be used 
as single agents in the first line [43, 47–49]. Pembrolizumab monotherapy can also 
be considered as first-line treatment in patients with PD-L1 expression of 1–49% 
who have poor performance status or have contraindications to chemotherapy [47]. 
Regardless of PD-L1 testing, immunotherapy can be combined with traditional che-
motherapy in a variety of first-line regimens. For adenocarcinomas in patients with 
acceptable performance status, possible first-line regimens include: carboplatin/
pemetrexed/pembrolizumab [44, 50]; carboplatin/paclitaxel/bevacizumab/atezoli-
zumab [51]; and carboplatin/albumin-bound paclitaxel/atezolizumab [52]. 
Pemetrexed and bevacizumab are contraindicated in squamous cell carcinomas. 
Thus, for squamous cell carcinomas in patients with acceptable performance status, 
possible first-line regimens include: carboplatin/paclitaxel/pembrolizumab, and 
carboplatin/albumin-bound paclitaxel/pembrolizumab [53]. Additionally, dual 
agent immunotherapy, namely, the combination of ipilimumab (anti-CTLA4) and 
nivolumab (anti-PD1), has been proven effective, interestingly even in patients 
whose tumors do not express PD-L1 [54, 55]. Furthermore, this dual immunother-
apy regimen can also be combined with chemotherapy, in a regimen of ipilimumab/
nivolumab/carboplatin/pemetrexed for adenocarcinomas, and ipilimumab/
nivolumab/carboplatin/paclitaxel for squamous cell carcinomas [55].

Choosing between these options can be challenging given limited data, so patient 
preferences, comorbidities, and potential toxicities must be taken into consider-
ation. If there are no absolute contraindications to the use of immunotherapy, then 
immunotherapy should be included in a first-line regimen [56]. At the time of pro-
gression, if immunotherapy was included in the first-line regimen, then it should not 
be used again in the second-line regimen. Conversely, if immunotherapy was not 
included in the first-line regimen, then it should be used in the second-line regimen 
at the time of progression, provided there are no contraindications. If patients have 
contraindications to immunotherapy, either preexisting comorbidities, or due to 
prior immunotherapy toxicity, then there are a variety of regimens that can be used. 
In the first line, combination platinum doublet is preferred, with consideration for 
the addition of bevacizumab for adenocarcinoma [57]. As in the adjuvant setting for 
early-stage disease, pemetrexed is also the preferred second agent with platinum in 
the metastatic setting [58]. Gemcitabine-based doublet regimens can also be used in 
the first line [59, 60]. In second and subsequent lines, if unable to use immuno-
therapy, then a number of single agent chemotherapy regimens as well as combina-
tion ramucirumab/docetaxel can be used. As noted before, it is important to consider 
repeat biopsy to reassess for the development of driver mutations.
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In addition to the preceding therapies, treatment targeting angiogenesis can be 
combined with chemotherapy or chemotherapy and immunotherapy. Bevacizumab 
is a monoclonal antibody directed against vascular endothelial growth factor 
(VEGF). Although an effective target for therapy, VEGF does not serve as a bio-
marker and is not measured. A modest improvement in OS was shown when used 
in combination with either platinum/paclitaxel or platinum/pemetrexed [52]. 
Building upon this observation, preclinical evidence of the effects of combining a 
VEGF inhibitor with immunotherapy, and data supporting the use of chemother-
apy and immunotherapy, a four-drug regimen of carboplatin, paclitaxel, atezoli-
zumab, and bevacizumab has now become one of several preferred first-line 
regimens for advanced non-squamous NSCLC [51]. A key caveat to the use of 
bevacizumab and other anti-VEGF therapies in NSCLC is the risk of bleeding, 
particularly in squamous histology tumors with central location [61]. Similarly, 
bevacizumab should be avoided or used with caution in patients at high risk for 
bleeding due to thrombocytopenia, hemoptysis, recent thromboembolism, and 
brain metastasis [62]. Bevacizumab can delay wound healing and cause wound 
dehiscence therefore it must also be held prior to and after surgery [63]. Although 
bevacizumab has been proven effective and can be safely used for many patients, 
these important contraindications and special considerations often limit its use 
[64]. Ramucirumab is a second monoclonal antibody agent in this class with activ-
ity against VEGFR2 which can be used in combination with docetaxel as second-
line therapy following disease on a first-line regimen [65].

Overall, NSCLC remains a challenging disease to treat, but the number of treat-
ment options has increased significantly. Though many patients with incurable met-
astatic disease previously had very poor prognosis, patients are now able to achieve 
OS on the order of years with personalized treatment regimens. There remains room 
for improvement, and hopefully with new targets and new drugs identified, we will 
continue to improve on these outcomes.

�Small Cell Lung Cancer

An entity distinct from NSCLC, small cell lung cancer (SCLC) is a less common but 
more aggressive form of lung cancer. Though SCLC does have a traditional tumor, 
nodes, and metastasis (TNM) staging system, it is most often studied and discussed 
as limited stage and extensive stage, where limited stage disease is that which can be 
encompassed in a single radiation field, and extensive stage is when the extent of 
disease is too large for a single radiation field [66]. The vast majority of patients are 
diagnosed with advanced stage with metastatic involvement of the brain [67].

Unlike NSCLC, treatment options for SCLC are more limited. Targeted agents 
for identified targetable mutations in NSCLC are not used in SCLC. Additionally, 
while the role of immunotherapy in the treatment of SCLC is important, the number 
of options are more limited [68]. SCLC is a chemo-sensitive disease but with a high 
rate of recurrence and resistance.
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For limited stage disease, there is a chance for cure with combined definitive 
chemoradiation, or adjuvant therapy if surgery is performed [69, 70]. In the setting 
of extensive stage disease, chemotherapy is the mainstay of treatment, though pal-
liative radiation may also be used, often for the brain [71]. In either scenario, the 
preferred first-line regimen for SCLC is again platinum doublet, with either carbo-
platin or cisplatin as the platinum agent, and etoposide as the second. Given the 
performance status of these patients and most often palliative nature of the chemo-
therapy, carboplatin is preferred due to better tolerability [72, 73]. The first cycle of 
chemotherapy is often given urgently in the hospital as diagnosis is often made due 
to rapidly growing disease that has led to symptoms and hospitalization. Additional 
chemotherapeutic agents effective for SCLC include irinotecan [74] and topotecan 
[75, 76], as well as the newer agent lurbinectedin [77]. While all are effective, nei-
ther have drastically altered the disease course but remain options for the time of 
relapse.

One of the most important advances in the treatment of extensive stage SCLC 
was the addition of immunotherapy. The hallmark study looked at the addition of 
atezolizumab to standard chemotherapy, and a marked improvement in OS was 
seen, from approximately 10 months with chemotherapy alone, to 12 months with 
combined chemoimmunotherapy [78]. Although the prognosis remains poor, this 
improvement in OS was significant. Durvalumab has also been approved for the 
same indication [79]. Combined chemoimmunotherapy has become standard of 
care for patients with extensive stage disease, adequate performance status, and no 
contraindications to the use of immunotherapy, as reviewed earlier. There is an 
ongoing study examining the addition of atezolizumab to standard carboplatin plus 
etoposide for limited stage SCLC [80]. Additionally, immunotherapy agents like 
nivolumab [81] and pembrolizumab [82] can be used as second-line agents in 
relapsed SCLC.

�Conclusions and Future Directions

The convergence of advances in basic science and clinical medicine have begun to 
change the prognosis of lung cancer. Advances in immunotherapy, molecular evalu-
ation of targets, and development of new targeted agents continue to split lung can-
cer into subgroups that benefit from individualized approaches to treatment.

Between 2013 and 2016, incidence-based mortality for NSCLC decreased by 
6.3% for men and 5.9% for women, compared to only 3.2% for men and 2.3% for 
women from 2008 to 2013 [83]. Similarly, lung cancer–specific survival for patients 
diagnosed with NSCLC improved from 26% in 2001 to 35% in 2014. When com-
paring PFS and OS between regimens, there are clear improvements when immuno-
therapy and targeted therapies can be incorporated into a patient’s regimen. For 
example, as seen in Fig. 23.2, the PFS and OS for patients with metastatic NSCLC 
treated with platinum doublet alone was 4 months and 8 months, respectively. This 
compares to patients with metastatic non-squamous NSCLC treated with platinum, 
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Fig. 23.2  Selected US Food and Drug Administration approved therapies for upfront treatment of 
patients with metastatic NSCLC. Historical approach (a), molecularly selected for targeted thera-
pies (b), histology selected, any PD-L1 (c), and PD-L1 selected, any histology (d). (Used with 
permission from Thai et al. [84])
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pemetrexed, and pembrolizumab, where the PFS improves to 9 months, and the OS 
improves to 22  months. Even more impressive is that for patients with EGFR-
mutated metastatic NSCLC treated with osimertinib, where the PFS is 19 months 
and OS is 39 months [84].

In contrast to NSCLC, SCLC saw improvement in mortality rates, but no signifi-
cant improvement in OS (in 2016 only 11% 2-year survival in men, and 17% 2-year 
survival in women). This is likely due to decreased incidence [83].

Despite the improvements seen with newer treatment options, there is still oppor-
tunity for improvement. Many tumors do not have actionable target mutations [84]. 
The better a patient’s tumor can be characterized, the more treatment can be person-
alized and ideally improve lung cancer outcomes. In addition to optimizing our use 
of current treatments available, several new classes of drugs are on the horizon for 
lung cancer treatment, including antibody drug conjugates, bispecific antibodies, 
and cellular therapies. We hope to see continued progress in the outcomes of patients 
with lung cancer, with both increased screening to detect earlier stage disease, and 
increased availability of individualized therapies for all stages.
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Chapter 24
Lung Cancer and Social Justice: What Do 
I Need to Know?

Gregory C. Kane and Nathaniel R. Evans III

Dr. David Leach joined the Accreditation Council on Graduate Medical Education 
(ACGME) in 1997 from the Henry Ford Hospital and implemented the “Outcomes 
Project,” which led to seismic shifts in medical education from an apprentice model 
to a competency or outcomes-driven model [1]. The impact was immediate and by 
1999, the six clinical competencies were developed and implemented, forever com-
mitting organized medical education in the United States to a competency-based 
approach anchored to the achievement of specific skills and habits by the learner. 
These competencies could then be objectively observed and documented. The com-
petencies were expanded as part of the Milestones Project in medical education and 
these have served us well in delineating the specific skills and milestones medical 
trainees must acquire in their preparation for independent practice [2–4]. Indeed, 
the Milestones provide a framework for social justice education through the System-
Based Practice Milestone outlined in the most recently published version of the 
Internal Medicine Milestone which identify a specific expectation for trainees to 
“demonstrate knowledge of population and community health needs and dispari-
ties” with the aspirational goal that the trainee “leads innovations and advocates for 
populations and communities with health care inequities.” Moreover, as faculty 
members in an ACGME training environment, these authors completed questions 

The ultimate measure of a man is not where he stands in 
moments of comfort and convenience, but where he stands at 
times of challenge and controversy.

—Martin Luther King, Jr., 1963
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through their most recent ACGME questionnaire (being administered through April 
17, 2022) about recruiting diverse students, residents, and fellows. There were, 
however, no specific questions about developing knowledge about social justice. 
Necessary to this end, the trainee must be well versed in social justice. But, how is 
it that the trainee, or the established physician or nurse, will acquire this knowledge 
or awareness?

Lung cancer care is challenged by a number of disparities, the most basic and 
important of which are the undisputable facts of mortality. Black men are more 
likely to die from lung cancer than white men, and black women are more likely to 
die from lung cancer than white women [5]. This disparity is evident in the most 
recently published cancer statistics, which show 15–17% higher mortality among 
black persons compared to white persons. Even when diagnosed at early stage, 
black patients are less likely to be offered or to proceed with surgical resection [6–9].

While this basic difference suggests that we have much work to do in health care 
delivery to address this disparity, recent literature has helped us focus on specific 
iterative steps that we might take. It is important to also acknowledge that the key 
literature establishing the role of screening with low dose CT in smokers and former 
smokers 55 years and older with the requisite tobacco exposure only included less 
than 5% blacks  – far less representative than the general US population [10]. 
Moreover, the expansion of the criteria to smokers with lower pack-years (just 20 
pack-years) and as young as age 50 only occurred in 2021. Shockingly, disparities 
are evident from the earliest stages of prevention and early intervention [7]. Lake 
and colleagues identified that black patients referred for lung cancer screening were 
less likely to actually undergo the T0 or initial scan. In underscoring the specific and 
granular differences of missed exams, poor adherence, and delayed follow-up when 
referred for lung cancer screening, Lake and colleagues challenge us to address the 
specific barriers of these disparities at the earliest interactions with eligible patients 
[11]. Even though lung cancer screening is a new service, there is evidence from a 
social justice perspective that inequity already exists despite this early stage of its 
implementation. Despite wide acceptance and support for screening currently, lung 
cancer screening is still not measured as part of the Health Education Database 
Information Set (HEDIS) Measures established and updated by the National 
Committee for Quality Assurance (NCQA).

What is essential, then, to understand such barriers? First, it is the recognition 
that inequity exists already in lung cancer screening, but also that some investigators 
are already taking steps to address this issue [12, 13]. More broadly, it is the aware-
ness of social justice, past harms and experiences, related to specific populations, 
and the history of disparate care throughout the troubled past of American Medicine 
in general that is essential. This experience and understating can and should be 
acquired by healthcare professionals, but especially physicians, nurses, and public 
health professionals through multiple sources. Such sources can be divided into 
important books and articles that are part of the canon of social justice in healthcare, 
or through representative productions addressing social justice from theatre, plays, 
and other arts – especially when coupled with reflection, and, finally, empathic lis-
tening by clinicians encountering diverse populations of patients. In this chapter, we 
will focus on books, which the reader might consider adding to their reading list (a 
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comprehensive list of articles and artistic productions would simply be beyond the 
scope of this effort). If the reader chooses to do so, he/she might find greater under-
standing of the complex worlds we live in and our troubled past. More importantly, 
the result might be elevating rather than demoralizing. In confronting the sins of our 
past, we have a chance to move forward with a greater sense of purpose and aware-
ness. These sins belong to all of us, white and black, male and female, god-fearing 
or atheist, immigrant or Native American. Transparency and awareness can help 
inform the healthcare professional so that he/she/they can address inequities in 
their work.

The scope of this chapter does not permit a comprehensive discussion of every 
published work of the last half century since the Civil Rights movement of the 
1960s, but the idea that there is indeed a “canon” of essential readings should be 
clearly accepted and these authors believed that such an attempt, despite limitations 
and criticisms, should be put forth. We acknowledge that others might suggest that 
this list be expanded to make it even more comprehensive. Not only is this canon 
selected because of the topics addressed, but because of the diversity of authors and 
voices selected to bring about greater understanding. Examples of such a proposed 
canon are outlined in the Table 24.1.

Table 24.1  A suggested modern canon of social justice reading (This is just a suggested list and 
the reader may wish to add or subtract titles)

Reference Author Title Comment

[14] Harriet 
Washington, 
MA

Medical Apartheid Essential reading for every healthcare 
professional and especially those 
conducting clinical research

[15] Isabel 
Wilkerson

Caste In describing slavery and racial tension 
from the perspective of caste, Wilkerson 
helps us all find a path forward to a more 
equitable society

 [16] Clint Smith, 
PhD

How the Word Is 
Passed

Many of the focal points of our nation’s 
racial inequities are in plain view. Not only 
does Clint Smith describe the significance 
of these places, but he engages ordinary 
Americans in crucial conversations to help 
us better understand the current tensions in 
our society

[17] Dorothy 
Roberts, JD

Fatal Invention This extensively researched work exploring 
the biological basis of race dispels any 
basis of race in science and genetics. In 
doing so Roberts establishes that the 
concept of race is a myth and that its 
perpetuation continues to harm our 
communities

[18] John Lewis Across That Bridge Every student of civil rights should read 
John Lewis’ lyrical memoir. And in doing 
so, you will be transported across that 
bridge and toward more equitable future

(continued)
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Table 24.1  (continued)

Reference Author Title Comment

[19] Susan Kamei, 
JD

When Can We Go 
Back to America?

The tensions that immigrants experience in 
our country are clearly evident in this 
travesty in which US citizens were 
imprisoned in work camps during 
WWII. In a land built by immigrants, it is 
hard to fathom that this could have 
happened. The reader will be forced to 
acknowledge the hypocrisy of our 
xenophobia

[20] Greg Boyle, 
MA, MDiv, 
STM

Tattoos on the Heart Disparities which deprive Hispanic youths 
in Los Angeles from finding a path in life 
can be addressed, if we only have the 
courage

[21] Mona 
Hanna-
Attisha, MD, 
MPH,

What Seethe Eyes 
Don’t See

Dr. Hanna-Attisha addresses stark 
disparities at a neighborhood level which 
have left America’s poor and 
disadvantaged with a failing infrastructure

[22] Filipe 
Fernandez-
Armesto, 
D. Phil

Our America: A 
Hispanic History of the 
United States

Hispanic Americans are often viewed as 
immigrants to the United States, while in 
truth, many have been in the Americas long 
before northern European immigrants 
arrived

[23] Jerry Ellis Walking the Trail: One 
Man’s Journey Along 
the Cherokee Trail of 
Tears

This modern account of a walk across the 
trail of tears from the rural south to 
Oklahoma is recounted by a descendent of 
the Cherokee tribe reminding Americans 
that we were not the first to inhabit this 
land and that we violated numerous treaties 
signed both before and after the US 
constitution

 [24] C. Riley 
Snorton, PhD

Black on Both Sides: A 
Racial History of Trans 
Identity

This story of being trans in America takes 
us back to early narratives of Christine 
Jorgenson, who transitioned after returning 
from military service in WWII and became 
a strong advocate for transgender 
individuals becoming a celebrity in the 
process

[25] Dina 
Gilio-
Whitaker, MA

As Long as Grass 
Grows

A compelling reminder to all 
environmentalists that our indigenous 
peoples in the Americas have an important 
stake in preserving the beauty of forests, 
fields, and streams

[26] NA The Gold Humanism 
Society Offers Annual 
Collections of 
“Summer Reading” for 
the Compassionate 
Clinician

See reference for details for the gold 
humanism society website
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What follows is a more extended synopsis of each of these books to help the 
reader prioritize their reading and prepare for the important perspective cyst to be 
learned.

�Medical Apartheid, by Harriet Washington, MA

With clarity of voice Washington describes in remarkable prose how Dr. J. Marion 
Sims used “enslaved experimental subjects as the ultimate controllable patient” and 
administered morphine only after surgery while forcing his patients to undergo his 
experimental surgical technique for repair of vesico-vaginal fistulae without any use 
of available anesthetics. The extraordinary detail by Ms. Washington and the insight 
and depth of her research and writing leads to a stark understanding of the horrors 
of Sims surgical experimentation. It is simply mandatory that every physician know 
this story and understand how it still impacts the perspective of African Americans 
today more than 150 years hence.

�Caste, by Isabel Wilkerson

The power of Wilkerson’s Pulitzer Prize winning book is not only in its detailed 
discussion of slavery and the caste system, but in its call to repair our relationships 
and the challenge to no longer ignore the stain of slavery upon our past but to rec-
oncile and remedy it to secure our future. While some might like to conclude that 
the sins of slavery are fully in the past, Wilkerson uses a powerful analogy of a 
faulty foundation in one’s own home. To secure the structure into the future, the 
foundation must be repaired. The question is whether we have the courage to 
acknowledge a painful past.

�How the Word Is Passed, by Clint Smith, PhD

Smith leads us on an uncomfortable tour through the historical map of slavery in a 
book that, while essential reading for all healthcare professionals, does not com-
ment upon the historical wrongs of organized medicine. While not written for the 
medical professionals, the roots of our forest of discontent are planted within this 
important work. These roots described the “national problem” of slavery, tracing it 
from before the founding of our nation through Monticello of Virginia and the 
Whitney Plantation of Louisiana and on through to Angola Prison in central 
Louisiana. Along this journey, Smith explores the crevices of social justice by 
engaging ordinary Americans and exploring their perspective to see how far we 
have come or how far we have to go.
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�Fatal Invention, by Dorothy Roberts, JD

Roberts succeeds in proving her assertion that race was invented by white people to 
subjugate blacks; that race has no basis, whatsoever, in biology. She also highlights 
that skin tone is an imperfect substitute for these characterizations. Her arguments 
are supported by troves of medical and sociological literature leaving no doubt for 
the reader that separation into racial groups lacking in biological basis should be 
rejected in every way.

�Across that Bridge, by John Lewis

After reading John Lewis’ vision for change and the future of United States, you 
will feel as if you were with him when he walked across the Edmund Pettus Bridge – 
a bridge named for a member of the Ku Klux Klan – a name that is so hard to write 
that you will be transported to the Edmund Pettus bridge and you most certainly will 
find yourself joining hands with John Lewis in one final trip across the Alabama 
River on a journey toward a more equitable future for us all.

�When Can We Go Back to America?, by Susan Kamei, JD

Susan Kamei reminds us of a painful part of our World War II history during which 
we placed Japanese Americans in internment camps. This work captures our xeno-
phobia and challenges us to make amends for the mistreatment of Japanese American 
immigrants. This story also reminds us that we are all immigrants and mistreatment 
of any one immigrant group is tantamount to mistreatment of all immigrant groups. 
This painful story for our shared past forces us to come to grips with our own shared 
humanity.

�Tattoos on the Heart, by Greg Boyle, MA, MDiv, STM

Boyle helps address the issues of poverty, hopelessness, and fatalism in one of the 
toughest and most violent neighborhoods of Los Angeles. He shows that love can 
help address the difficult problems of homelessness, gangs, and social disenfran-
chisement, but only when coupled with being present in the lives of those afflicted 
and offer solutions that are not so much handouts but rather an offer for a hand up 
toward opportunity and engagement. Addressing the lives of young men engaged in 
gangs may have seemed impossible, until Greg Boyle looked at new ways and new 
approaches.
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�What the Eyes Can’t See, by Mona Hanna-Attisha, MD, MPH

Dr. Hanna-Attisha, an Iraqi-American, is the first to recognize lead poisoning in her 
patients and also uncovers the impact of a recent change in the water supply that has 
disturbed the passivation layer of the water infrastructure leading to release of harm-
ful concentrations of lead in the water in Flint Michigan. Her magnificent book tells 
the story of her determination to uncover the truth and protect local residents from 
the harms in their water supply while battling the local and state authorities who 
should have been her allies. A hero in every sense of the word, Hanna-Attisha shows 
how one doctor’s advocacy can change a city and the world.

Our America: A Hispanic History of the United States,  
by Filipe Fernandez-Armesto, D Phil

This important story highlights that Hispanic populations arrived in the Americas 
before Anglo populations from northern European  countries dominated North 
America.  This is an important aspect of history to acknowlegde.  Fernandez-
Armesto provides clarity of this background in his landmark treatise.

�Walking the Trail: One Man’s Journey Along the Cherokee 
Trail of Tears, by Jerry Ellis

If you do not know the story of the Trail of Tears, Ellis’s personal memoir will pro-
vide reflections on his path retracing the route of the Trail of Tears which moved 
settled and peaceful Native Americans of Cherokee Tribes from lands they had legal 
ownership of through signed treaties with the US Government. The treaties were not 
honored, and in March 1830, the Indian Relocation Act displaced more than 46,000 
Cherokee Indian natives on a forced relocation march that led to as many as 4000 
deaths from starvation, exposure to the elements, and disease.

�Black on Both Sides: A Racial History of Trans Identity, by 
C. Riley Snorton, PhD

Currently, trans rights are being challenged in state houses across the country as 
culture wars rage and trans persons and their families face even greater persecution. 
It is important to emphasize that transgender or non-binary persons are only asking 
to be treated the same as everyone else. Snorton, through his award winning book, 

24  Lung Cancer and Social Justice: What Do I Need to Know?



260

reminds as that being trans is not a new issue as, historically, many brave trans per-
sons have courageously considered or pursued living their true lives and true gender 
identities over the last century. Perhaps this historical reflection will help health care 
providers offer even greater advocacy for transitioning, trans, non-binary, and gen-
der fluid persons with dignity and professionalism.

�As Long as Grass Grows, by Dina Gilio-Whitaker, MA

Gilio-Whitaker reminds us that with regard to environmental justice, no group has a 
stronger claim to our sacred outdoor spaces in the Americas than indigenous peo-
ples who have a connection to this land predating any European settlers and whose 
culture is tied to sustainable living off the resources of the land. Gilio-Whitaker also 
dispels the myth of the “vanishing Indians” of the west, reminding us that so many 
perished through genocide or forced relocation. Her refreshing perspective and nar-
rative of recent controversies including that of water rights in the Dakotas will cause 
immigrants to reconsider everything.

This proposed canon is perhaps a tall order and may not be practicable for many. 
Given this reality, one must consider alternate paths to a greater understanding of 
inequities in the United States, inequities in medicine, and the challenges of address-
ing these in medicine. An alternative approach is to listen and learn – to learn from 
our patients. Remarkably, their rich histories, shared in the privacy of the examina-
tion room or at the bedside, can only allow us to be better healers and come to a 
greater understanding. What follows is a discussion of listening techniques that may 
inform our learning and understanding.

�Empathic Listening as a Tool to Understand Our Patients

Active listening was coined in the 1950s and relies on the attentiveness and genuine 
interest of the listener, which can be conveyed through appropriate questions [27]. 
Even for healthcare professionals who are not well versed in the “Canon of Social 
Justice,” active listening when caring for any patient who has suffered from injustice 
can inform the healthcare professional regarding suffering and the human condition 
and allow the healthcare professional to provide culturally competent and humanis-
tic care. Beyond active listening, empathic listening is a structured listening and 
questioning technique that can permit the healthcare professional to achieve equi-
table and more therapeutic relationships with patients who have experienced suffer-
ing or social injustice in their previous healthcare encounters [28]. As such, empathic 
listening, through which the healthcare professional places themselves in the “shoes 
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of the subject” takes active listening techniques to another level, allowing the physi-
cian or nurse to come to a greater understanding even if the past wrong cannot be 
fixed. That awareness permits all of us to be in touch with our own shared humanity 
and be more effective healers.

The purpose of this is two-fold. First, the authors wish to remind the reader that 
lung cancer care is inequitable, but we can and must do better. If one accepts this 
and wishes to commit to this journey, it is essential to do so informed on social 
justice as they impact our patients. Fortunately, these topics are being addressed in 
our society and authors suggest a “canon of social justice” so that the reader might 
be able to broaden their knowledge and understanding of social justice issues as 
they might affect their patients. This is just a suggested list and others might add or 
subtract from this collection. In addition, we all have a chance to deepen our under-
standing in every patient encounter through active and empathic listening. The 
results can be extraordinary and lead to a greater understanding of your patients and 
society. Another way of saying this comes from the former acting Secretary of 
Health and Human Services (HHS), Donald Berwick, MD, who gave the Yale 
School of Medicine Commencement Speech in 2010. His address is excerpted in 
the following text:

“But, now I will tell you a secret – a mystery. Those who suffer need you to be something 
more than a doctor; they need you to be a healer. And, to become a healer, you must do 
something even more difficult than putting your white coat on. You must take your white 
coat off. You must recover, embrace, and treasure the memory of your shared, frail human-
ity – of the dignity in each and every soul. When you take off that white coat in the sacred 
presence of those for whom you will care – in the sacred presence of people just like you – 
when you take off that white coat, and, tower not over them, but join those you serve, you 
become a healer in a world of fear and fragmentation, an “aching” world, as your Chaplain 
put it this morning, that has never needed healing more” [29].
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Chapter 25
Reaching Vulnerable Populations 
and Areas of Need

Kristine Pham and Rickie Brawer

�Background

Approximately 36% of adults in the United States have low health literacy, espe-
cially among those who are elderly, have low socioeconomic status (SES), have 
limited English proficiency (LEP), and are eligible for Medicaid. Adults with low 
health literacy also tend to have four times higher health care costs, 6% more hospi-
tal visits, and longer hospital stays compared to those with proficient health literacy 
[1, 2]. The meaning of health literacy was recently updated with the release of the 
government’s Healthy People 2030 plan and currently includes two separate 
definitions:

•	 Personal health literacy—“the degree to which individuals have the ability to 
find, understand, and use information and services to inform health-related deci-
sions and actions for themselves and others”

•	 Organizational health literacy—“the degree to which organizations equitably 
enable individuals to find, understand, and use information and services to 
inform health-related decisions and actions for themselves and others”

This revision places emphasis on people’s ability to both use and understand 
health information, focuses on the ability to make informed decisions, recognizes 
that organizations have a responsibility to address health literacy, and integrates a 
public health perspective by connecting literacy with health equity [3].
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Solutions for addressing this disparity are multifaceted and require interdisci-
plinary approaches that rely on patients, providers, health care systems, educational 
institutions, community organizations, and others to work together. The Lung 
Cancer Learning Community (LC2), a multidisciplinary group of diverse stakehold-
ers was created to address lung cancer screening disparities among several under-
served populations affected by high rates of smoking and lung cancer mortality. 
While the LC2 consists of various committees that each have a specific focus in 
relation to lung cancer screening, we collectively recognized that health literacy 
plays a major part in low screening uptake and pursued efforts that address health 
literacy from both patient and provider perspectives.

One of the major keys to improving health outcomes is to ensure that information 
about health-related matters is presented to the patient and the community at large 
through modalities that are easy to understand and digest. It is important to engage 
patients in a way that allows them to make informed and educated decisions about 
their health and empower them to advocate for themselves as well. The LC2 
Initiative applied several health literacy and community-oriented principles to our 
work with vulnerable populations in an urban setting1. These evidence-based frame-
works have been widely recognized as tools to consider and incorporate into any 
initiative that seeks to improve health outcomes and include the Health Literate 
Care Model, National Institutes of Health (NIH) Clear & Simple strategy, and 
community-based participatory research (CBPR).

�Health Literate Care Model

The Health Literate Care Model was first proposed in 2013 to improve patient 
engagement in health care, combining health literacy concepts into the widely 
accepted Care Model (formerly Chronic Care Model). Numerous organizations 
have employed the Care Model as a system to increase quality of care due to its 
effectiveness on health outcomes [4]. It encourages health care systems to incorpo-
rate the following six elements to improve high-quality chronic disease care: com-
munity resources, health system, self-management support, delivery system design, 
shared-decision making support, and clinical information systems [5].

Although the Care Model has been shown to make a difference in health out-
comes, it does not explicitly address the issue of health literacy. Therefore, to close 
this gap, the Health Literate Care Model incorporates health literacy from both the 
patient and healthcare provider perspective into the preexisting Care Model. 
Initially, it calls for approaching the patient with the assumption that they are at risk 
of not understanding their health conditions or how to deal with them and then con-
firming and ensuring their understanding. Secondly, for health care organizations, 

1 Refer to Chap. 21 titled, Engaging Patients from Diverse Backgrounds in Lung Cancer Screening, 
for more detailed information about other health communication strategies not discussed here.
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health literacy becomes an organizational value and quality measure infused into all 
processes of planning and operation such as the six elements previously men-
tioned [4].

The LC2 Initiative is a multidisciplinary approach that seeks to increase lung 
cancer screening rates from a variety of perspectives and adheres to several funda-
mentals of the Health Literate Care Model. Though there is overlap, our clinicians 
and centralized lung cancer screening program primarily addresses screening from 
the health system, delivery system design, clinical information systems, and self-
management support standpoints, while our population science and public health 
team work to connect patients with community resources. Connecting patients with 
local community resources is critical to our work with vulnerable populations.

�National Institutes of Health (NIH) Clear & Simple Strategy 
and Community-Based Participatory Research

The Clear & Simple strategic guide developed by the NIH outlines five basic steps 
for developing health information for all populations, with particular emphasis on 
reaching those with lower health literacy: define the intended audience (population 
of interest), conduct the research, develop a concept for the product, develop con-
tent and visual design of materials, pretest and revise material [6].

�Step One: Define the Intended Audience

Health disparities can occur across and within different populations. Populations of 
interest can be defined by age, gender, educational level, income level, religion, 
race, ethnicity, language, geographic location, health-related attitudes and behav-
iors, and combinations of these and other characteristics. The intended/target audi-
ence is the group of individuals that the key message(s) should reach [6]. The LC2 
Initiative identified four disproportionately affected populations of interest based on 
national and local data on lung cancer mortality and smoking rates: Black/African 
Americans, veterans, LGBTQ+ community, and the Asian immigrant community, 
including those who lack English proficiency.

�Step Two: Conduct Research

After identifying the appropriate audience, the next step is to conduct research 
alongside these communities to better understand all of the possible influences that 
may affect someone’s decision regarding a certain health decision, such as lung 
cancer screening. These factors may include physical, behavioral, demographic, 
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and psychographic characteristics. By exploring these factors, it allows researchers 
to comprehend how receptive the audience may be to the topic at hand [6]. It is 
important to understand what the target audience may already know about the topic, 
what common misconceptions there are regarding it, how people may feel toward 
the subject, and what potential information gaps need to be filled so that the “prod-
uct” or intervention that is to be developed by the team is well-informed, meaning 
it is tailored to be culturally relevant and linguistically appropriate.

Community-based participatory research (CBPR) methodology can be used to 
conduct this type of research. The W.K. Kellogg Foundation Community Health 
Scholars Program defines CBPR as collaborative strategies that equitably engage 
researchers and community members in developing and conducting research and 
interventions that aim to improve community health and eliminate health disparities 
[7]. The process may entail elements such as an initial needs assessment, planning, 
research intervention design, implementation, evaluation, and dissemination [8]. 
The CBPR framework is an evidence-based practice that has resulted in successful 
community level interventions, due to the early establishment of a relationship 
between the researchers and the community/intended audience they are hoping to 
target. This is extremely vital to the foundation of CBPR and community outreach, 
especially with underserved populations who may already be wary of the health-
care system.

We engaged the community by convening advisory groups to provide guidance 
during the development, implementation, and dissemination of the research. Two 
advisory groups were formed, one focused on health care providers, and the other 
on the populations of interest and was comprised of patients from the intended audi-
ences and community organizations serving those populations. Engaging patients 
and community organizations as equal partners in the research encourages owner-
ship in the process, results, and communication strategies (materials, programs, ser-
vices, etc.) that are developed based on the findings. Involving these key players 
also ensures that the product(s) will meet the needs of the intended audience.

�Research Methods

Guided by behavioral health theories such as the Health Belief Model [9] and 
Integrated Behavioral Model [10], research plans were developed and presented to 
the advisory groups for discussion to ensure the information to be gathered was 
relevant, and that proposed methods were appropriate for each of the intended audi-
ences. As discussed earlier, it is important to understand what the intended audi-
ences may already know about lung cancer, what myths and misinformation may be 
prevalent, and attitudes and beliefs about lung cancer, such as cultural preferences 
and sensitivities, barriers to lung cancer screening, and motivations for lung cancer 
screening uptake, and our advisory boards were able to assist with the creation of 
the discussion guides that were utilized in the needs assessment. This information 
combined with a review of the literature informed the research methods that were 
used (surveys, focus groups, key informant interviews) and questionnaire content 
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for the intended audiences to inform the development of communication strategies 
and materials.

Table 25.1 provides examples of potential research constructs and related ques-
tions to consider and Table 25.2 provides a brief summary of the top findings from 
our focus groups and interviews with individuals across all the populations of inter-
est. Participants included individuals who have been screened, who have not been 
screened, and/or are knowledgeable about the intended audiences. With the assis-
tance of our advisory board and preexisting community partners, the research team 
identified initial interview/focus group participants and utilized “snowball sam-
pling” to reach a larger network of individuals who were representative of and/or 
serve the intended audiences such as church leaders, neighborhood block captains, 
local community leaders, salon owners, etc., depending on the population [11]. It is 
important to ask those directly in the community who they believe should be 
engaged.

We also conducted a needs assessment with healthcare providers (Family and 
Community Medicine and Internal Medicine clinicians) to better understand low 
lung cancer screening rates from their perspective, as this is a multifaceted issue that 
should be addressed holistically. We conducted interviews and distributed an online 
survey to obtain their insight on knowledge, attitudes, beliefs, and barriers to lung 
cancer screening referrals. The main barriers that were the most salient for providers 
when it came to recommending lung cancer screening included a “lack of time to 
counsel patients” and a “lack of training in shared-decision making.”2

2 Refer to Chap. 4 titled, Training in Shared Decision Making About Lung Cancer Screening: 
Patient Eligibility Assessment, Education, and Decision Counseling for more information regard-
ing a training program that was developed by the LC2 Initiative to educate providers on shared-
decision making.

Table 25.1  Potential research constructs and related guided questions

Theoretical construct Focus of guided questions

Perceived susceptibility and 
severity

Does the individual believe he/she is at risk of lung cancer and 
what could happen as a result of the diagnosis?

Self-efficacy Individual’s knowledge about lung cancer and screening, and 
confidence about being able to get screened

Perceived benefits to 
screening

What are the benefits of lung cancer screening?

Perceived barriers to 
screening

What barriers exist to screening such as cost, transportation, time 
off from work, convenience of appointments, stigma?

Cues to action What motivations exist for screening uptake such knowing 
someone diagnosed with or dying from lung cancer; health care 
provider recommendation?

Individual attitudes/beliefs 
toward screening

Does the individual have a positive or negative attitude toward 
lung cancer screening?

Normative beliefs of other 
influencers toward screening

Do family members and others support lung cancer screening? Is 
screening supported by faith and cultural influencers?
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Table 25.2  Common key 
findings from LC2 
community/patient needs 
assessment

Theme Subtheme

Knowledge Lack of knowledge about lung 
cancer/screening

Attitudes and beliefs Fear
Religion
Stigma
Fatalisma

Access barriers Cost
Insurance
Transportation/location
Family/work-related barriers
Patient navigation (i.e., 
interpretation services)
Immigration statusa

aSpecific to the Asian immigrant community

�Step Three: Develop a Concept for the Product

Once needs assessment data collection has concluded, the next step involves using 
the assessment findings to guide the objectives, style, format, and approach of the 
product(s) that will promote the desired message(s). Defining behavioral objectives 
of the material informs the messages and actions needed to achieve behavioral 
changes, selection of the most fitting presentation method(s), appropriate reading 
level, and logical organization of topics [6].

An overall lack of knowledge regarding lung cancer and lung cancer screening 
across all groups was observed. Participants were asked at the conclusion of the 
interviews/focus groups for their preferences regarding educational materials and 
strategies. Most expressed the preference for in-person, educational classes or semi-
nars that are co-led by a healthcare provider and trusted community leader/member 
(with lived experience if possible). Based on this, we chose to create an interactive 
presentation that was tailored for each specific target population, a worksheet/
checklist, and two infographics. Our goal was for these materials to serve as “cues 
to action,” a central construct in the Health Belief Model [9]. The worksheet/check-
list especially exemplifies this component, as it allows patients to complete a per-
sonal action plan to identify next steps in their lung cancer screening journey.

�Step Four: Develop Content and Visuals

Key elements to keep in mind during the content and visual development phase are 
content/style, layout, visuals, and readability [6]. Patient interaction encourages 
empowerment and self-efficacy. The content/style of the materials should be inter-
active and involve patients or the intended audience, utilizing familiar and simple 
terms and sentences. If technical terms need to be used, there should be a brief 
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explanation/definition/visual to accompany the term [6]. In order to achieve this, 
medical terms such as “LDCT” and “false-positive” were clearly explained in the 
presentation. “Smoking cessation” was commonly identified during interviews and 
focus groups as an unfamiliar term. Instead, “quit smoking” was used wherever 
applicable.

All materials (Prezi presentations, “Next Steps” checklist, “Lung Cancer 
Screening Basics” infographic (Fig. 25.1), and “Questions to Ask your Healthcare 
Provider” infographic (Fig. 25.2)) were created on a fifth-grade reading level, as 
required by Centers for Medicare & Medicaid Services (CMS) for organizations 
receiving federal funding (Plain Writing Act of 2010) [12]. There are several tools 
that can determine the reading level of a printed material such as the SMOG 
Readability Calculator and Flesch Kincaid Grade Level [6, 13].

The layout of information in the materials is vital when developing health literate 
resources. It is important to consider the use of headings and labeling, the ratio of 
white space to words and images, and font selection (sharp contrast between text 
and background; 12 point or larger) which may vary depending on the audience [6].

We also tailored and are continuing to tailor our materials to meet the needs of 
our vulnerable populations and make it easier for them to digest key messages. For 
example, the presentations for veterans and LGBTQ+ individuals contain specific 
content regarding smoking, risks, and beliefs related to that group to emphasize the 
importance of screening. Our materials have also been translated and back-translated 
into Chinese, Korean, and Vietnamese as a starting point for the Asian immigrant 
community and we will continue to translate as needed into other languages. Back-
translation is a quality measure and occurs when another person translates what was 
originally translated back into English. Due to the varying nuances of language 
dependent on jargon, idioms, and culture, back-translation can help improve a trans-
lation’s validity, accuracy, and readability [14]. It can pinpoint any discrepancies 
that may have occurred during the initial translation process of the material and 
ensures the terms and words that are translated are commonly understood and uti-
lized by the specified population.

Content creation was primarily done by the research team in a remote setting 
during the onset of the COVID-19 pandemic (2020), as most non-essential organi-
zations and workplaces ceased in-person services. While the team was able to seam-
lessly pivot to a virtual work environment, the pandemic made it more difficult to 
work directly with the community. Pre-COVID, many of the clients that the com-
munity partners served heavily relied on obtaining resources, information, and aid 
in-person, which allowed the team to easily convene focus groups and interviews. 
However, the COVID-19 pandemic proved to be a major barrier that delayed prog-
ress due to the inability to reach community members, as the intended audiences for 
the project were older adults who may have lacked access or were unable to use 
technology such as Zoom (i.e., smartphone, computer, laptop, Internet, etc.). 
Therefore, during this time period, we primarily depended on our advisory boards 
and community organization partners for feedback and input on the educational 
materials through teleconferencing. It is interesting to note that lung cancer screen-
ing rates during this time frame also experienced a pause in growth activity, falling 
slightly from 6.6% nationally in 2019, to 6.5% in 2020 [15].
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Fig. 25.1  “Lung Cancer Screening Basics” infographic
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Fig. 25.2  “Questions to Ask Your Healthcare Provider” infographic

�Step Five: Pretest and Revise

The final step in the Clear & Simple strategy is to pretest and revise materials as 
necessary. This is essential because audience understanding and acceptance neces-
sitates that the materials are culturally relevant and meet the needs or concerns of 
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the intended audience. Three main components that should be tested include com-
prehension, attractiveness, and acceptability [6]. Questions to consider asking the 
pretest audience during this phase may include:

•	 What do you think is the key message of the material/program/etc.?
•	 Is there anything that is offensive or inappropriate?
•	 Did you connect with the images that were used?
•	 How do you think we could improve the material(s)?
•	 Is there anything we missed that you would like to know more about?

The Centers for Disease Control and Prevention (CDC) also provides several 
resources and toolkits for individuals to apply during educational material pretest-
ing [16].

As previously discussed, the COVID-19 pandemic halted community interac-
tions, delaying pretesting. Pretesting occurred predominantly over Zoom if feasible 
for the community partner and their clients. Otherwise, in-person sessions were 
conducted in socially distanced spaces once in-person services were resumed at 
these community sites. Feedback gathered during pretesting was overwhelmingly 
positive and the materials only required minor revisions.

�Current Progress and Community Outreach

The LC2 is currently working to pilot and disseminate the educational program 
more broadly across our four main target populations. Overall, piloting has been 
successful and community members were fully engaged throughout the educational 
programming. Preliminary findings show high receptivity and interest in the presen-
tation/materials, increases in lung cancer screening knowledge (i.e., age and smok-
ing history requirement), increases in behavioral intent to get screened (fo those 
who qualify), and increases in behavioral intent to talk with their doctor about 
screening going forward.

As reiterated throughout the chapter, collaborative relationships with community 
partners and community-based organizations are crucial to reaching the intended 
audience, especially when the intent is to work with vulnerable populations. Many 
of these leaders are trusted because they have worked extensively within these 
neighborhoods and understand the barriers that these underserved groups face. 
Therefore, maintaining these connections in the community is crucial, because as 
trusted messengers, they can reach members of the intended audiences and give 
credibility to the health system’s lung cancer screening program.

Locations for community outreach will vary depending on the intended audi-
ence and goals of the intervention or project. Input from community partners and 
advisory board and the research will help determine which locations are best for 
which populations. For example, places of worship may be more prevalent in one 
culture but not in another. Some religious leaders may have strong vested interest 
in health matters but others may not. For the LC2 Initiative, we focus on these 
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main sites to reach community members who may meet lung cancer screening 
guidelines:

•	 Places of worship (i.e., African American churches, Chinese churches, Korean 
churches, temples)

•	 Social service organizations (i.e., Veteran-specific, Asian immigrant specific)
•	 Adult day cares
•	 Senior centers
•	 Community development corporations
•	 Immigrant/refugee driven organizations
•	 Federally qualified health centers (FQHCs)
•	 Pharmacies
•	 Libraries
•	 Homeless shelters
•	 Community centers (i.e., LGBTQ+ specific)
•	 Other health clinics/systems (i.e., city health clinics, the VA hospital)

�Next Steps

The LC2 Initiative continues to pilot test and work to disseminate the materials 
more broadly across both Jefferson Health system and the surrounding community. 
In addition, programming and materials are being made available to providers at 
Jefferson, neighboring health systems, city health centers, and FQHCs for their 
patients. As part of this endeavor, these materials are being made available digitally 
on Jefferson Health website. Providing translated and recorded program sessions 
online allows individuals to access the educational materials at their own conve-
nience. Development of an evaluation system to track external/community referrals 
to Jefferson’s lung cancer screening program is underway to determine the extent of 
our educational outreach. This data collection will include the numbers of individu-
als reached, self-referrals, and people who screen/complete appointments.

Lastly, a training toolkit that will educate trusted messengers from the intended 
audiences on how to lead the educational program and raise awareness about lung 
cancer screening in their own communities and neighborhoods is being developed. 
Other individuals who will be trained as “lung cancer screening community advo-
cates” include community health workers (CHWs), home health aides, social work-
ers, and case managers. Expansion of our reach to other communities who were not 
initially included in our intended audiences, such as the Latino community, is being 
considered.

Reaching vulnerable communities is a challenging endeavor and cannot be 
attained without the assistance and partnership of the communities themselves. The 
LC2 Initiative is a clear example of how community-based participatory research 
can aid in bridging the connection between health systems and underserved popula-
tions surrounding them to create lasting, sustainable relationships that aim to 
improve community health and reduce health disparities for those who need it most.

25  Reaching Vulnerable Populations and Areas of Need
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Chapter 26
Lung Cancer Myths and How Do 
I Address Them?

Brian M. Till, Kathleen Jarrell, and Nathaniel R. Evans III

�Background

It is important to recognize the common misperceptions described in this chapter, 
which may be common among lung cancer screening-eligible populations. Whether 
these concerns or beliefs are outwardly expressed has little to do with their preva-
lence, and creating an environment conducive to addressing these myths is critical. 
Next, after recognizing the problem posed by myths and misperceptions, it is impor-
tant that clinicians dedicate time and energy to developing a strategy to address 
them. Here we describe eight common myths and detail relevant evidence that can 
be used to combat them. In addition, we describe six key elements of an approach 
for effectively addressing myths and misperceptions within a target lung cancer 
screening program (LCSP) population.

�The Myths

�Myth One: “Only Smokers Get Lung Cancer”

While smoking has been identified as the strongest, single risk factor for the devel-
opment of lung cancer, a significant number of patients with no smoking history or 
minimal smoking history are diagnosed with lung cancer each year. In the United 
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States, it is believed that between 10% and 20% of those diagnosed with lung cancer 
have never smoked or are people who have smoked less than 100 cigarettes in their 
lives, comprising between 20,000 and 40,000 individuals each year [1]. Worldwide, 
it is estimated that 25% of lung cancers occur in never smokers, with the majority 
of these cases seen in women and younger patients [2, 3]. Risk factors for non-
smokers who develop lung cancer include secondhand smoke, radon exposure, air 
pollution, work-related carcinogens such as asbestos, heavy metals, and diesel 
exhaust. Thus, while most of those diagnosed with lung cancer each year have sig-
nificant smoking histories, there are tens of thousands of non-smokers who are simi-
larly diagnosed with lung cancer each year.

�Myth Two: “Vaping Is a Safe Alternative to Smoking”

While there is minimal evidence on the relationship between e-cigarettes or vapor-
izers and lung cancer, existing evidence suggests that physicians and the general 
public should be wary of the risks posed by these novel smoking devices. This pau-
city of evidence is primarily due to the recent advent of these devices and the long 
latency period between smoking and development of lung cancer. Nonetheless, 
existing studies demonstrate that many of the same carcinogens found in conven-
tional tobacco smoke are also found in e-cigarette smoke, including nicotine deriva-
tives (such as nitrosnornicotine and nitrosamine ketone), polycyclic aromatic 
hydroxycarbons, heavy metals, and aldehydes [4]. Experiments in animal models 
have demonstrated comparable and in some cases higher concentrations of these 
molecules accumulating in airways and lung parenchyma with exposure to 
e-cigarette smoke as compared to cigarette smoke, and has also demonstrated com-
parable corresponding DNA-level changes [4–7]. Thus, while the exact relationship 
between lung cancer and e-cigarettes has not been established, there is ample reason 
to suspect usage may confer significant risk for the future development of 
lung cancer.

�Myth Three: “If You Get Lung Cancer From Smoking, It Is Your 
Own Fault”

Developing cancer is recognized as a complex interaction of behavioral risk factors, 
environmental risk factors, and underlying genetic susceptibility. While smoking is 
understood to be the primary risk factor for the development of lung cancer, it is 
important to acknowledge that the majority of smokers do not develop lung cancer, 
thus suggesting factors beyond an individual’s choice to smoke significantly impacts 
likelihood of developing lung cancer.
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�Myth Four: “There’s No Way To Detect Lung Cancer Early”

Historically, the early detection of lung cancer was difficult owing to poor sensitiv-
ity of X-ray in the identification of cancers [8, 9]. More recently, the use of low-dose 
radiation computer tomography (CT) scans has changed this, and this screening 
modality is associated with a sensitivity of 88.9% [10]. Large randomized con-
trolled trials have demonstrated significant lung cancer mortality benefit with annual 
low-dose computed tomography (LDCT) for high-risk individuals [11]. In fact, the 
editorial accompanying publication of the NELSON trial stated, “There can no lon-
ger be any doubt as to the efficacy of periodic low-dose CT screening in reducing 
mortality from lung cancer” [12].

�Myth Five: “If I Am in a Screening Program, There Is No 
Reason to Stop Smoking”

The literature shows that close to half of current smokers enrolled in LCS Programs 
report decreased interest in smoking cessation due to enrollment [13], owing to 
perceived protection offered by screening programs. It is thus critical that LCS 
Programs explain to patients that screening does not protect against cancer, but 
rather offers approximately a 20% risk reduction for mortality [11]. All LCS patients 
would thus benefit from smoking cessation for a range of reasons, not least of which 
being reduction in risk of development of all histologic subtypes of lung cancer [14].

�Myth Six: “If You Already Have Lung Cancer, There Is No 
Reason To Stop Smoking”

There is a large body of evidence showing the benefit of smoking cessation among 
those who have been diagnosed with lung cancer. These studies show benefit with 
regard to likelihood of achieving treatment response, overall survival, and general 
well-being. For patients undergoing surgical resection, continued smoking has been 
linked to inferior outcomes, including more frequent wound infections, higher com-
plication rates, and longer hospital stays [15]. Continued smoking has been linked 
to worse survival both in the immediate postoperative period [16] and in the 5 years 
following surgery [17]. For patients undergoing radiation treatment, there is evi-
dence that continued smoking is linked to worse survival [18] and may increase the 
risk of developing radiation pneumonitis [19]. And for patients treated with chemo-
therapy, continued smoking may limit the effectiveness of these therapies [20, 21] 
while worsening side effect profiles by altering metabolism of these agents [22, 23]. 
Finally, continued smoking after lung cancer diagnosis has been linked to decreased 
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quality of life, with continued smokers demonstrating less activity tolerance; 
increased coughing, dyspnea, and fatigue; increased pain; and worse overall quality 
of life [24–26].

�Myth Seven: “Surgery Causes Lung Cancer To Spread”

As many as 38% of patients seen in Pulmonary Nodule Clinics may believe that 
lung cancer will spread secondary to exposure to open air that occurs during surgery 
[27], and as many as 19% of Black patients and 5% of White patients may avoid 
undergoing resection for this reason. There is no evidence that lung cancer progres-
sion is altered by surgical intervention, and it is unclear how this myth developed 
and gained traction. It has been hypothesized that the discovery of metastatic dis-
ease at the time of surgery has been conflated with cause rather than discovery of 
disease spread among the lay population, but further study is needed to understand 
the etiology of this myth’s prevalence.

�Myth Eight: “Surgery for Lung Cancer Requires a Long 
Recovery Period”

In recent years, two major advances have substantially improved patient recov-
ery following lung cancer surgery. Generally speaking, patients undergoing an 
uncomplicated, minimally invasive lobar or sub-lobar resection can expect a hos-
pital stay of 1–2 days [28, 29], and the majority of patients can expect a return to 
work in approximately 2 weeks if treated with robotic resection and 6 weeks if 
treated with traditional video-assisted thoracoscopic surgery (VATS) [30]. These 
drastic improvements are attributed to two factors: First, the adoption of mini-
mally invasive surgical approaches, and, second, adoption of enhanced recovery 
after surgery (ERAS) pathways in the immediate postoperative period. Patients 
undergoing minimally invasive thoracic surgery have shorter lengths of hospital 
stay and fewer major postoperative complications such as pneumonia and 
arrhythmias [31] compared to those treated via thoracotomy. These patients have 
also demonstrated decreased postoperative pain, less sleep-interference, 
improved ambulation postoperatively [32], and higher quality of life [33]. ERAS 
protocols have focused clinician attention on optimizing care in the immediate 
postoperative period by emphasizing patient education, early mobilization and 
feeding, and expedient removal of arterial lines, Foley catheters, and chest tubes. 
Use of these pathways has been linked to shorter hospital stays [34–36], decreased 
analgesic requirements [36], lower rates of complications [34, 37], and decreased 
readmissions [38].
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�Myth Nine: “I Am Too Old to Benefit from Treatment 
for Lung Cancer”

It is critical to discuss several issues related to age and lung cancer with potential 
LCS patients. First, there is evidence that lung cancer is more treatable for older 
patients, given that stage I disease is found in 87% of those over diagnosed after the 
age of 75 as compared to 79% of those diagnosed under 65 years [39]. Second, there 
are a range of treatment options available for elderly patients diagnosed with lung 
cancer [40] including surgical resection [41, 42], radiation therapy [43, 44], chemo-
therapy [45], combined chemotherapy and radiation [39, 46], and immunotherapy 
[47], all of which have shown survival benefit for those of advanced age. It is thus 
critical for providers and patients to discuss which treatment option is most consis-
tent with a patient’s goals and priorities.

Surgical resection remains the standard of care for those with early-stage dis-
ease, and it is critical that elderly patients understand that minimally invasive tech-
niques have substantially reduced morbidity and mortality associated with surgical 
treatment as discussed in the preceding text. Of note, a comprehensive review of 
evidence on the resection of early lung cancers in the elderly found no difference, 
mortality, and quality for those over 70 compared to younger patients [48]. Thus, for 
both surgically fit and unfit elderly patients, there are a range of therapeutic options 
available that have demonstrated both survival benefit and acceptable risk profiles.

�Myth Ten: “Lung Cancer Is a Death Sentence”

Lung cancer, while historically linked to poor survival rates, has seen a substantial 
improvement in survivorship in recent years. For those treated with surgical resec-
tion, recent studies have shown 5-year survival rates ranging from 83% [49] to 91% 
[50]. For patients with screening detected nodules who undergo surgical resection 
within 1 month of diagnosis, there is some evidence that 10-year survivorship may 
be as high as 92% [51]. For those who are too frail for surgery, radiation therapy 
offers survival rates between 73% and 92% for early-stage disease [52]. Even in later 
stage disease, current and emerging therapies have shown impressive ability to allow 
long-term survival in patients in whom this was not previously possible [53–55].

�Addressing Lung Cancer Myths

�Step One: Have a Forward-Leaning Posture Related 
to Misperceptions and Myths

We advocate for developing patient education tools specifically designed to con-
front myths that can be used in conjunction with outreach events and initiating con-
versations regarding these issues early with target groups. Rather than waiting for 
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patients to bring forward misperceptions, a well-designed strategy can address these 
common concerns and misunderstandings preemptively.

�Step Two: Fully Appreciate the Complexity of Physician–
Patient Communication

Studies have repeatedly demonstrated poor provider patient communication across 
a variety of domains, including patient understanding of abnormal radiologic find-
ings [53, 54]. Further, the literature has demonstrated that patients are frequently 
unable to recognize the limits of their comprehension when engaging medical pro-
viders [55, 56]. Because of this, it is imperative that physicians and LCS Programs 
undertake discussion about lung cancer myths and misperceptions with awareness 
of the chasm that can exist between patients and providers. We recommend strate-
gies for engagement which minimize medical jargon, focus on conveying a few key 
points, and utilize “teach back” tactics, whereby patients explain back to a provider 
what they have learned from a conversation [57, 58].

�Step Three: Ensure Available Information Is Properly Designed 
for Your Target Population

Analyses of lung cancer–related patient education tools frequently demonstrate that 
materials are written beyond the eighth-grade reading level, thus making them inac-
cessible to 51% of the adult US population [59]. Further, as the US population 
becomes more diverse, it is important that materials and providers are able to 
accommodate a range of non-English language speakers that may represent their 
target LCS-eligible population. Outreach utilizing native speakers and development 
of informative materials in the appropriate languages is key.

�Step Four: Build a Team That Is Culturally Accessible 
to a Diverse Patient Population

A large and growing body of evidence has shown that minority patients report lower 
patient–physician communication quality and satisfaction, notably including less 
information-giving, less partnership building, and less participatory decision mak-
ing [60, 61]. Approximately one-fifth of people in the United States speak a lan-
guage other than English while at home, and at least 25 million people in the United 
States are recognized as having limited proficiency in English [62]. These patients 
may be less likely to receive preventative care or be enrolled in cancer screening 
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programs [63]. Thus, those developing LCS Programs should seek to build an inclu-
sive and representative team, capable of effectively engaging with the community it 
has set out to serve.

�Step Five: Make Space for Patients to Ask Questions About 
Myths and Misperceptions That They Feel Otherwise Feel 
Uncomfortable Raising

Because of a well-defined power differential between patients and providers, a large 
proportion of patients may feel uncomfortable asking questions of their medical 
team members [64]. It is thus critical to create an atmosphere conducive to raising 
concerns about commonly held myths or misperceptions. We suggest language 
such as:

A lot of patients we meet have heard or read things about lung cancer that they’re not sure 
whether to believe or not. Are there things like this that you’re concerned about that we 
could discuss?

�Step Six: Continue the Conversation

Some patients may be assuaged by a discussion with their physician or medical 
team about inaccurate information, but others may not. Be ready to offer additional 
resources to patients from your institution or other institutions, and be willing to 
take time to discuss existing evidence with them. Re-engage with the issue in sub-
sequent visits or via patient portals in the electronic health records.

References

1.	Lung Cancer Among People Who Never Smoked: Center for Disease Control and Prevention; 
2021. https://www.cdc.gov/cancer/lung/nonsmokers/index.htm. Accessed 18 Aug 2021.

2.	Okazaki I, Ishikawa S, Ando W, Sohara Y. Lung adenocarcinoma in never smokers: problems 
of primary prevention from aspects of susceptible genes and carcinogens. Anticancer Res. 
2016;36(12):6207–24.

3.	Saito N, Mine N, Kufe DW, Von Hoff DD, Kawabe T. CBP501 inhibits EGF-dependent cell 
migration, invasion and epithelial-to-mesenchymal transition of non-small cell lung cancer 
cells by blocking KRas to calmodulin binding. Oncotarget. 2017;8(43):74006–18.

4.	Bracken-Clarke D, Kapoor D, Baird AM, Buchanan PJ, Gately K, Cuffe S, et al. Vaping and 
lung cancer - a review of current data and recommendations. Lung Cancer. 2021;153:11–20.

5.	Floyd EL, Queimado L, Wang J, Regens JL, Johnson DL.  Electronic cigarette power 
affects count concentration and particle size distribution of vaping aerosol. PLoS One. 
2018;13(12):e0210147.

26  Lung Cancer Myths and How Do I Address Them?

https://www.cdc.gov/cancer/lung/nonsmokers/index.htm


282

6.	Lee HW, Park SH, Weng MW, Wang HT, Huang WC, Lepor H, et al. E-cigarette smoke dam-
ages DNA and reduces repair activity in mouse lung, heart, and bladder as well as in human 
lung and bladder cells. Proc Natl Acad Sci U S A. 2018;115(7):E1560–E9.

7.	Shahab L, Goniewicz ML, Blount BC, Brown J, McNeill A, Alwis KU, et al. Nicotine, car-
cinogen, and toxin exposure in long-term E-cigarette and nicotine replacement therapy users: 
a cross-sectional study. Ann Intern Med. 2017;166(6):390–400.

8.	Gavelli G, Giampalma E. Sensitivity and specificity of chest X-ray screening for lung cancer: 
review article. Cancer. 2000;89(11 Suppl):2453–6.

9.	Bradley SH, Abraham S, Callister ME, Grice A, Hamilton WT, Lopez RR, et al. Sensitivity 
of chest X-ray for detecting lung cancer in people presenting with symptoms: a systematic 
review. Br J Gen Pract. 2019;69(689):e827–e35.

10.	Toyoda Y, Nakayama T, Kusunoki Y, Iso H, Suzuki T. Sensitivity and specificity of lung cancer 
screening using chest low-dose computed tomography. Br J Cancer. 2008;98(10):1602–7.

11.	National Lung Screening Trial Research T, Aberle DR, Adams AM, Berg CD, Black WC, 
Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screen-
ing. N Engl J Med. 2011;365(5):395–409.

12.	Duffy SW, Field JK. Mortality reduction with low-dose CT screening for lung cancer. N Engl 
J Med. 2020;382:572–3.

13.	Zeliadt SB, Heffner JL, Sayre G, Klein DE, Simons C, Williams J, et al. Attitudes and percep-
tions about smoking cessation in the context of lung cancer screening. JAMA Intern Med. 
2015;175(9):1530–7.

14.	Khuder SA, Mutgi AB. Effect of smoking cessation on major histologic types of lung cancer. 
Chest. 2001;120(5):1577–83.

15.	Moller AM, Villebro N, Pedersen T, Tonnesen H. Effect of preoperative smoking intervention 
on postoperative complications: a randomised clinical trial. Lancet. 2002;359(9301):114–7.

16.	Fukui M, Suzuki K, Matsunaga T, Oh S, Takamochi K. Importance of smoking cessation on 
surgical outcome in primary lung cancer. Ann Thorac Surg. 2019;107(4):1005–9.

17.	Parsons A, Daley A, Begh R, Aveyard P.  Influence of smoking cessation after diagnosis of 
early stage lung cancer on prognosis: systematic review of observational studies with meta-
analysis. BMJ. 2010;340:b5569.

18.	Roach MC, Rehman S, DeWees TA, Abraham CD, Bradley JD, Robinson CG. It’s never too 
late: smoking cessation after stereotactic body radiation therapy for non-small cell lung carci-
noma improves overall survival. Pract Radiat Oncol. 2016;6(1):12–8.

19.	Dresler CM. Is it more important to quit smoking than which chemotherapy is used? Lung 
Cancer. 2003;39(2):119–24.

20.	Zhang J, Kamdar O, Le W, Rosen GD, Upadhyay D. Nicotine induces resistance to chemo-
therapy by modulating mitochondrial signaling in lung cancer. Am J Respir Cell Mol Biol. 
2009;40(2):135–46.

21.	Xu J, Huang H, Pan C, Zhang B, Liu X, Zhang L. Nicotine inhibits apoptosis induced by cis-
platin in human oral cancer cells. Int J Oral Maxillofac Surg. 2007;36(8):739–44.

22.	O'Malley M, King AN, Conte M, Ellingrod VL, Ramnath N.  Effects of cigarette smok-
ing on metabolism and effectiveness of systemic therapy for lung cancer. J Thorac Oncol. 
2014;9(7):917–26.

23.	Hughes AN, O'Brien ME, Petty WJ, Chick JB, Rankin E, Woll PJ, et  al. Overcoming 
CYP1A1/1A2 mediated induction of metabolism by escalating erlotinib dose in current smok-
ers. J Clin Oncol. 2009;27(8):1220–6.

24.	Steuer CE, Jegede OA, Dahlberg SE, Wakelee HA, Keller SM, Tester WJ, et  al. Smoking 
behavior in patients with early-stage NSCLC: a report from ECOG-ACRIN 1505 trial. J 
Thorac Oncol. 2021;16(6):960–7.

25.	Garces YI, Yang P, Parkinson J, Zhao X, Wampfler JA, Ebbert JO, et  al. The relation-
ship between cigarette smoking and quality of life after lung cancer diagnosis. Chest. 
2004;126(6):1733–41.

26.	Daniel M, Keefe FJ, Lyna P, Peterson B, Garst J, Kelley M, et al. Persistent smoking after a diag-
nosis of lung cancer is associated with higher reported pain levels. J Pain. 2009;10(3):323–8.

B. M. Till et al.



283

27.	Margolis ML, Christie JD, Silvestri GA, Kaiser L, Santiago S, Hansen-Flaschen J. Racial dif-
ferences pertaining to a belief about lung cancer surgery: results of a multicenter survey. Ann 
Intern Med. 2003;139(7):558–63.

28.	Dominguez DA, Ely S, Bach C, Lee T, Velotta JB. Impact of intercostal nerve blocks using 
liposomal versus standard bupivacaine on length of stay in minimally invasive thoracic surgery 
patients. J Thorac Dis. 2018;10(12):6873–9.

29.	Hsu DS, Ely S, Alcasid NJ, Banks KC, Santos J, Wei J, et  al. Reduced opioid utilization 
and post-operative pain in Asian vs. Caucasian populations after video-assisted thoracoscopic 
surgery lobectomy with liposomal bupivacaine-based intercostal nerve blockade. Ann Palliat 
Med. 2022;11:1635.

30.	Louie BE, Farivar AS, Aye RW, Vallieres E. Early experience with robotic lung resection results 
in similar operative outcomes and morbidity when compared with matched video-assisted tho-
racoscopic surgery cases. Ann Thorac Surg. 2012;93(5):1598–604; discussion 604–5.

31.	Cao C, Manganas C, Ang SC, Peeceeyen S, Yan TD. Video-assisted thoracic surgery versus 
open thoracotomy for non-small cell lung cancer: a meta-analysis of propensity score-matched 
patients. Interact Cardiovasc Thorac Surg. 2013;16(3):244–9.

32.	Wei X, Yu H, Dai W, Mu Y, Wang Y, Liao J, et al. Patient-reported outcomes of video-assisted 
thoracoscopic surgery versus thoracotomy for locally advanced lung cancer: a longitudinal 
cohort study. Ann Surg Oncol. 2021;28(13):8358–71.

33.	Bendixen M, Jorgensen OD, Kronborg C, Andersen C, Licht PB. Postoperative pain and quality 
of life after lobectomy via video-assisted thoracoscopic surgery or anterolateral thoracotomy 
for early stage lung cancer: a randomised controlled trial. Lancet Oncol. 2016;17(6):836–44.

34.	Paci P, Madani A, Lee L, Mata J, Mulder DS, Spicer J, et al. Economic impact of an enhanced 
recovery pathway for lung resection. Ann Thorac Surg. 2017;104(3):950–7.

35.	Dong Q, Zhang K, Cao S, Cui J. Fast-track surgery versus conventional perioperative manage-
ment of lung cancer-associated pneumonectomy: a randomized controlled clinical trial. World 
J Surg Oncol. 2017;15(1):20.

36.	Martin LW, Sarosiek BM, Harrison MA, Hedrick T, Isbell JM, Krupnick AS, et al. Implementing 
a thoracic enhanced recovery program: lessons learned in the first year. Ann Thorac Surg. 
2018;105(6):1597–604.

37.	Madani A, Fiore JF Jr, Wang Y, Bejjani J, Sivakumaran L, Mata J, et al. An enhanced recovery 
pathway reduces duration of stay and complications after open pulmonary lobectomy. Surgery. 
2015;158(4):899–908; discussion −10.

38.	Numan RC, Klomp HM, Li W, Buitelaar DR, Burgers JA, Van Sandick JW, et al. A clinical 
audit in a multidisciplinary care path for thoracic surgery: an instrument for continuous quality 
improvement. Lung Cancer. 2012;78(3):270–5.

39.	Miller ED, Fisher JL, Haglund KE, Grecula JC, Xu-Welliver M, Bertino EM, et al. The addi-
tion of chemotherapy to radiation therapy improves survival in elderly patients with stage III 
non-small cell lung cancer. J Thorac Oncol. 2018;13(3):426–35.

40.	Venuta F, Diso D, Onorati I, Anile M, Mantovani S, Rendina EA.  Lung cancer in elderly 
patients. J Thorac Dis. 2016;8(Suppl 11):S908–S14.

41.	Rivera C, Falcoz PE, Bernard A, Thomas PA, Dahan M. Surgical management and outcomes 
of elderly patients with early stage non-small cell lung cancer: a nested case-control study. 
Chest. 2011;140(4):874–80.

42.	Detillon D, Aarts MJ, De Jaeger K, Van Eijck CHJ, Veen EJ. Video-assisted thoracic lobec-
tomy versus stereotactic body radiotherapy for stage I nonsmall cell lung cancer in elderly 
patients: a propensity matched comparative analysis. Eur Respir J. 2019;53(6):1801561.

43.	Watanabe K, Katsui K, Sugiyama S, Yoshio K, Kuroda M, Hiraki T, et al. Lung stereotactic 
body radiation therapy for elderly patients aged >/= 80 years with pathologically proven early-
stage non-small cell lung cancer: a retrospective cohort study. Radiat Oncol. 2021;16(1):39.

44.	Takeda A, Sanuki N, Eriguchi T, Kaneko T, Morita S, Handa H, et al. Stereotactic ablative 
body radiation therapy for octogenarians with non-small cell lung cancer. Int J Radiat Oncol 
Biol Phys. 2013;86(2):257–63.

26  Lung Cancer Myths and How Do I Address Them?



284

45.	Gajra A, Jatoi A.  Non-small-cell lung cancer in elderly patients: a discussion of treatment 
options. J Clin Oncol. 2014;32(24):2562–9.

46.	Driessen EJ, Bootsma GP, Hendriks LE, van den Berkmortel FW, Bogaarts BA, van Loon 
JG, et al. Stage III non-small cell lung cancer in the elderly: patient characteristics predic-
tive for tolerance and survival of chemoradiation in daily clinical practice. Radiother Oncol. 
2016;121(1):26–31.

47.	Casaluce F, Sgambato A, Maione P, Spagnuolo A, Gridelli C. Lung cancer, elderly and immune 
checkpoint inhibitors. J Thorac Dis. 2018;10(Suppl 13):S1474–S81.

48.	Chambers A, Routledge T, Pilling J, Scarci M. In elderly patients with lung cancer is resec-
tion justified in terms of morbidity, mortality and residual quality of life? Interact Cardiovasc 
Thorac Surg. 2010;10(6):1015–21.

49.	Casiraghi M, Galetta D, Borri A, Tessitore A, Romano R, Diotti C, et al. Ten years’ experi-
ence in robotic-assisted thoracic surgery for early stage lung cancer. Thorac Cardiovasc Surg. 
2019;67(7):564–72.

50.	Park BJ, Melfi F, Mussi A, Maisonneuve P, Spaggiari L, Da Silva RK, et al. Robotic lobectomy 
for non-small cell lung cancer (NSCLC): long-term oncologic results. J Thorac Cardiovasc 
Surg. 2012;143(2):383–9.

51.	 International Early Lung Cancer Action Program I, Henschke CI, Yankelevitz DF, Libby DM, 
Pasmantier MW, Smith JP, et al. Survival of patients with stage I lung cancer detected on CT 
screening. N Engl J Med. 2006;355(17):1763–71.

52.	Onishi H, Shirato H, Nagata Y, Hiraoka M, Fujino M, Gomi K, et al. Stereotactic body radio-
therapy (SBRT) for operable stage I non-small-cell lung cancer: can SBRT be comparable to 
surgery? Int J Radiat Oncol Biol Phys. 2011;81(5):1352–8.

53.	Karliner LS, Patricia Kaplan C, Juarbe T, Pasick R, Perez-Stable EJ. Poor patient comprehen-
sion of abnormal mammography results. J Gen Intern Med. 2005;20(5):432–7.

54.	Pietrzykowski T, Smilowska K. The reality of informed consent: empirical studies on patient 
comprehension-systematic review. Trials. 2021;22(1):57.

55.	Ruske J, Sharma G, Makie K, He K, Ozaki CK, Menard MT, et al. Patient comprehension 
necessary for informed consent for vascular procedures is poor and related to frailty. J Vasc 
Surg. 2021;73(4):1422–8.

56.	Engel KG, Heisler M, Smith DM, Robinson CH, Forman JH, Ubel PA. Patient comprehension 
of emergency department care and instructions: are patients aware of when they do not under-
stand? Ann Emerg Med. 2009;53(4):454–61 e15.

57.	Hasanpour Dehkordi A, Ebrahimi-Dehkordi S, Banitalebi-Dehkordi F, Salehi Tali S, Kheiri S, 
Soleimani BA. The effect of teach-back training intervention of breathing exercise on the level 
of dyspnea, six-minutes walking test and FEV1/FVC ratio in patients with chronic obstructive 
pulmonary disease; a randomized controlled trial. Expert Rev Respir Med. 2021;15(1):161–9.

58.	Talevski J, Wong Shee A, Rasmussen B, Kemp G, Beauchamp A. Teach-back: a systematic 
review of implementation and impacts. PLoS One. 2020;15(4):e0231350.

59.	Powers B.  Reading level of lung cancer patient education materials. J Hosp Librariansh. 
2007;6(4):69–74.

60.	Shen Z, Herzfeld J. Floating orbitals reconsidered: the difference an imaginary part can make. 
ACS Omega. 2018;3(9):10992–8.

61.	Zhao C, Dowzicky P, Colbert L, Roberts S, Kelz RR. Race, gender, and language concordance 
in the care of surgical patients: a systematic review. Surgery. 2019;166(5):785–92.

62.	Diamond L, Izquierdo K, Canfield D, Matsoukas K, Gany F. A systematic review of the impact 
of patient-physician non-English language concordance on quality of care and outcomes. J 
Gen Intern Med. 2019;34(8):1591–606.

63.	Ridgeway JL, Njeru JW, Breitkopf CR, Mohamed AA, Quirindongo-Cedeno O, Sia IG, et al. 
Closing the gap: participatory formative evaluation to reduce cancer screening disparities 
among patients with limited English proficiency. J Cancer Educ. 2021;36(4):795–803.

64.	Pope JE, Tingey DP, Arnold JM, Hong P, Ouimet JM, Krizova A. Are subjects satisfied with the 
informed consent process? A survey of research participants. J Rheumatol. 2003;30(4):815–24.

B. M. Till et al.



285

Chapter 27
Achieving Health Equity in Lung Cancer 
Screening: Incorporation of Community 
Perspectives for Maximum Impact

Sydney C. Beache and Sandra E. Brooks

�Background

There is accelerating interest and system level support for the advancement of health 
equity from a healthcare system perspective. A key element includes increasing the 
pace of adoption of evidence-based practices. It is estimated that 14% of scientific 
best practices for prevention and treatment disseminate into standard practice after 
an average of 17 years [1]. Given the magnitude of disparities in lung cancer out-
comes, this time frame of wide adoption is not acceptable. Implementation of a 
successful lung cancer screening (LCS) program requires intentional engagement 
of key stakeholders to allow for sustainable translation of gold standards in clinical 
and public health practice into diverse community contexts. We provide a thematic 
overview of (1) inequities in lung cancer screening utilization and cancer outcomes; 
(2) barriers to LCS from the perspectives of clinicians and patients; (3) evidence-
based strategies to reducing barriers; and (3) an introduction to the role of dissemi-
nation and implementation science in measuring the efficacy of community-based 
interventions designed to promote health equity.
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�Underutilization of Lung Cancer Screening as a Critical 
Quality Gap

Lung cancer is a leading cause of cancer death in the United States. The National 
Lung Screening Trial (NLST), a multi-center randomized control trial recruiting 
over 50,000 patients, demonstrated a clear reduction in mortality of up to 20% 
with early detection of lung nodules with low dose computed tomography (LDCT) 
in high-risk smoking populations [2]. The importance of early detection LDCT 
was validated in subsequent studies such as the NELSON trial, a Dutch-Belgian 
randomized control trial evaluating long-term mortality benefit of LCS [3]. 
Disparities in screening persist despite the United States Preventive Services Task 
Force (USPSTF) expansion of screening eligibility in 2021, with incidence rates 
and mortality for lung cancer disproportionately affecting non-Hispanic African 
American males and non-Hispanic White women [4]. Black males have the high-
est rates of age-adjusted lung cancer incidence among all US racial and ethnic 
groups, specifically 73.5 per 100,000 versus 63.5 per 100,000 for White males [4]. 
This racial disparity in incidence persists in both smokers and never-smokers [5]. 
Black males also have the highest lung cancer mortality compared with other 
racial/ethnic groups (62.1 vs 51.7 age-adjusted overall mortality) [4]. Black indi-
viduals develop lung cancer at an earlier age than White individuals (median age 
67 vs 70 years) [6] and are more likely to present with advanced-stage disease 
(53% vs 49%) [7].

Disparities in mortality narrow when adjusting for stage at diagnosis and equal 
access to care, but little progress has been made in diagnosing lung cancer at an 
earlier stage over past decades [8]. Underutilization of LCS remains a barrier to 
improving these metrics, with only 12.7% of eligible individuals accessing screen-
ing per USPSTF guidelines according to recent data [9]. Population-based studies 
examining factors associated with increased utilization of screening services include 
diagnosis of a comorbid respiratory condition, previous cancer diagnoses, and age 
65–74 years. Explanations for such trends may include healthcare utilization pat-
terns in these populations, and reduced insurance coverage barriers for screening in 
the Medicare-eligible population. In this vein, uninsured individuals have lower 
odds of LCS uptake [10]. Prior studies demonstrate an association between access 
to healthcare and lung cancer survival [11].

Barriers to completion of screening are both primary care clinician and patient-
facing: studies of clinicians describe low awareness of LCS guidelines, competing 
time and administrative burdens, and concerns about the sensitivity and specificity 
of screening with LDCT. At the same time patients report low knowledge of the role 
of LDCT in screening, and misperceptions about lung cancer diagnosis and treat-
ment [6, 12–14]. The underutilization of lung cancer screening and the ensuing 
disparities in cancer morbidity and mortality are complex issues that require multi-
modal solutions centered on understanding the barriers to implementation facing 
these key stakeholders.
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�Provider-Specific Considerations

Clinicians play a critical role in the landscape of healthcare and in building a high-
quality LCS program. Since 2015, the Centers for Medicare and Medicaid Services 
(CMS) stipulated a counseling and shared decision-making (SDM) visit as a reim-
bursable prerequisite for LCS. Shared decision-making is rooted in patient-centered 
care principles of providing high quality, accessible knowledge to empower patients 
to make informed decisions about their medical care that align with their values. 
The CMS-required components of counseling and SDM for LCS includes: (1) 
assessment of screening eligibility; (2) SDM with the use of at least one decision 
aid; (3) counseling on the importance of annual screening; (4) review of the impact 
of comorbidities; (5) demonstrating willingness or ability to undergo diagnostic 
evaluation and treatment; and (6) smoking cessation counseling [2]. As such, LCS 
is the first cancer screening service with financial implications if SDM is not deliv-
ered before a patient is screened. Although CMS provides general guidance regard-
ing expected activities, most of the decisions regarding SDM are left to providers 
and their organizations, making this requirement challenging to implement in prac-
tice. Further complicating the SDM conversation are lingering provider concerns 
about patient harms associated with annual LCS, including cumulative radiation 
exposure and detection of false-positive results and incidental findings. The chal-
lenge facing these organizations, and those wanting to help patients and clinicians 
balance the tradeoffs inherent with LCS, is how to move beyond a check-box docu-
mentation to a balanced discussion on the risks associated with tobacco exposure 
and screening with LDCT, as well as benefits associated with smoking cessation 
and LCS.

In the earliest stages of national LCS implementation, there was concern among 
primary care clinicians regarding the feasibility of LCS in community settings given 
logistical concerns and resource limitations, culminating in a 2013 statement by the 
American Academy of Family Physicians (AAFP) citing insufficient evidence for 
LCS in the setting of implementation concerns particularly in rural and urban under-
served populations, as well as in communities of color. A subsequent retrospective 
review by Handy et al. of an integrated community health system based in Oregon 
reviewed approximately 6,000 LCS referrals over a 5-year period evaluated screen-
ing outcomes in the community health setting. They discovered similar rates of lung 
cancer diagnoses, interventions, and adverse events compared to larger tertiary care 
center data as in the NLST, suggesting that high quality LCS programs could be 
safely implemented in community health settings [15]. In 2021, the AAFP updated 
their position to endorse USPSTF guidelines of LCS [15].

Several studies have evaluated the role of implementing educational interven-
tions aimed at increasing provider acceptance and adoption of LCS-unifying com-
ponents including review of eligibility criteria, review of the evidence basis behind 
LCS, the risks and benefits to screening with LDCT, and concise models for imple-
menting SDM that facilitate discussion informed decision-making [5, 7, 8]. There is 
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a growing basis of community-based participatory research in the oncology preven-
tion literature describing the role of non-clinician extenders such as nurses, medical 
assistants, and lay health navigators (community health workers) in reducing barri-
ers to enrolling patients in screening services [5, 8]. Emerging research has also 
explored the role of checklists in implementing quality LCS programs, including 
structured mechanisms for reporting screening outcomes to facilitate communica-
tion among clinicians, radiologists, pulmonologists, and thoracic surgeons as they 
navigate lung nodule management [16]. Checklists widely used in the arena of peri-
operative care after a landmark World Health Organization international trial in 
2009 are efficacious in reducing perioperative mortality and morbidity, and facilitat-
ing interdisciplinary communication [17].

�Patient-Facing Concerns

Challenges to patient acceptance of LCS are multifactorial. Unequal healthcare 
access and insurance reimbursement structures may inadvertently widen LCS dis-
parities: USPSTF guidelines for LCS ensure coverage of LDCTs for eligible 
Medicare recipients, but not Medicaid beneficiaries as Medicaid coverage is defined 
at the state level. Limitations in the reimbursement structure for LCS may represent 
a barrier to access for high-risk groups such as Black smokers, who are at risk of 
developing lung cancer at an earlier age compared to White smokers most notably 
in the 50–54-year-old age range. In addition, rural populations, who demonstrate 
earlier age of smoking initiation and greater smoking prevalence compared to met-
ropolitan populations, may also face barriers to coverage for LCS [18]. Low com-
munity awareness of LCS and eligibility also limits LCS utilization, with multiple 
studies finding rates of LCS unawareness as high as 38–59% [19]. Furthermore, 
misperceptions about the role of LCS in prevention and early detection, personal 
risk for developing cancer, as well as fatalistic perceptions about lung cancer treat-
ment options also serve to limit LCS uptake according to a qualitative study of clini-
cians and patients in an academic primary care setting in San Francisco, 
California [12].

While barriers to access are challenging to address given their systemic nature, 
experience from the breast, colorectal, and cervical cancer literature supports the 
use of community-based interventions in the form of partnerships with underserved 
communities to provide subsidized screening services [13]. There is an emerging 
evidence base for community-based interventions in the LCS literature: in 2018, a 
Los Angeles, California-based health system published their experience with secur-
ing a private grant to provide free LCS services, including transportation vouchers 
and personalized post-screening navigation services to underserved individuals in 
the region. In addition, a large body of evidence supports the effectiveness of engag-
ing with lay people as community health workers (CHWs) to reach disparate popu-
lations to improve health knowledge and outcomes [20]. CHWs are credible and 
trusted sources of information; therefore, training them to present LCS information 
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within the context of other cancer screenings may normalize the information, 
decrease stigma, raise awareness, and increase consideration of screening initiation. 
Community health workers are unique in that they share cultural or experiential 
backgrounds with the patients with whom they serve, which has shown to lend itself 
to successful community-based interventions [21]. Randomized control trials in the 
colorectal and breast cancer literature demonstrate greater utilization of preventive 
screening services and improved screening outcomes [22–24]. Despite the effec-
tiveness of CHWs, there are notable implementation gaps in some regions of the 
United States that impede dissemination of evidenced-based interventions; more 
data is warranted on effective methods to establish CHW models in new areas.

Shared decision-making also represents an opportunity to address knowledge 
concerns regarding LCS. Nishi et al. examined the perception of SDM with recently 
screened patients. They determined that recently screened patients possessed varied 
LCS knowledge, answering an average of 41.4% of questions correctly. Patients 
valued finding cancer early over concerns about harms. Patients indicated that LCS 
benefits were presented to them by a health care provider far more often than harms 
(68.3% vs 20.8%, respectively), and 30.7% reported they received educational 
materials about LCS during the screening process. One-third of patients had some 
decisional conflict (33.6%) related to their screening decisions, whereas most 
patients (86.6%) noted that they were involved in the screening decision as much as 
they wanted. In multivariate models, non-White race and having less education 
were related to lower knowledge scores. Non-White patients and former smokers 
were also more likely to be conflicted about the screening decision. Most patients 
(n = 227 [85.3%]) indicated that a health care provider had discussed smoking ces-
sation or abstinence with them.

Finally, efforts to increase screening engagement should address knowledge 
gaps and misperceptions regarding LCS among patients. A 2017 study of screening-
eligible patients in the Appalachia region of Kentucky revealed a preference for 
personal testimonies on the LCS experience, life-saving benefits of early detection, 
and receiving messaging from trusted sources [21]. A systematic review by the 
Agency for Healthcare Research and Quality also highlighted the use of faith-based 
organizations to fulfill the role of a trusted source through community engagement 
efforts aimed at increasing preventive healthcare utilization [22].

�Using Dissemination and Implementation Science to Measure 
the Process and Impact of Efforts to Increase Lung 
Cancer Screening

A recent World Health Organization report indicated that global healthcare expen-
ditures have doubled over the past two decades, with spending in the United States 
accounting for over 40% of these costs [22]. Spending, however, does not equate to 
linear improvement in health outcome metrics like life expectancy, and as such 
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there is growing interest in re-evaluating practices to improve the efficiency of 
healthcare systems. Dissemination and implementation science involves rigorous 
study of methods for translating evidence-based interventions into clinical practice 
with attention to principles of feasibility and sustainability across multiple socio-
ecological levels [23]. While related to quality improvement initiatives in the goal 
of improving healthcare delivery, implementation science studies the process of 
improving uptake of an underutilized evidence-based intervention, and dissemina-
tion emphasizes the spread of such efforts across different practice settings. 
Outcomes of interest in dissemination and implementation science include rates of 
uptake of an evidence-based intervention, as well as an assessment of the quality of 
its use within a practice environment. Frameworks are a hallmark of dissemination 
and implementation science: frameworks provide a roadmap for data collection and 
analysis as the adoption of evidence-based practices are systematically evaluated. In 
1999, Glasgow et al. introduced the eponymous RE-AIM model to guide evaluation 
of evidence-based intervention in terms of their reach, efficacy, adoption, imple-
mentation, and maintenance [24]. Damschroeder et al. developed the Consolidated 
Framework for Implementation Research (CFIR) in 2009 in a collaboration with the 
Veterans Affairs Diabetes Quality Enhancement Research Initiative (QUERI), offer-
ing constructs across five domains – intervention characteristics, outer setting, inner 
setting, individual characteristics, and implementation process – to guide the sys-
tematic assessment of barriers and facilitators associated with implementation [25]. 
Implementation studies can be combined with health services and health outcome–
related research in hybrid study designs, whereby the process of implementing an 
evidence-based intervention can be studied alongside its effects on health metrics at 
the patient level.

We can apply dissemination and implementation science principles to rigorously 
evaluate efforts to engage patients in LCS.  A study by Williams et  al. used the 
RE-AIM framework to study implementation of a validated LCS educational pro-
gram, which involved training CHWs to apply this intervention to medically under-
served populations in Kentucky. Developed for readability at the sixth grade reading 
level, this intervention addressed LCS risk, benefits, and stigma. Researchers were 
successful in reaching CHWs to train them in educational intervention use, and in 
encouraging uptake of the intervention within their communities [26].

�Final Thoughts

While this chapter identifies inequalities in outcomes related to lung cancer and 
LCS, we must recognize the limitations in drawing inferences on causality between 
these variables and our outcomes of interest as we think about designing interven-
tions to address disparities. For example, while race is often reported as a variable 
of interest in health outcomes research, it is not race itself but the experience that 
one from a particular background experiences that serves as a critical determinant 
of health. To further extend this example, one’s race may actually be considered a 
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proxy for a multitude of social determinants, including income, wealth, quality of 
education, and cultural context that may be quite heterogeneous among people 
within one category [27]. In considering the various interventions designed to 
address healthcare inequity, we must also be mindful of an “inverse prevention law,” 
a concept describing how those who would benefit from interventions may be the 
least likely to receive it, thereby propagating inequalities. It is of critical importance 
to keep in mind the complexity enmeshed within target predictor variables when 
interpreting health disparities research and designing and implementing interven-
tions. Brownson et al. offer implementation science as a mechanism for achieving 
health equity with recommendations that include defining equity-relevant metrics, 
thoughtful stakeholder engagement, and tailoring of strategies for dissemination 
and implementation to meet contextual needs [28]. Community-based interventions 
represent an important path forward in this regard, by building upon existing com-
munity strengths and systems to enhance adoption and sustainability of interven-
tions [29–33]. Focusing on health equity moves us away from a deficit conceptual 
model that focuses shortcomings on our healthcare system, to a solutions-based 
mindset wherein we are empowered to take action to address determinants of health.
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Chapter 28
Lung Cancer Screening: Addressing 
Disparities

Christine S. Shusted and Gregory C. Kane

�Background

When a new preventive health measure is first introduced, racial and socioeconomic 
disparities emerge in uptake. These gaps in care tend to decline with time, but ineq-
uities at some level endure [1–3]. As a screening test endorsed nationally within the 
last decade, lung cancer screening with low-dose computed tomography (LDCT) 
follows this pattern. In addition to disparate test use, newer screening mechanisms 
are associated with disparities in stage at diagnosis, treatment, and mortality [1–5].

Disparities, driven in large part by a lack of equity and equality, occur across 
several facets, including race, ethnicity, sex assigned at birth, gender identity, sexual 
orientation, age, geography, socioeconomic status, disability, veteran status, educa-
tional attainment, insurance status, foreign-born nativity, as well as other demo-
graphic and social factors [6, 7]. Disparities are often exacerbated by intersectionality 
and the complex interplay of individual, interpersonal, organization, community, 
environmental, and policy factors. Fully understanding that lung cancer disparities 
are not based solely on one factor but rather at the intersection of individual charac-
teristics, social identities, outside influences, and predetermined factors is essential 
to working toward a more equitable lung cancer screening landscape.
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Familiarizing oneself with how to view a known disparity through a multifaceted 
lens is imperative to successfully reduce disparate care and improve patient out-
comes; however, it can be intimidating to those unaccustomed to the practice. To 
illustrate, compared to whites, blacks are more likely to be unaware of lung cancer 
screening; compounding this issue, they are also more likely to be underinsured, 
have low levels of trust in clinicians, experience provider bias, have limited health 
literacy, and to live in poverty – all factors that contribute to decreased screening 
rates [1, 3, 8–10]. Further, blacks are more likely to present with advanced disease, 
experience infrequent guideline-concordant treatment, have less favorable lung can-
cer outcomes, and have lower rates of long-term survival [1, 3, 4]. Blacks are less 
likely to meet screening eligibility criteria, despite recent revisions expanding eligi-
bility; among those eligible, they are also less likely to undergo screening; paradoxi-
cally, blacks experience a greater reduction in mortality from screening with LDCT 
compared to whites [3, 11–15]. Despite these differences, black men experience a 
mortality rate for lung cancer per 100,000 persons that is 15% greater than that of 
white men and black women experience a 17% greater mortality than white 
women [16].

�Lung Cancer Screening Eligibility

There has been increased momentum surrounding health equity and equality  – 
both in a healthcare setting and in society as a whole. This may have been cata-
lyzed by the COVID-19 pandemic. Driven in part by this momentum, the United 
States Preventive Services Taskforce (USPSTF) broadened lung cancer screening 
eligibility in March 2021. These newly implemented guidelines lowered the mini-
mum age to 50 years and lessened the smoking intensity threshold to 20 pack-
years [17]. The expanded criteria encompasses an additional 6.5 million individuals 
eligible for lung cancer screening [13, 18]. While the hope of the expanded guide-
lines is to improve screening eligibility among individuals who have previously 
experienced under-screening through the USPSTF 2013 guidelines – particularly 
for black, Hispanic, and female patients, in part due to the fact the criteria was 
based upon the National Lung Screening Trial (NLST), which was comprised of 
less than 10% non-white participants [19, 20]. However, the updated criteria likely 
will not be as efficacious at closing gaps in uptake as initially imagined. Recent 
data indicated that USPSTF 2020 guidelines increased eligibility across all races; 
however, that increase was not uniform in nature. Eligibility increased by 16%, 
14%, 8%, and 10% for whites, blacks, Asians, and Hispanic populations, respec-
tively. Based on the 2013 guidelines, an estimated 55% of lung cancer deaths 
would be averted among whites compared to 30–40% of other races and ethnici-
ties. While the updated criteria provided an increased mortality benefit across 
races, an estimated 41–54% of lung cancer deaths will be prevented for non-white 
races – less than the averted deaths for whites from the original USPSTF 2013 
guidelines [13, 21].
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Despite the improvement in guideline inclusivity, some experts believe race-
specific adjustment of screening guidelines or individualized risk calculations 
would improve eligibility equity [15, 22, 23]. Racial minorities are more likely to be 
light smokers than white adults and, therefore, may not meet the pack-year guide-
lines; regardless of lesser smoking duration and intensity, blacks are at higher risk 
for lung cancer than whites [15, 24]. Additionally, black individuals are twice as 
likely as whites to be diagnosed with lung cancer under 50 – rendering the guide-
lines useless as individuals under 50 years are not eligible [25]. Moreover, a recent 
examination of the USPSTF 2021 guidelines found women more likely to be ineli-
gible than men due to a shorter smoking duration, despite an increased lung cancer 
risk [8, 22]. However, 27% of women ineligible based on the screening guidelines 
were eligible based on the PLCOm2012 6-year lung cancer risk score ≥  1.0% 
[22, 26].

The USPSTF 2020 guidelines move screening eligibility in the right direction, 
yet, regardless of how wide the criteria become, disparities across the lung cancer 
screening and care continuum will persist until society moves to address the com-
plex roots of disparate care and works to eradicate barriers to screening.

�Lung Cancer Screening Uptake

Lung cancer is the leading cause of cancer-related mortality in the United States; 
cigarette smoking is linked to the majority of lung cancer cases, making it one of the 
most preventable cancer deaths [27]. Aside from smoking cessation, annual lung 
cancer screening with LDCT is one of the most effective mechanisms for reducing 
lung cancer mortality [20]. Even with a relative reduction in lung cancer mortality 
of 20%, lung cancer screening with LDCT rates remain in the single digits [20, 21, 
28, 29]. Despite strong evidence in favor of lung cancer screening, uptake among 
eligible individuals in the United States ranges from 1.9% to 13%, with variations 
based on geographic location [21, 28–31]. While the USPSTF broadened eligibility 
criteria for screening, reducing screening uptake requires dismantling extensive bar-
riers and working through multifarious implementation issues.

The underutilization of lung cancer screening is driven by complex factors and 
barriers across all levels of the social-ecological model, which in turn widen gaps in 
care. Racial and ethnic disparities in LDCT uptake are the perfect example of why 
viewing disparities through a lens of intersectionality is critical. Black individuals 
are less likely to undergo lung cancer screening, even after a LDCT referral order is 
placed compared to other races [12, 32]. A contributing factor to this disparity is 
likely the increased level of mistrust in healthcare providers and the healthcare sys-
tem among black and Hispanic populations [33]. Racial and ethnic minorities are 
more likely to express fatalism, nihilism, and be skeptical of medical intervention; 
these beliefs fuel hesitancy in seeking preventive care [34, 35]. Further, the stigma 
surrounding lung cancer and tobacco use discourages eligible individuals from 
undergoing screening. Black and Hispanic individuals are more likely than other 
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races to fear adverse outcomes from screening, including harm from radiation expo-
sure [36]. Racial and ethnic minorities are more likely than whites to live in poverty, 
have lower levels of educational attainment, and be uninsured – all of which are 
linked to a reduced level of lung cancer screening.

Insurance status is a key factor in the decision to undergo preventive health mea-
sures; in fact, among all individuals eligible for lung cancer screening; those with-
out insurance had rates three times lower than those with insurance [37, 38]. 
Highlighting the interplay of factors, black individuals are almost twice as likely to 
be uninsured and more than twice as likely to have Medicaid compared to individu-
als of other races [39, 40]. Racial and ethnic minorities as a whole are more likely 
to be uninsured [41]. Regardless of race, over half of the screening eligible individu-
als not yet qualified for Medicare (age 50–64 years) have Medicaid or are uninsured 
[27, 40]. While many private insurers and Medicare plans cover lung cancer screen-
ing with LDCT, Medicaid coverage is determined on a state-by-state basis [8]. The 
lack of universal coverage for individuals with Medicaid leaves many high-risk per-
sons without the opportunity to screen. Medicaid covers low socioeconomic status 
individuals, who also have an increased propensity for smoking cigarettes, there-
fore, placing them at an increased risk for lung cancer, underlining the importance 
of screening [42].

Further highlighting the significance of socioeconomic factors, lung cancer 
screening rates vary drastically based on median household income. Eligible per-
sons with lower household incomes are more likely not to undergo LDCT [3, 43, 
44]. Many individuals of low socioeconomic status work jobs with inflexible hours, 
thus making it impossible to undergo an LDCT scan during typical screening center 
hours. Creating a choice between taking time off and being screened for lung cancer 
widens already existing socioeconomic disparities in LDCT uptake.

The southeastern United States is the poorest region of the nation, boasts the 
highest smoking prevalence, and has the highest lung cancer incidence rate – yet has 
the lowest number of accredited lung cancer screening sites [8, 45]. Amplifying this 
disparity is that the southeast has the most significant proportion of black individu-
als, who are at disproportionately high risk for lung cancer incidence [45]. This 
incongruity is concerning as those at the highest risk for lung cancer have the least 
access to preventive care. Geographic disparities are not limited to the region; 
urbanization also leads to inequalities in access to LDCT and knowledge of lung 
cancer screening. An estimated 22% of Americans eligible for screening living in a 
rural area reside within a 30-min drive of a screening center compared to 83% of 
those who live in urban areas [46]. Once again, there is a discrepancy between the 
distributions of at-risk individuals and access to lung cancer screening. In this case, 
rural residents who are at an increased risk for lung cancer mortality compared to 
those who live in urban areas are unable to access an LDCT scan as easily as those 
at lower risk [46, 47]. Interestingly, screening sites are more readily available in 
urban areas; knowledge of lung cancer screened skews toward those living in rural 
areas [8, 48]. Urbanites are the least likely to be aware of lung cancer screening and 
the most likely to be undecided about undergoing LDCT compared to those living 
in suburban and rural areas [3].
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�Adherence to Follow-Up

Adherence to follow-up in lung cancer screening tends to be more complex than 
other cancer screening tests; depending on LDCT results, recommendations may 
include an annual follow-up LDCT, 6-month follow-up scan, 3-month follow-up, 
referral to advanced imaging or surgery, as well referral for workup for incidental 
findings. Because of the variation and complex follow-up, patients have many 
opportunities to fall through the cracks. Timely follow-up is critical for the full ben-
efits of lung cancer screening to be realized. Despite the increased mortality benefit 
experienced by black individuals, blacks have 33% lower odds of adhering to rec-
ommended follow-up than whites [49]. Regardless of the finding of the LDCT scan, 
blacks have disparate follow-up compared to whites. Of patients with the highest 
risk of malignancy, blacks have 44% lower odds of completing follow-up [49]. 
Blacks are more likely than white individuals to be diagnosed with late-stage lung 
cancer, which may partly be due to lack of adherence to follow-up. Further, black 
individuals undergoing screening through a decentralized program experience a 
27% reduction in annual lung cancer screening adherence [50]. Despite known 
racial disparities in adherence, there is minimal additional investigation into poten-
tial confounders such as socioeconomic status, educational attainment, income, and 
insurance status.

�Treatment

Treatment for lung cancer has improved over the last decade; targeted immuno-
therapy and molecular testing have allowed for customized treatment regimens and 
decreased mortality. However, not all individuals with lung cancer receive the same 
treatment options, even if their cancers are identical. Black lung cancer patients are 
less likely to receive stage-appropriate treatment than other races [35, 51]. Racial 
disparities, in part, might be due to attitudes and cultural beliefs. Black and Hispanic 
individuals are more likely to report high levels of fatalism and distrust in clinicians 
[34, 35]. Consequences of these feelings include lower follow-up rates for diagnos-
tic workup and treatment refusal [35]. A fatalistic perspective regarding treatment is 
likely why black and Hispanic lung cancer patients are less likely to receive 
guideline-concordant treatment. A common belief among black communities is that 
surgical intervention will cause lung cancer to spread throughout the body; this 
belief, along with other views, likely contribute to the incongruent treatment across 
races and the fact blacks are less likely to undergo surgery with curative intent [35]. 
It is of particular concern that black individuals are not receiving appropriate treat-
ment as they present, more often, with late-stage disease and have the most signifi-
cant lung cancer mortality burden of all races [1, 3, 4, 16].

Individuals with public insurance are more likely to delay or decline guideline-
concordant treatment for lung cancer [51, 52]. Other socioeconomic factors increase 
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the risk of receiving guideline discordant care, such as low educational attainment, 
living in a rural area, having Medicaid or being uninsured, low-income level, and 
being non-white; as the number of factors increases, the odds of the patient declin-
ing therapy rises dramatically [53].

Individuals living in poverty are more likely to present with late-stage lung can-
cer and less likely to undergo surgical resection or receive guideline-concordant 
therapy[25, 51, 54]. Conversely, individuals from higher socioeconomic status are 
more likely to undergo a brain MRI, surgical resection, palliative radiation, and 
adjuvant chemotherapy [51, 54]. Black and Hispanic individuals are over two times 
as likely to live in poverty compared to whites [55]. Socioeconomic status and 
minority status are inescapably linked, each associated with reduced screening 
uptake, subpar treatment, and poor lung-cancer-related outcomes.

�Lung Cancer Outcomes and Mortality

The 5-year survival rate for lung cancer is 22%, which increases to 60% if diag-
nosed at a localized stage, making early diagnosis key to favorable outcomes, mak-
ing lung cancer the leading cause of cancer-related mortality [16]. Out of all groups, 
black men have the highest lung cancer mortality, though disparate racial mortality 
tightens when adjusting for stage and access to care [56]. In line with fatalistic 
views held by certain racial minorities, individuals may refuse treatment or avoid 
seeking care, thus leading to poor long-term outcomes.

Racial and ethnic minorities are more likely to have Medicaid or lack insurance 
[39, 40]. Patients with Medicaid are more likely to die the same month of their diag-
nosis, and uninsured patients have an increased hazard of death [57].

Over the last half-decade, lung cancer mortality has steadily increased among 
those in lower socioeconomic brackets and declined for those in upper-income 
brackets. This trend follows the rise and fall of cigarette smoking in socioeco-
nomically advantaged groups [8, 58]. Individuals that live in low-income areas 
are more likely to have environmental and workplace exposures that lead to lung 
cancer [8]. Compounding the burden of living in poverty, individuals are more 
likely to be a racial or ethnic minority, thus increasing their lung cancer mortal-
ity risk. Low-income neighborhoods are more likely to be segregated, another 
factor influencing lung cancer mortality [59]. As neighborhoods become more 
segregated, there is an increase in lung cancer mortality among blacks; con-
versely, as segregation increases, mortality decreases among whites [59]. 
Neighborhoods are not the only type of geography that impacts mortality; those 
who live in rural areas experience increased economic deprivation and thus an 
increase in mortality [33, 60].

Disparities in lung cancer mortality are a complex web, with many factors, 
directly and indirectly, influencing one another. Only by understanding these 
interrelated socio-ecological forces can we hope to address these disparities 
directly.
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�Working Toward Equity

Throughout the United States, racial and socioeconomic disparities account for 
37% of premature cancer deaths. The most significant socioeconomic disparity 
across disease types is observed in lung cancer; lung cancer mortality is five times 
greater among the least educated men (≤ 12 years of education) compared to the 
most educated (≥16 years of education) [8, 61]. Disparities are initiated by a lack of 
equity and equality in the multifaceted interaction of individual, interpersonal, orga-
nization, community, environmental, and policy factors.

The intersectional nature of disparities requires working toward equity utilizing 
a multi-pronged approach. Thoughtful and steadfast efforts are needed to dismantle 
barriers to lung cancer screening and prevent already pervasive gaps in care from 
widening. The first step is to consider the implementation of broadening eligibility 
criteria to include race-specific or individualized lung cancer risk score calculations 
in an effort to provide eligibility that is more equitable. Utilizing the USPSTF 2020 
guidelines and the Life-Years From Screening With Computed Tomography 
(LYFS-CT) model eliminated disparities for black individuals, marginally reduced 
disparities among Hispanic individuals, and had no impact on Asians [13]. 
Additional resources should focus on unraveling the complex, intertwining web of 
lung cancer disparities while simultaneously narrowing gaps in care. However, risk-
based eligibility criteria would be time-consuming for providers to roll out and 
could further widen disparities as community clinics where underserved patients 
often seek care may be overburdened with new sets of calculations [28].

After considering a roll-out of more equitable lung cancer screening criteria, addi-
tional work is still needed to minimize disparity gaps. Implementation scientists, 
community stakeholders, lung cancer screening experts, and patient advocates should 
consider joining forces to strategize how to tackle disparities across the lung cancer 
screening and care continuum. These strategies might include free screening to those 
without insurance, mobile LDCT units to reach rural areas, and culturally competent 
patient navigation to ensure timely follow-up of clinically significant findings.

As we collectively move toward health equity, it is worth remembering that dis-
parities exist across the lung cancer care continuum. If we are to realize the full 
benefit of lung cancer screening, it must be deployed so that all persons at risk for 
lung cancer are able to undergo an LDCT without an added burden on the patient. 
Examining the intersection of individual characteristics, social identities, outside 
influences, and predetermined factors is a critical step in achieving health equity and 
ultimately saving lives.
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Chapter 29
Connecting the Dots: Geocoding 
and Assessing a Program’s Impact

Christine S. Shusted, Russell K. Mcintire, and Charnita Zeigler-Johnson

�Background

Lung cancer is the leading cause of cancer-related mortality in the United States, 
causing 1 in 5 cancer deaths [1]. Lung cancer is among the deadliest of cancers, with 
over half of individuals diagnosed dying within a year [2]. Lung cancer carries a 
5-year survival rate of just over 18%, however, survival increases dramatically 
(56%) if it is caught at a localized stage. However, just 16% of lung cancer diagno-
ses are made early [2]. Therefore, early detection of lung cancer is critical. Aside 
from smoking cessation, annual lung cancer screening with low-dose computed 
tomography (LDCT) is one of the most effective mechanisms for reducing lung 
cancer mortality. Despite providing a 20% relative reduction in lung cancer mortal-
ity, screening uptake remains in the single digits nationally [3, 4].

Lung cancer incidence and mortality have a disparate impact nationally, with 
disparities existing across the cancer care continuum. Disparities exist in lung can-
cer by race, ethnicity, sex assigned at birth, gender identity, sexual orientation, age, 
socioeconomic status, disability, veteran status, educational attainment, insurance 
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status, foreign-born nativity, geography, as well as other demographic and social 
factors. An often underappreciated influence is geography, whether that be rural 
vs. urban, region of the country, or zip code. Life expectancy, health-related out-
comes, and income can be drastically impacted by neighborhood. In Philadelphia, 
the average life expectancy in the Spring Garden neighborhood is 87 years, 10 min 
down the road, the Mantua neighborhood has an average life expectancy of just 
66 years [5].

The impact of geography on lung cancer screening is immense, and screening 
programs should frequently evaluate geographic data to provide equitable care. In 
the United States, despite having a higher lung cancer burden, many Southern states 
screen less than 4% of eligible adults for lung cancer, whereas several Northeastern 
states that have lower incidence rates of lung cancer screen a significantly greater 
proportion of eligible adults (>12%) [6]. These geographic patterns have been pre-
viously observed in other preventive health measures, indicating geographic dis-
parities cross all aspects of healthcare [6–9]. The root cause of these disparities is 
multifaceted and spans all levels of the social ecological model. Southern states 
have the greatest incidence of lung cancer, likely due to weak tobacco control poli-
cies, a higher proportion of the population living at a lower socioeconomic level, 
and minimal tobacco cessation efforts [6, 10]. Minimal government intervention is 
further driving lung cancer incidence, many southern states register tobacco tax at 
less than $1.00 per pack, whereas northeastern states charge upward of $4.00 a pack 
[11, 12]. Additionally, many southern states lack smoke-free air laws in 2022, mean-
ing exposure to second-hand smoke is frequent and indiscriminate [11, 13].

Exacerbating existing disparities in the southern United States is the volume of 
rural areas. Rural areas have higher rates of poverty, uninsured people, low educa-
tional attainment, greater rates of elderly individuals, all factors that increase 
smoking and lung cancer risk. This is underscored in the deep south, where pov-
erty rates, smoking rates, and lung cancer incidence are the highest nationally [7, 
14, 15].

Smokers living in the South have an uphill battle when it comes to getting 
screened for lung cancer. There is drastic misalignment between lung cancer burden 
and access to screening centers, with the states with the fewest screening centers 
having the highest lung cancer incidence [6, 11, 16]. Further, screening centers are 
typically clustered in urban areas, making it difficult for those living in rural areas 
to make the trip, despite having greater incidence and mortality than their urban 
counterparts [7, 17, 18]. Further, individuals living in the Southern United States are 
more frequently diagnosed with late stage lung cancer and have access to fewer 
treatment options compared to their Northern counterparts [7, 17, 18].

More than 40% of the eligible screening population residents in the South, 26% 
of eligible persons live in the Midwest, and just 15% of eligible individuals live in 
the Northeast, yet the highest screening utilization is over twice that of the Southern 
United States [7]. The geographic disparities in lung cancer screening are stagger-
ing, and underscore the importance of analyzing geography when conducting can-
cer research.
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�Identifying Geographic Distribution of Disease

Describing the geographic distribution of disease is an important process, especially 
when considering provision of cancer screening services. Descriptive epidemiology 
is a branch of epidemiology that characterizes the “what, who, where, and when” of 
disease characteristics as they exist among populations. Descriptive epidemiology 
typically measures the burden of disease by generating incidence rates, which char-
acterize new cases of disease, and mortality rates, which characterize disease-related 
deaths, during certain time-periods and among certain subgroups of people. 
Important considerations when conducting descriptive epidemiologic studies are 
the following: Which disease is under question? How is/was the disease measured? 
Self-reports by patients, diagnoses by practitioners, observations by researchers? 
Do you have data on the number of cases, percentage of cases, or rates (number of 
cases/total population, or per at-risk population)? All of these factors should be 
considered and reported in descriptive epidemiologic studies. In addition to the data 
that describes the disease, descriptive epidemiological studies include measure-
ments of “person, place, and time.”

Person: Determining disease characteristics related to person include asking 
questions such as: Is your descriptive study focused only on those who are at-risk of 
acquiring the disease, or all people in the population? Does it just focus on adults 
(vs those of any age)? Women (as opposed to women and men)?

Place: Characteristics related to place include determining where, geographi-
cally, the data describes. Do you have rates that describe counties in the United 
States? Countries in Africa?

Time: Characteristics related to time focus on the time-period in which the data 
was collected. Does the data describe the current state of disease within the popula-
tion, in real-time? Does the data describe some historical time period? Was all of the 
data collected at one time point, or was it collected over a period of years at many 
time points?

Identifying geographic distribution requires the researcher to consider the geo-
graphic unit of analysis for which the data describes. For example, lung cancer 
mortality rates may be generated for the state of Pennsylvania by county for the time 
period 2008–2018. In this case, each county in Pennsylvania has a distinct mortality 
rate, which could be viewed in isolation or in comparison with other counties. The 
geographic unit of analysis is the county in this example. The data may also be 
expressed by a larger geographic unit (e.g., states) or a smaller geographic unit (e.g., 
US Postal Service zip codes (average population = 30,000) or census tracts (average 
population = 4000)). When the popular press describes a geographic unit of analy-
sis, they often refer to zip codes. Yet, zip codes do not describe geographic boundar-
ies; they describe delivery routes for the US Postal Service. Zip codes are not created 
by the US Census and therefore do not always align with data collected by the census.

Additionally, although zip codes are easily accessible, there is more variation 
among people who live in the same zip code, compared to smaller area units, 
especially those created by the U.S. Census Bureau. Within counties, researchers 
more often focus on census tracts, census blocks, or blocks, as depicted by 
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Fig. 29.1  Nested Geographic Units of Analysis

Fig. 29.1. Studies have shown that zip code–based cancer mortality analyses do 
not perform well compared to those utilizing smaller geographic units, such as 
census tracts [19].

The geographic units of analysis depicted in this Figure have common boundar-
ies that are nested so that the higher level units are composed of the units in the level 
immediately adjacent. Zip codes do not always share borders with these geogra-
phies, and are bisected not just by census tracts, but by counties or even states! For 
the most accurate geographic analysis, the best practice is to use the smallest geo-
graphic unit of analysis available for your study. While zip codes are not ideal area 
units, they may be the best choice for your analysis, depending on the data available 
and the objectives of the study [20].

�Geocoding for Cancer Control

The evolution and increasing ease-of-use of geographic information systems (GIS) 
during in the past 50 years have made describing and analyzing geographic relation-
ships for cancer prevention much easier and more accurate. Identifying the geo-
graphic distribution of disease among patients includes linking disease characteristics 
to geographical areas.

An advantage to working on cancer studies within a hospital system is that 
patient information on geography is typically collected in electronic medical records 
(EMR). Hospital systems use EMRs to collect and organize data about their patients, 
characterize patient conditions, and identify services provided. Researchers can use 
geographic data contained in EMRs to identify where patients with certain 
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conditions live through geocoding. Geocoding is “the process by which an entity on 
the earth’s surface, a household, for example, is given a label identifying its location 
with respect to some common point or frame of reference” [21]. In practice, this is 
the process of linking geographic data contained in spreadsheets or databases to 
latitude and longitude data on a map [22]. The process of geocoding is complicated 
as it links spreadsheet data to data represented on a three-dimensional surface of the 
earth, and displays it on a two-dimensional map or computer screen. Ultimately, the 
output of geocoding patients through GIS is a series of points on a map representing 
the geographic location of patients. These locations might be at the residential level, 
neighborhood level, or a higher geographical level.

�Process of Geocoding

While there are many comprehensive reports on the process of geocoding, and 
geocoding within cancer prevention [23, 24], this text will discuss some important 
considerations while geocoding cancer patient data.

When conducting lung cancer research, the geocoding system utilizes address 
data including: street, unit, city, state, and zip code. Typically, that information can 
be extracted through the EMR. However, it is worth noting that geocoding can be 
performed with other means of identifying locations including X, Y coordinates, 
mailing addresses, named places, relative locations, and even approximated through 
digitizing locations in GIS software [24]. Geocoding requires a reference file that 
contains a collection of street segments with associated address ranges, called an 
address locator. GIS software utilizes the reference file to locate each geographic 
location on a map automatically.

�Geocoding Quality and Match Rate

Despite GIS software performing automated geocoding, the process still requires 
manual intervention. Immediately following the completion of geocoding, approxi-
mately 60–80% of the addresses will be identified on a map. Locations that success-
fully mapped to a candidate location are marked as “M” (matched), each matched 
address is given a score to gauge the sensitivity of how accurate the location entered 
was to the candidate location it was matched to. Addresses that were not able to be 
matched based on the address locator will be marked as “U” (unmatched) or T (tied; 
more than one candidate location). A review of the unmatched and tied candidates 
are required, and often can be rectified with minor spelling corrections. Three passes 
at correcting any errors in the address data is recommended. Geocoding accuracy is 
measured by the sensitivity and specificity of each match, and a match rate of at 
least 85% per location is essential to maintain spatial patterns and allow for advanced 
analyses [25].
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�Confidentiality and Privacy

Assessing lung cancer burden and other relevant data requires individual-level address 
and health data. Geocoding, spatial analyses, and associated mapping rely heavily on 
individual-level data, which is critical to identifying geographic patterns of disease 
[26, 27]. However, individual-level data requires special handling as to persevere con-
fidentiality. Address, demographics, and relevant health information such as lung can-
cer diagnosis or smoking history are all protected health information (PHI) under the 
Health Insurance Portability and Accountability Act (HIPAA). Ensuring confidential-
ity and observance of HIPAA statues is compulsory when geocoding patient data.

There are several considerations when handling geographic data. Releasing 
individual-level address data breaches confidentiality laws and is prohibited. Efforts 
to protect confidentiality do not always meet the mark. For example, sharing the lon-
gitude and latitude of an individual’s home allows for this location to be plotted on a 
map, and then be identified as a residential address [26]. Furthermore, distributing a 
map with geocoding addresses identified as dots allows for the potential of reverse 
geocoding; a process of determining the street address of a location from a published 
work [26, 28]. Reverse geocoding requires special consideration when mapping can-
cer incidence in small communities where individuals would be easily identifiable.

Rather than disseminating a map with individual points, circulating data in its 
spatially aggregated form is a common method to protect confidentiality (Fig. 29.2). 
However, even spatially aggregated maps require special care when dealing with 
highly sensitive health information, especially in insular communities.

Geographic masking is the gold standard to limit the re-identification of individual-
level data as it makes reverse geocoding extremely challenging [26]. There is no con-
sensus regarding masking methodology, but there are two overarching categories of 
geographic masking. The first, and more common, are affine transformations, which 
displace locations utilizing translations, changes in scale, and rotation. Affine trans-
formations allow for spatial statistics to be performed and patterns maintained. 
Random perturbation which simply displaces points by adding indiscriminate noise 
to the coordinates is used less frequently as it can conceal valuable patterns [26]. 

Fig. 29.2  Lung Cancer Mortality in Philadelphia; demonstrates how switching from individual-
level point data to aggregated data helps protect identity by obscuring the true location
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Random perturbation conceals PHI more so than affine transformations as it cannot 
be reverse engineered, thus allowing for the identification of individual-level data.

While there is no standardization of methodology protecting individual-level 
geographic data across the cancer research field, privacy concerns and adherence to 
HIPAA must be given the utmost deference when geocoding patient data.

�Geographic Patterns and Mapping

Describing the distribution of cancer data rarely ends at geocoding. Are you inter-
ested in aggregating by some geographic unit of analysis? Are you interested in 
identifying clusters? Are you interested in analyzing the proximity of resources to 
patients, calculating travel times, or characterizing the neighborhood around 
patients? GIS plays a key role in lung cancer screening programs, and can be used 
to identify areas with high lung cancer burden, clusters of asbestoses exposure, 
pockets of high smoking prevalence, and more! Maps created highlighting these 
geographic patterns can then be used to target community outreach, identify where 
to send resources, and even detect emerging disease patterns.

While cartographers have carte blanche with map design, selecting the most 
appropriate mapping technique is critical to effectively use GIS software. Figure 29.3 

Fig. 29.3  Tobacco Retailer Permits in Philadelphia Dot Map
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showcases the address of each approved tobacco retailer permit in Philadelphia. 
This dot map has an excess of overlapping points, and it is difficult to ascertain any 
helpful information. Therefore, a choropleth map may be better suited to map the 
number of retailers by census tract as shown in Fig. 29.4. The choropleth map makes 
clustering easier to visualize, allowing the viewer to point out the census tracts with 
the highest number of tobacco retailers. As demonstrated with the change in map 
formatting for tobacco retailers, it is vital to utilize the mapping methodology best-
suited to display the data of interest.

In the following text are brief overviews of some of the most common types 
of maps.

�Choropleth Maps

Choropleth maps utilize color-coded polygons to represent numeric attributes most 
commonly; however, qualitative data can also be displayed utilizing this mapping 
technique. Choropleth stems from the Greek choro meaning land or region [29]. 
Choropleth maps demonstrate the relative magnitude of the variable of interest. The 

Fig. 29.4  Choropleth Map of Tobacco Retailer Permits in Philadelphia
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maps are comprised of color-coded polygons that represent a numeric attribute or 
qualitative value.

Figure 29.5 displays a choropleth map of annual median household income in 
Philadelphia by census tract. The lightest of blue represents census tracts with an 
annual household income of less than $15,000, whereas the darkest blue represents 
tracts where the median income is greater than $100,000. This map shows the clus-
tering of low income tracts in the center of the map, an area referred to as North 
Philadelphia by locals, an area full of poverty and underserved communities.

Depending on the variable of interest, choropleth maps can utilize graduated 
colors where values are transformed into a color scale, or unique colors where each 
value is given a specific color. Users are able to select the option that works best for 
their mapping interest. As shown in Figs. 29.6 and 29.7, poverty rates in Philadelphia 
by zip code is better suited for graduated colors than unique values. Typically, con-
tinuous variables are better represented by graduated colors whereas unique colors 
tend to better represent categorical variables.

Fig. 29.5  Choropleth Map of Median Annual Household Income by Philadelphia Census Tract
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Fig. 29.6  Poverty Rate in Philadelphia by Zip Code; map made using unique values which makes 
it difficult to ascertain any meaningful information

Fig. 29.7  Poverty Rate in Philadelphia by Zip Code; map made using graduated colors which 
allows for easy interpretation

C. S. Shusted et al.
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�Dot Density Maps

Dot density maps display a random pattern of dots placed within each unit of geog-
raphy proportional to the attribute value associated with that geographic unit. Most 
frequently dot density maps are used to represent quantitative data. The map in 
Fig. 29.8 displays lung cancer incidence in Philadelphia, with each dot representing 
twenty cases of lung cancer.

�Maps with Graduated Symbology Maps

Graduated symbols on a map are utilized to show the quantitative difference by sym-
bol size [30]. The raw data is split into ranges, and each range is associated with a 
symbol size. The symbols do not vary in color or shape, the size simply changes based 
on range [30]. The map in Fig. 29.9 showcases adult smoking prevalence in Philadelphia 
by planning district with graduated symbology. Each size circle represents a classified 
range, with increasing size correlating to increase in smoking prevalence.

Fig. 29.8  Dot Density Map of Lung Cancer Cases in Philadelphia; one dot represents 20 cases
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Fig. 29.9  Graduated Symbol Map of Adult Smoking Prevalence by Zip Code

�Maps with Proportional Symbology

Proportional symbology displays relative differences, and is similar to graduated 
symbology, as both vary symbol size relative to the magnitude of the attribute [31]. 
Proportional symbology does not distribute raw data into ranges, rather each sym-
bol represents quantitative values [31]. Figure 29.10 displays smoking attributable 
mortality in Philadelphia by planning district with proportional symbology.

�Point and Kernel Density Maps for Clustering

Density mapping showcases where points are concentrated in a specific geographic 
unit. Point and Kernel Density maps are useful for analyzing clustering, such as a 
particular neighborhood with an abnormally high lung cancer incidence rate. Kernel 
density calculates the density of the feature of interest in a geographic area around 
those features [32]. Density can also be calculated for points, known as point 
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Fig. 29.10  Zip Code Map of Philadelphia Displaying Smoking Attributable Mortality with 
Proportional Symbology

density [33]. A kernel density map of lung cancer incidence can be found in 
Fig. 29.11, comparatively, a point density analysis for lung cancer incidence can be 
found in Fig. 29.12.

�Hot Spot Analysis and Heat Maps to Express Continuous Variables

One way to identify geographic distribution of disease is through utilizing spatial 
and cluster analyses. These analyses can be used to visualize areas of high density 
or where a cluster of activity occurs. A common tool to display areas of concern is 
through hot spot analysis.

A common misconception surrounding hot spot analysis is that it can be used 
interchangeably with the phrase heat map, however, these two tools vary slightly. 
Heat maps are commonplace, proudly displaying their trademark bright red hues in 
high-density areas and cooler blues in low-density areas. Heat maps are simply the 
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Fig. 29.11  Kernel Density Map of Philadelphia Showcasing Lung Cancer Incidence

result, the physical map, that displays the density of occurrence (Fig.  29.13). 
However, the visualization is subjective in a sense  – the cutoff values for what 
appears in different colors is up to the cartographer. On one hand this is beneficial 
as the mapmaker is able to amplify areas of concern, thus influencing the way view-
ers of the map digest the data [34, 35]. On the other hand, if the visualization will 
be used to direct resources, drive decisions, or be presented as trustworthy then the 
validity of the data is paramount [34]. To combat the subjectivity of heat maps, 
cartographers often conduct a hot spot analysis [34].

A hot spot analysis is a mathematically driven analysis, with the end result pre-
senting statistically significant clusters of increased incidence, displayed in red, and 
statistically significant clusters of markedly reduced incidence appear in blue [34] 
(Fig. 29.14). Instead of the mapper having discretion over which elements appear 
red and which appear blue, a hot spot analysis bases coloration on statistical signifi-
cance. This allows any decisions based on the interpretation of the map to be rooted 
in fact, rather than subjective in nature.

C. S. Shusted et al.
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Fig. 29.12  Point Density Map Showing Lung Cancer Incidence In Philadelphia

�Time-Series Maps

Time-series maps are useful to view trends over time. All types of maps referenced 
earlier can be turned into a time-series map by simply including many maps in 
a layout.

�Geographic Targeting for Community-Based Interventions

Eligibility for lung cancer screening by geographic areas smaller than counties are 
not typically available, and recent studies have estimated lung cancer screening eli-
gibility by neighborhoods [36]. A recent study produced estimates of the number of 
people eligible for lung cancer screening, the percentage of ever-smokers that were 
eligible for LCS, and the percentage of older adults eligible for LCS. These types of 
measures would be helpful in different scenarios where programs are doing out-
reach to different demographics for LCS services or education.
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Fig. 29.13  Heat Map of Lung Cancer Incidence in Philadelphia

Fig. 29.14  Hot Spot Analysis of Lung Cancer Mortality by Philadelphia Census Tract; hot 
spot analyses can be choropleth or point in nature
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�Geocoding and Assessing a Program’s Impact

Cancer incidence, mortality, and risk factors show strong geographic patterns. These 
patterns can inform the etiology of disease, and guide intervention and implementa-
tion strategies to reduce cancer risk and poor disease outcomes [37]. Our program 
has developed an example of using GIS to guide research protocols and identify the 
geographic areas where evidence-based lung cancer screening interventions can be 
most impactful. GIS-informed interventions have the potential to identify sub-groups 
of populations that are most vulnerable and to highlight environmental threats and 
community-based risk factors that need to be targeted to adequately address health 
risks. Studies suggest that interventions, such as community-based education and 
screening programs, have greater impact when they are targeted to at-risk popula-
tions that have been underserved and are most likely to benefit [38–40]. A growing 
number of programs and planning activities rely upon GIS methods to guide health 
resources to those areas that are most in need of equitable care [40–42].

A geographic approach was undertaken to identify geographic disparities in 
access to lung cancer screening facilities in the United States [43]. Geographic areas 
outside of a 40-mile radius of a screening facility were considered unserved. Areas 
with low access to screening, high smoking prevalence estimates, and high lung 
cancer mortality rates were identified as priority areas for lung cancer screening 
services [43]. The goal of our GIS-informed project is to determine areas of need 
that can be targeted for primary care-based interventions (to help navigate eligible 
patients to our health system’s centralized lung cancer screening program) and com-
munity education/outreach to increase lung cancer screening rates of eligible resi-
dents in Philadelphia. We have developed a step-by-step process for determining 
areas of need and primary care providers within our health care system that serve 
patients in those high-risk areas (Fig. 29.15).

Fig. 29.15  Process for Determining Areas of Need for Clinic- and Community-Based Interventions
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The first step in our process is to identify areas of need. We obtain lung cancer 
data and patient addresses at diagnosis from the state cancer registry. ArcGIS is used 
to geocode the addresses for mapping. Lung cancer burden is calculated for each zip 
code represented in the cancer registry. (Smaller geographic areas can be used if 
data are available.) Lung cancer burden is defined by summing age-standardized 
incidence rates (SIR), age-standardized mortality rates (SMR), and mean stage at 
diagnosis [39]. We rank the zip codes by characteristics (e.g., smoking prevalence 
and older age) that increase lung cancer risk. Zip codes with the highest combined 
rankings (highest lung cancer burden, oldest median population, and highest smok-
ing prevalence) are designated areas of need for lung cancer screening and smoking 
cessation efforts. Additional factors that may help identify areas with high percent-
age of vulnerable populations (% low SES, % minority groups) may be used to 
further define and target priority areas for interventions.

The second step is to identify local primary care clinic partners within our health-
care system to provide preventive lung cancer care for areas of need. Primary care 
clinics will provide a linkage to smoking cessation resources for current smokers 
and determine the eligibility status for lung cancer screening based upon current 
United States Preventive Services Task Force recommendations. Eligible patients 
will be referred to local screening programs located in nearby cancer center facili-
ties. Additional resources can be targeted to clinics that serve patients in previously 
identified areas of need to facilitate the referral process. The key to this step is to 
target the clinics that serve large numbers of patients residing in affected communi-
ties so that we can make impact where it is needed most. Rather than assume that 
the population served by the clinic are from the immediate surrounding area (zip 
codes), we will evaluate the residential zip code composition of the current patient 
population seeking care at each clinic. To accomplish this, we will obtain patient 
data (race/ethnicity, age, and residential zip code) from our electronic medical 
records. The patient data will reflect the primary care population within a defined 
area of our healthcare system’s catchment area. We will sort the patient data by zip 
code and create pie charts to illustrate the absolute number and percentage of our 
patients served by each clinic over the last year. (Fig. 29.16).

After the creation of the pie charts, we will sort the clinics by the number and 
percent of patients they serve in each zip code of need. We will prioritize areas with 
clinics that serve the largest number of patients in the zip codes of greatest need 
(composite ranking). These clinics will be targeted as partners for clinical education 
and support for lung cancer referrals. The communities will be targeted for com-
munity outreach and education about lung cancer screening.

An alternate method for identifying areas of need is to use GIS techniques to map 
health system primary care clinics and zip code–level cases of lung cancer mortality 
(or burden, if preferred) using state cancer registry data (Fig. 29.1). A choropleth 
map can be created for each primary care practice that shows the % of patients (out 
of total in Philadelphia) per zip code. This will help us to identify practice service 
areas for each primary care practice. The service area for each primary care practice 
should be composed of zip codes that meet the criterion of a sizable percentage and 
number of patients in the area that are served by the clinic. The cut-point that is used 
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Fig. 29.16  Example of Pie Charts to Guide Prioritization of Primary Care Clinics

to fulfill the criterion may be somewhat arbitrary, depending on the distribution of 
zip codes served by each clinic. Based upon our preliminary analysis of Jefferson 
primary care clinics, we observed a range of 1–60% of patients served by our pri-
mary care clinics reside in specific zip codes. We found that we can account for 
more than 50% of our total patient population in each zip code by including clinics 
serving ≥10% of our patients. To determine each clinic’s service area, we will use 
≥10% as our cut point for percent of patients served in each zip code. A minimum 
number of patients from an area with high lung cancer burden may also be consid-
ered when defining a clinic’s likelihood to engage with and impact a population of 
great need.

If it has been determined that clinics serve the majority of the populations in the 
immediate vicinity, then clinics can be chosen based on proximity to the area of 
greatest need (with the greatest lung cancer mortality). Additional mapping can be 
conducted to overlay other area-level characteristics describing lifestyle behaviors 
and sociodemographics (e.g., prevalence of smoking, older age-groups) for addi-
tional layers of prioritization. Another benefit of mapping is that a decision can be 
made to combine contiguous zip codes (rather than individual zip codes) in the 
assessment of the criterion for serving a specific percentage (and number) of the 
patient population in a geographic area. The resulting maps will indicate geographic 
areas with greatest need and the nearby clinics that are most likely to serve the 
greatest number of patients in those areas.

Ultimately, our plan is to use these techniques to identify and engage primary 
care practices in the delivery of evidence-based interventions. We plan to develop a 
health-system wide primary care–based lung cancer screening initiative involving 
clinical practices that serve areas of need. Carefully placed screening access can 
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help minimize costs and provide timely medical care to vulnerable populations [44]. 
These collaborations will enable us to better support clinics that serve vulnerable 
populations and deliver lung cancer screening interventions directly to patients in 
areas that will benefit the most. We will be able to evaluate various methods for 
effective identification of areas of need, intervention implementation (e.g., interven-
tion reach, barrier reduction), and improvement of lung cancer outcomes (e.g., lung 
cancer screening rates).

�Note

All maps were created solely for the purpose of this chapter utilizing ArcGIS Pro 
utilizing publicly available data from the United States Census, Philadelphia 
Department Of Public Health, and the Pennsylvania Department OF Health [45–48].
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Chapter 30
The Essential Ingredient of Partnership: 
The Bristol Myers Squibb Foundation’s 
Collaboration Focused Approach to Health 
Equity and Lung Cancer Screening

Patricia M. Doykos and Priscilla L. Ko

�A Mission Rooted in the Power of Partnerships

The mission of the Bristol Myers Squibb Foundation is to promote health equity and 
improve the health outcomes of populations disproportionately affected by serious 
diseases by strengthening healthcare worker capacity, integrating medical care and 
community-based supportive services, and mobilizing communities in the fight 
against serious diseases and conditions. The Foundation engages partners to 
develop, test, and sustain innovative interventions and clinic–community partner-
ships to help underserved patients access care and support for cancer in the United 
States, China, Brazil, and nine countries in Africa, and for cardiovascular and 
immunological diseases in the United States. Funding is provided to create and test 
health equity innovations that strengthen health systems and community resources 
for patient engagement and social support. Robust monitoring and evaluation are 
employed to help grantees demonstrate the effectiveness and value of the programs 
to stakeholders, such as health system administrators, payers, and policymakers 
who can enable long-term sustainability and scaling.

The Foundation team identifies areas of high unmet need in populations that are 
disproportionately affected by the serious diseases of focus and selects partners with 
expertise and innovative ideas for solutions to improve equitable access to care, 
quality of care, and health outcomes. In December 2013, the United States Preventive 
Services Task Force (USPSTF) issued its initial Grade B recommendation of annual 
screening for lung cancer with low-dose computed tomography (LDCT) for asymp-
tomatic persons aged 55–80 years who have a 30-pack or more per year smoking 
history and currently smoke or have quit within the past 15 years [1]. This was fol-
lowed in 2014 by the Center for Medicare and Medicaid Services national coverage 
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determination [2]. In turn, also in 2014, the Foundation launched a lung cancer 
screening initiative focused on the “tobacco belt” spanning several states in 
Appalachia and the southeastern United States as well as on other communities with 
high smoking rates and lung cancer burden including Philadelphia (Fig. 30.1).

The Foundation sought to help ensure that this new standard of care for lung 
cancer screening and detection was not delayed in reaching high risk communities 
further widening healthcare and health disparity gaps. Coincident with the issuance 
of the new screening guidelines, a new and revolutionary era of immuno-oncology 
treatment was also being ushered in with the potential to improve clinical outcomes 
and quality of life for cancer patients. This treatment advance further underscored 
the importance of ensuring equity in annual screening and early detection opportu-
nities for patients at high risk for lung cancer due to their smoking history.

Partnership is the essential ingredient that stands at the center of the Foundation’s 
approach to health equity. The most important partner is the very community that 
the grantee and implementing partners are looking to positively impact. Consultation 

Fig. 30.1  Courtesy of US National Vital Statistics System, 2018
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and engagement with the community is critical and seen as part of a broader idea of 
community mobilization. It is not limited to advising a project prior to implementa-
tion, but part of an ongoing process and bidirectional engagement to inform, drive, 
and ensure aspects of the project including needs assessments, community strength 
and asset mapping, metrics creation, intervention and service delivery, continuous 
improvement, communication, and sustainability and scaling strategies. With the 
heightened and broadened understanding of the social and structural determinants 
of health driving inequities, there is a demand for meaningful and coordinated 
action that ties together health and community development actors and non-
traditional partners who have strong ties, a long-standing presence, and the trust of 
communities. The Foundation emphasizes clinic–community partnerships that 
address barriers that patients face inside and outside the clinic. It supports not only 
the work of the clinical and community partners to deliver a program or interven-
tion, but also provides for the resources and time needed for new and nontraditional 
partners to build strong working relationships and co-create operating norms and 
systems.

�Co-Developing Solutions in Lung Health Through Clinic–
Community Partnerships

Clinic–community partnerships are interdependent to co-develop solutions and 
deliver equitable lung cancer treatment, care, and support to underserved popula-
tions across the care continuum. Organizations share a common and aligned goal of 
improving the health of their communities and these linkages help coordinate health 
care delivery, promote community involvement in health strategies and implemen-
tation to reduce and prevent disease [3]. These partnerships allow a shared value and 
focus on both the medical complexities of lung cancer while also acknowledging 
the social determinants of health to create a community-centered approach.

Jefferson Health’s Lung Cancer Learning Community serves as an exemplary 
model of clinic–community partnerships in its engagement of diverse stakeholders 
to increase shared decision making and lung cancer screening in vulnerable popula-
tions across Philadelphia. Through partnerships with local community-based orga-
nizations and primary care practices, there have been numerous lessons in 
understanding community needs and how to effectively engage patients from 
diverse populations including: Blacks/African Americans, Asian immigrants, veter-
ans, and LBGTQ people. It is imperative for clinic–community partnerships to 
implement lung cancer screening and ensure access for disproportionately affected 
populations. For instance, some of the local social service providers such as 
Southeast Asian Mutual Assistance Association Coalition, Cambodian Association 
of Greater Philadelphia, and African Family Health Organization participated in a 
community needs assessment and facilitated interviews to describe the knowledge, 
attitudes, and beliefs of lung cancer and lung cancer screening in diverse 
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communities. These assessments aided the Jefferson Health team to understand the 
medical and social barriers hindering patients to lung cancer screening and how to 
design the educational programming to be more culturally humble and linguistically 
appropriate. The feedback and sharing from the community have allowed a broader 
conversation of lung health as the model seeks to address the entire continuum of 
care with lung cancer prevention efforts such as tobacco cessation all the way 
through to provide treatment, care, and support for patients diagnosed with 
lung cancer.

�Leveraging Best Practices Through a Learning 
Collaborative Network

Although the project at Jefferson Health focused on an urban initiative for 
Philadelphia and surrounding counties, its Lung Cancer Learning Community 
drew in and exchanged lessons with lung cancer screening initiatives delivered in 
rural settings including two statewide initiatives supported by the Foundation in 
Kentucky and Maine. With Kentucky ranked first in the country for lung cancer 
deaths, The Kentucky Lung Cancer Education Awareness Detection and 
Survivorship (LEADS) Collaborative was the Foundation’s first lung cancer 
grantee. The Kentucky LEADS Collaborative was launched in 2014 as a commu-
nity-engaged effort forged by the University of Kentucky, the University of 
Louisville, the Kentucky Cancer Consortium, and the GO2Foundation to educate 
primary care providers about the new screening guidelines and strengthen tobacco 
cessation, early detection, and survivorship efforts.

A few years later in 2017, the Maine Lung Cancer Coalition was launched in 
response to the new annual screening recommendation and Maine’s rate of new 
lung cancer cases being among the highest in the nation. The coalition was a co-
funded effort by the Bristol Myers Squibb Foundation, Maine Cancer Foundation, 
and the Maine Economic Improvement Fund to support the coalition’s multi-sector 
partnership led by the Maine Medical Center Research Institute with two main 
goals: (1) engaging and educating the public, patients, healthcare providers, payers, 
and policymakers about evidence-based lung cancer prevention and screening ser-
vices; and (2) developing and evaluating innovative community-based strategies to 
increase access to evidence-based lung cancer prevention, screening, and treatment 
services to the Maine population, focusing on high-risk individuals in rural and 
underserved communities. Collectively, these programs validate the utility, effec-
tiveness, and replicability of the Learning Community model in both urban and 
rural settings. Rural populations experience several barriers to healthcare access due 
to health professional shortages and long distances to receive specialty care. Yet, the 
need for lung cancer preventative and screening interventions, provider education, 
and community engagement and mobilization are relevant for all communities. The 
project partners, geographic area and populations of focus, and intervention descrip-
tions from the three projects are listed in Table 30.1.
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Table 30.1  The Bristol Myers Squibb Foundation’s partners in lung cancer screening

Grantee/Partners
Geographic area and 
populations of focus Description of intervention

Main grantee: Jefferson Health
Implementing partners: Philadelphia 
Chinatown Development Corp, 
Southeast Asian Mutual Assistance 
Association Coalition, Cambodian 
Association of Greater Philadelphia, 
African Family Health Organization, 
Veterans Multi-Services Agency, 
LGBT Elder Initiative, etc.

Philadelphia 
(citywide/urban)
Populations of 
focus: Blacks/
African Americans, 
Asian immigrants, 
veterans, and 
LBGTQ, low SES, 
elderly

Aim 1: Engage a learning 
community of Jefferson Health 
patients, providers, community 
partners, and other stakeholders
Aim 2: Adapt and implement lung 
cancer screening program in 
Jefferson Health primary and 
specialty care practices
Aim 3: Evaluate screening 
program implementation 
processes, assess program 
outcomes, and disseminate 
findings

Main grantee: Maine Lung Cancer 
Coalition
Implementing partners: Maine 
Medical Center, MaineGeneral 
Medical Center, MaineHealth, the 
University of Southern Maine, 
American Lung Association
Funding partners: Maine Cancer 
Foundation, Maine Economic 
Improvement Fund

Maine (statewide/
rural)
Populations of 
focus: Low SES, 
uninsured, elderly

Aim 1: Engage and educate the 
public, patients, health care 
providers, health care payers, and 
policymakers about evidence-
based lung cancer prevention and 
screening practices
Aim 2: Develop, implement, and 
evaluate innovative programs to 
increase access to evidence-based 
lung cancer prevention, screening, 
and treatment services to the 
entire Maine population, 
including residents of rural 
underserved areas

Main grantee: KY LEADS
Implementing partners: The 
University of Kentucky, the 
University of Louisville, the 
Kentucky Cancer Consortium, and 
the GO2Foundation

Kentucky 
(statewide)
Populations of 
focus: Low SES, 
Medicaid, 
uninsured, elderly

Aim 1: Educate primary care 
clinicians to improve their 
knowledge, generate favorable 
attitudes, and enhance clinical 
practice behaviors related to 
facilitating lung cancer risk 
reduction, screening, diagnosis, 
treatment, and survivorship
Aim 2: Develop a novel precision 
survivorship care intervention to 
improve quality of life, facilitate 
behavior change, and support 
patient engagement among 
individuals diagnosed with lung 
cancer and their caregivers
Aim 3: Develop, implement, and 
evaluate the QUILS system, a 
toolkit incorporating assessment, 
audit, and feedback, a resource 
portal designed to enhance quality 
of lung cancer screening services
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�More Than Funding to Sustain Partnerships, Services, 
and Outcomes

In addition to financial resources, the Foundation also supports partners through 
technical assistance that drive sustainability and advance enabling policies. The 
Foundation provides grant funding to Harvard Law School’s Center for Health Law 
and Policy Innovation to work one-on-one with grantee partners to sustain their 
services through policy analysis and research, public payer engagement, and policy-
maker education and advocacy efforts. Jefferson Health was a recipient of this tech-
nical assistance support leading to a series of interviews with local health systems 
and health plans on lung cancer screening reimbursement and qualifications. These 
findings were ultimately published in a 2021 white paper entitled, Engaging a 
Learning Community to Achieve the Promise of Lung Cancer Screening [4].

The Foundation also supports partnership by facilitating a community of practice 
and actively building community among its grantees, implementing partners and the 
members of its Expert Advisory Council which is made up of national leaders in 
health equity, medicine, healthcare delivery, community-based action, patient sup-
portive services, and public policy. Through virtual workshops and an annual 
grantee summit, the Foundation gathers these partners together to connect, share, 
learn, and forge independent collaborative efforts. It offers workshops, seminars, 
and other resources to help partners leverage learnings about what does and does not 
work and build capacity to better deliver services and care to their community. The 
annual summit program includes plenary sessions with prominent and inspiring 
leaders in health equity and social justice, capacity building workshops, grantee 
presentations on progress and lessons learned, and unstructured social time for 
grantees to learn more about each other’s organizations, goals, and priorities. These 
convenings also generate camaraderie among partners from hearing one another’s 
challenges, accomplishments, and insights.

Finally, the Foundation seeks to forge and leverage funding and resource partner-
ships with other foundations and through public–private partnerships. In 
Philadelphia, the Foundation and Jefferson engaged the Department of Health 
whose commissioner was prioritizing reduction of smoking related illness and 
deaths in the city. In Maine, the Foundation served as lead funder and engaged the 
Maine Cancer Foundation and the Maine Economic Improvement Fund to provide 
additional funding. In fact, the Maine Cancer Foundation is sustaining the coalition 
as the “Maine Lung Cancer Coalition – 2nd Generation.”

�Lessons in Fostering Partnership for Funders

Foundations and other philanthropic funders can enhance the outcomes and impact 
of their funding through partnership in three important ways:
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–– Encourage multi-partner proposals for grant funding
–– Provide adequate funding and grant terms to allow grant project partners to get 

to know each other, develop ways of working, and integrate their assets and ser-
vices to best serve patients and close disparity gaps

–– Amplify grant funding and the impact of projects through technical assistance, 
communities of practice, and grantee convenings

–– Reach out to local philanthropic funders and government to draw in additional 
dollars and leverage resources for grantee projects

In the case of Jefferson Health’s Lung Cancer Screening, the grantee took things 
one step further and itself created a partnership platform for collecting and sharing 
learnings to further ensure a fair and just opportunity for Philadelphians who are 
underserved and at risk of lung cancer to access and benefit from annual screening 
and earlier detection services and achieve their optimal health.
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Chapter 31
Lung Cancer Screening in Health Systems: 
Needs, Challenges, and Opportunities

Jennifer Elston Lafata, Christine Neslund-Dudas, and Ronald E. Myers

�Background

Health care in the United States (US) is increasingly provided within the context of 
vertically integrated health systems that include two of more organizations that 
affiliate to provide health care services, often to defined populations. Health sys-
tems play an important role in public health by delivering cancer screening and 
other care to diverse populations. Schmit et al. (2021) reported that the successful 
implementation of health system change in cancer-related care is influenced by the 
alignment of goals among organization leaders, agreement on logistical steps related 
to implementation, and acceptance of new roles and responsibilities [1]. Health sys-
tems have the opportunity to successfully implement lung cancer screening (LCS) 
programs, a choice that is likely to be accompanied by organizational change. While 
the alignment of organizational leadership on issues related to LCS is needed to 
launch different types of LCS programs, factors that facilitate successful implemen-
tation of such programs are not well documented. Furthermore, recent studies of 
organizational change in the context of LCS suggest that health systems that seek to 
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identify and address a range of factors and also seek to meet community needs [2] 
are positioned for success.

In this chapter, we review existing health system-based models of LCS and cur-
rent LCS practices. We also explore the utility of an implementation framework [3] 
to guide the effective design and implementation of successful LCS programs in 
health systems. We conclude with a discussion of opportunities to enhance LCS 
programs and increase LCS equity.

�Lung Cancer Screening Process and Existing Care Models

The LCS Process: Lam and Tammemagi [4] describe the “core pathway” to LCS as 
including patient recruitment, eligibility assessment, discussion of screening risks 
and benefits, completion of a low dose chest computed tomography (LDCT) scan, 
and follow-up of screening results. Rendle et al. [5] suggest that implementation of 
this core pathway requires multiple steps, including patient identification, eligibility 
assessment, recruitment, education, shared decision making (SDM), provider order-
ing of and referral for screening, completion of an initial screening test, and follow-
up (repeat screening in a year for patients with a normal screening test result or 
near-term surveillance or diagnostic evaluation for patients with an abnormal 
screening test result). In the US, health systems and affiliated primary care provid-
ers play a central role in making cancer screening, including LCS, available to 
diverse populations. Wernli et al. [6] have argued that the effective implementation 
of LCS is more likely in health systems that take steps to identify and engage key 
stakeholders in the screening process, support the coordination of care across pri-
mary care and specialty practices, and use multiple communication channels, 
including electronic health record (EHR)-based tools and outreach contacts to 
engage providers and patients in initial screening, repeat screening, and the follow-
up of abnormal screening test results.

Decentralized and Centralized LCS Programs. Tabriz et  al. [7] described two 
major types of health system–based LCS programs. In the first type of program, 
health systems may use a decentralized approach (Fig.  31.1), where “front-end 
practitioners,” often primary care providers, identify patients who are eligible for 
screening, educate eligible patients about screening, complete SDM, order a screen-
ing exam, facilitate follow-up (i.e., annual repeat screening for persons with a nor-
mal test result or nearterm surveillance or diagnostic evaluation for those who have 
an abnormal result), and deliver smoking cessation treatment, as needed.

The second approach (Fig. 31.2) is more centralized. Specifically, health systems 
encourage front-end practitioners to identify patients eligible for screening, educate 
eligible patients about screening, determine patient interest in screening, and refer 
eligible patients to a centralized, health system LCS program. At this point, LCS 
program personnel reach out to referred patients, complete the shared decision-
making process, schedule a screening appointment, arrange for follow-up, and pro-
vide referral to or services for tobacco treatment. Some organizations report 
simultaneously using each type of program independently, or evolving from one 
type of program to another, or both [7].
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Fig. 31.1  Decentralized lung cancer screening model
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Fig. 31.2  Centralized lung cancer screening model

Currently, there is not consensus among experts regarding which model serves 
best to promote high quality SDM, increase initial and serial LCS use, and/or 
advance equity across the LCS continuum [8, 9]. This lack of consensus stems in 
part from the evidence base surrounding the advantages and disadvantages of these 
two models which remains in its infancy. When asked, those responsible for over-
seeing health system–based LCS programs have described a perceived access-qual-
ity tradeoff between the two types of programs [7]. Some evidence, albeit limited, 
now indicates that centralized programs have higher levels of LCS adherence and 
follow-up [10–12].

Centralized programs are perceived of as offering better SDM quality, relative to 
decentralized programs (because decision counseling is provided by a relatively 
small group of highly trained practitioners in centralized programs) [7]. Yet, at the 
same time, centralized programs are viewed as offering diminished access to LCS 
relative to decentralized programs [7]. The latter impression is related to the likeli-
hood that only a small number of individuals who are determined to be eligible for 
LCS are identified and offered screening and because those individuals who are 
referred for screening face additional access barriers (e.g., an additional 
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appointment and/or the need to travel to a new facility) and thus may not go on 
either to learn about LCS or be screened.

The limited evidence that exists indicates that centralized programs can have a 
positive impact on patient knowledge regarding LCS eligibility criteria and under-
standing of the benefits and harms associated with LCS among patients who pres-
ent for a screening appointment [13]. Centralized programs can also provide an 
important opportunity for organizations to integrate SDM and smoking cessation 
counseling within one program [14–16] or piggy-back LCS onto other types of 
cancer screening, such as mammography screening for breast cancer [17]. An 
important disadvantage of centralized models, however, is that SDM occurs only 
among patients who have been referred for screening and thus likely to have 
decided to obtain LCS, and thereby unlikely to view SDM when they present for 
screening as meaningful or beneficial. Ideally, SDM should happen prior to a 
screening test being ordered, when patients have time to consider the information 
received, express their preferences, and decide whether or not to undergo 
screening [8].

Having providers initiate SDM at the time of a primary care office visit, as is 
done in decentralized programs, is a step toward engaging patients early in the LCS 
decision-making process. However, patients may be more likely to opt out of LCS 
screening following SDM in decentralized models, relative to centralized models 
[13, 18, 19]. Recommended repeat screening is also likely to be higher in central-
ized programs, as the follow-up of individuals who were adherent to an initial 
screening is included among the suite of screening services typically offered to 
patients in centralized LCS programs. To date, only a small number of studies have 
assessed the impact of centralized and decentralized models on LCS annual adher-
ence and/or follow-up [10–12]. Although adherence was found to be suboptimal 
across the board, each study found centralized models lead to better adherence. In 
addition, patients screened by centralized programs were more likely to meet estab-
lished screening eligibility criteria [12] and centralized screening programs also 
appeared to ameliorate race disparities in adherence and follow-up relative to that 
observed in decentralized programs [10].

It is important to note that as currently designed, neither decentralized nor cen-
tralized LCS models commonly include any type of routine outreach effort to iden-
tify screening-eligible people, educate them about LCS availability, and engage 
them in SDM. It is, therefore, not surprising that access to LCS is limited in the 
United States, and the use of LCS is significantly lower than that of other recom-
mended cancer screening tests [20, 21]. Making LCS more accessible, particularly 
for people who are marginalized because of race, ethnicity, language or otherwise, 
is vital both to maximizing the benefits from LCS and to minimizing health inequal-
ity [22, 23].

Health system support for outreach efforts to identify screening-eligible people, 
educate them about LCS and its availability, and initiate SDM could have a pro-
found impact on increasing the initial and repeat use of LCS and follow-up. Such 
methods could also help increase equity in population screening rates, and adher-
ence to recommended follow-up, regardless of the model of LCS program.
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343

�LCS Use in Current Practice

Although it has been more than a decade since results of National Lung Screening 
Trial (NLST) were first reported [24], only a small proportion of the LCS-eligible 
population has been screened. Studies using data from national surveys, including 
the 2013 Behavioral Risk Factor Surveillance System [25] and the 2010 and 2015 
National Health Interview Survey [26], report rates of self-reported screening 
with LDCT in the previous 12 months ranging from a low of 3.3% to a high of 
14.4%. Kee et al. [27] and Narayan et al. [28], using the 2018 Behavioral Risk 
Factor Surveillance System survey, found 17.7% and 19.2%, respectively, of eli-
gible smokers reported undergoing LCS. Even studies focusing on health system 
patient populations report suboptimal screening rates. For example, a study of one 
large health system in California determined that only 7.8% of eligible patients 
received at least one order for LCS, between 2014 and 2016 [29]. Collectively, 
these studies indicate that LCS use is increasing but remains unacceptably low.

Even with low rates of screening uptake, disparities have been observed. Most 
notably, screening guidelines as issued by the US Preventive Health Services Task 
Force in 2013 have been shown to be more aligned with the risk profiles of whites 
and males [30]. Concerns remain, even with the issuance of the Task Force’s 2021 
guideline [31] although some reports indicate disparities in eligibility for African 
Americans and women may be reduced [32]. Among screening-eligible adults, stud-
ies have found racial/ethnicity, socioeconomic, and/or geographic disparities in the 
initial uptake of LCS, repeat screening [33, 34], and adherence to follow-up [35, 36], 
smoking cessation counseling [37], and shift in disease stage as a result of LCS [38].

Clouston et al. [39] have proposed four stages in the social history of disease 
disparities which are relevant to lung cancer, smoking, and LCS.  These stages 
include: (1) natural mortality, a period in which little to no disparities exist and may 
even shift; (2) producing inequalities, characterized as unequal diffusion of new 
tests or treatments; (3) reducing inequalities, a period during which health knowl-
edge is increased; and (4) reduced mortality, when prevention and early detection is 
widely available. LCS appears to be in stage 2, while it can be argued that smoking 
cessation straddles stages 2 and 3. How quickly we arrive at stage 4 will, in part, will 
be dependent on the ways in which integrated health systems implement and inte-
grate LCS and smoking cessation [40].

�Enhancing LCS Program Implementation in Health Systems

In a systematic review, Moullin et al. [41] explored the utilization of a four-phase 
framework known as Exploration, Preparation, Implementation, and Sustainment 
(EPIS) to change population health. This framework may be useful in specifying a 
systematic approach health systems can use to develop, operationalize, and evaluate 
strategies that can be used to change SDM and LCS rates. It also may help to tailor 
strategies for implementation within local contexts.

31  Lung Cancer Screening in Health Systems: Needs, Challenges, and Opportunities
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According to this framework, the process begins with an exploration phase 
within which an organization identifies evidence-based practices to address needs. 
Critical to this phase is the identification of an executive sponsor who can facili-
tate the identification of needed resources and the removal of barriers to change as 
well as a clinical champion to provide expert knowledge and motivational leader-
ship [2]. Evidence processes for several key steps are needed for a successful LCS 
program including: (1) identifying, educating, and recruiting people who are eli-
gible for LCS, (2) engaging LCS-eligible people in SDM, and as appropriate 
smoking cessation counseling, (3) ordering and completing the LDCT scan, (4) 
communicating and following up with test results (including nodule management/
follow-up), and (5) tracking and monitoring LCS performance for continuous 
improvement. Processes are also needed to support accredited equipment avail-
ability and billing.

A recent adaptation of the EPIS framework explicitly acknowledges the need for 
rapid-cycle testing during implementation [42]. This adaptation considers EPIS, not 
as a four-step process that progresses in one direction through the four steps, but as 
a circular wheel in which organizations are continually iterating between steps, and 
re-cycling through the steps as new information is identified and/or learned. This 
adaptation is appealing in the context of LCS given the paucity of evidence for 
many of the core components of the LCS processes, including best practices for 
identifying those eligible for LCS and implementing SDM.

Once evidence-based procedures have been identified for implementation, the 
next step in the EPIS framework is the preparation phase. This phase includes con-
sideration of the health system’s organizational context to identify potential barriers 
to and facilitators of implementation. Consideration of both the organization’s inter-
nal characteristics such as available staff and equipment, organizational size and 
geographical spread, and existing staffing and services as well as the environmental 
context within which the health system operates is important at this stage. Particularly 
important in the context of LCS is the identification of existing tobacco counseling 
services (be those internal or external to the organization) and engagement of clini-
cians and others who are integral to the core workstreams in the LCS process. These 
will likely include stakeholders from primary care, radiology, pulmonology, thoracic 
oncology, and surgery as well as representatives from information technology and/
or population health units, and quality or research departments. It is during this stage 
that organizational-specific internal and external factors might be identified that can 
support an iterative process of implementation and adaptations to adequately address 
known implementation barriers as well as to take advantage of likely facilitators.

The EPIS framework next considers the actual implementation phase in which 
different ways to embed core LCS processes within the organization are identified 
and tested. As highlighted by the adapted EPIS Wheel, this step is likely to be facili-
tated using rapid-cycle testing [43]. The cycle then continues to a sustainment phase 
in which barriers and facilitators identified during the preparation phase may be 
reconsidered to enable additional adaptations and ongoing testing. Other frame-
works have been proposed for use in the implementation of LCS programs and 
could be explored for their appropriateness within specific organizational and local 
contexts [44, 45].
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�Implementation Challenges and Opportunities

An initial step any health system should take towards implementing an effective 
LCS program is to constitute an appropriate leadership team with the authority and 
resources needed to support a comprehensive screening program. LCS leadership 
teams can engage a range of stakeholders to address the multi-level factors that need 
to be considered in the process of developing and implementing an effective LCS 
program [46–49]. Below, we highlight four core work streams this leadership team 
must address: (1) identifying eligible people for LCS screening, (2) optimizing 
SDM quality, (3) tracking and monitoring lung nodules, and (4) ensuring equity 
across the LCS continuum.

Identifying LCS-eligible persons: As Brenner and colleagues have pointed out, 
one of the key gaps in a health system’s capacity to implement LCS is the lack of 
availability of the smoking history information needed to identify patients who are 
screening eligible [50]. Studies have repeatedly highlighted shortcomings in 
smoking-related information within EHRs including implausible changes in smok-
ing status over time (i.e., patients who are documented as “current smokers” who 
change to “never smokers”) [51–53]. LCS eligibility presents additional challenges 
as screening eligibility is determined not simply based on a person’s current tobacco 
use status, but also by their lifetime cumulative smoking history or “pack years.” 
The calculation of pack years requires knowledge of a person’s average cigarette 
packs smoked per day and the years smoked. This level of detail is rarely docu-
mented in the medical record, although EHRs commonly used by health systems 
have structured tobacco use-related fields, detailed smoking data is often incom-
plete in these fields. This void in the availability of detailed smoking histories pres-
ents a challenge in identifying patients eligible for LCS, but also creates opportunities 
for innovative approaches to identifying LCS-eligible persons.

Optimizing SDM Quality: LCS decisions are complex. People eligible for LCS 
must consider the balance of expected benefits (i.e., lung cancer–related mortality 
reduction) and harms (i.e., risks associated with incidental findings, false-positive 
results, over-diagnosis, and cumulative radiation exposure) relative to their own per-
sonal values and preferences. Because it is well known that people using a decision 
aid when faced with such complex decision making benefit from improved knowl-
edge, more accurate risk perceptions, more confidence in their decisions, enhanced 
engagement during the decision-making process, and care receipt that is preference 
concordant [54–56], CMS and others advocate for the use of SDM and a decision 
aid when offering LCS. A recent systematic review of tools to promote SDM for 
LCS supported such recommendations, finding that available LCS tools improved 
LCS knowledge and reduced decisional conflict [57]. The same review also found 
that available tools were generally acceptable to patients and providers.

Despite these advantages, physicians often express concerns regarding decision 
aid practicality [58, 59] and, to date, their use in practice has been limited [48, 59–
61]. Findings in the context of LCS are no different. A recent study found that the 
shared decision-making visit required by CMS was evident in just 10% of Medicare 
beneficiaries undergoing LDCT [62]. Even when shared decision-making 
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counseling is present prior to screening, concerns regarding the quality of that coun-
seling remain. In the context of LCS, a small qualitative study of office-based 
patient-physician conversations documented the brevity and universally poor qual-
ity of such discussions [63].

When questioned regarding the implementation of SDM for LCS, those oversee-
ing LCS programs have expressed concerns that providers may document SDM as 
having occurred to meet the criteria for reimbursement, regardless of the quality of 
counseling provided, even when EHR documentation required the delineation of 
key SDM steps [7]. Commonly reported barriers to the use of SDM in practice 
include time constraints and competing demands, a lack of clinician training and 
clinician belief they are already doing SDM, as well as a lack of organizational sup-
port or resources among others [21, 64, 65]. Each of these barriers has been noted 
in studies specific to LCS [7, 66, 67].

Outside of using a centralized program [13] or telehealth visits [68, 69], there has 
been little experimentation or innovation yet documented in the published literature 
regarding the implementation of SDM in the context of LCS. This situation is likely 
due to CMS requirements that physicians or advanced practice providers deliver 
SDM, and that SDM occurs in-person. These requirements have recently been 
changed to include auxiliary providers and telemedicine visits. Such changes should 
expand options for intervention research and delivery of SDM.

Tracking and Monitoring Lung Nodules: Just as LCS decisions are complex, so 
are the systems needed to ensure accurate and safe follow-up of screening tests. The 
type and timing of follow-up needed varies by test result and, depending upon find-
ings, can also involve coordination across several health care providers and facili-
ties. Care received by those with an abnormal finding impacts the ability to diagnose 
and treat effectively those found to have lung cancer [70, 71], the subsequent use of 
cancer screening among those found not to have lung cancer [72–78], and the psy-
chological well-being of patients [77, 79, 80].

Organizations implementing LCS programs should establish standardized proto-
cols for follow-up (such as those provided in Lung Imaging Reporting and Data 
System (Lung-RADS®) assessment categories [81, 82]). Health systems should 
also adopt tools and systems (e.g., registries and standardized workflows) to support 
communicating test results to patients, tracking patients across the LCS continuum, 
and providing the outreach necessary to ensure timely, equitable, and appropriate 
repeat screening and follow-up. It is important that such systems consider patient 
barriers to follow-up such as out-of-pocket costs, as once a nodule is detected, fol-
low-up testing is no longer “screening,” resulting in patients facing copays and 
deductibles. Health systems also should go beyond implementing simple automated 
notifications of abnormal results as, even with alerts, critical imaging results may 
not receive timely follow-up in the outpatient setting [83].

Ensuring Equity across the LCS Continuum: Another challenge is to ensure 
equity in who is offered and receives LCS. Programs that rely on in-reach activities 
only (i.e., programs that target only those people who present to physician office 
visits) inherently perpetuate existing structural barriers to care access. It is essential 
that health systems implement proactive outreach contacts to address this problem. 
Embracing such a population health approach requires shifting the perspective from 
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caring for only people who present for care to having a more complete understand-
ing of the health of the population served.

Systematically identifying and addressing access barriers when designing LCS 
programs is an important initial step. Such an approach is critical to delivering on 
the potential of the new LCS guidelines, allowing health systems to address sys-
temic racism and other inequities in care. Horn and Haas [84] have recently advo-
cated for cancer screening dashboards that report data on disparities in screening 
rates by race and ethnic group, sexual orientation, and gender identity as a first step 
toward ensuring equity and safety within LCS. The inability to use structured data 
currently available within most EHRs to identify those eligible for LCS, therefore, 
constitutes a structural barrier to achieving equity in LCS.

Another barrier is reflected in the health system’s capacity to measure the quality 
of SDM in screening programs. A recent study found that perceived discrimination 
in medical settings was associated with people reporting not having enough time 
with their physician and not being as involved in decision-making as they wanted to 
be [85]. Thus, it is important for health systems to consider not only how to offer 
persons in marginalized populations the opportunity to learn about LCS, participate 
in quality SDM, and access to screening and follow-up care, but also to assess the 
extent to which these goals are achieved.

�Conclusions

As suggested by the discussion in the preceding text, implementing a successful 
LCS program in a health system is a challenge that requires the alignment of leader-
ship along multiple dimensions. Current low screening rates provide evidence that 
the widespread implementation of effective LCS programs remains a goal not yet 
achieved. To date, there has been little attention devoted to evaluating the imple-
mentation of LCS programs in health systems.

The impact of health system implementation of centralized and decentralized 
LCS program models, each of which have their strengths and weaknesses, is 
reflected in low LCS rates observed across the country. This state of affairs presents 
an important opportunity for health systems to use rapid-cycle testing and other 
approaches to designing and testing new, more hybrid-type LCS screening models 
that embrace the advantages found within each of the current LCS models while 
also addressing their inherent weaknesses. It is important for health system leader-
ship to support concerted efforts to align organizational goals, strategies, and roles 
related to population engagement in LCS programs.

Health systems should embrace a systematic approach to monitoring the perfor-
mance of LCS programs and to the identification of effective strategies to expand 
access to high-quality SDM and LCS across diverse populations. LCS programs are 
likely to need to consider multiple and varied approaches to outreach, expanded 
staff roles, explicit linkages with internally and externally operated smoking cessa-
tion programs, opportunities to capitalize on emerging telehealth capabilities, and 
leveraging well-established population health strategies.
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Health systems are well positioned to take on leadership roles in developing the 
EHR infrastructure needed to identify those eligible for LCS (whether via struc-
tured fields, artificial intelligence capabilities, or otherwise), designing innovative 
and effective outreach strategies, and ways for monitoring program quality and 
equity across the LCS continuum. They also are well positioned to support provider 
training and add enhanced outreach activities in existing LCS programs. The com-
mitment to reach people who face diverse access barriers is key to maximizing 
health care quality, equity, and the success of LCS programs. In this effort, it is also 
important to engage health care payers, community, and advocacy organizations 
along with other stakeholders from across the LCS care continuum. Health systems 
that embrace such processes and strive to develop new, innovative LCS models will 
be positioned to reduce lung cancer morbidity and mortality for all.

References

1.	Schmit C, D’Hoore W, Lejeune C, Vas A. Predictors of successful organizational change: the 
alignment of goals, logics of action, and leaders’ roles to initiate clinical pathways. Int J Care 
Pathw. 2011;15:4–14.

2.	Slatore CG, Golden SE, Thomas T, Bumatay S, Shannon J, Davis M. “It's really like any other 
study”: rural radiology facilities performing low-dose computed tomography for lung cancer 
screening. Ann Am Thorac Soc. 2021;18(12):2058–66.

3.	Aarons GA, Hurlburt M, Horwitz SM. Advancing a conceptual model of evidence-based prac-
tice implementation in public service sectors. Admin Pol Ment Health. 2011;38(1):4–23.

4.	Lam S, Tammemagi M. Contemporary issues in the implementation of lung cancer screening. 
Eur Respir Rev. 2021;30(161):200288.

5.	Rendle KA, Burnett-Hartman AN, Neslund-Dudas C, Greenlee RT, Honda S, Elston Lafata 
J, et al. Evaluating lung cancer screening across diverse healthcare systems: A process model 
from the lung PROSPR consortium. Cancer Prev Res (Phila). 2020;13(2):129–36.

6.	Wernli KJTL, Brush S, Ehrlich K, Gao H, Anderson ML, Palazzo L. Understanding patient 
and clinical stakeholder perspectives to improve adherence to lung cancer screening. Perm 
J. 2021;25(20):1–9.

7.	Alishahi Tabriz A, Neslund-Dudas C, Turner K, Rivera MP, Reuland DS, Elston LJ.  How 
health-care organizations implement shared decision-making when it is required for reim-
bursement: the case of lung cancer screening. Chest. 2021;159(1):413–25.

8.	Dobler CC, Midthun DE, Montori VM.  Quality of shared decision making in lung cancer 
screening: the right process, with the right partners, at the right time and place. Mayo Clin 
Proc. 2017;92(11):1612–6.

9.	Goodson JD. POINT: should only primary care physicians provide shared decision-making 
services to discuss the risks/benefits of a low-dose chest CT scan for lung cancer screening? 
Yes. Chest. 2017;151(6):1213–5.

10.	Kim RY, Rendle KA, Mitra N, Saia CA, Neslund-Dudas C, Greenlee RT, et al. Racial dispari-
ties in adherence to annual lung cancer screening and recommended follow-up care: a multi-
center cohort study. Ann Am Thorac Soc. 2022;19:1561.

11.	Sakoda LC, Rivera MP, Zhang J, Perera P, Laurent CA, Durham D, et al. Patterns and factors 
associated with adherence to lung cancer screening in diverse practice settings. JAMA Netw 
Open. 2021;4(4):e218559.

12.	Smith HB, Ward R, Frazier C, Angotti J, Tanner NT. Guideline-recommended lung cancer 
screening adherence is superior with a centralized approach. Chest. 2022;161(3):818–25.

J. E. Lafata et al.



349

13.	Mazzone PJ, Tenenbaum A, Seeley M, Petersen H, Lyon C, Han X, et al. Impact of a lung 
cancer screening counseling and shared decision-making visit. Chest. 2017;151(3):572–8.

14.	Aberle DR.  Implementing lung cancer screening: the US experience. Clin Radiol. 
2017;72(5):401–6.

15.	Mazzone P, Powell CA, Arenberg D, Bach P, Detterbeck F, Gould MK, et al. Components 
necessary for high-quality lung cancer screening: American College of Chest Physicians and 
American Thoracic Society Policy Statement. Chest. 2015;147(2):295–303.

16.	 Iaccarino JM, Duran C, Slatore CG, Wiener RS, Kathuria H.  Combining smoking ces-
sation interventions with LDCT lung cancer screening: a systematic review. Prev Med. 
2019;121:24–32.

17.	Lopez DB, Flores EJ, Miles RC, Wang GX, Mt G, Shepard JO, et  al. Assessing eligibil-
ity for lung cancer screening among women undergoing screening mammography: cross-
sectional survey results from the National Health Interview Survey. J Am Coll Radiol. 
2019;16(10):1433–9.

18.	Kinsinger LS, Anderson C, Kim J, Larson M, Chan SH, King HA, et al. Implementation of 
lung cancer screening in the veterans health administration. JAMA Intern Med. 2017;177:399.

19.	Reuland DS, Cubillos L, Brenner AT, Harris RP, Minish B, Pignone MP. A pre-post study 
testing a lung cancer screening decision aid in primary care. BMC Med Inform Decis Mak. 
2018;18(1):5.

20.	Humphrey LL, Deffebach M, Pappas M, Baumann C, Artis K, Mitchell JP, et al. Screening 
for lung cancer with low-dose computed tomography: a systematic review to update the US 
preventive services task force recommendation. Ann Intern Med. 2013;159(6):411–20.

21.	Gravel K, Legare F, Graham ID. Barriers and facilitators to implementing shared decision-
making in clinical practice: a systematic review of health professionals’ perceptions. 
Implement Sci. 2006;1:16.

22.	Huo J, Shen C, Volk RJ, Shih YT. Use of CT and chest radiography for lung cancer screening 
before and after publication of screening guidelines: intended and unintended uptake. JAMA 
Intern Med. 2017;177(3):439–41.

23.	Legare F, Witteman HO.  Shared decision making: examining key elements and barriers to 
adoption into routine clinical practice. Health Aff (Millwood). 2013;32(2):276–84.

24.	National Lung Screening Trial Research T, Aberle DR, Adams AM, Berg CD, Black WC, 
Clapp JD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screen-
ing. N Engl J Med. 2011;365(5):395–409.

25.	Zahnd WE, Eberth JM. Lung cancer screening utilization: a behavioral risk factor surveillance 
system analysis. Am J Prev Med. 2019;57(2):250–5.

26.	Jemal A, Fedewa SA.  Lung cancer screening with low-dose computed tomography in the 
United States-2010 to 2015. JAMA Oncol. 2017;3(9):1278–81.

27.	Kee D, Wisnivesky J, Kale MS. Lung cancer screening uptake: analysis of BRFSS 2018. J Gen 
Intern Med. 2021;36(9):2897–9.

28.	Narayan AK, Gupta Y, Little BP, Shepard JO, Flores EJ. Lung cancer screening eligibility and 
use with low-dose computed tomography: results from the 2018 behavioral risk factor surveil-
lance system cross-sectional survey. Cancer. 2021;127(5):748–56.

29.	Li J, Chung S, Wei EK, Luft HS. New recommendation and coverage of low-dose computed 
tomography for lung cancer screening: uptake has increased but is still low. BMC Health Serv 
Res. 2018;18(1):525.

30.	Han SS, Chow E, Ten Haaf K, Toumazis I, Cao P, Bastani M, et al. Disparities of National lung 
cancer screening guidelines in the US population. J Natl Cancer Inst. 2020;112(11):1136–42.

31.	Pinsky PF, Lau YK, Doubeni CA. Potential disparities by sex and race or ethnicity in lung 
cancer screening eligibility rates. Chest. 2021;160(1):341–50.

32.	Ritzwoller DP, Meza R, Carroll NM, Blum-Barnett E, Burnett-Hartman AN, Greenlee RT, 
et al. Evaluation of population-level changes associated with the 2021 US preventive services 
task force lung cancer screening recommendations in community-based health care systems. 
JAMA Netw Open. 2021;4(10):e2128176.

31  Lung Cancer Screening in Health Systems: Needs, Challenges, and Opportunities



350

33.	Sosa E, D'Souza G, Akhtar A, Sur M, Love K, Duffels J, et al. Racial and socioeconomic dis-
parities in lung cancer screening in the United States: a systematic review. CA Cancer J Clin. 
2021;71(4):299–314.

34.	Poghosyan H, Fortin D, Moen EL, Quigley KS, Young GJ. Differences in uptake of low-dose 
CT scan for lung cancer among white and black adult smokers in the United States-2017. J 
Health Care Poor Underserved. 2021;32(1):165–78.

35.	Kunitomo Y, Bade B, Gunderson CG, Akgun KM, Brackett A, Cain H, et al. Racial differ-
ences in adherence to lung cancer screening follow-up: a systematic review and meta-analysis. 
Chest. 2022;161(1):266–75.

36.	Nunez ER, Caverly TJ, Zhang S, Glickman ME, Qian SX, Boudreau JH, et  al. Adherence 
to follow-up testing recommendations in US veterans screened for lung cancer, 2015-2019. 
JAMA Netw Open. 2021;4(7):e2116233.

37.	Heffner JL, Coggeshall S, Wheat CL, Krebs P, Feemster LC, Klein DE, et  al. Receipt of 
tobacco treatment and one-year smoking cessation rates following lung cancer screening in 
the veterans health administration. J Gen Intern Med. 2021;37:1704.

38.	Ganesh A, Katipally R, Pasquinelli M, Feldman L, Spiotto M, Koshy M. Increased disparities 
in patients diagnosed with metastatic lung cancer following lung CT screening in the United 
States. Clin Lung Cancer. 2021;23:151.

39.	Clouston SA, Rubin MS, Phelan JC, Link BG. A social history of disease: contextualizing the 
rise and fall of social inequalities in cause-specific mortality. Demography. 2016;53(5):1631–56.

40.	President’s Cancer Panel. Closing gaps in cancer screening: connecting people, communities, 
and systems to improve equity and access. Bethesda, MD: President’s Cancer Panel; 2021.

41.	Moullin JC, Dickson KS, Stadnick NA, Rabin B, Aarons GA.  Systematic review of the 
exploration, preparation, implementation, sustainment (EPIS) framework. Implement Sci. 
2019;14(1):1.

42.	Becan JE, Bartkowski JP, Knight DK, Wiley TRA, DiClemente R, Ducharme L, et al. A model 
for rigorously applying the exploration, preparation, implementation, sustainment (EPIS) 
framework in the design and measurement of a large scale collaborative multi-site study. 
Health Justice. 2018;6(1):9.

43.	Edwards Deming W. Out of crisis. Cambridge: MIT Press; 2018.
44.	Matlock DD, Fukunaga MI, Tan A, Knoepke C, McNeal DM, Mazor KM, et al. Enhancing 

success of Medicare's shared decision making mandates using implementation science: exam-
ples applying the pragmatic robust implementation and sustainability model (PRISM). MDM 
Policy Pract. 2020;5(2):2381468320963070.

45.	Myers RE, DiCarlo M, Romney M, Fleisher L, Sifri R, Soleiman J, et  al. Using a health 
system learning community strategy to address cancer disparities. Learn Health Syst. 
2018;2(4):e10067.

46.	Carter-Harris L, Gould MK. Multilevel barriers to the successful implementation of lung can-
cer screening: why does it have to be so hard? Ann Am Thorac Soc. 2017;14(8):1261–5.

47.	Optican RJ, Chiles C. Implementing lung cancer screening in the real world: opportunity, chal-
lenges and solutions. Transl Lung Cancer Res. 2015;4(4):353–64.

48.	Zeliadt SB, Hoffman RM, Birkby G, Eberth JM, Brenner AT, Reuland DS, et al. Challenges 
implementing lung cancer screening in federally qualified health centers. Am J Prev Med. 
2018;54(4):568–75.

49.	Odahowski CL, Zahnd WE, Eberth JM. Challenges and opportunities for lung cancer screen-
ing in rural America. J Am Coll Radiol. 2019;16(4 Pt B):590–5.

50.	Brenner ACL, Birchard K, Doyle-Burr C, Eick J, Henderson L.  Improving the implemen-
tation of lung cancer screening guidelines at an academic medical center. J Healthc Qual. 
2017;40(1):27–35.

51.	Polubriaginof F, Salmasian H, Albert DA, Vawdrey DK. Challenges with collecting smoking 
status in electronic health records. AMIA Annu Symp Proc. 2017;2017:1392–400.

52.	Cole AM, Pflugeisen B, Schwartz MR, Miller SC. Cross sectional study to assess the accuracy 
of electronic health record data to identify patients in need of lung cancer screening. BMC Res 
Notes. 2018;11(1):14.

J. E. Lafata et al.



351

53.	Modin HE, Fathi JT, Gilbert CR, Wilshire CL, Wilson AK, Aye RW, et al. Pack-year ciga-
rette smoking history for determination of lung cancer screening eligibility. Comparison of 
the electronic medical record versus a shared decision-making conversation. Ann Am Thorac 
Soc. 2017;14(8):1320–5.

54.	Stacey D, Bennett CL, Barry MJ, Col NF, Eden KB, Holmes-Rovner M, et al. Decision aids 
for people facing health treatment or screening decisions. Cochrane Database Syst Rev. 
2011;10:CD001431.

55.	Stacey D, Legare F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision aids for people 
facing health treatment or screening decisions. Cochrane Database Syst Rev. 2017;4:CD001431.

56.	Volk RJ, Linder SK, Lopez-Olivo MA, Kamath GR, Reuland DS, Saraykar SS, et al. Patient 
decision aids for colorectal cancer screening: a systematic review and meta-analysis. Am J 
Prev Med. 2016;51(5):779–91.

57.	Fukunaga MI, Halligan K, Kodela J, Toomey S, Furtado VF, Luckmann R, et  al. Tools to 
promote shared decision-making in lung cancer screening using low-dose CT scanning: a sys-
tematic review. Chest. 2020;158(6):2646–57.

58.	Graham ID, Logan J, O'Connor A, Weeks KE, Aaron S, Cranney A, et al. A qualitative study 
of physicians’ perceptions of three decision aids. Patient Educ Couns. 2003;50(3):279–83.

59.	Brace C, Schmocker S, Huang H, Victor JC, McLeod RS, Kennedy ED. Physicians’ awareness 
and attitudes toward decision aids for patients with cancer. J Clin Oncol. 2010;28(13):2286–92.

60.	Jimbo M, Rana GK, Hawley S, Holmes-Rovner M, Kelly-Blake K, Nease DE Jr, et al. What is 
lacking in current decision aids on cancer screening? CA Cancer J Clin. 2013;63(3):193–214.

61.	Elwyn G, Scholl I, Tietbohl C, Mann M, Edwards AG, Clay C, et al. “Many miles to go ...”: a 
systematic review of the implementation of patient decision support interventions into routine 
clinical practice. BMC Med Inform Decis Mak. 2013;13(Suppl 2):S14.

62.	Goodwin JS, Nishi S, Zhou J, Kuo YF. Use of the shared decision-making visit for lung cancer 
screening among medicare enrollees. JAMA Intern Med. 2019;179(5):716–8.

63.	Brenner AT, Malo TL, Margolis M, Elston Lafata J, James S, Vu MB, et al. Evaluating shared 
decision making for lung cancer screening. JAMA Intern Med. 2018;178(10):1311–6.

64.	Legare F, Ratte S, Gravel K, Graham ID.  Barriers and facilitators to implementing shared 
decision-making in clinical practice: update of a systematic review of health professionals’ 
perceptions. Patient Educ Couns. 2008;73(3):526–35.

65.	Waddell A, Lennox A, Spassova G, Bragge P.  Barriers and facilitators to shared decision-
making in hospitals from policy to practice: a systematic review. Implement Sci.  
2021;16(1):74.

66.	 Iaccarino JM, Clark J, Bolton R, Kinsinger L, Kelley M, Slatore CG, et al. A National survey 
of pulmonologists’ views on low-dose computed tomography screening for lung cancer. Ann 
Am Thorac Soc. 2015;12(11):1667–75.

67.	Hoffman RM, Sussman AL, Getrich CM, Rhyne RL, Crowell RE, Taylor KL, et al. Attitudes 
and beliefs of primary care providers in New Mexico about lung cancer screening using low-
dose computed tomography. Prev Chronic Dis. 2015;12:E108.

68.	Tanner NT, Banas E, Yeager D, Dai L, Hughes Halbert C, Silvestri GA. In-person and tele-
phonic shared decision-making visits for people considering lung cancer screening: an assess-
ment of decision quality. Chest. 2019;155(1):236–8.

69.	Fagan HB, Fournakis NA, Jurkovitz C, Petrich AM, Zhang Z, Katurakes N, et al. Telephone-
based shared decision-making for lung cancer screening in primary care. J Cancer Educ. 
2020;35(4):766–73.

70.	Ost DE, Niu J, Elting LS, Buchholz TA, Giordano SH. Determinants of practice patterns and 
quality gaps in lung cancer staging and diagnosis. Chest. 2014;145(5):1097–113.

71.	Ost DE, Niu J, Elting LS, Buchholz TA, Giordano SH. Quality gaps and comparative effective-
ness in lung cancer staging and diagnosis. Chest. 2014;145(2):331–45.

72.	Dabbous FM, Dolecek TA, Berbaum ML, Friedewald SM, Summerfelt WT, Hoskins K, et al. 
Impact of a false-positive screening mammogram on subsequent screening behavior and stage 
at breast cancer diagnosis. Cancer Epidemiol Biomark Prev. 2017;26(3):397–403.

31  Lung Cancer Screening in Health Systems: Needs, Challenges, and Opportunities



352

73.	Ford ME, Havstad SL, Demers R, Cole JC. Effects of false-positive prostate cancer screening 
results on subsequent prostate cancer screening behavior. Cancer Epidemiol Biomark Prev. 
2005;14(1):190–4.

74.	Ford ME, Havstad SL, Flickinger L, Johnson CC. Examining the effects of false positive lung 
cancer screening results on subsequent lung cancer screening adherence. Cancer Epidemiol 
Biomark Prev. 2003;12(1):28–33.

75.	Defrank JT, Brewer N. A model of the influence of false-positive mammography screening 
results on subsequent screening. Health Psychol Rev. 2010;4(2):112–27.

76.	Salz T, DeFrank JT, Brewer NT. False positive mammograms in Europe: do they affect reat-
tendance? Breast Cancer Res Treat. 2011;127(1):229–31.

77.	Taylor KL, Shelby R, Gelmann E, McGuire C.  Quality of life and trial adherence among 
participants in the prostate, lung, colorectal, and ovarian cancer screening trial. J Natl Cancer 
Inst. 2004;96(14):1083–94.

78.	Allen JD, Shelton RC, Harden E, Goldman RE. Follow-up of abnormal screening mammo-
grams among low-income ethnically diverse women: findings from a qualitative study. Patient 
Educ Couns. 2008;72(2):283–92.

79.	Brett J, Austoker J. Women who are recalled for further investigation for breast screening: 
psychological consequences 3 years after recall and factors affecting re-attendance. J Public 
Health Med. 2001;23(4):292–300.

80.	Wiener RS, Gould MK, Woloshin S, Schwartz LM, Clark JA. What do you mean, a spot?: a 
qualitative analysis of patients’ reactions to discussions with their physicians about pulmonary 
nodules. Chest. 2013;143(3):672–7.

81.	Fleischner Society Recommendations for follow-up of small lung nodules detected inciden-
tally on CT (patients >=35 Years of Age). [cited 2017 March 12]. http://www.snm.org/docs/
PET_COE/off_the_wall/Fleis.pdf.

82.	Lung-RADS™ Version 1.0 Assessment categories release date: April 28, 2014. https://
www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/LungRADS/
AssessmentCategories.pdf.

83.	Singh H, Thomas EJ, Mani S, Sittig D, Arora H, Espadas D, et al. Timely follow-up of abnor-
mal diagnostic imaging test results in an outpatient setting: are electronic medical records 
achieving their potential? Arch Intern Med. 2009;169(17):1578–86.

84.	Horn DM, Haas JS.  Expanded lung and colorectal cancer screening—ensuring equity and 
safety under new guidelines. N Engl J Med. 2022;386(2):100–2.

85.	Benjamins MR, Middleton M.  Perceived discrimination in medical settings and perceived 
quality of care: a population-based study in Chicago. PLoS One. 2019;14(4):e0215976.

J. E. Lafata et al.

http://www.snm.org/docs/PET_COE/off_the_wall/Fleis.pdf
http://www.snm.org/docs/PET_COE/off_the_wall/Fleis.pdf
https://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/LungRADS/AssessmentCategories.pdf
https://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/LungRADS/AssessmentCategories.pdf
https://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/LungRADS/AssessmentCategories.pdf


353

Chapter 32
Across the Landscape: Community-Based 
Partnerships for Lung Cancer Risk 
Reduction—From Federal Initiatives 
to Local Influences

Ana Maria Lopez

�Background

Cancer is a global epidemic. Despite progress in cancer detection and treatment, 
cancer is already exceeding cardiovascular disease mortality in many developed 
countries [1]. The diagnosis of cancer significantly impacts health and well-being 
through premature death, cost of illness, lost productivity, and health impact on 
survivors [2]. With the population aging, further increases in cancer diagnoses are 
anticipated [3].

In 1981, Doll and Peto published the classic cancer epidemiology paper outlin-
ing factors that contribute to cancer risk. In this paper, the role of tobacco use, nutri-
tion, occupational exposure, and infection in cancer development was described. 
Tobacco was clearly defined as a major cause of cancer-related death [4]. Today, 
tobacco is linked to nearly 90% of lung cancer deaths in the United States [5]. 
Globally, the World Health Organization estimates that nearly eight million people 
meet premature death annually due to tobacco use, with more than a million of these 
deaths attributed to second-hand exposure [6]. It is estimated that tobacco is the 
single most avoidable cause of death in the world today [7]. It is not only a carcino-
gen; tobacco addiction adversely impacts multiple chronic illnesses, increases sur-
gical risk, and complicates cancer survivorship [8, 9]. Tobacco use persists with 
greater prevalence in many vulnerable populations raising the opportunity for health 
equity interventions [10].

Cancer is an epidemic, a public health problem. Public health strategies focus on 
prevention and risk reduction. To be successful, cancer prevention approaches must 
take place with the at-risk well, and with the at-risk communities, that is, we need to 
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go where the people are. In this chapter, we will discuss community partnerships as 
effective lung cancer risk-reduction approaches. Our focus will be on tobacco, 
including second-hand tobacco smoke exposure. We will focus on risk from the 
macro, the role of large governmental agencies, to the micro, the individual. For the 
remainder of this chapter, cancer risk-reduction will be used instead of cancer pre-
vention due to the awareness that although we may have some control regarding 
risks and risk reduction, fully preventing cancer is not likely in the individual’s 
control.

�Community Partnerships as a Cancer Risk-Reduction 
Strategy: Rationale

Although tobacco exposure may be viewed as an individual act, that is, an individ-
ual chooses to smoke, tobacco exposure has a high risk of addiction, obviating 
choice, and is often socially mediated. Individuals live within an ecology of social 
structures that support or discourage specific behaviors and norms. Socially accept-
able behavior is a product of these social norms. There has been a shift in the accept-
ability of tobacco use in the United States since its post-War peak acceptability in 
the 1950s. An accompanying shift in cultural norms has generally supported major 
significant policy changes supporting smoke-free environments. For example, sim-
ply lighting a cigarette would not be acceptable in many group settings without first 
asking permission from others present [11].

Given the role of our social structures in supporting tobacco use, communities, 
broadly speaking, emerge as potential partners in cancer risk-reduction. Community 
voices may be amplified in collective advocacy. These partnerships raise opportuni-
ties to go beyond the “usual suspects” and think more expansively. This work 
engages the needs of non-smokers to prevent the onset of smoking and of smokers 
to support smoking cessation and early detection of disease.

�Community Partnerships for Lung Cancer Risk-Reduction

�National Cancer Institute

The National Cancer Institute (NCI) established the Cancer Information Service 
Partnership Program, which included more than 900 community organizations and 
focused on the needs of medically underserved populations. Partnerships supported 
networking, education, and program development. An evaluation in 2007 demon-
strated collaboration and benefits to the partnerships [12].

Current NCI community efforts include the National Outreach Network (NON), 
a network of health educators across the country focused on program development, 
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education, and research embedded in cancer centers. Additional NCI-focused com-
munity engagement partnerships are part of the Center to Reduce Cancer Health 
Disparities—the Community Networks Program Centers, the Minority Institution 
Cancer Center Partnership, and the Patient Navigation Research Program. 
Additional partnership efforts are housed in the Minority Based Community 
Clinical Oncology Program, the Community Cancer Centers Program, and the NCI 
Cancer Centers. These community network partnerships can bring clinical trials to 
communities.

�Legislative Partnerships: Advocacy and Policy

The epidemiology of lung cancer reveals that it was once considered rare. Tobacco 
use, prevalence, and acceptability increased as costs decreased. Free or subsidized 
cigarettes were distributed in the military during World War I, normalizing tobacco 
use [13]. Physician and celebrity “recommendations” for tobacco use were common 
in the mid-twentieth century [14]. This was concurrent with the confluence of stud-
ies that demonstrated the connection between cigarette use and the increasing rates 
of lung cancer. Advocacy resulted in legislation that impacted public health.

The Federal Cigarette Labeling and Act of 1965 required a package warning 
label and banned smoking on domestic airline flights of 2  h or less. The Public 
Health Cigarette Smoking Act of 1969 modified the package warning label: 
“Warning: The Surgeon General Has Determined that Cigarette Smoking Is 
Dangerous to Your Health,” prohibited cigarette advertising on television and radio, 
and prevented states or local governments from regulating cigarette advertising for 
health reasons. The Little Cigar Act of 1973 banned little cigar advertising on televi-
sion and radio. The Comprehensive Smoking Education Act of 1984 requires four 
rotating health warning labels on packages and ads. The Comprehensive Smokeless 
Tobacco Education Act of 1986 established three rotating health warning labels. 
Public Law 100-202 (1987) banned smoking on domestic airline flights with a flight 
time of 2 h or less. Public Law 101-164 (1989) banned smoking on domestic airline 
flights with a flight time of 6 h or less. The Synar Amendment to the Alcohol, Drug 
Abuse, and Mental Health Administration (ADAMHA) Reorganization Act of 1992 
required states to adopt and enforce restrictions on tobacco sales to minors to be 
eligible for block grant funding to address substance abuse. The Pro-Children Act of 
1994 required all federally funded children’s services to be smoke-free. The Family 
Smoking Prevention and Tobacco Control Act of 2009 gave the Food and Drug 
Administration (FDA) the authority to regulate tobacco products. The Consolidated 
Appropriations Act of 2020, Amending the Federal Food, Drug, and Cosmetic Act, 
and the Public Health Service Act prohibited tobacco product sales to all persons 
under the age of 21, and required states to assess these sales to be eligible for sub-
stance abuse block grant funds [15].

Advocacy efforts at the state and local levels have resulted in additional restric-
tions on who can smoke and where smoking can take place. Regional differences in 
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tobacco use in public spaces, schools, colleges, universities, workplaces, restau-
rants, and bars exist within the United States and globally. Advocacy strategies cen-
ter on decreasing access to tobacco products. This is especially effective in reducing 
exposure in young people for addiction prevention [16]. Costs are an effective deter-
rent in limiting access. Increased taxation has been an effective means to discourage 
tobacco use [17]. Costs, however, remain a concern on military bases [18] and on 
American Indian reservations, where costs tend to be lower [19, 20].

�Messaging and Marketing Partnerships

The tobacco industry has multiple commercial products in its portfolio, for which 
profit maximization is the goal, as demonstrated by pro-tobacco product messag-
ing and marketing campaigns. Targeting non-smokers who may be most suscep-
tible to these messages and thus most likely to initiate tobacco use may be a 
successful marketing strategy [11]. Multiple studies have documented increased 
pro-tobacco marketing in communities where persons historically intentionally 
excluded from educational and employment opportunity reside [21–26]. Marketing 
strategies serve to normalize tobacco use, mark tobacco initiation as a natural 
transition to adulthood, associate tobacco use with glamor, enhanced social status, 
and as an effective tool for relaxation [11]. Digital communication efforts can 
counter messaging with “counter-marketing” and serve as opportunities for 
tobacco education and risk-reduction programming [27]. As outlined earlier, 
advocacy strategies and community partnerships have successfully limited mar-
keting to children and historically excluded communities.

�School-Based Partnerships

High school dropout rates in the United States have been stable at less than 10% 
over the last decade [28]; Since young persons under the age of 18 can be found in 
schools [28], schools are opportune tobacco education risk-reduction partners. 
School-based tobacco interventions are intended to reduce intent to initiate, initia-
tion itself, and prevalence. A systematic review of school-based partnership pro-
grams demonstrates success in these three areas in the short term (less than 
12 months). Some of the efforts reviewed had long-term impact up to 15 years and 
others had an even more enduring impact up to 18 years. Success was related to 
attaining refusal skills in a social influence model and peer support, in addition to 
age-appropriate learnings about the risks of tobacco use. Additional efforts include 
tobacco-free school policies, education and training for educators, parental engage-
ment, and smoking cessation care for students, school staff, and parents [29, 30]. 
Improved efficacy may be associated with behavioral reinforcement via a 
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community program [31]. These studies point to the importance of going beyond 
information sharing related to risk. Partnerships whose interventions include prac-
ticing behaviors that support smoking cessation and diminish initiation risk and that 
are accompanied by peer support, tobacco-free school policies, parental engage-
ment, and smoking cessation for the adults proximal to the student have a greater 
chance for success.

�Workplace Partnerships

Partnerships with employers have generally resulted in effective policy interven-
tions [32]. The impact of smoke-free worksite policies has been demonstrated to be 
favorable to smoking cessation and to preventing smoking initiation. Analyses 
regarding economic impact reveal savings to the employer, decreased absenteeism, 
improved productivity, and health benefits for the employee who stops smoking and 
for those at risk for second-hand exposure due to averted healthcare costs. The esti-
mated net benefit of smoke-free workplace policies was noted to be $48 billion to 
$89 billion annually [33]. Many workplaces offer health insurance discounts to non-
smokers and smoking cessation programs for smokers. A Cochrane review exam-
ined workplace-based practices to support modifiable risk factors for chronic 
disease that included tobacco use and identified few studies suggesting the need for 
implementation science research in this area [34].

�Home-Based Partnerships

People often spend large amounts of time at their residence. Community-based part-
nerships focused on the individual’s home have generally targeted environmental 
exposure control. Tobacco exposure is often one of many exposures being addressed, 
and the health target is often an acute respiratory exacerbation of asthma. Morgan 
et al. demonstrated the benefit of such an intervention that successfully achieved 
behavior change in the home. This successful approach included modeling the 
behavior, rehearsing the behavior, and verifying and reinforcing the person’s ability 
to achieve the desired behavior to decrease environmental tobacco smoke and expo-
sure to indoor allergens. The authors demonstrated that behavioral change requires 
support [35]. Focusing exclusively on tobacco smoke exposure, a recent meta-
analysis identified success in decreasing tobacco smoke pollution in the home 
through individual action; however, persistence of the pollutant was noted. These 
findings suggest a possible benefit to regulatory approaches and expansion of 
smoke-free areas in closer living conditions [36]. Immediate minute-by-minute 
feedback on levels of particulate matter in the environment was especially effective 
in behavior change support [37].
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�Peer-Led Partnerships

Peers are a major behavioral influence as the peer-group often models what is nor-
mal or to be expected. For tobacco smoking initiation prevention and cessation, 
peer-led interventions may be particularly effective. Most studies are small and 
include other addictive substances making long-term impact evaluation for the part-
nership on tobacco difficult [38]. When tailored interventions are used, benefit 
emerges. Most studies randomize the participants to a peer-led group where the 
group leader has received specific training. In a tailored approach, the participant is 
asked which group leader is preferred. Group assignments are based on the partici-
pant’s preference [39]. Additional peer-based efforts may focus on social media 
interactions. Social media reaches people where they are with tailored interventions 
based on age and gender [40].

�Community Partnerships for Lung Cancer Early Detection

�Lung Cancer Screening

A lung cancer screening recommendation is dependent on smoking history. 
Although guidelines have been published, implementation is lagging even as we 
enter the second decade after publication of the National Lung Screening Trial 
(NLST). Clinician-based factors resulting in lagging implementation may include 
lack of awareness of the guideline or the misconception that only visits slated for 
lung cancer screening should address lung cancer screening. Patient-based factors 
may include shame regarding ongoing tobacco use or history of use and fear and 
guilt of what the screening may reveal. Community-based efforts to overcome these 
efforts may include education, facilitating access to screening and treatment, and 
tobacco cessation support. One effort being studied engages community health 
workers (CHWs), trusted community members to educate and facilitate lung cancer 
screening [41]. Bringing education and screening services to the at-risk well at 
shopping centers that people frequent has demonstrated efficacy [42].

�Community Partnerships: Principles

Community-based participatory research takes time and requires coalition-building 
and investment for success [43]. Clinicians, health systems, and academic systems 
must demonstrate staying power and trustworthiness for community partnerships to 
be successful. Usual assessments of community programs may demonstrate quasi 
success because our usual model for implementation is autocratic and unidimen-
sional instead of democratic, meeting people where they are with respect, and 
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multidimensional, acknowledging that people’s lives are complex and guided by 
multiple priorities. Persons live in communities and experience multiple experi-
ences that may influence the person toward tobacco use or against. Lung cancer risk 
reduction strategies must similarly target these multiple influences. We have out-
lined several opportunities for intervention—in the home, with the peer-group, in 
the schools, in the workplace, with media and marketing, and at the legislative level. 
Strategies cannot be effective as singular one-time events that seek to immunize the 
at-risk individual from tobacco risk, but as a series of ecological influences that also 
target ambient messages.

Factors essential for community partnership success include respect, an open 
heart to learn, humility to acknowledge what we do not know, and cultural humility 
to be guided by the community’s priorities, needs, and experiences. The opportunity 
for community partnership may be guided by the following processes [44]:

•	 Seek partners with similar values.
•	 Include respected community leaders.
•	 Establish, practice, and commit to equity (contributions may vary; all contribu-

tions are valued).
•	 Model commitment.
•	 Understand that trust takes time.
•	 Work with a trusted community liaison who can facilitate communication, col-

laboration, and conflict.

�Conclusion

Addressing tobacco use is a critical factor in lung cancer risk reduction that can 
impact numerous chronic and acute illnesses. Supporting tobacco cessation and pre-
venting smoking initiation are opportunities ripe for community partnership from 
the individual level to legislative policy. How we engage with communities over 
time and collaborate across different efforts will be the most significant factors in 
supporting success equitably.
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Chapter 33
Where Do We Go from Here?

Julie A. Barta and Karen E. Knudsen

�Background

The field of lung cancer screening (LCS) and early detection has undergone tremen-
dous growth over the past decade, generating a multitude of additional unanswered 
questions [1]. Current gaps in knowledge exist in optimizing selection criteria for 
lung cancer screening, leveraging technology including the electronic health record 
(EHR) for LCS, and expanding implementation strategies for high-quality LCS. It 
is known that the balance of harms and benefits lies in favor of screening among 
high-risk individuals with few life-limiting comorbidities. However, the optimal 
strategy for defining lung cancer risk remains unknown, and efforts to refine exist-
ing risk models and eligibility criteria will need to take into account diverse popula-
tions so that LCS can be offered using an equitable approach. Second, although 
leveraging the EHR and other technology-based approaches may provide greater 
access to eligible patient and more efficient processes for carrying out LCS, optimal 
platforms and workflows are not yet known. Finally, ongoing focus on improving 
LCS uptake and implementing pathways for high-quality screening are also critical 
to realizing the promise of LCS.

Though lung cancer incidence has been declining for both men (since the 
mid-1980s) and women (since the mid-2000s), lung cancer is still quite prevalent. 
There will be an estimated 236,740 new cases of lung cancer in 2022 in the United 
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States, and 130,180 estimated deaths. From 2014–2018, the incidence rate was 57.3 
per 100 K, and from 2015–2019, the death rate was 36.7 for 100 K [2]. According to 
the American College of Radiology Lung Cancer Screening public reports, the lung 
cancer screening rate was 6.6% in 2019 in the United States, and 6.5% in 2020 [3].

�Optimizing Selection Criteria for Lung Cancer Screening

Multiple studies have demonstrated clearly that low-dose CT (LDCT) for LCS pre-
vents the greatest number of deaths among participants at greatest risk for 5-year 
lung cancer death [4]. Subsequent studies have shown that using an individual risk-
based model for selection for LCS may prevent more lung cancer deaths than cate-
gorical age and smoking-based eligibility criteria [5]. Specifically, the Prostate, 
Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCOm2012) model, Lung 
Cancer Risk Assessment (LCRAT) and Lung Cancer Death Risk Assessment 
(LCDRAT), and the Bach models have been noted to most accurately predict lung 
cancer risk and demonstrate superior performance in selecting individuals for LCS 
[5–8]. Moreover, risk prediction models can identify individuals who develop lung 
cancer with higher sensitivity, as well as greater cost effectiveness compared with 
United States Preventive Services Task Force criteria [6, 9, 10]. However, these risk 
models often select for individuals with the heaviest cigarette smoking histories, 
who may have competing causes of death including comorbid pulmonary or cardio-
vascular disease or other cancers. In this population, the balance of harms and ben-
efits related to LCS may differ from that among individuals without comorbid 
conditions [11]. Currently, it is not known how best to integrate lung cancer risk and 
potential screening harms into defining eligibility for LCS. One approach to identi-
fying an optimal threshold for LCS benefit is to measure life-years gained or quality-
adjusted life-years gained. For example, using a risk-based prediction model to 
select individuals for LCS may lead to increased screening efficiency [12, 13]. 
However, these methods have not yet been tested prospectively or rigorously com-
pared to current strategies.

Although individual risk-based prediction to identify eligible patients for LCS 
may improve reductions in lung cancer mortality, this hypothesis has not been 
tested in real-world cohorts with diverse racial, cultural, and geographic back-
grounds. Current risk models have been derived from LCS trials including 5% or 
fewer Black/African-American individuals, potentially limiting their accuracy in 
vulnerable populations [14, 15]. For example, one centralized LCS program 
reported that 6-year lung cancer risk calculated using the PLCOm2012 model was not 
aligned with lung cancer diagnoses among Black/African-American participants in 
LCS [16]. Moreover, subgroup analyses of the National Lung Screening Trial and 
NELSON suggest that Black/African-Americans and women may receive greater 
lung cancer mortality reduction from LCS compared with men [17, 18]. This and 
other similar studies suggest that our current understanding of lung cancer risk is 
incomplete [19].
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In addition to improving the accuracy of existing clinical models, future research 
should test integrated clinical, radiologic, and molecular biomarkers for lung cancer 
risk stratification. Risk models can be combined with LDCT results to predict future 
lung cancer risk, which in turn could potentially inform screening intervals [20, 21]. 
Alternatively, clinical risk factors can be combined with blood-based biomarkers 
for personalized lung cancer risk assessment. For example, Fahrmann and col-
leagues reported statistically significant improvements in sensitivity and specificity 
for lung cancer prediction when combining the PLCOm2012 model with a four-protein 
serum panel [22]. In the future, advances in incidental lung nodule management 
may be extended to screen-detected nodules as well; combined clinical variables, 
radiomic signatures, and blood biomarkers have been demonstrated to improve non-
invasive diagnosis of indeterminate lung nodules [23].

Future research should also be directed toward populations with lung cancer risk 
factors that have not been well defined. For example, lung cancer incidence rate 
ratios have increased among young women born since 1965 compared to men, and 
this pattern is not fully explained by sex differences in smoking behavior [24]. 
Similarly, while individuals with low-intensity and nondaily smoking have increased 
risk for mortality and lung cancer diagnosis, the quantitative impact is not fully 
understood [25–27]. Finally, never-smokers may have other known or suspected 
risk factors that can eventually be quantified for lung cancer risk prediction [28].

�Leveraging Technology for High-Quality Lung 
Cancer Screening

Technologic advancements in the healthcare arena have allowed for greater con-
nectivity among providers, patients, and health systems. These connections can be 
leveraged to implement high-quality LCS. The electronic health record (EHR) has 
the capacity to improve identification and tracking of screen-eligible individuals, 
while telemedicine and social media strategies can increase knowledge and 
access to LCS.

The EHR offers strategies for addressing structural barriers, for example, by 
offering systematic reminders for providers to offer screening to eligible individuals 
for whom LDCT remains underutilized [1, 29]. Presently, many health systems have 
been unable to optimize the strengths of the EHR, and in some cases the EHR can 
even hinder LCS.  For instance, electronic data are frequently inaccurate and/or 
inadequate to determine eligibility for screening, which diminishes referrals for 
LDCT [30–33]. These eligibility assessments must remain accurate even as eligibil-
ity guidelines undergo revision [34, 35]. There is also inconsistent use of the EHR 
for screening referrals and standardized templates or procedure codes, even among 
institutions within a single health system [36]. Finally, measurement of screening 
outcomes is complicated by unstructured and incomplete information stored in the 
EHR [37]. These data demonstrate that there are major knowledge gaps about the 
methods to harness the EHR for improving screening effectiveness.
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Although multiple studies have demonstrated variability in identifying, report-
ing, tracking, and managing lung nodules across providers, institutions, and health 
systems, several strategies for leveraging the EHR have shown promise in mitigat-
ing variability in managing lung nodules [38–41]. For instance, the EHR can be 
utilized to promote screening through clinical decision support and electronic 
prompts [42]. In addition, novel approaches for patient communication using the 
EHR or other technological tools can improve cancer screening rates and patient 
decision support [43, 44]. Lung CT Screening Reporting and Data System (Lung-
RADS) categories can be entered as discrete data, allowing for systematic alerts for 
nodules that require surveillance. Many centers have implemented multidisciplinary 
lung nodule clinics to develop approaches for expediting evaluation of suspicious 
nodules while limiting unnecessary procedures [45–47]. Other novel strategies – for 
example, integrating quantitative imaging features, clinical parameters, and genomic 
analyses through convolutional neural networks and other machine learning meth-
ods – may allow for discrimination of benign versus neoplastic nodules [48–50]. 
Therefore, identification of strategies to leverage the EHR’s strengths has signifi-
cant potential to reduce barriers and improve LCS, as well as other population-
based health interventions.

Patient-facing communication strategies are also critical to increasing LCS 
uptake and adherence. We and others have shown that cost and convenience barriers 
are important factors for LCS program participants, and reasons for non-participation 
in screening can include distance of travel, lack of available public transportation, 
and cost of transportation or parking [51–53]. Telemedicine has the potential to 
mitigate these barriers, but few studies have examined the impact of telemedicine as 
a routine part of LCS implementation [54]. Other strategies for harnessing technol-
ogy for direct communication with patients can include use of EHR messaging, text 
messaging, and social media. For example, smoking cessation programs delivered 
via mobile phone text messaging may improve not only short term self-reported quit 
rates, but also smoking cessation rates at 6 months [55]. Text messaging can also be 
utilized to increase screening uptake, as demonstrated in studies focused on breast, 
cervical, and colorectal cancer screening [43, 56]. Social media can also be lever-
aged to improve knowledge about lung cancer screening, and educational posts or 
advertisements can be targeted to eligible individuals [57]. Future research will 
need to define implementation strategies  – including testing messaging among 
diverse, non-English-speaking populations – so that patient communication can be 
delivered equitably and effectively to all groups.

�Expanding Implementation Strategies for Lung 
Cancer Screening

LCS is a complex process that involves a series of highly coordinated steps, from 
performing shared decision-making and standardized LDCT reporting, evaluating 
suspicious nodules, and managing incidental findings, to maximizing screening 
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adherence [1]. Each of these steps may be implemented differently among central-
ized or decentralized LCS programs, and health systems or hospitals with varying 
resource availability and patient needs may carry out these steps using a variety of 
methods. Research is needed in multiple areas including defining strategies for 
increasing LCS uptake, integrating tobacco treatment counseling into LCS, and 
maximizing adherence with annual scans and short-interval follow-up [1]. Once 
feasible and effective strategies are developed, standardized approaches can be 
adopted by programs seeking to offer high-quality LCS.  The inclusion of LCS-
focused quality metrics in platforms such as the Health Effectiveness and Data 
Information Set, developed and reported by the National Committee for Quality 
Assurance, can further promote transparency and create accountability.

Prior to the expanded United States Preventive Services Task Force (USPSTF) 
eligibility criteria in 2021, studies reported a wide range of LCS rates up to 15%, 
with significant discordance between lung cancer mortality and state-level screening 
as well as large variability in geographic accessibility to LCS [58, 59]. With a larger 
denominator of individuals now eligible for LCS, estimated uptake is far lower [60]. 
Processes for improving LCS uptake are complex and require multilevel interven-
tions to address patient-, provider-, and systems-related barriers [61]. Effective com-
munity engagement requires the development of culturally and linguistically 
appropriate educational materials, leveraging relationships with community stake-
holders, and facilitating convenient access for shared decision-making and LDCT 
scans. Furthermore, community health workers can be effective in increasing LCS 
awareness and knowledge among underserved populations [62]. Outreach approaches 
will need to be tailored to local needs, with geographic information systems map-
ping providing one potential way of identifying areas of vulnerability [59, 63].

Future research should also identify implementation strategies for LCS programs 
to strengthen critical components of the screening pathway [64]. For example, the 
optimal approaches to integrating tobacco treatment counseling into LCS are not 
currently known. Although LCS is a teachable moment for smoking cessation and 
positive LDCT results have been associated with increased quit rates in retrospec-
tive analyses, some randomized clinical trials have not demonstrated statistically 
significant differences in short- or long-term abstinence rates [65, 66]. An additional 
area of needed investigation is in defining methods for increasing adherence with 
annual LCS and short-interval follow-up scans. Multiple studies have demonstrated 
that increased LCS adherence may be associated with individual-level factors such 
as age, smoking status, and education level, as well as LDCT results and LCS pro-
gram structure [52, 67, 68]. What remains unknown is how barriers to participation 
can be addressed to improve LCS adherence. Ongoing work in the field includes 
development of adherence toolkits, as well as studies of telemedicine utilization to 
improve convenience in LCS [69, 70]. Other critical steps in the screening pathway 
where research gaps remain include implementation of shared decision-making, 
characterizing harms of LCS, and defining strategies for patient coordination, navi-
gation, and tracking to ultimately improve patient-centered screening outcomes. 
Development of standardized definitions and quality metrics in the field will be 
crucial to moving forward in these areas.
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�Conclusion

The landscape of lung cancer screening is growing exponentially, with near-constant 
advances in epidemiology and population health, implementation science, and bio-
marker research. Increased recognition of lung cancer screening investigation as a 
funding priority is critical for continuing these rapid advances in the field. 
Additionally, ongoing support from research consortia, professional societies, advo-
cacy organizations, and cross-cutting multidisciplinary groups is crucial. These 
organizations should focus on bringing high-quality lung cancer screening to all 
individuals at risk for lung cancer, with particular attention to providing equitable 
screening for under-represented groups. Vulnerable populations can include those 
experiencing disparities related to race, sexual orientation, geography, socioeco-
nomic status, and psychiatric and/or substance use disorders. Future gains in lung 
cancer survival depend on a comprehensive and inclusive approach to research in 
early detection.
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Chapter 34
Imagining an Equitable Lung Cancer 
Screening Landscape

Gregory C. Kane, Julie A. Barta, Nathaniel R. Evans III, 
and Ronald E. Myers

�Imagining the Following

Current lung cancer screening (LCS) guidelines from the United States Preventive 
Services Task Force (USPSTF) and the Centers for Medicare and Medicaid Services 
(CMS) make screening available, beginning at age 50 for persons who have a smok-
ing history of 20 or more pack-years and have not quit in the previous 15 years [1]. 
When compared to earlier USPSTF and CMS screening guidelines, these changes 
will have the effect of substantially increasing the number of women and persons in 
minority populations who are eligible for LCS [2–5]. While increasing the number 
of persons in vulnerable populations who are eligible for screening is a positive 
step, this change alone may not have a beneficial effect on achieving greater equity 
in LCS and related outcomes [5, 6]. Health systems must take steps to help ensure 
more significant equity in initial and repeat screening uptake as well as in the fol-
low-up of abnormal screening results.

As documented throughout the book, a critical step in ensuring equity across 
the care continuum is guaranteeing the patient fully understands the impact of 
undergoing screening and the potential downstream tests and procedures that may 
accompany an abnormal scan. To assist patients, who often may not have a high 
degree of health literacy, high quality shared decision making (SDM) about LCS 
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is imperative. SDM must include patient education about screening as well as 
clarification of patient values and preferences related to screening. Unfortunately, 
this does not routinely occur in clinical practice. Several tools exist to assist pri-
mary care providers and other clinicians to work through SDM about lung cancer, 
one option discussed in earlier chapters is a free, online, self-directed LCS SDM 
program developed by leading experts from the National Lung Cancer Roundtable, 
Thomas Jefferson University, the American College of Chest Physicians, and the 
Go2 Foundation. Health systems that wish to increase the likelihood that patient–
provider conversations about LCS occur in a structured manner that minimizes 
bias should encourage providers to consider completing an SDM training 
program.

Health systems are indeed prepared to enter an “Era of Health Equity” in 
Medicine after prior eras of “Expansion,” “Cost Containment,” and “Assessment 
and Accountability” [7]. It is also clear that the new generation of healthcare leaders 
are prepared to lead this charge. In imagining the future landscape of LCS, we do 
indeed see the prospect of expanding this screening service in scope to match mam-
mography and colonoscopy, as well as to address health equity, not as an after-
thought but as the primary goal of this effort. Moreover, the uptake of LCS has been 
sporadic across states and regions of the United States and has not been aligned with 
lung cancer mortality [8]. By comparison, breast and colon cancer, which have 
lower overall mortality in the United States, have screening rates of approximately 
70% [9]. We must and will meet this level of uptake by the end of the 2020s.

A crucial step toward expanding LCS to the likes of mammography and colonos-
copy: engaging organizational leaders, health plan representatives, primary care pro-
viders, patients from vulnerable populations, community organization advocates, and 
other stakeholders in a learning community dedicated to increasing LCS and equity is 
a must. In our experience, this health system–based learning community at Jefferson 
Health not only developed an effective LCS population outreach and SDM strategy, 
but also put in motion a “call to action” aimed at engaging vulnerable populations, 
healthcare systems, and health plans alike through a white paper. Specifically, health 
systems are encouraged to organize lung cancer learning communities, adopt a sys-
tematic approach to identifying and engaging patients in SDM and LCS at multiple 
touchpoints, conduct cost analyses related to the screening effort, and advocate for 
increased public and private investment in strategies that can increase screening and 
equity. While this may require an up-front investment, the potential for downstream 
revenue from additional diagnostic testing, biopsies, surgeries, and treatment for 
tumors identified at earlier stages should provide substantial revenue for hospitals and 
health systems and most importantly should provide an opportunity for cure from 
early detection and reduction in smoking rates.

Perhaps the greatest potential of utilizing a health system-wide learning com-
munity is to present a framework for provider support and patient outreach for all 
individuals touched by the healthcare system, with a particular focus on under-
served and often overlooked peoples. As members of such a community, the editors 
of this book can attest to the power of the learning community model: continuous 
adaption to the changing landscape of screening, testing new initiatives, as well as 
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learning and publishing as we move forward toward building a more equitable LCS 
process within our own system and sharing our insights along the way. This possi-
bility has been enhanced by new partnerships with philanthropic organizations, 
which have catalyzed further research and new funding. In a remarkable essay in the 
New Yorker [10], Atul Gawande presents a philosophical argument that incremen-
talism in modern medicine is the pathway to gradual and iterative advances in out-
comes for patients. We agree. The iterative process in this new field of endeavor 
(LCS) is being catalyzed by the learning community model and the willingness of 
thought leaders to imagine a more just future. However, there is a need for urgency 
if we are to realize the goal of increased and more equitable rollout of LCS to match 
the screening uptake of mammography and colonoscopy by the end of this decade.

One modern tool that was not historically available in generations past to address 
health equity is the electronic health record (EHR). While ridiculed as a “billing 
machine” with a patient note feature attached [11], the more recent versions of 
EHRs have provided public health tools that may help us transform patient outreach 
and management [12–15]. The growing use of the EHR for public health applica-
tions may be its most important and, not quite yet fulfilled, application.

This process may be further accelerated by the use of geographic information 
systems and geographic analyses, which can add a new dimension to outreach and 
be enhanced by overlaying patient-level data with geographic data. These analyses 
allow for the identification and characterization of areas with a high burden of lung 
cancer risk factors while determining where patients impacted by the program 
reside. Investigation utilizing geographic analyses allows for data visualization in a 
way never before possible. Such data visualization at the community and health 
district level could allow for focusing on areas of greatest need: namely, areas of 
high smoking-associated mortality.

Health systems should embrace the opportunity to raise screening rates and 
increase equity by developing, implementing, evaluating, and sustaining strategies 
intended to support primary care providers and provide patient outreach contact 
interventions. Specifically, health systems are encouraged to support provider 
efforts to identify patients eligible for LCS, train providers in high-quality SDM, 
and facilitate patient referral and appointment scheduling. Regarding patient out-
reach, health systems are encouraged to prepare direct care coordinators to contact 
eligible patients and engage them in SDM about LCS.

Recent studies on organizational change suggest that health systems motivated to 
address community needs and that choose to develop and implement innovative 
strategies to engage relevant stakeholders in efforts to increase LCS can position 
themselves for success. Throughout the book, we highlighted decentralized and 
centralized models of health system-based LCS programs, as well as current pro-
gram LCS practices, and explored the utility of an implementation framework that 
can guide the development of programs within health systems that can increase 
screening and equity. Health systems are encouraged to use rapid cycle testing and 
other approaches to designing and testing new LCS screening models that take 
advantage of the strengths of current LCS models and address the inherent weak-
nesses of the models in their capacity to increase equity.

34  Imagining an Equitable Lung Cancer Screening Landscape
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�Equity in the Conduct of Screening and Follow-Up

Amidst these large-scale efforts to improve rates of LCS, optimizing the balance of 
harms and benefits must remain a priority. Simply increasing the number of eligible 
individuals who undergo LCS will undermine the larger goal of reducing lung cancer 
mortality if we fail to define the population for whom early detection of lung cancer 
provides the greatest benefits [3]. Ongoing research in this area includes risk model-
based selection of individuals for LCS, as well as refining methods for measuring qual-
ity-adjusted life-years gained through screening. As the field moves forward, it is critical 
to remember that lung cancer risk factors may carry different levels of significance for 
different groups, and that unique moderators and mediators may impact various vulner-
able or underserved populations to a different extent. For a more comprehensive under-
standing of lung cancer risk, we need to include more racial, geographic, socioeconomic, 
and other diverse subgroups of individuals in clinical trials and research studies.

Once patients enter the door for LCS, a myriad of additional barriers may stand 
in the way of successful screening completion. It is imperative that we provide edu-
cation, navigation, and other resources to facilitate the complex process of 
LCS. Multidisciplinary, centralized programs, for example, can provide compre-
hensive guidance for patients from shared decision-making through low-dose 
Computed Tomography screening (LDCT) scheduling, results review, and evalua-
tion of positive screening findings. Prior work from our group and others has dem-
onstrated that vulnerable populations have lower rates of LCS completion and 
longer time to follow-up [15, 16]. Providing navigation support to underserved indi-
viduals may be one method of facilitating LCS, although this has not been demon-
strated in a prospective clinical trial as yet [17]. Annual adherence with subsequent 
LDCT screening and management of incidental findings are additional outcomes 
where centralized LCS programs may provide benefits to individuals undergoing 
screening [18]. To ensure equity in the conduct of screening, it is critical for pro-
grams to demonstrate a racially and culturally sensitive, non-stigmatized approach 
to welcoming individuals at high risk for lung cancer. In all of this, the organiza-
tional structure of the LCS program may prove pivotal, in part because the process 
of LCS is so different from other cancer screening services. While centralized pro-
grams are more resource-intensive, such resources can free primary care physicians 
to focus on managing chronic health conditions and responding to acute patient 
complaints.

This author team, in many ways, is characteristic of the effectiveness of a diverse 
healthcare team in addressing healthcare disparities. Coming from different racial, 
ethnic, and professional backgrounds, and importantly representing different disci-
plines of Medicine, Surgery, and Public Health, we can each bring a perspective to 
solving this problem that is unique and greater than any of us alone could contrib-
ute. This perspective needs to be developed more prominently in our US healthcare 
systems, but especially in academic medical centers where we train the next genera-
tion of learners and disseminate ideas through our scholarship of discovery. Jordan 
Cohen, MD, an Internist and former President of the Association of American 
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Medical Colleges (AAMC), made a strong case for a diverse healthcare workforce 
two decades ago, emphasizing the need to reform the pre-college educational sys-
tem [19]. Unfortunately, recent data, while showing a positive trend toward increased 
numbers of underrepresented minorities in medicine, still has not shown a substan-
tial change in the numbers of underrepresented trainees in Internal Medicine [20].

Approaching LCS with awareness of the social determinants of health will 
empower healthcare organizations to consider multifaceted determinants of health 
as they relate to housing (and its influence on lung cancer risks such as radon or 
asbestos exposure), transportation (and its effect on high-risk individuals to present 
for lung cancer screening, as well as how health systems choose to locate their 
facilities including CT scans and physicians’ offices), the digital divide (including 
access to electronic health records), and of course racial and ethnic disparity – with 
special attention to culturally and health literacy appropriate communication tools 
(such specific outreach can help us target populations that have the highest mortal-
ity) [21]. Daniel and others have highlighted the complexities of the social determi-
nants of health [21]. Now, it will be the chance for healthcare entities, including 
Federally Qualified Healthcare Centers (FQHC), Community Health Organizations, 
private as well as not-for-profit healthcare entities, health systems, and academic 
health centers to be proactive with regard to these issues. A number of authors who 
penned this book have been focal in addressing systemic racism as it relates to LCS, 
so that we can move “beyond equal guidelines” to capture true disparities, without 
leaving anybody behind [2]. Implicit in the social determinants of health is access 
to health insurance and health coverage. Fortunately, since the Affordable Care Act, 
gaps in coverage have been narrowing in the United States. Coverage is an essential 
element; based upon confidence from the gains of the Affordable Care Act, these 
authors look forward to a future of healthcare insurance coverage in the United 
States that leaves fewer Americans behind – including those from zip codes with 
high smoking-related mortality [22].

One area emphasized in this treatise is the need for ongoing clinical trials to 
focus more intently on disparities in our clinical research. Acknowledging the lim-
ited enrollment of diverse persons in the National Lung Screening Trial (NLST) was 
lacking, and we must commit to a more equitable analysis of attitudes and percep-
tions of LCS acceptance among various communities and vulnerable populations if 
we expect to address the disparities in our midst [23].

A final barrier to an equitable and substantial increase in LCS is addressing 
stigma and fatalism. We placed an important chapter in an early section of this book 
because of the role that stigma and fatalism play in affecting not just smokers but all 
lung cancer patients [24]. In Chap. 3, the authors describe the fundamental stigma 
of smoking as a behavior and modifiable risk factor [25, 26]. It is clear that to 
encourage eligible Americans to join in LCS, we must mitigate this stigma and 
allow eligible individuals to seek care without blame or stress. Unfortunately, there 
has been little research on this topic, but recent investigations are beginning to chip 
away at this obstacle [27, 28]. Not to be underemphasized is the need for lung can-
cer clinicians – internists, pulmonologists, surgeons, oncologists, radiation thera-
pists, and advanced practice providers (APPs), to take ownership of the history of 
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stigmatism and do everything in their power to overcome this unfortunate percep-
tion among patients. A recent communication module has shown an important 
impact, specifically in addressing this issue in lung cancer [29]. While stigma may 
interfere with presenting for screening or initial symptoms evaluation, fatalism can 
impact therapy selections of patients already diagnosed with lung cancer [30]. 
Certainly, our hope is that through a shared decision making approach every patient 
will freely choose the best type of therapy for them as individuals. Our hope is also, 
however, that fatalism will not prevent them from making certain decisions that 
could prove helpful or even curative, because of a premature sense that they are 
going to die regardless of the plan of care. The simple truth is that current advances 
in lung cancer therapeutics can offer hope, even for patients with advanced-stage 
disease. From the perspective of equity, it is important to underscore that black and 
Hispanic persons were more likely than whites to exhibit fatalistic beliefs [31]. 
Again, it is incumbent of physicians caring for lung cancer patients to remain cur-
rent with the clinic science of lung cancer treatment and to be sure that all patient 
recommendations are based on objective facts and not influenced by fatalism or 
pessimism [32].

We can envision a more equitable implementation of LCS if we have the com-
mitment and partnerships to succeed. Using, again, the convention outlined by 
Richard Rothstein in his landmark book entitled The Color of Law, the term “we” 
will refer to the collective of the members of the health care system, including 
administrative and clinical leaders, physicians, nurses, respiratory therapists, medi-
cal assistants, navigators, and public health professionals [33]. We have the respon-
sibility to expand LCS informed by public health science and with a commitment to 
ensuring the expanded implementation is equitable across zip codes, communities, 
and US regions. The public health approach outlined in this treatise can serve as a 
roadmap to guide health systems and communities toward a future of a more equi-
table lung screening reality that can address the mortality across all populations 
with no racial, ethnic, or demographic groups left behind. All that this will take is 
the application of our energy and imaginations!
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