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Preface

In the early twentieth century, about 374 lung cancer cases had been reported in the 
medical literature [1], and an association had been made between cigarette smoking 
and the development of lung cancer [2]. By the mid-twentieth century, tobacco 
smoking was described as a likely cause of lung cancer, with two landmark studies 
published in the United States (US) and the United Kingdom [2–4]. In 1959, the 
first cancer prevention study (CPSI) reported a relative risk of death from lung can-
cer among those who smoke of 2.69 for men and 11.3 for women [5, 6]. The US 
Surgeon General Report published in 1964 described a ninefold to tenfold increased 
risk of lung cancer in people who smoke compared to those that do not smoke and 
a 20-fold increased risk in people who smoke heavily. That risk increased with the 
duration of smoking and decreased with smoking cessation [7, 8]. The report 
became “a landmark first step to diminishing the impact of tobacco use on the health 
of the American people;” it was so monumental that it was released on a Saturday 
to diminish its effects on the stock market and was a lead story in many newspapers, 
radio, and television broadcasts in the US and worldwide [8, 9]. The widespread 
distribution of the US Surgeon General’s report resulted in a significant increase in 
public awareness of the role of smoking in the development of lung cancer [8, 9].

Despite the increased awareness of tobacco smoking as a cause of lung cancer, 
lung cancer remains the second most common cancer in men and women in the US, 
and a leading cause of cancer deaths worldwide, especially in developing coun-
tries [10].

Advances in diagnosis, staging, and treatment of lung cancer have led to improved 
survival in the US. Siegel et al. describe a decline in the incidence of advanced-stage 
lung cancer and improved median survival from 8 to 13 months between 2015 and 
2017 and an increase in the percentage of people living at least 3 years after a lung 
cancer diagnosis from 19% in 2001 to 31% through 2017 [10]. Howlader et  al. 
describe an increase in lung cancer-specific survival in men from 26% to 35% 
between 2001 and 2015, respectively [11]. These improvements correlate with the 
approval of targeted therapies [11].

Early detection of lung cancer through screening had been fraught with chal-
lenges for decades. The National Lung Screening Trial (NLST) was a landmark 
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study published in 2011 that demonstrated a 20% relative reduction in lung cancer 
mortality with low-dose computed tomography [12], leading to a 2013 update in the 
United States Preventive Services Task Force (USPSTF) lung cancer screening 
guidelines with a favorable Grade B recommendation [13]. The mortality benefit of 
lung cancer screening is due to a significant shift to earlier-stage diagnosis [14]. 
Modeling studies demonstrated that expanding eligibility for LCS to include a 
lower smoke exposure and broader age range demonstrated improved eligibility and 
benefit than the screening criteria recommended in 2013. This led to a revision of 
the USPSTF lung cancer screening eligibility criteria in 2021 [15, 16]. The revised 
criteria specifically benefit women and patients identifying as Black, Hispanic, and 
American Indian/Native Alaskan who may have an increased risk of lung cancer at 
a younger age, despite lower exposures to tobacco smoke [16].

Advances in imaging and diagnostic techniques, including positron emission 
tomography (PET) with fluorodeoxyglucose, endobronchial ultrasound, and periph-
eral navigational bronchoscopy, have transformed the approach to lung cancer diag-
nosis and mediastinal staging. Moreover, standardization and global implementation 
of tumor, node, metastasis (TNM) staging have allowed for better prognostication 
in non-small cell lung cancer (NSCLC) [17, 18].

A meta-analysis published in 1995 demonstrated that systemic treatment with 
doublet platinum-based chemotherapy had a 10% improvement in 1-year survival 
compared to supportive care [19]. This landmark study transformed treatment for 
lung cancer. It led to modern interest in studying lung cancer therapies, the develop-
ment of new chemotherapeutic agents, and their use as adjuvant therapy with sur-
gery for NSCLC. In the last two decades, advances in molecular diagnostics, which 
allow for identification of specific genomic and immune checkpoint targets for 
delivery of precision therapies, revolutionized lung cancer treatment and signifi-
cantly improved survival. Future innovations focus on additional molecular targets 
and biomarkers that may allow diagnosing and identifying molecular targets through 
less invasive testing. Additionally, advances in minimally invasive surgical tech-
niques and stereotactic body radiation therapy have decreased surgical morbidity 
and allowed nonsurgical therapy of early-stage lung cancers in patients ineligible 
for surgical resection, respectively [19].

As lung cancer diagnoses occur at earlier stages, patients are receiving treatment 
and surviving longer, with over 650,000 people living in the US estimated to have a 
history of lung cancer [20]. This patient population has unique health concerns due 
to the sometimes-lasting effects of lung cancer therapies. Further research is needed 
to discover the best way to care for patients who have survived lung cancer.

Providing a text inclusive of all innovations in lung cancer care from the early 
twentieth century to now would be overwhelming. Lung Cancer: A Comprehensive 
Guide for the Clinician presents a comprehensive review of the most applicable 
developments and information on guideline-based care across the continuum of 
lung cancer, written for the busy clinician. The volume begins with a discussion of 
the US and global epidemiology of lung cancer, including incidence rates and risk 
factors. Further discussions include updated information on tobacco prevalence and 
treatment and lung cancer screening, diagnosis, and staging. Therapeutics are 
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discussed based on lung cancer stage and include therapies for early-stage (I–II), 
stage III, and stage IV non-small cell lung cancer with separate chapters on small 
cell lung cancer and management of malignant pleural effusions. Comprehensive 
information on pulmonary complications of lung cancer treatment is included as 
this is an integral part of lung cancer care for pulmonologists, particularly as our 
therapies expand and newer agents are developed. Finally, a review of multidisci-
plinary care and physiologic assessment are provided as these are critical compo-
nents in the care of patients with lung cancer.

In editing this text, we applaud the efforts of the authors to provide the most 
updated information available at the time of publication. We hope this comprehen-
sive volume encourages you to expand your knowledge further as diagnostic and 
therapeutic options evolve and you provide the best care possible for your patients.

References

 1. Adler I. Primary malignant growths of the lungs and bronchi. New York, NY: 
Longmans, Green, and Company; 1912.

 2. Lickint F.  Tabak and Tabakrauch als aetiologischer Faktor des Carcinoms. 
[Tobacco and tobacco smoke as etiological factors for cancer]. Z Krebsforch 
1929;30:349–65.

 3. Doll R, Hill AB. Smoking and carcinoma of the lung; preliminary report. Br 
Med J. 1950;2:739–48.

 4. Wynder EL, Graham EA. Tobacco smoking as a possible etiologic factor in 
bronchogenic carcinoma; a study of 684 proved cases. J Am Med Assoc. 
1950;143:329–36.

 5. Garfinkel L. Selection, follow up and analysis in the American Cancer Society 
prospective studies. Natl Cancer Inst Monogr. 1985;67:49–52.

 6. American Cancer Society. History of the cancer prevention studies. n.d. https://
www.cancer.org/research/population- science/cancer- prevention- and- 
survivorship- research- team/acs- cancer- prevention- studies/history- cancer- 
prevention- study.html. Accessed 8 Apr 2023.

 7. Smoking and Health. United States Surgeon General’s Advisory Committee on 
Smoking and Health. United States Public Health Service Office of the Surgeon 
General. 1964.

 8. Centers for Disease Control and Prevention Office on Smoking and Health, 
National Center for Chronic Disease Prevention and Health Promotion. Surgeon 
general’s reports on smoking and tobacco use. 2022. https://www.cdc.gov/
tobacco/sgr/ index.htm#:~:text=The%20first%20report%20of%20
tth,health%20of%20the%20American%20people. Accessed 8 Apr 2023.

 9. National Library of Medicine. Profiles in science: the 1964 Report on smoking 
and health. n.d. https://profiles.nlm.nih.gov/spotlight/nn/feature/smoking#. 
Accessed 8 Apr 2023.

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

Preface

https://www.cancer.org/research/population-science/cancer-prevention-and-survivorship-research-team/acs-cancer-prevention-studies/history-cancer-prevention-study.html
https://www.cancer.org/research/population-science/cancer-prevention-and-survivorship-research-team/acs-cancer-prevention-studies/history-cancer-prevention-study.html
https://www.cancer.org/research/population-science/cancer-prevention-and-survivorship-research-team/acs-cancer-prevention-studies/history-cancer-prevention-study.html
https://www.cancer.org/research/population-science/cancer-prevention-and-survivorship-research-team/acs-cancer-prevention-studies/history-cancer-prevention-study.html
https://www.cdc.gov/tobacco/sgr/index.htm#:~:text=The first report of tth,health of the American people
https://www.cdc.gov/tobacco/sgr/index.htm#:~:text=The first report of tth,health of the American people
https://www.cdc.gov/tobacco/sgr/index.htm#:~:text=The first report of tth,health of the American people
https://profiles.nlm.nih.gov/spotlight/nn/feature/smoking


viii

 11. Howlader N, Jorjaz G, Mooradian MJ, Meza R, Kong CY, et al. The effect of 
advance sin lung cancer treatment on population mortality. N Engl J Med. 
2020;383(7):640–9.

 12. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, et al. 
Reduced lung cancer mortality with low-dose computed tomographic screen-
ing. N Engl J Med. 2011;365(5):395–409.

 13. United States Preventive Services Task Force. Final recommendation statement 
lung cancer screening: United States Preventative Services Task Force. 2013. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung- 
cancer- screening- december- 2013. Accessed 8 Sep 2022.

 14. Passiglia F, Cinquini M, Bertolaccini L, et al. Benefits and harms of lung cancer 
screening by chest computed tomography: a systematic review and meta- 
analysis. J Clin Oncol. 2021;39(23):2574–85.

 15. United States Preventive Services Task Force. Final recommendation statement 
lung cancer screening: United States Preventive Services Task Force. 2021. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung- 
cancer- screening#fullrecommendationstart. Accessed 8 Apr 2023.

 16. Meza R, Jeon J, Toumazis I, ten Haaf K, et al. Evaluation of the benefits and 
harms of lung cancer screening with low-dose computed tomography: model-
ing study for the US Preventive Services Task Force. JAMA. 2021;325(10):988–97.

 17. Detterbeck FC. The eighth edition TNM stage classification for lung cancer: 
what does it mean on main street? J Thorac Cardiovasc Surg. 2018;155(1):356–9.

 18. Detterbeck F, Boffa D, Kim A, Tanoue L. The eighth edition lung cancer stage 
classification. Chest. 2017;151(1):193–203.

 19. Chemotherapy in non-small cell lung cancer: a meta-analysis using updated 
data on individual patients from 52 randomized clinical trials. 
BMJ. 1995;311:899–909.

 20. Miller KD, Nogueira L, Devasia T, Mariotto AB, Yabroff KR, Jemal A, et al. 
Cancer treatment and survivorship statistics 2022. CA Cancer J Clin. 
2022;72(5):409–36.

Chapel Hill, NC, USA Christina R. MacRosty  
Rochester, NY, USA  M. Patricia Rivera  

Preface

https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung-cancer-screening-december-2013
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung-cancer-screening-december-2013
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung-cancer-screening#fullrecommendationstart
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung-cancer-screening#fullrecommendationstart


ix

 1   US and Global Epidemiology and Incidence Rates  
of Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    1
Erin DeBiasi

 2   Lung Cancer Screening  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   25
Christine M. Lambert and Abbie Begnaud

 3   Tobacco Prevalence and Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . .   49
Joelle T. Fathi and Hasmeena Kathuria

 4   Approach to Lung Nodules  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   71
Srikanth Vedachalam, Nichole T. Tanner, and Catherine R. Sears

 5   Staging and Diagnosis of Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . .   97
Ghosh Sohini, Marshall Tanya, and Baltaji Stephanie

 6   Treatment of Early-Stage (Stage I and II) Non-Small Cell Lung 
Cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123
Panagiotis Tasoudis, Ashley A. Weiner, and Gita N. Mody

 7   Treatment of Stage III Non-small Cell Lung Cancer  . . . . . . . . . . . . .  147
Shinsuke Kitazawa, Alexander Gregor, and Kazuhiro Yasufuku

 8   Treatment of Stage IV Non-small Cell Lung Cancer . . . . . . . . . . . . . .  165
Thomas Yang Sun and Millie Das

 9   Treatment of Small Cell Lung Cancer  . . . . . . . . . . . . . . . . . . . . . . . . .  187
Russell Hales and Khinh Ranh Voong

 10   Management of Malignant Pleural Effusion  . . . . . . . . . . . . . . . . . . . .  211
Benjamin DeMarco and Christina R. MacRosty

 11   Pulmonary Complications of Lung Cancer Treatment . . . . . . . . . . . .  229
Kathleen A. McAvoy and Jennifer D. Possick

Contents



x

 12   Multidisciplinary Approach to Lung Cancer Care . . . . . . . . . . . . . . .  255
Thomas Bilfinger, Lee Ann Santore, and Barbara Nemesure

 13   Physiologic and Patient-Centered Considerations in Lung Cancer 
Care  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277
Duc M. Ha

  Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297

Contents



xi

Contributors

Abbie  Begnaud Medicine, University of Minnesota Twin Cities, 
Minneapolis, MN, USA

Thomas  Bilfinger Renaissance School of Medicine, Stony Brook University, 
Stony Brook, NY, USA

Stony Brook Chest Clinic, Stony Brook University Hospital, Stony Brook, NY, USA

Department of Surgery, Stony Brook University, Stony Brook, NY, USA

Millie Das Division of Oncology, Department of Medicine, Stanford University 
School of Medicine, Palo Alto, CA, USA

Department of Medicine, Veteran Affairs Palo Alto Healthcare System, Palo 
Alto, CA, USA

Erin DeBiasi Section of Pulmonary, Critical Care, and Sleep Medicine, Department 
of Internal Medicine, Yale University School of Medicine, New Haven, CT, USA

Benjamin  DeMarco Division of Pulmonary and Critical Care Medicine, Johns 
Hopkins University, Baltimore, United States

Joelle  T.  Fathi Department of Biobehavioral Nursing and Health Informatics, 
University of Washington School of Nursing, Seattle, WA, USA

Alexander Gregor Division of Thoracic Surgery, Department of Surgery, Toronto 
General Hospital, University Health Network, Toronto, ON, Canada

Duc M. Ha Section of Pulmonary and Critical Care, Rocky Mountain Regional 
Veterans Affairs Medical Center, Aurora, CO, USA

Division of Pulmonary Sciences and Critical Care Medicine, University of Colorado 
Anschutz Medical Campus, Aurora, CO, USA

Russell Hales Johns Hopkins School of Medicine, Baltimore, MD, USA

Hasmeena Kathuria The Pulmonary Center, Boston University Chobanian and 
Avedisian School of Medicine, Boston, MA, USA



xii

Shinsuke Kitazawa Division of Thoracic Surgery, Department of Surgery, Toronto 
General Hospital, University Health Network, Toronto, ON, Canada

Christine  M.  Lambert Medicine, University of Minnesota Twin Cities, 
Minneapolis, MN, USA

Christina  R.  MacRosty Division of Pulmonary Diseases and Critical Care 
Medicine, University of North Carolina, Chapel Hill, NC, USA

Kathleen A. McAvoy Section of Pulmonary, Critical Care, and Sleep Medicine, 
Yale School of Medicine, New Haven, CT, USA

Gita  N.  Mody Division of Cardiothoracic Surgery, Department of Surgery, 
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Barbara  Nemesure Renaissance School of Medicine, Stony Brook University, 
Stony Brook, NY, USA

Stony Brook Chest Clinic, Stony Brook University Hospital, Stony Brook, NY, USA

Department of Family, Population and Preventive, Medicine, Stony Brook 
University, Stony Brook, NY, USA

Jennifer D. Possick Section of Pulmonary, Critical Care, and Sleep Medicine, Yale 
School of Medicine, New Haven, CT, USA

Lee Ann Santore Renaissance School of Medicine, Stony Brook University, Stony 
Brook, NY, USA

Catherine R. Sears Division of Pulmonary, Critical Care, Sleep and Occupational 
Medicine, Indiana University School of Medicine, Indianapolis, IN, USA

Pulmonary/Pulmonary Oncology, Richard L.  Roudebush VA Medical Center, 
Indianapolis, IN, USA

Ghosh  Sohini Department of Pulmonary and Critical Care, Allegheny Health 
Network, Pittsburgh, PA, USA

Baltaji Stephanie Department of Pulmonary Disease and Critical Care, Virginia 
Commonwealth University, Richmond, VA, USA

Thomas  Yang  Sun Division of Oncology, Department of Medicine, Stanford 
University School of Medicine, Palo Alto, CA, USA

Nichole T. Tanner Division of Pulmonary, Department of Medicine, Critical Care, 
Allergy, and Sleep Medicine, Medical University of South Carolina, 
Charleston, SC, USA

Health Equity and Rural Outreach Innovation Center (HEROIC), Ralph H. Johnson 
Veterans Affairs Hospital, Charleston, SC, USA

Marshall Tanya Department of Pulmonary and Critical Care, Allegheny Health 
Network, Pittsburgh, PA, USA

Contributors



xiii

Panagiotis Tasoudis Division of Cardiothoracic Surgery, Department of Surgery, 
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Srikanth  Vedachalam Division of Pulmonary, Critical Care, Sleep and 
Occupational Medicine, Indiana University School of Medicine, Indianapolis, IN, USA

Khinh Ranh Voong Johns Hopkins School of Medicine, Baltimore, MD, USA

Ashley  A.  Weiner Department of Radiation Oncology, University of North 
Carolina at Chapel Hill, Chapel Hill, NC, USA

Kazuhiro  Yasufuku Division of Thoracic Surgery, Department of Surgery, 
Toronto General Hospital, University Health Network, Toronto, ON, Canada

Contributors



1

Chapter 1
US and Global Epidemiology 
and Incidence Rates of Lung Cancer

Erin DeBiasi

 Introduction

The global incidence of lung cancer in 2020 was 2.2 million cases [1]. It is the sec-
ond most common cause of cancer, accounting for 11% of all cancer cases, and the 
most common cause of cancer-related death [1]. There were 1.8 million deaths from 
lung cancer in 2020, accounting for 18% of all cancer mortality [1].

The incidence and mortality of lung cancer mirror each other closely, with a 
reported mortality incidence ratio of 0.85. The 5-year survival rate is low, most 
recently 23% in the USA, but lower in low-income countries [2, 3]. For example, 
the 5-year survival is less than 10% in Brazil, Bulgaria, India, and Thailand. Relative 
to other malignancies, this is quite low [4]. The impact of lung cancer is severe, 
leading to 40 million disability-adjusted life years, 99% of which were due to years 
of life lost [5]. Lung cancer is consistently the number one type of malignancy with 
the highest years of life lost.

Globally, the overall number of lung cancer cases is still rising. Over 10 years, 
from 2007 to 2017, there was a 37% increase in cases [5]. However, the incidence 
rates for advanced disease over the past decade have steeply declined (6.5% annu-
ally) with a concurrent rise (4.5% annually) in incidence rates of localized disease, 
likely due to screening methods [4]. Higher incidence of localized lung cancer has 
led to an increase in 3-year survival rates from 21% to 31% (2004–2018). Overall in 
the USA, the incidence rate is declining, 3% annually in males and 1% annually in 
females.
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 Influential Factors of Lung Cancer Incidence

Several factors affect the incidence rate in specific populations, including age, sex, 
socioeconomic background, and tobacco use.

 Age

Increasing DNA damage over time and shortened telomeres lead to an increase in 
the incidence of cancers with age. In both males and females, the median age of 
lung cancer diagnosis is 70 [6]. In the USA, the probability of developing lung can-
cer is highest in males above age 70 (1 in 17) with successively lower probability in 
lower age ranges (1 in 169 for ages 50–59 and 1 in 59 for ages 60–69) [4]. Figures 
are slightly lower in US females. Younger patients diagnosed with non-small cell 
lung cancer (NSCLC) are more likely to be female and/or non-white [7]. Tumors 
tend to be adenocarcinoma and present with larger, later-stage disease. However, 
younger patients are more likely to undergo treatment with an overall improved 
survival due to relatively less comorbid conditions than similarly staged older 
patients.

 Sex

Globally, lung cancer remains the second most common cancer in females, follow-
ing breast cancer and the second most common cause of cancer death in females [1]. 
The incidence in females compared to males had a later uptrend in case rates follow-
ing a delayed uptake of tobacco use comparatively [8].

In a recent analysis of a Statistics, Epidemiology, and End Results database of 
over 450,000 lung cancer cases in the USA, the disease remains disproportionally 
higher in males versus females (74 per 100,000 in males versus 52 per 100,000 in 
females) at all disease stages [9], and males are still more likely to be diagnosed 
with late-stage 3–4 lung cancer [9]. However, the incidence gap is successively get-
ting smaller. In the USA, lung cancer rates in females are falling after a peak in the 
late 1990s, but at a much slower pace than in males (Fig. 1.1a) [4]. In addition, in 
the USA and several other countries, there has been a notable increase in the female- 
to- male incidence rates in successively lower birth cohorts [10, 11]. Outside of the 
USA, sex-related incidence rates vary widely based on geographic region (Fig. 1.2). 
For example, the male-to-female ratio is 1.2 in Northern America but 5.6 in Northern 
Africa [1].

While lung cancer deaths continue to decline in both sexes, the decline is less 
precipitously in females versus males (Fig. 1.1b). Comparative modeling predicts 
lung cancer deaths will be higher in females than males by 2045 [12].

E. DeBiasi
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a

b

Fig. 1.1 (a) Trends in incidence of cancer by sex in the USA 1975–2018. (b) Trends in mortality 
rate of cancer by sex in the USA 1930–2019. (Reproduced with permission from Siegel RL, 2022)

1 US and Global Epidemiology and Incidence Rates of Lung Cancer
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Fig. 1.2 Geographic variation in the age-standardized rates of lung cancer in males and females 
in 2020. (Reproduced with permission from Sung, H 2021)

 Tobacco Use

As discussed above, it is expected that global trends in lung cancer incidence and 
death will change over time, mostly driven by trends in tobacco use. Over 80% of 
tobacco users currently reside in low-income countries [13]. However, tobacco use 
was initially highest in high-income countries such as the USA and UK, which in 
parallel developed a high incidence of lung cancer [14]. Subsequently, the decline 
in tobacco use in high-income countries has led to a decline in lung cancer deaths 
[15]. Tobacco smoking prevalence remains positively associated with age-adjusted 
incidence and mortality rates due to lung cancer [16]. Sex-specific differences in 
tobacco use account for a continued rise in incidence among women in many coun-
tries [17].

E. DeBiasi
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 Socioeconomic Factors

The sociodemographic index (SDI) and human development index (HDI) can be 
used to stratify the global disease burden. The SDI is a composite indicator of gross 
national income per capita, educational attainment, and total fertility rate, whereas 
the HDI also incorporates life expectancy at birth. Regarding the incidence of lung 
cancer, it was highest in men (1 in 13), in high-middle SDI countries; highest in 
women (1 in 28), in high SDI countries; and lowest in men and women (1 in 45 and 
1 in 142, respectively), in low SDI countries [5]. Overall, lung cancer rates are three 
to four times higher in high HDI countries compared to low [1]. Specifically, the 
rates are highest in men in Micronesia/Polynesia, Eastern and Southern Europe, and 
Eastern and Western Asia. In women, the highest rates are observed in Northern 
America, Northern and Western Europe, Micronesia/Polynesia, and Australia/New 
Zealand. There is a bivariate association between mortality—to—incidence ratio 
(MIR) and HDI; countries with higher HDI (more developed) have lower MIR 
(higher 5-year survival rates) [16].

 Smoking-Related Risk Factors

 Cigarette Smoking

In the USA, 80% to 90% of all lung cancers are caused by cigarette smoking [18, 
19]. A higher proportion of lung cancer is associated with smoking in males than 
females. The proportion of lung cancer associated with smoking is gradually 
decreasing in locations where tobacco use is becoming less common; however, 72% 
of women and 81% of men with newly diagnosed lung cancers aged 20–49 years 
have a smoking history [19]. The cumulative risk of lung cancer is high in individu-
als who smoke up to 16% by the age of 75 years and 30% by 85 years in those with 
a heavy smoking history [20, 21]. This is compared to an average lifetime risk of 1% 
in individuals who have never smoked.

Before the twentieth century, lung cancer was rare, with only 140 published 
reports by 1900 [22]. However, cigarettes gained popularity at the beginning of the 
twentieth century due to mass production and marketing.

Tobacco smoke was first linked to lung cancer in 1912 when Issac Adler noted a 
marked increase of tumors in the lung and postulated that this may be due to the 
abuse of tobacco [23]. This theory, however, was not fully elucidated until the 
mid- 1900s when evidence from population studies, animal experiments, cellular 
pathology, and the discovery of carcinogens in tobacco smoke provided additional 
evidence. In 1939, Franz Hermann Müller published a case-control study identify-
ing a significantly higher rate of cancer in tobacco user [24]. Several other observa-
tional studies were published in Germany, the UK, and the USA. In 1954, Doll and 
Hill reported their findings regarding the incidence of lung cancer among 3093 male 
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doctors in the UK stratified by their smoking habits [25]. Those who smoked more 
than 35 cigarettes/day were found to be 40 times more likely to die from lung can-
cer. In the same year, similar findings were confirmed in a cohort of 187,766 men in 
the USA, making the association between smoking and lung cancer indisputable 
[26]. Additionally, research regarding the changes induced in the lungs at a cellular 
level provided mechanistic explanations for the association of tobacco smoke and 
cancer; cigarette smoke caused ciliastasis and cilia cell death leading to further con-
centration of the carcinogenic substances within the lungs [27]. Concurrently, 
experiments were underway demonstrating the carcinogenesis induced by tobacco 
smoke and tar in animal models [28, 29]. Polycyclic aromatic hydrocarbons in coal 
tar had previously been identified as carcinogenic and were soon identified in 
tobacco smoke [30]. Soon thereafter, several dozen carcinogens were identified in 
cigarette smoke. In 1954, the American Cancer Society’s Board of Directors 
announced that tobacco smoke unequivocally led to lung cancer, which was recog-
nized by the US Surgeon General in 1964.

Smoking is still quite prevalent globally despite 70 years since tobacco smoke 
was implicated with lung cancer. Tobacco smoking prevalence was still 21.6% 
worldwide in 2016 [16]. An estimated 1.1 billion people over the age of 15 are cur-
rently smoking [13]. There is geographic variation, with tobacco smoking being 
more prevalent in European countries (Fig. 1.3). Five of the top ten countries with 
the highest smoking prevalence are in Europe. The peak of the tobacco epidemic in 
the USA was in the 1950s to 1960s when approximately half of the adult males 
smoked cigarettes, which has decreased since then (Fig. 1.4). In 2020, 12.5% of 

Fig. 1.3 Tobacco smoking prevalence (percent) globally in 2020 per World Health Organization 
Data. (Figure reproduced from Hannah Ritchie and Max Roser (2013)—“Smoking.” Published 
online at OurWorldInData.org. Retrieved from: https://ourworldindata.org/smoking [Online 
Resource])
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Fig. 1.4 Timeline of cigarette use in the USA. (Reproduced from US Department of Health and 
Human Services, The Health Consequences of Smoking-50 Years of Progress: a report of the 
Surgeon General, Centers for Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, and Office of Smoking and Health)

adults over 18 (30.8 million people) smoked [31]. This figure is substantially less 
than in 2005 when 21% of American adults were currently smoking cigarettes. 
Tobacco use remains higher in males (14% compared to 11% of US females) and 
among American Indian/Alaska Natives (27%).

 Secondhand Smoke

Exposure to carcinogens from burning tobacco products can also occur indirectly 
through secondhand smoke (SHS) or sidestream smoke. Shortly after discovering 
the carcinogenic properties of personal tobacco use, the effect of SHS was studied. 
Although exposure to the carcinogens in SHS is typically less concentrated, expo-
sure can begin young in childhood, creating a more significant overall lifetime 
exposure. In the 1960s, it was demonstrated that the children of individuals who 
smoke were sick, primarily with respiratory illnesses, more often than those of indi-
viduals who did not smoke [32]. Later, in the 1980s, it was noted that the nonsmok-
ing wives of heavy individuals who smoke had a higher incidence of lung cancer 
[33]. In 1986, SHS was recognized as a cause of lung cancer [34]. Serum cotinine 
can detect recent nicotine exposure and, in individuals that do not smoke, can be 
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used as a marker of SHS exposure. From 1988 to 2014, exposure to SHS declined 
from 87.5% of the nonsmoking population in the USA to 25.2% but plateaued at 
this level (Fig.  1.5) [35]. Highest levels of exposure were seen in children aged 
3–11, non-Hispanic blacks, those living in poverty and/or with someone who 
smoked inside the home. In 2006, the US Surgeon General released a report entitled 
“The Health Consequences of Involuntary Exposure to Tobacco Smoke” [36]. In 
this report, it was noted that despite efforts to control exposure to SHS, 43% of 
individuals that do not smoke still had detectable levels of cotinine, and more than 
60% of children aged 3–11 were exposed to SHS. Adverse events related to SHS 
exposure in children and adults were noted, including development of lung cancer. 
Overall, 2.7% of lung cancers can be attributed to secondhand smoke [18]. 
Individuals that do not smoke who are exposed to SHS at home or work increase 
their risk of developing lung cancer by 20–30%. Compared to individuals that do 
not smoke not exposed to SHS, people exposed to SHS had an odds ratio of devel-
oping lung cancer of 1.31 (95% confidence interval (CI), 1.17–1.45) [37]. A recent 
study investigated the in utero effects of smoking and the impact on SHS during 
childhood in a cohort of 432,831 participants [38]. The incidence of lung cancer 
was significantly increased in those exposed to tobacco earlier in life (adjusted HRs 
for adulthood, adolescence, and childhood (vs. never tobacco users) were 6.10 
(5.25–7.09), 9.56 (8.31–11.00), and 15.15 (12.90–17.79)). Additionally, compared 
with participants without in utero exposure, those with in utero exposure had a 
higher risk of both incidence of lung cancer (HR: 1.59, 95% CI, 1.44–1.76, 
p < 0.001) as well as lung cancer mortality (HR: 1.70, 95% CI, 1.54–1.87, p < 0.001).

Fig. 1.5 Percentage of individuals that do not smoke in the USA over age 3 years with secondhand 
smoke exposure 21988–2014. (Reproduced from Tsai J, Homa DM, Gentzke AS, et al. Exposure 
to Secondhand Smoke Among Nonsmokers—United States, 1988–2014. MMWR Morb Mortal 
Wkly Rep 2018;67:1342–1346)
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Due to the relative novelty, the effects from inhalation of secondhand vapors 
produced by e-electronic cigarettes (EC) are not yet well established.

 Cigar Smoking

Cigar smoking and sales have increased over the past several decades due to taxa-
tion and regulation of cigarette sales and the perception that smoking cigars has 
fewer health consequences [39, 40]. Individuals who smoke cigars and cigarettes 
adjust their smoking habits by exposing themselves to similar amounts of nicotine 
and other components of mainstream smoke when smoking cigars [41]. However, 
cigar and pipe smoking increases the risk of developing lung cancer [42–45]. 
Exclusively smoking cigars and pipes is still associated with an increased risk of 
cancer-related mortality, although less compared to exclusively smoking cigarettes 
(HR, 1.61; 95% CI, 1.11–2.32; HR, 1.58; 95% CI, 1.05–2.38; and HR, 4.06; 95% 
CI, 3.84–4.29, respectively) [45]. Compared to those who do not smoke, the relative 
risk of lung cancer death, in particular, is high in those that smoke cigars (RR = 5.1; 
95% CI 4.0–6.6) [44].

 Cannabis Smoking

Frequent concomitant use of marijuana and cigarettes and the illegal status in many 
countries make directly studying the effects of marijuana on lung cancer risk chal-
lenging. Studies have shown a positive association between marijuana use and the 
development of lung cancer, especially in heavy users [46]. A meta-analysis of sev-
eral studies demonstrated a biologic plausibility of lung cancer development in 
response to marijuana smoke but failed to identify an association between them [47].

 Electronic Cigarette Smoking

Although initially designed as a harm-reduction product as an alternative to tobacco 
cigarettes, EC use has skyrocketed among prior nontobacco users, particularly the 
youth [48–51]. Containing a liquid mixture of nicotine and other flavorings dis-
solved in glycerin or propylene glycol, these devices produce vapor when heated. 
Given their relative novelty, longitudinal data regarding their safety is not yet 
known. However, in response to the increased use of EC as a “safer” alternative to 
tobacco cigarettes, the National Academies of Science, Engineering, and Medicine 
released a consensus statement in 2018 clearly delineating the health risks associ-
ated with EC use [52]. EC are known to contain both definite and probable carcino-
gens including nicotine derivatives, polycyclic aromatic hydrocarbons, heavy 
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metals, aldehydes, and other complex organic compounds. Compared to individuals 
who smoke tobacco, EC users have lower levels of toxic and carcinogenic metabo-
lites in their urine, although they are still detectable [53]. EC vapor has tumorigenic 
properties in the lungs of animal models [54]. Additionally, it causes DNA damage 
in both human and animal models [54, 55]. Ongoing, longitudinal epidemiologic 
studies will be needed to establish the relationship between EC use and lung cancer.

 Smoking Cessation

Massive public health efforts have resulted in increasing rates of smoking cessation. 
Cessation of smoking results in significant lung cancer risk reduction [56–58], and 
sustained smoking cessation increasingly reduces the risk of lung cancer; men who 
quit at ages 60, 50, 40, and 30 had a cumulative risk of lung cancer by age 75 of 
10%, 6%, 3%, and 2%, respectively [56]. A similar trend was noted in life expec-
tancy after smoking cessation; those that quit smoking at age 25–34  years, 
35–44 years, or 45–54 years gained about 10 years, 9 years, and 6 years of life, 
respectively [58]. Reductions in smoking also can result in a lower incidence of 
lung cancer in a dose-dependent manner [59]. Resumption of smoking following 
quitting, even at a lower amount, results in an increased risk of lung cancer com-
pared to sustained quitting. However, the risk remains elevated compared to those 
that do not smoke [57].

Even after a diagnosis of lung cancer, smoking cessation is beneficial [60]. 
Ongoing smoking after a diagnosis of early-stage lung cancer can result in an 
increased risk of all-cause mortality (hazard ratio 2.94, 95% CI, 1.15–7.54), cancer 
recurrence (1.86, 95% CI, 1.01–3.41), and development of a second primary tumor 
(4.31, 95% CI, 1.09–16.98). Cessation after diagnosis of lung cancer resulted in 
increased adjusted median overall survival time compared to ongoing smoking 
(6.6  years vs. 4.8  years, respectively; p  =  0.001), higher 5-year overall survival 
(60.6% vs. 48.6%; p  =  0.001), and progression-free survival (54.4% vs. 43.8%; 
p = 0.004) [61]. Ongoing nicotine exposure in patients with established lung cancer 
can increase the incidence and progression of brain metastasis [62].

 Never-Smoking

Approximately 25% of newly diagnosed lung cancer occurs in individuals who have 
never smoked, defined as having smoked less than 100 cigarettes in a lifetime, com-
prise approximately 25% of newly diagnosed lung cancer [63]. Overall, the propor-
tion of patients with lung cancer, especially non-adenocarcinoma, that have never 
smoked is small [19, 64]. However, the proportion of individuals who have never 
smoked and are diagnosed with lung cancer is increasing, particularly in women 
[65, 66]. In some Asian countries, 60–80% of women with lung cancer have never 
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smoked [63], while in the USA, women with lung cancer are much more likely to 
have never smoked compared with men, 19% versus 9%, respectively [67]. The 
highest incidence of nonsmoking-related lung cancers in the USA is among women 
aged 20–49 (28%) [19]. The incidence of lung cancer in individuals that have never 
smoked in the USA has increased from 8% in 1995 to 15% in 2013 and is indepen-
dent of sex, stage at diagnosis, and ethnicity [66].

The predominant subtype of lung cancer in this group is adenocarcinoma, mak-
ing up 50–60% of lung cancers. In contrast, approximately 6–8% of all cases of 
squamous cell carcinoma and 2.5% of small cell carcinoma are in individuals that 
have never smoked [68].

Driver mutations are more commonly found in lung adenocarcinomas in indi-
viduals who have never smoked. A recent study of a cohort of individuals who do 
not smoke with adenocarcinoma in the USA identified genetic alterations in tumors 
in 80% [69]. Additionally, approximately 7% of samples in individuals that never 
smoked had alterations in germline DNA repair genes similar to those that did 
smoke. Finally, several samples had genetic mutation signatures that indicated a 
response to passive exposure to cigarette smoke.

In the USA, epidermal growth factor receptor (EGFR) mutations are identified in 
approximately 40–60% of lung adenocarcinomas in individuals that never smoked, 
whereas this mutation is identified in only about 15% of total adenocarcinomas 
[70]. Low or no exposure to tobacco smoke is mainly associated with exon 19 and 
21 mutations in the EGFR gene [71].

Anaplastic lymphoma kinase (ALK) mutations leading to fusion with echino-
derm microtubule-associated protein-like 4 (EML4) are found in approximately 
3–7% of patients with NSCLC [70]. This mutation is mutually exclusive with the 
EGFR and Kirsten rat sarcoma viral oncogene homolog (KRAS) mutations. 
Compared to both wild-type and those with EGFR mutations, ALK mutations are 
found more frequently in a younger population and in men [72]. Similar to those 
with EGFR mutations, ALK mutations are more commonly found in light and indi-
viduals that never smoked.

In contrast, the KRAS’s driver mutations are found more commonly in former 
and active individuals that smoke [73, 74]. However, a distinct mutational profile is 
observed in individuals that do not smoke; a transition mutation (G → A) rather than 
a transversion mutation is noted in the nonsmoking population [74].

 Nonsmoking-Related Risk Factors

 Sex

Early studies suggested that women may be more susceptible to lung cancer due to 
smoking. Several have demonstrated that women tend to be diagnosed with lung 
cancer at relatively younger ages and with lower tobacco use [75–77]. However, 
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other large studies have not demonstrated any increase in susceptibility to the carci-
nogenic effects of tobacco. In a large cohort study of over 460,000 Americans, there 
was no significant difference in the development of lung cancer in men and women 
with comparable smoking histories [78].

The rates of lung cancer in never-smoking women are higher than in men. 
Hormonal factors are postulated to be, at least in part, what drives these differences. 
There is differential expression of estrogen receptors in lung tissue individuals that 
do not smoke. Estrogen receptor-beta (ERB) expression in NSCLC specimens has a 
more favorable outcome than ER-alpha [79]. Higher rates of ERB expression have 
been noted in females who do not smoke compared to males [80].

 Race

In the USA, there are notable racial disparities in the presenting stage and ultimate 
treatment regimens. According to the American Lung Association, white Americans 
are diagnosed with lung cancer in an early stage much more frequently than other 
racial minorities (25% compared to 21% black Americans, 21% Asian Americans, 
and 22% Latinos) [81]. Blacks and Latinos in America are also less likely than 
whites to undergo surgical treatment. The Latino group in America, in particular, is 
significantly less likely to undergo treatment (20% versus 15% of white Americans).

 Diet and Supplements

Diet modifications and supplements have long been thought to play a preventative 
role in cancer development [82, 83]. However, in 2014, the US Preventive Services 
Task Force (USPSTF) recommended against the routine use of supplements, includ-
ing beta-carotene and vitamin E, to prevent cancer [84]. This was primarily based 
on two large randomized placebo-controlled trials evaluating vitamin supplementa-
tion in high-risk lung cancer groups [85, 86]. In both the Alpha-Tocopherol Beta- 
Carotene Prevention and Carotene and Retinol Efficacy Trial of groups at high risk 
of lung cancer due to tobacco use or asbestos exposure, follow-up was terminated 
early due to excess cases of lung cancer and overall mortality in groups taking the 
supplements beta-carotene, vitamin E, and/or vitamin A. In post-intervention analy-
sis, this increased risk persisted for several years following supplementation [87, 
88]. A recent meta-analysis done by the USPSTF demonstrated an odds ratio of 1.2 
(95% CI, 1.01–1.42) for lung cancer development associated with beta-carotene 
supplementation [89].

E. DeBiasi



13

 Weight

High body mass index (BMI) and obesity are associated with an increased risk of 
many cancers. Lung cancer risk, however, is inversely related to higher BMI. While 
it is challenging to differentiate the actual BMI effect from confounding factors 
such as tobacco use and preclinical wasting before an obvious manifestation of lung 
cancer, several studies demonstrate that low BMI is an independent risk factor for 
lung cancer [90, 91]. In a recent large cohort study, escalating BMI trajectories in 
adulthood led to reduced lung cancer risk [90]. This trend even applied when exclud-
ing patients who developed the disease during the first to fourth years of follow-up. 
In this study, several genetic foci involved in regulating cell growth, differentiation, 
and inflammation were identified and associated with these BMI trajectories, pos-
sibly identifying a causal relationship. In a study with a median follow-up of 
20 years of over 770,000 individuals, the inverse relationship between BMI and 
lung cancer persisted after controlling variability in smoking [91].

 Underlying Lung Disease

While the influence of benign lung diseases on lung cancer development is often 
confounded by concurrent tobacco, several underlying lung diseases are associated 
with an increased risk of lung cancer independent of smoking history. Chronic 
inflammation associated with various diseases creates a tumor-supporting microen-
vironment [92]. Additionally, activation of innate immunity and inflammation leads 
to the production of cytokines, which are critical for stimulating tumor growth [93].

One of the largest studies to evaluate the impact of underlying lung disease was 
performed with pooled analysis of 17 studies with 24,607 lung cancer cases and 
81,829 controls in the International Lung Cancer Consortium [94]. Emphysema 
conferred the highest risk of lung cancer (relative risk (RR) = 2.44), followed by 
pneumonia (RR  =  1.57), tuberculosis (RR  =  1.48), and chronic bronchitis 
(RR = 1.47). In an analysis of individuals that never smoked, elevated risks were 
observed for emphysema (RR = 2.21), tuberculosis (RR = 1.50), and pneumonia 
(RR = 1.35) A dose-response relationship was noted as well, with an increasing 
number of underlying lung conditions being positively associated with a risk of 
lung cancer.

Several other studies confirmed that chronic obstructive pulmonary disease 
(COPD), including emphysema and chronic bronchitis, is positively associated with 
lung cancer and can be independent of smoking history [95–97]. In a cohort of 602 
patients with lung cancer, 50% had COPD compared to 8% in a community control 
group [95]. In a 20-year prospective study of 448,600 individuals that do not smoke, 
the hazard ratio (HR) of lung cancer-related death was increased in those with 
emphysema or chronic bronchitis (2.44) [96]. Additionally, alpha(1)-antitrypsin 
deficiency carriers have up to a 70% higher risk of developing lung cancer than 
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noncarriers [97]. Data from 18,473 individuals that smoke in the National Lung 
Screening Trial demonstrated that the severity of airflow obstruction had a linear 
relationship with lung cancer risk [98]. The exact mechanism by which increasing 
airflow limitation incurs a higher risk of lung cancer is unknown. However, it is felt 
that premalignant transformation, or epithelial-mesenchymal transition, is pro-
moted by the excess of metalloproteinases and growth factors found in COPD. This 
is correlated with airflow limitation [99, 100].

Interstitial lung disease and idiopathic pulmonary fibrosis (IPF) are associated 
with increased lung cancer. In a meta-analysis, the incidence rate of lung cancer in 
IPF was 13% [101]. In a US population of patients with IPF, lung cancer was found 
to be 3.34-fold higher than in the general population [102]. In this population, can-
cer was more often found in the lower lobes (63% in IPF versus 26% in non-IPF) 
and was squamous histology. There was a significant increase in the risk of lung 
cancer over time in IPF patients (1.1% at 1 year, 8.7% at 3 years, 15.9% at 5 years, 
and 31.1% at 10 years) [103].

Bronchiectasis is also an independent risk factor for lung cancer. In a non-cystic 
fibrosis population, the incidence of lung cancer is significantly higher in patients 
with bronchiectasis (2.099 vs. 0.742 per 1000 person-years, p < 0.001) [104]. This 
difference is independent of smoking status (aHR = 1.28, 95% CI, 1.17–1.41 for 
individuals that never smoked; aHR = 1.26, 95% CI, 1.10–1.44 for individuals that 
ever smoked).

Significant inflammation associated with tuberculosis infections can lead to 
changes within the lung that can promote tumor growth [105]. In a cohort study in 
Taiwan, lung cancer incidence rate was 269 per 100,000 person-years in those with 
a history of tuberculosis compared to 153 per 100,000 person-years in those without 
[106]. The highest risk was in the years just following TB infection (incidence rate 
ratio (IRR) = 1.98 at 2–4 years), but the risk was persistently elevated 12 years fol-
lowing infection (IRR = 1.59).

 Radiation Therapy

A history of prior radiation therapy for other primary cancers may lead to an 
increased risk of developing lung cancer. The most robust data is in those with a 
history of mediastinal radiation for Hodgkin’s lymphoma or breast cancer. 
Particularly in individuals that use tobacco, the risk of developing lung cancer fol-
lowing chemo/radiotherapy for Hodgkin’s lymphoma is 50–150 per 1000 within 
10–20 years following treatment [107]. Compared to those not treated with radia-
tion therapy, patients with breast cancer who underwent radiation therapy were sig-
nificantly more likely to develop primary lung cancer (2.25% versus 0.23%) [108].
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 Familial Risk Factors

Several studies establish that a positive family history of lung cancer increases the 
risk for the disease, particularly among individuals that do not smoke [109, 110]. 
Both genetic and shared environmental factors may be responsible. A first-degree 
relative with a history of lung cancer before age 50 results in a significantly higher 
risk of lung cancer development in a nonsmoking population (OR 1.8, 95% CI, 
1.0–3.2) [109]. Similar results were demonstrated in another study with a heteroge-
neous population of both those that smoke and do not smoke (OR 1.63, 95% CI 
1.31–2.01) [110]. Risk was further increased with lung cancer history in more than 
one family member (OR 3.6, 95% CI, 1.56–8.31). This positive association resulted 
in the inclusion of family history of lung cancer in several lung cancer risk predic-
tion models [111, 112].

 Occupational and Environmental Factors

Many occupational and environmental exposures increase the risk of lung cancer. 
Radon and asbestos are the two most common and will be discussed in detail below. 
Still, others include arsenic, hard metal dust, beryllium, chloromethyl ether, chro-
mium, formaldehyde, nickel, polycyclic aromatic hydrocarbons, and vinyl chloride. 
Concurrent tobacco use may compound the risk associated with exposures.

 Asbestos

Asbestos is naturally occurring fibers that are composed of hydrated magnesium 
silicates. The two main types of fibers are serpentine (with the most common sub-
type being chrysotile) and amphibole. Serpentine fibers are the most common 
asbestos used commercially and are considered less toxic but can still be pathogenic 
[113, 114]. Asbestos exposure can cause various pulmonary diseases, including 
asbestosis, pleural disease, and malignancies—NSCLC, small cell lung cancer, and 
mesothelioma. Occupational exposure can occur in multiple ways, but most com-
monly, mining or milling of fibers and industrial applications, including textile, 
cement, shipbuilding, and insulation work. Nonoccupational exposure can occur via 
close contact with soiled clothing of an asbestos worker, renovation/demolition 
work in buildings containing asbestos, and environmental exposure. In the USA, the 
use of asbestos has been limited since the 1970s, with use limited to automotive 
brake pads and roofing products.

The most common parenchymal complication of asbestos exposure is develop-
ment of asbestosis or a slowly progressive diffuse pulmonary fibrosis typically in 
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the subpleural regions of the lower lobes. This is caused by the direct toxic effects 
of the fibers on the parenchyma and the release of inflammatory mediators.

Asbestos exposure is the leading occupational exposure associated with lung 
cancer risk accounting for up to 12% of lung cancer cases in men after adjusting for 
smoking status and diet [115]. In a cohort of American insulators, lung cancer was 
the cause of death in 19% [116]. Among individuals that do not smoke, lung cancer 
mortality was increased by asbestos exposure (rate ratio = 3.6) and asbestosis (rate 
ratio = 7.40). Cigarette smoking, in conjunction with asbestos exposure, can signifi-
cantly increase the risk of lung cancer [116, 117]. In the above cohort, smoking was 
additive to the risk of lung cancer (rate ratio = 14.1). This risk was significantly 
increased in those with asbestosis (rate ratio = 36.8).

The risk of lung cancer associated with nonoccupational exposure to asbestos is 
debated. A study performed in a mining town in Canada judged to have an interme-
diate environmental exposure to asbestos showed no increased risk of lung cancer 
in women [118]. However, a recent study demonstrated an increased risk of lung 
cancer in those that live near a source of asbestos (risk estimate 1.48) [119].

 Radon

Radon is a natural gas that is colorless and odorless. It results from the decay of 
naturally occurring uranium-238 in rock and soil. It damages the respiratory epithe-
lium via alpha particles. Typically found in high concentrations in mines from the 
ore or water, it was first linked to lung cancer in miners, but it also can be found in 
high concentrations in the home. Radon enters homes as gas from the soil through 
cracks in the foundation. The association of radon with lung cancer was established 
in the 1960s in a mining population [120].

While concentrations in residential homes are typically less than that in mines, 
high concentrations can develop. Radon is the second leading cause of lung cancer 
in the USA, and 1  in every 15 homes in the USA has radon levels above the 
Environmental Protection Agency’s recommended threshold [121]. The risk of lung 
cancer increases proportionally with the amount of residential radon, 11%, with 
each 100 Bq/m3 increase [122]. In Europe, it is estimated that 2% of lung cancer 
deaths can be attributed to radon exposure [123].

 Environmental Pollution

In approximately half of the world, unprocessed biomass fuels and coal are used for 
heating or cooking [124]. Emissions from indoor combustion of coal are carcino-
genic to humans [125]. Emissions include polycyclic aromatic hydrocarbons 
(PAHs), methylated PAHs, and nitrogen-containing heterocyclic aromatic com-
pounds [126]. These compounds and others can be found in high concentrations, 
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especially in unvented areas. In a large cohort study of over 27,000 people in China, 
the absolute risk of death from lung cancer was 18–20% among users of smoky 
coal, compared to 0.5% among users of smokeless coal [127].

Ambient air pollution, especially particulate matter with high amounts of 
absorbed polycyclic aromatic hydrocarbons and other toxic chemicals, is associated 
with an increased risk of lung cancer [128]. In a large analysis of 17 European stud-
ies, the long-term effect of exposure to particulate matter in the air on lung cancer 
development was assessed [128]. With both exposure to particulate matter of aero-
dynamic diameters less than 10 μm and 2.5 μm (PM10 and PM2.5, respectively), the 
hazard ratio for developing lung cancer, particularly adenocarcinoma, was increased 
in a combined cohort population of over 300,000 people. In the US population, for 
every 10 μg/m3 increase in particulate air pollution, there was an 8% increase risk of 
lung cancer death [129]. Additionally, diesel motor exhaust can increase the risk of 
lung cancer in a dose-dependent manner [130].

 Conclusion

While many factors may influence the development of lung cancer, tobacco use 
remains the primary etiology of lung cancer in the USA and globally. While lung 
cancer prognosis is overall improving with earlier detection, lung cancer remains 
the leading cause of cancer death. In the USA, tobacco use and associated second-
hand smoke exposure have dramatically decreased due to successful public health 
efforts; however, tobacco use remains high globally. Nontobacco smoking is rising, 
particularly in the USA, where ECs are largely unregulated, and cannabis use is 
regionally legalized. The impact of this trend is yet to be realized.
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Chapter 2
Lung Cancer Screening

Christine M. Lambert and Abbie Begnaud

 The History of Lung Cancer Screening

A successful screening test requires a significant disease with identifiable risk fac-
tors and a preclinical period. Screening might meaningfully impact disease out-
comes if the disease can be identified before developing symptoms, and early 
treatment can reduce mortality. Lung cancer as we know it today meets these crite-
ria. In the mid-twentieth century, the burden of lung cancer grew swiftly from a rare 
disease to surpassing all other cancer-related causes of death [1]. British scientists 
reported the association between cigarette smoking and lung cancer in 1950, report-
ing a 15-fold increase in lung cancer mortality from 1922 to 1947  in the United 
Kingdom [2]. This report was followed by the US Surgeon General, and Royal 
College of Physicians reports firmly linking cigarette smoking to lung cancer [3].

 Sputum Cytology and Chest Radiography

For decades, clinicians and researchers sought effective lung cancer screening 
(LCS) tests. Early in the lung cancer epidemic, sputum cytology and chest radio-
graphs were investigated as potential screening tests. When periodic chest radio-
graphs alone [4] appeared inadequate for early detection and improved lung cancer 
mortality, a large collaborative trial between the Mayo Clinic, Johns Hopkins, and 
Memorial Sloan-Kettering enrolled men over 45 years of age who smoked at least 
one package of cigarettes daily for either chest radiograph with or without sputum 
cytology [5]. Over 30,000 patients were enrolled in the early 1980s and followed for 
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10 years, but the study failed to show significant benefit for sputum cytology and 
chest radiography to reduce lung cancer mortality. In 1996, the United States 
Preventive Services Task Force (USPSTF) issued its first recommendation about 
LCS, with a Grade D recommendation against using chest radiography or sputum 
cytology to screen asymptomatic individuals.

In the late 1990s, at the peak of lung cancer mortality, screening again gained 
interest, especially as reexamining prior trials demonstrated they might have been 
inadequately powered to detect an effect. Enter the Prostate, Lung, Colorectal, and 
Ovarian (PLCO) Cancer Screening Trial. With its 150,000-plus participants, the 
Prostate, Lung, Colon, and Ovarian (PLCO) trial was powered to detect a 10% dif-
ference in lung cancer mortality [6]. However, this trial definitively asserted the 
futility of annual chest radiographs for LCS, showing no mortality benefit for the 
75,000 participants randomized to annual chest radiographs, compared to no lung 
screening. Furthermore, large studies in the United Kingdom and the United States 
failed to show a mortality benefit for LCS with the available diagnostic technologies 
at the time: sputum cytology in combination with chest radiography.

The United States Preventive Services Task Force is an independent national 
organization whose volunteer members review published literature about preventive 
care services. They evaluate the available evidence and recommend preventive ser-
vices, including cancer screening. In 2004, the USPSTF issued a Grade I recom-
mendation on LCS, a designation signifying insufficient evidence to recommend for 
or against screening [7]. Specifically, the recommendations stated: “Current data do 
not support screening for lung cancer with any method. These data, however, are 
also insufficient to conclude that screening does not work, particularly in women.” 
The evidence reviewed to make this recommendation included some early small 
studies of low-dose chest computed tomography for LCS, and the broader avail-
ability of chest computed tomography offered new promise for an effective LCS 
modality.

 Chest Computed Tomography for Lung Cancer Screening

In 2013, following the results of the landmark National Lung Screening Trial 
(NLST), [8] the USPSTF updated the LCS guidelines [9]. For the first time, LCS 
with low-dose computed tomography (LDCT) received a favorable Grade B recom-
mendation meaning “high certainty that the net benefit is moderate or there is mod-
erate certainty that the net benefit is moderate to substantial” Screening was 
recommended for those “55–80 years who have a 30 pack-year smoking history and 
currently smoke or have quit within the past 15 years. Screening should be discon-
tinued once a person has not smoked for 15 years or develops a health problem that 
substantially limits life expectancy or the ability or willingness to have curative lung 
surgery.” The Cancer Intervention and Surveillance Modeling Network (CISNET) 
conducted extensive scenario modeling of risk factor-based lung cancer screening 
patient selection strategies. The models, which included different thresholds for age 
at screening initiation, age at screening discontinuation, pack-years, and quit time, 
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showed that the USPSTF 2013 guidelines were often the most efficient combination 
of risk factor thresholds [10].

Most major professional societies (including the American Cancer Society, 
American Thoracic Society, American College of Chest Physicians, Society for 
Thoracic Surgeons, and National Comprehensive Cancer Network) endorsed lung 
cancer screening with LDCT. The notable exception was the American Academy of 
Family Physicians (AAFP), whose recommendation remained ambivalent based on 
“insufficient evidence” [11]. Considering that Family Physicians comprise the larg-
est proportion of primary care clinicians, this failure to endorse LCS with LDCT no 
doubt impacted the initial uptake of the service [12].

 Preventative Care Coverage Policy in the United States

In 2010, a significant policy change conferred particular importance on the Grade B 
recommendation. The Affordable Care Act was passed into law in 2010 and required 
private insurers to cover preventive services recommended by the USPSTF with a 
grade of A or B and to cover these services with no cost-sharing (i.e., no deductible 
and no co-pay) [13, 14]. Furthermore, the Affordable Care Act authorizes Medicare 
to expand coverage of preventive services to include USPSTF recommendations 
and requires Medicaid to cover preventive services recommended by the USPSTF 
with a grade of A or B.

Coverage of preventive services under Medicare or Medicaid is codified using 
national coverage determinations. In 2014, the Centers for Medicare and Medicaid 
services (CMS) conducted a national coverage analysis of lung cancer screening at 
the request of lung cancer advocates [15]. The resulting coverage determination 
confirmed eligibility for individuals aged 55–77 who had smoked at least 30 pack- 
years with additional stipulations and unprecedented conditions for coverage [16]. 
One major condition of coverage was a shared decision-making visit to be per-
formed by a credentialed independent clinician (physician or advanced practitioner) 
in person to confirm eligibility and discuss risks and benefits. Critics of this require-
ment saw it as an unnecessary barrier to receiving care, but others recognized that 
for a preventive service like LCS with LDCT, the risks and benefits vary based on 
individual patient factors, including lung cancer risk, medical comorbidities, and 
personal values.

 Evidence for Lung Cancer Screening

 The National Lung Screening Trial (NLST)

The NLST enrolled 53,454 individuals between the ages of 55–74 at randomization 
who had at minimum a 30-pack-year smoking history and who were currently 
smoking or had quit within the past 15 years. Individuals were randomized to single 

2 Lung Cancer Screening



28

view (posteroanterior projection) chest radiography or LDCT, with an initial screen-
ing at the time of randomization, and annual screenings for 2 years, totaling three 
screening exams. Median follow-up was 6.5 years. Results were reported to partici-
pants without a specific study procedure mandated to work up suspicious findings.

The LDCT group had a higher rate of lung cancer diagnosis, 645 per 
100,000 person- years, as opposed to 572 per 100,000 person-years in the chest radi-
ography group. Of key clinical significance, the LDCT group had a higher stage I 
identification rate and a lower rate for stage III and IV non-small cell lung cancers 
(NSCLC). The rate of positive screenings was also higher in the LDCT group, 
which had a three times higher rate of identification of non-lung cancer abnormali-
ties. Ultimately 96.4% of the positive results in the low-dose CT group and 94.5% 
in the radiography group were false positives.

The NLST was stopped when it reached the predetermined endpoint of a 20% 
reduction in lung cancer mortality in the LDCT screening group compared to the 
radiography group. For LDCT, the number needed to screen to prevent one lung 
cancer death was 320. For its 2013 recommendations, the USPSTF reviewed evi-
dence from the NLST in making the recommendation for LCS, with further infor-
mation provided by the CISNET models [10, 17].

 Global Lung Cancer Screening Trials

In the years before and after the NLST, numerous LCS trials were conducted across 
Europe, including the German LCS Intervention (LUSI), Danish LCS Trial 
(DLCST), Multicentric Italian Lung Detection (MILD), and UK Lung Cancer 
Screening Trial (UKLS), each of which looked at the effect of screening CT vs. 
usual care [18–21]. While relatively similar in the study participants’ age and smok-
ing exposure inclusion criteria, the trials utilized various methods for identifying 
and recruiting participants, screening intervals, nodule management, and length of 
follow-up. Compared to the NLST, these trials had much smaller study populations 
and follow-up person-years and thus did not have the statistical power to show a 
mortality benefit for LCS [22, 23].

In 2020, the results of the second largest screening study, the Dutch-Belgian 
Randomized Lung Cancer Screening Trial (Dutch acronym: NELSON), were pub-
lished [24]. The trial randomized 15,789 participants (13,195 men and 2594 women) 
aged 50–74 with a smoking history of 10 cigarettes daily for at least 30  years 
(15 pack-years) or 15 cigarettes daily for at least 25 years (18.75 pack-years). Those 
who formerly smoked needed to meet the required smoking history and have a quit 
date within the previous 10 years. For the intervention group, screening occurred at 
baseline, then at intervals of 1, 2, and 2.5 years for a total of four screening exams. 
Individuals were followed for a minimum of 10 years.

Among male participants, the LDCT screening group had a higher rate of lung 
cancer diagnosis, 5.58 cases per 1000  person-years, compared to 4.91 cases per 
1000  person-years in the control group. Of the screen-detected cancers in the 
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intervention group, 58.6% were stage I compared to 13.8% in the control group. 
Similarly, stage IV lung cancers comprised only 9.4% of screen-detected cancers in 
the intervention group but 45.7% in the control group. At 10 years, there was a 24% 
reduction in lung cancer mortality among men and a 33% reduction among women.

Notable aspects of the NELSON results that have prompted further interest and 
discussion include its finding of a mortality benefit despite conducting screening on 
less-than-annual basis and the lower rate of positive scans and follow-up studies 
required compared to the NLST.  The NELSON trial reported an overall false- 
positive scan rate of 1.2%, with a baseline “indeterminate” scan rate of 19.7%. Most 
of these were later adjudicated as negative scans based on volume doubling time 
calculated at exam follow-up. By comparison, the NLST reported a baseline posi-
tive scan rate of 27.3% with an overall false-positive rate of 23.3%. The number of 
positive or indeterminate scans is of particular interest given the ramifications of a 
false-positive screening result, such as the psychological impact and potential need 
for invasive testing. The use of volume-based low-dose CT, with its focus on volu-
metric measurements and volume doubling time as opposed to the diameter-based 
estimates of standard LDCT, may have contributed to the lower percentage of posi-
tive or indeterminate scans, especially in later stages of screening.

 Limitations in LCS Evidence

Both NELSON and the NLST have shown a mortality benefit from LCS. However, 
both trials have generalizability limitations, particularly regarding the study popula-
tions. The NLST population was 59% male and over 90% white, while the primary 
analyses in the NELSON study were conducted in a male population with race not 
reported but assumed to be white. The NELSON study was not powered to detect 
mortality benefits for women [25], but results suggest women would benefit even 
more than men. Furthermore, the NLST study sample was relatively young and 
healthy [26] and disproportionately comprised of individuals who no longer smoked 
and had higher educational attainment, compared to real-world screening [27, 28] 
populations. Studies have shown that participants and settings in the NLST and 
NELSON trials did not represent the general US population [29]. Small studies sug-
gest the benefits of LCS may be even greater for participants with lower educational 
attainment [30], and Black individuals [31]. Analysis of lung cancer cases in the 
Southern Community Cohort Study [32] demonstrated that USPSTF 2013 criteria 
were less sensitive for Black individuals, with 67% of the lung cancer cases diag-
nosed in Black individuals who would not meet 2013 LCS eligibility due to insuf-
ficient smoking history. Lung cancer and screening are not unique in the disparities 
between the type of individuals included in large clinical trials and those most bur-
dened by the disease [33, 34].

Beyond differences in participant characteristics, the NLST and NELSON also 
had study protocols that are not replicated in most real-world screening programs. 
For example, the NLST had more stringent requirements [35] for interpreting 
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radiologists (LDCT interpretation experience and training) than are currently 
required in for interpretation of LDCT for LCS. The NELSON trial radiologists had 
computer-assisted detection [36] of nodules including volumetric measurement. In 
both the NLST and NELSON, screening was conducted primarily at highly 
respected academic medical centers, whose outcomes may not be achievable in all 
clinical settings.

 2021 USPSTF LCS Recommendations

Since the 2013 LCS guidelines were published, several important trials warranted 
consideration when creating the revised 2021 USPSTF guidelines. Key evidence 
questions focused on patient selection, specifically, whether the NLST participants 
and settings were representative of the United States as a whole and whether the use 
of individualized risk calculation (risk model-based strategy) improved patient 
selection compared to age and pack-year smoking history (risk factor-based strat-
egy). Synthesizing the evidence [37] from the largest RCTs powered to detect a 
mortality benefit for LDCT (NLST and NELSON trials) and modeling studies [38] 
supported expanded recommendations lowering the screening eligibility threshold 
to 50 years of age and smoking exposure to 20 pack-years. Women and individuals 
who identify as Black, Hispanic, and American Indian/Alaska Native stand to ben-
efit from the lowered smoke exposure thresholds for screening. The 2021 recom-
mendations remain Grade B, with a moderate certainty of moderate net benefit. The 
AAFP endorsed the new guidelines shortly after the 2021 USPSTF updated recom-
mendations. Again, lung cancer advocates requested a reconsideration of national 
CMS coverage, prompting a new coverage determination [39]. In 2022, CMS issued 
its final decision to expand coverage for LCS using the new eligibility criteria while 
removing some of the previous conditions [40].

 Lung Cancer Screening Methods

 Low-Dose CT Screening Exam Technique

Per the National Comprehensive Cancer Network (NCCN) guidelines [41], LDCT 
screening exams should have a total radiation exposure less than or equal to 3 mil-
lisieverts (mSv), with 1 mSv being the annual average background radiation for an 
individual in the United States, and the worldwide average being 2–4 mSv (based 
on average size patient). The American College of Radiology (ACR) designates 
LCS Centers [42, 43] based on adherence to a similar set of technical guidelines, 
including the radiation dose from the CT scanner (CTDIvol), slice thickness, and 
image acquisition time. The radiation exposure from LDCT scans is approximately 
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one-fifth the amount of a conventional CT scan and may decrease further in the 
future as clinicians experiment with ultralow-dose CT scanning (ULDCT) [44].

The LDCT technique as described assumes patient BMI is less than 30, so total 
radiation dose is adjusted for body weight. The slice width should be less than or 
equal to 2.5 mm (1.0 mm preferred), with an acquisition time of less than or equal 
to 10 s or a single breath hold. No contrast agent of any kind is used for LDCT.

Nodule size is reported as the average two measurements: the longest nodule 
diameter and its perpendicular length on a single image. An alternative approach is 
volumetric analysis and volume doubling time, conducted using automated or semi-
automated computer programs used in the recent NELSON trial [24]. Volumetric 
analysis may ultimately provide a lower rate of false-positive findings by giving 
more sensitive information on nodule growth over time. There are limitations as 
irregular nodules can still be hard to measure [45]. While commonly used in Europe, 
Volume CTs are not used in routine practice in the United States.

 Interpretation

In the NLST, scans with 4 mm or greater diameter nodules were considered posi-
tive, and the study was marked by a high rate of false-positive scans, with 90% of 
positive scans not resulting in a lung cancer diagnosis [46]. To standardize reporting 
of screening exams and reduce the false-positive rate reported in the NLST, the 
ACR created the Lung Reporting and Data System (Lung-RADS) [47]. An analysis 
of NLST nodules in the 4–6 mm range and results from the International Early Lung 
Cancer Action Program (I-ELCAP) were considered when formulating the Lung- 
RADS criteria [48]. By using size criteria of 6 mm in diameter for solid nodules and 
greater than or equal to 20 mm for subsolid or ground-glass nodules as a positive 
LDCT, the Lung-RADS criteria showed a decrease in false-positive screenings with 
an increase in positive predictive value when applied retroactively to the partici-
pants included in the NLST [49, 50].

Two updates to Lung-RADS have been released by the ACR at the time of this 
publication. Lung-RADS Version 1.1 was published in 2019 and increased the 
threshold for classifying nonsolid nodules as probably benign from 20 to 30 mm 
and for likely benign perifissural nodules from 6 to 10 mm, recommended measure-
ment of mean nodule diameter to one decimal point and included volumetric mea-
surements in addition to diametric measurements to help facilitate future use of 
volumetric technology [51]. Lung-RADS version 2022, released in November 
2022, included additional guidance on cystic pulmonary lesions and airway nod-
ules. Although the British Thoracic Society has recommended volumetric measure-
ment, the impact on clinical decision-making is unclear, and there are practical 
limitations to widespread use of volumetric analysis [52].

Lung-RADS v2022 categories are shown in Table 2.1.
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Table 2.1 Lung-RADS v2022. Reprinted under Creative Commons Attribution-NoDerivatives 
4.0 International Public License, from the American College of Radiology. https://creativecommons.
org/licenses/by- nd/4.0/legalcode

C. M. Lambert and A. Begnaud

https://creativecommons.org/licenses/by-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nd/4.0/legalcode


33

 Risks and Benefits

As with any clinical procedure, the risks and benefits of LCS need to be considered 
for each individual. The purpose of LCS, and therefore the primary benefit, is the 
potential to identify asymptomatic lung cancer early through stage shift instead of 
an advanced lung cancer presenting due to symptoms. The largest determinant of 
lung cancer survival is the stage at diagnosis. The current stage groupings (eighth 
edition) of the TNM Classification for Lung Cancer set forth by the International 
Association for the Study of Lung Cancer (IASLC) distinguishes between a 1 cm 
(stage IA1) and 2 cm (stage IA2) lung nodule [53], as shown in Fig. 2.1. This illus-
trates the impact of early detection through LCS.

Fig. 2.1 Two- and 5-year survival by clinical stage in the eighth edition of the TNM classification 
for lung cancer. (Reprinted with permission from publisher)
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 Does Lung Cancer Screening Result in Stage Shift?

Early-stage cancer rates varied considerably among the randomized LDCT trials 
(Table 2.2). In all cases, LDCT screening resulted in higher earlier stage cancer 
rates compared to control and to average stage at diagnosis in the Surveillance, 
Epidemiology, and End Results (SEER) registry [58] during the same years. SEER 
registry reported stage at diagnosis of non-small cell lung cancer increasing from 
26% to 31% stage I or II between 2006 and 2016. These findings are likely partly 
due to early effects of screening and partly due to incidentally detected cancers on 
chest CT.

Any form of cancer screening can appear beneficial when viewed through the 
lens of the number of cancers found or years from diagnosis to death. One must 
consider the possibility of lead time bias when screening leads to an earlier diagno-
sis and creates the appearance of a longer survival when death still occurs at the 
same point as it would have after a symptom-based diagnosis [59]. Overdiagnosis, 
the discovery of indolent cancers that will never be clinically significant, or cancer 
diagnosed in an individual with a life-limiting comorbid condition that causes their 
death before the cancer becomes clinically significant, can also impact perceptions 
on the effectiveness of screening [60].

The decision to pursue LCS is not without potential risk to the individual and 
requires discussion and consideration of these risks [60]. Annual radiation expo-
sure, however low, potentially for decades can accumulate to significant levels [61] 
and increase the risk of radiation-induced cancer. Finding a suspicious nodule raises 

Table 2.2 Randomized LDCT trials demonstrated stage shift to early stage lung cancer

Randomized LDCT trial (year screening concluded)

Reported proportion of early 
stage lung cancer (LDCT/
control)

National Lung Screening Trial (NLST) [46] 2007 50%/31% Stage I
57%/39% Stages I + II

Italian Lung Cancer Screening Trial (ITALUNG) [54] 2009 36%/11% Stage I
43%/18% Stages I + II

Detection and Screening of Early Lung Cancer by Novel 
Imaging Technology and Molecular Essays (DANTE) [55] 
2010

45%/22% Stage I
61%/41% Stages I + II

Danish Lung Cancer Screening Trial (DLST) [56] 2010 68%/21% Stage I
68%/29% Stages I + II

Multicentric Italian Lung Detection (MILD) [57] 2011 63%/a Stage I
71%/a Stages I + II

German Lung cancer Screening Intervention (LUSI) [18] 
2011

67%/8% Stage I
73%/22% Stages I + II

Dutch–Belgian lung-cancer screening trial (Nederlands–
Leuvens Longkanker Screenings Onderzoek [NELSON]) 
[24] 2012

40%/13% Stage I
49%/23% Stages I + II

a Group not reported
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the likelihood of needing invasive diagnostic procedures such as biopsies or surgical 
resection, which could be curative but, for some may result in the diagnosis of a 
benign nodule. Incidental findings unrelated to lung cancer are also very common 
on LDCT, with most exams having at least one. While the NLST [62] reported 20% 
rate of incidental findings, real-world screening programs have reported more than 
half of exams to “virtually all” having incidental findings. Currently, there is no 
standard reporting strategy [63] for incidental findings on LDCT, leading to wide 
variability in reporting rates. While most of these are not clinically significant, they 
have the potential to impact the individual and clinician LCS experience.

 Screening Strategy

A key element for maximizing LCS benefit is patient selection, individuals at high 
risk of lung cancer who can benefit from early detection and the possibility of surgi-
cal cure. Significant discussion and research have focused on the best way to iden-
tify these “high-risk individuals.” Thus far, most lung cancer screening studies and 
guidelines have been based on selecting individuals for screening based on age and 
smoking history. So-called risk factor-based screening currently serves as the basis 
for screening within the United States, with individuals qualifying based on age, 
pack-years, or time since quitting cigarettes.

Because age and personal smoking history are not the sole determinants of lung 
cancer risk, considering only these factors ignores the impact of other factors (like 
social determinants of health and family history). Some of the NLST participants 
were at relatively lower risk for lung cancer but still met eligibility criteria based on 
risk factors, while other individuals who didn’t meet the risk factor eligibility crite-
ria are at increased risk for lung cancer. Only half of the people with lung cancer 
[64] in a small cohort study met the NLST or USPSTF 2013 eligibility for LCS. One 
approach to rectify this discordance is the use of risk model-based screening, where 
individuals are selected for cancer screening based on the results of risk prediction 
models that incorporate a variety of demographic and historical variables [65].

One example of lung cancer risk model is the PLCOm2012, which estimates an 
individual’s risk of developing lung cancer in the next 6 years and includes other 
factors that contribute to lung cancer risk besides age and smoke exposure intensity, 
such as family history, educational attainment, and other medical conditions [66]. 
Low-quality evidence including post hoc analyses and modeling studies did show 
that a risk model-based approach to patient selection improves performance of LCS 
including number needed to screen and false positives. Currently, risk prediction 
models are an area of active investigation, with some studies such as UK lung can-
cer screening trial and the International Lung Screening Trial using risk prediction 
models to select study populations [21, 67]. However, LCS has been difficult to 
implement effectively with more straightforward risk factor-based eligibility, so 
using a risk model-based approach requiring multiple additional pieces of informa-
tion would almost certainly increase barriers to lung screening uptake.
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 Implementation of Lung Cancer Screening

 State of Implementation

Although the recommendation and approval of LCS were heralded by many as a 
giant step in reducing lung cancer mortality, implementation has proved challeng-
ing. In the decade since annual low-dose chest CT scan for LCS has been demon-
strated to reduce all-cause and disease-specific mortality, the proportion of eligible 
persons screened has progressed very slowly. Only 6% of the 8.5 million eligible 
persons in the United States have been screened for lung cancer [68, 69]. Compare 
this with breast cancer, where screening rates rose steeply just 3 years after the first 
USPSTF recommendation [70].

Breast cancer screening, which employs another imaging test—the mammo-
gram–has occurred at rates consistently above 70% of eligible people since 1999 
[70]. The Department of Health and Human Services Healthy People 2030 goals 
aim for 77% of women receiving breast cancer screening with mammograms but 
only 7.5% of people eligible for LCS receiving LDCT [70, 71], despite the two tests 
having comparable performance—the number of persons screened to save one life 
[72, 73]. Important distinctions between the two cancers are the public perception 
of the diseases and the policies governing the tests’ conduct. While lessons learned 
from other cancer screening tests may apply to LCS, lung cancer is unique because 
there are additional system-level policy barriers and individual-level psychological 
barriers not pertinent to other cancers. Nihilism about lung cancer treatment and 
stigma associated with a disease attributed to a behavioral risk (cigarette smoking) 
are both patient- and provider-level individual barriers. Systemic barriers related to 
regulatory requirements of LCS coverage by payors also contribute to low 
LCS uptake.

 System-Level Barriers

Unlike other cancers, LCS eligibility is based on historical behavior/exposure 
related to cigarette smoking. Estimating (and documenting) a person’s “pack-year 
history” is time-consuming and not easily stored in most electronic health records 
(EHR). Recall bias and stigma toward cigarette smoking may also impact an indi-
vidual’s ability to accurately report their smoking history. Furthermore, the com-
plexity of the stipulations for LCS coverage established by the CMS in their 2015 
coverage determination memo was a major source of system-level barriers [16]. 
Identifying LCS-eligible persons is difficult because EHRs do not provide accurate 
estimates of smoking pack-year history [74]. As a new screening test with more 
complex eligibility requirements than age and/or sex, many clinicians report lack of 
EHR notification to aid identification of eligible candidates for LCS as a barrier [75].
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The Centers for Medicare and Medicaid Services (CMS) is part of the Department 
of Health and Human Services and oversees the public health insurance programs 
Medicare and Medicaid, which cover older Americans, Americans with disabilities, 
and lower income, among others. CMS imposed unprecedented additional require-
ments for reimbursement of LCS, with implications for the ordering clinician, the 
screening exam order itself, the technical specifications of the images, the radiolo-
gists interpreting images, and the imaging centers conducting the exams. The most 
impactful of these requirements was the requirement for a face-to-face visit where 
shared decision-making (SDM) was conducted and documented by a physician or 
advanced practice provider. SDM proved to be quite a challenge for individuals 
eligible for LCS and healthcare systems. This contrasts with mammography for 
breast cancer screening, where an ordering clinician is not required—women can 
self-refer for mammography. A minor variation in the upper age cutoff for CMS 
(compared to USPSTF) also added to confusion about differing eligibility based on 
individual insurance coverage. Based on the NLST protocol, where participants 
aged 55–74 underwent three annual LDCT scans and were followed several addi-
tional years to a maximum age of 77, CMS adopted this age range [54–57, 59–77] 
for screening eligibility [15]. However, based on modeling data, USPSTF adopted 
the age range of 55–80 years for eligibility [16]. An additional CMS requirement 
was participation in a LCS registry. The only approved registry is hosted by the 
ACR in their National Radiology Data Registry. While the ACR hosts multiple 
imaging registries, including mammography, participation is not required for imag-
ing centers to be reimbursed by CMS for screening mammography [76]. When 
CMS revisited the LCS coverage in 2021, these requirements were lightened, such 
that the SDM is no longer mandated to be face-to-face or conducted by a physician 
or advanced practice provider. Registry participation is no longer required, but the 
upper age limit of eligibility remains divergent from USPSTF, leading to uncer-
tainty about eligibility for people aged 78–80  years, depending on their insur-
ance plan.

 Clinician-Level Barriers

The unprecedented complexity of eligibility and coverage for LCS contributes to 
clinician-level barriers. Clinicians report uncertainty about insurance coverage, lack 
of time, and lack of expertise to manage findings [77, 78]. Many primary care pro-
viders are family physicians, and their leading organization failed to endorse LCS 
until 2021, so skepticism and conflicting messages also contributed to clinician- 
level barriers.
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 Shared Decision-Making Visit and Decision Aids

Although the concept of shared decision-making (SDM) is patient-centered, the 
requirement to do so in a face-to-face visit places a burden on patients and clinicians 
alike [79, 80]. The content and quality of SDM vary widely [81]. Many decision 
aids have been developed to facilitate this process, with variable outcomes in terms 
of patient knowledge, decision conflict, and decision regret [82, 83]. The largest 
study to investigate the effect of decision aids on LCS uptake showed no difference 
in intent to screen or receipt of LDCT for LCS but did show reduced decision con-
flict [84]. One study showed that robust SDM, including discussion of risks, 
impacted patients’ confidence in making the same decision again and returning for 
annual follow-up exams [85]. This study also demonstrated that some patients pre-
fer to defer the decision to their healthcare provider. Other studies have shown low 
levels of decisional conflict when LCS knowledge was lower and no decision aid 
was used [80]. Most decision aids rely upon individual risk calculators based on one 
of two risk models, Bach or PLCOm2012 [66, 86] and provide the user with a com-
parison of the risks and benefits for someone with their level of lung cancer risk. 
Another decision aid provides projections of how many screened persons will expe-
rience certain benefits and harms while encouraging patients to consider their own 
values [87].

 LCS Program Structure

LCS programs can be described as centralized, decentralized, or hybrid [88]. 
Centralized programs accept referrals for potentially eligible patients, conduct 
SDM, order LDCT if appropriate, and manage follow-up of abnormal findings. 
Centralized programs have been shown to have higher annual adherence and con-
cordance with screening eligibility guidelines [89, 90]. Presumably, decentralized 
programs increase patient access by avoiding the additional barrier of referral to 
another clinician and/or clinic. One hybrid program offered screening by PCPs or 
referral to specialists and found that most PCPs habitually behaved in consistent 
ways, either doing all the screening or referring all their patients for specialist- 
driven screening [91].

 Adherence to Screening

While rates of baseline LCS exams are dismally low, with a national average [68] of 
5%, annual adherence has proven to be equally challenging. A pooled analysis 
found 55% annual adherence rate, which is much lower than what was seen in the 
NLST [92]. In one study, program structure (centralized) was the greatest 
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independent predictor of annual adherence [89]. In that study, the centralized pro-
gram’s annual adherence rate was 70%, compared with 41% of decentralized pro-
grams. Another study [93] reported similar findings of lower annual adherence in 
decentralized programs and among Black persons with normal baseline LCS.  A 
systematic review and meta-analysis [92] concluded that patient factors like educa-
tional attainment, White race, and former smoking status also predicted higher 
annual adherence rates. However, to realize the full benefit of LCS, annual adher-
ence must be higher than has been seen thus far. Microsimulation modeling showed 
[94] that the benefit of screening is reduced directly as adherence to annual screen-
ing is reduced.

In addition to annual adherence to LCS, adherence to recommended follow-up of 
abnormal LDCT is certainly required to realize the benefit of screening. A recent 
cohort study [95] showed that less than half of positive screening exams resulted in 
follow-up adherence to recommendations. More suspicious findings were associ-
ated with higher rates of positive screen adherence, but even after extending follow-
 up timelines, 20% of suspicious exams did not appear to have appropriate follow-up. 
Adherence to follow-up for positive screens appears to be higher [93] in centralized 
LCS programs.

 Patient-Level Barriers

Some barriers at the patient level are associated with social determinants of health. 
That is, individuals who have smoked heavily and might benefit most from LCS are 
also more likely to have lower levels of educational attainment and experience sys-
temic racism [96]. Patient access barriers include tangible considerations like insur-
ance coverage and transportation [97]. Transportation is particularly relevant 
because there has been an inverse relationship between where most LCS-eligible 
persons are and where LCS is available, especially under 2015 CMS requirements 
[98]. Psychological barriers like fear, stigma, and nihilism also impact patients 
because of the historically low survival of lung cancer and internal and external 
stigma experienced by people who smoke [77].

 Lung Cancer Screening and Smoking Cessation

Cigarette smoking remains the most significant risk factor for lung cancer. LCS 
mortality benefit is magnified to the extent that the process also leads to smoking 
cessation. Some studies have shown a positive effect of LCS on efforts at smoking 
cessation. The Italian Lung Cancer Screening Trial (ITALUNG) found higher 
smoking quit rates among patients in the screening arm than usual care arm [99]. A 
cross-sectional study using Behavioral Risk Factor Surveillance System (BRFSS) 
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data found participants receiving lung cancer screening were less likely to be cur-
rent smokers and more likely to have attempted quitting in the prior year [100].

Counseling and interventions to promote smoking cessation are included in the 
USPSTF recommendations and CMS decision memo on lung cancer screening [40, 
101]. While the importance of smoking cessation is widely recognized, counseling 
on smoking cessation is often limited during the shared decision-making process. 
Even less often are patients referred for specific services or provided with prescrip-
tions for pharmacologic therapy [102, 103]. Several NIH-funded studies are under-
way to understand how LCS can be used to maximize smoking cessation [104].

 Emerging Issues in Lung Cancer Screening

 Future Directions for Lung Cancer Screening Tests

A screening test for lung cancer that doesn’t involve the harm of ionizing radiation 
or the requirement for going to an imaging center would help to improve risks of 
and access to LCS. A screening test with fewer false positives and incidental find-
ings might make screening feasible for people with lower risk for lung cancer, such 
as people who quit smoking long ago or never smoked cigarettes but have radon 
exposure or a family history of lung cancer. One might imagine population screen-
ing with such a test that, if abnormal, could be followed up with a LDCT. As of 
2022, no such tests LCS are available, but some new technologies being tested may 
hold promise.

Blood tests are available to improve risk stratification in people with indetermi-
nate lung nodules, including techniques such as proteomics or DNA methylation. A 
commercially available blood test measuring relative quantities of two plasma pro-
teins was shown to perform better than positron emission tomography (PET) for 
indeterminate lung nodules [105]. Another blood test is in multisite clinical trials for 
early detection of lung cancer among high-risk individuals, looking at methylation 
patterns in circulating DNA.  Emerging technologies of metabolomic analysis of 
blood samples are being tested as well [106]. Multiple reports of dogs detecting 
lung cancer likely demonstrate that volatile organic compounds are emitted from 
people with the disease [107]. Thus, several clinical trials are underway to test 
exhaled breath analysis with machine learning analysis of exhaled compounds for 
early and noninvasive detection of lung cancer. At least one has been published with 
promising results [108]. These technologies are not ready for routine screening use 
but expand the possibilities for future screening approaches.
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 Lung Cancer Screening for Other High-Risk individuals

While cigarette smoking is the dominant cause of lung cancer [109], there are other 
environmental or occupational exposures known to cause lung cancer for which the 
guidelines are less clear. In addition, studies of certain high-risk groups, such as 
individuals with proven environmental or occupational exposure to asbestos, show 
a benefit from early implementation of lung cancer screening [110, 111].

The NCCN guidelines, noting that risk assessment is based on age and smoking 
history, suggest considering other possible risk factors for lung cancer, such as 
occupational exposures, radon exposure, family history of lung cancer, and personal 
history of lung disease (chronic obstructive pulmonary disease or pulmonary fibro-
sis) during the shared decision-making process [41]. However, most insurance does 
not routinely cover LCS for individuals who do not meet USPSTF criteria. 
Discussions to ascertain whether an individual meets the criteria for LCS based on 
age and smoking history provide an opportunity to assess and educate about other 
causes of lung cancer, such as possible radon exposure. In addition, it can be a sig-
nificant opportunity to counsel on smoking cessation given the known synergistic 
effect of smoking and radon or asbestos exposure [109].

 Lung Cancer Screening During the COVID-19 Pandemic

At the start of the COVID-19 pandemic in March 2020, enrollment in lung, breast, 
and other routine cancer screenings was deferred based on expert recommendations 
[112, 113]. Many screening programs resumed operations in 2020, with some 
reporting an increase in suspicious nodules that required further invasive workup 
[114]. The rate of lung cancer screening nationally appears to have remained stable 
from 2019 to 2020, with some significant differences at the state level, perhaps 
driven by lockdown procedures, infection rates, or differences in screening infra-
structure [69]. The low use of LCS before the pandemic is thought to have led to 
smaller changes in LCS utilization compared to other types of cancer screening, 
such as breast or colon [115]. In the case of lung cancer, many patients at highest 
risk of lung cancer are also at highest risk for severe complications from COVID-19 
due to their underlying lung health.

Concerns that COVID-19 may cause an exacerbation of disparities within LCS 
have prompted studies examining rates of LCS by sex, race, and other demographic 
factors. Screening rates did not differ by race or urban/rural status in one state-wide 
study [116]; another study did note differences by race and gender when examining 
“no-show” rates [114]. Ongoing attention to lung cancer incidence and mortality 
rates will provide additional insight into the effect of the pandemic on lung cancer 
screening behaviors over time.
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 Conclusions

Lung cancer is the deadliest cancer in the world. Screening with LDCT has shown 
promise in reducing lung cancer mortality. However, implementation of LCS in the 
United States has been relatively slow, likely due to many factors including system- 
level barriers such as inequitable access to health care, complicated Centers for 
Medicare and Medicaid reimbursement stipulations, and psychological factors like 
stigma and nihilism about lung cancer. Groups who potentially stand to gain the 
most from LCS like Black Americans, those with lower educational attainment, 
people who still smoke cigarettes, and women, are disproportionately behind in the 
race to offer screening to all eligible persons. In the future, other screening tests for 
lung cancer might expand access without increasing harm and cost, but these have 
yet to be identified. The most significant risk factor for lung cancer is cigarette 
smoke exposure, but there are other known risk factors, including radon, air pollu-
tion and asbestos exposure and family history. Furthermore, individuals without 
identifiable risk factors do develop lung cancer, so this remains an important area 
of study.
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Chapter 3
Tobacco Prevalence and Treatment

Joelle T. Fathi and Hasmeena Kathuria

 Introduction

Since the first Surgeon General’s report on smoking, Smoking and Health: Report 
of the Advisory Committee to the Surgeon General of the Public Health Service in 
1964, recognizing the proven link between smoking and lung cancer [1], the preva-
lence of cigarette smoking has significantly declined from 42.4% in 1965 to 12.5% 
in 2020 among US adults [2]. Tobacco prevention, cessation, and policy control 
efforts have aimed to protect the public from the harms of smoking and have been 
critical contributors to the falling smoking rates. Yet, this decline has not been equal 
across populations [3–5], highlighted in the most recent Surgeon General’s report in 
2020 [6]. As data on the harms of smoking have accumulated, smoking prevalence 
shifted to communities impacted by social determinants of health such as low edu-
cation level, unemployment, and poverty [7]. Thus, it is crucial to target the social 
factors that lead to chronic tobacco use and health inequities. A goal of the National 
and State Tobacco Control Program of the Center for Disease Control (CDC) is to 
“Advance health equity by identifying and eliminating commercial tobacco product- 
related inequities and disparities” [8].
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 Disparities in Tobacco Use Patterns

Not surprisingly, populations with a high prevalence of tobacco use, lower quit 
rates, and higher secondhand smoke exposure experience tobacco-related health 
disparities [2, 9, 10]. Socioeconomically disadvantaged populations and certain 
minority groups, including (1) black, indigenous people of color (BIPOC); (2) peo-
ple who have a high school education or less; (3) those with an annual household 
income at the federal poverty level or below; (4) belong to the LGBTQ+ commu-
nity: (5) uninsured, underinsured, or on state Medicaid coverage; and (6) having any 
level of generalized anxiety disorder or other serious mental health disorder, suffer 
disproportionately high rates of smoking, nicotine dependence, and tobacco-related 
health disparities, including lung cancer [2, 11, 12]. Black people who do not smoke 
are exposed to more secondhand smoke, a known risk factor for lung cancer [13], 
than White people who do not smoke [14]. Even though Black people are more 
likely to express interest in stopping smoking, they are less likely to use approved 
treatments and stop smoking [15]. Forty-four percent of people who smoke ciga-
rettes and are uninsured receive advice to quit smoking compared to 57% of those 
who have commercial or employer-based insurance, and 21.4% of uninsured people 
receive guideline-recommended cessation treatment, compared to 32.1% of people 
who are privately insured [11, 16]. Clinicians and healthcare systems must address 
these factors to reduce tobacco-related health disparities to avoid variation in the 
quality of care based on gender, race, ethnicity, sexual or gender identity, geographic 
location, and socioeconomic status [17].

 Carcinogenesis of Tobacco Smoke and the Development 
of Lung Cancer

Genetic predisposition and environmental exposures predominantly affect whether 
people develop or circumvent disease. Identification of genes, molecules, and phys-
iologic pathways influencing the risk of disease development from tobacco smoke 
exposure and its linkage to lung cancer have been underway for decades [18].

Constituents of combustible cigarettes have continued to rise to an all-time high 
of 7000, with 70 of those being known carcinogens. The primary carcinogenic com-
ponents of cigarettes, known to have direct effects on the development of lung can-
cer, include polyaromatic hydrocarbons (PAHs), N-nitrosamines, aromatic amines, 
aldehydes, and volatile organic hydrocarbons. These ingredients must undergo con-
version through cytochrome P-450 enzyme activation to have carcinogenic effects. 
Cigarette smoke triggers this metabolic activation and the chemicals’ carcinogenic 
properties, whereby they more readily bind to DNA (DNA adduction) [19–21]. 
DNA adducts (segments of human DNA bound to carcinogens) can contribute to 
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DNA miscoding during replication leading to the mutation of certain oncogenes 
directly implicated in the development of lung cancer [22]. The concentration and 
prevalence of DNA adducts, as a result of tobacco smoke exposure, correlate with 
the development of lung cancer. Nicotine, while not known to be carcinogenic, does 
promote the survival and proliferation of malignant cells through reduced apoptosis 
and increased angiogenesis [19]. Humans possess DNA repair capability that can 
mitigate DNA adduct harm and reduce the risk of developing lung cancer. This 
partly explains why some people develop lung cancer while others do not [23].

 Lung Cancer Continuum: An Opportunity to Promote 
Smoking Cessation

Lung cancer is the leading cause of cancer death among men and women, account-
ing for 18% of cancer deaths worldwide. Smoking is implicated in about 90% of all 
lung cancers [24, 25]. Substantial evidence demonstrates the benefits of stopping 
smoking along the lung cancer continuum, including before, at the time, and after a 
lung cancer diagnosis. Thus, healthcare providers have multiple opportunities and 
teachable moments to proactively address and motivate smoking cessation in an 
individual’s health journey. Healthcare providers specifically trained in tobacco 
treatment improve the provision of smoking cessation services [26].

 Lung Cancer Screening

Among individuals enrolled in lung cancer screening (LCS), about 50% smoke 
cigarettes [27]. Individuals eligible for LCS who currently smoke cigarettes can 
achieve a three- to fivefold mortality reduction if they quit smoking and stay quit 
[28]. To receive reimbursement for LCS, the Centers for Medicare and Medicaid 
Services National Coverage Determination for LCS requires that providers offer 
both tobacco treatment and shared decision-making (SDM), during which patients 
and providers discuss the benefits and harms of LCS, the patient’s preferences and 
values, and make a decision together about whether to proceed with LCS [29, 30]. 
Notably, the SDM visit provides an opportunity to initiate a conversation about 
patients’ tobacco use and offer tobacco treatment. Lung cancer screening is not a 
one-time scan, with the cumulative benefit of screening appreciated by subsequent 
low-dose CT scans over time. Annual or more frequent follow-up screening inter-
vals are excellent opportunities for critical touchpoints to maintain the cessation 
conversation with people currently smoking and to provide ongoing opportunities 
for cessation treatment.
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 Lung Cancer Care

In individuals who continue to smoke after a lung cancer diagnosis, the mortality 
risk is twice that of those who stop smoking [31]. A systematic review with meta- 
analysis that examined the effects of smoking cessation after a primary lung cancer 
diagnosis demonstrated that quitting smoking following early-stage lung cancer 
diagnosis resulted in at least a 30% increased 5-year survival for people who stopped 
smoking compared to those who continued to smoke [31]. Furthermore, quitting 
smoking increases the therapeutic response to cancer treatment, decreases treat-
ment-related toxicities, and decreases the likelihood of disease progression, devel-
oping a second primary cancer, and cancer recurrence [32–34].

 Informed by Ongoing Research

The National Institutes of Health and National Cancer Institute have dedicated 
research funding to examine how best to integrate tobacco treatment into routine 
cancer care through the Cancer Center Cessation Initiative (3CI): NCI Cancer 
Moonshot Project and in the LCS setting through the Smoking Cessation at Lung 
Examination: The SCALE Collaboration; the results of these trials are expected 
shortly.

 Understanding Nicotine Addiction

The brain’s neurochemical response to nicotine and resulting neurohormonal altera-
tions are directly implicated in the development of nicotine addiction [35]. 
Circulating nicotine in the brain attaches to nicotinic acetylcholine receptors 
(nAChRs) located throughout the brain, causing a cascade of reactions, including 
the expression of neurohormones [35]; the main effectors of nicotine addiction are 
in sites that are important to basic survival functions [36, 37]. Nicotine stimulates 
nAChRs on dopaminergic neurons in the ventral tegmental area (VTA), leading to 
increased dopamine levels within the striatum and nucleus accumbens [38, 39]. 
Increased dopamine creates a false safety signal and improved mood, arousal, and 
cognition disrupted by nicotine withdrawal. In addition, nicotine stimulates other 
neurotransmitters, including norepinephrine, acetylcholine, serotonin, gamma- 
aminobutyric acid (GABA), glutamate, and endorphins [40]. Nicotine also pro-
motes long-term learned associations that trigger strong behavioral compulsions to 
smoke, placing people at lifelong risk for relapse. Furthermore, brain circuits 
undergo neuroadaptations with repeated exposure to nicotine (e.g., an increase in 
nAChRs), reinforcing continued nicotine use [41–43].
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When people with tobacco use disorder are faced with the possibility of absti-
nence, they experience a threat to survival [44]. Discontinuation of nicotine can lead 
to withdrawal symptoms that include emotional, behavioral, and cognitive disrup-
tions that can begin within 1  h, peak at 48–72  h, and gradually decline in most 
people over the next 6  months [45–47]. As discussed below, starting pharmaco-
therapy before quit attempts and extending treatment duration to more than 3 months 
circumvent the constellation of complex withdrawal symptoms and may facilitate 
abstinence and prevent relapse.

 Dismantling Stigma through Healthcare Provider 
Self- Awareness and Proactive Work

Understanding the mechanism of nicotine addiction and how to manage tobacco use 
disorder therapeutically is one step closer to helping people quit smoking. 
Developing awareness and directing attention to understanding how healthcare pro-
viders’ life experiences and resources contribute to success and social privilege, and 
how this privilege leads to power and implicit bias is equally critical to helping 
people succeed in their cessation journey [48]. Implicit biases and stigmatizing 
beliefs that people are responsible for their tobacco use disorder lead to discrimina-
tion and poor health outcomes for marginalized people [49] who are at higher risk 
for developing or currently smoking. Furthermore, these stigmatizing beliefs pro-
voke self-stigmatization (self-blame) and even nihilism (no value in treatment) for 
people who smoke cigarettes [50–52], with adverse effects on health-seeking behav-
iors [53] and worse quality of life with more psychological distress [54]. 
Understanding the detrimental effects of provider privilege, implicit biases, and 
resulting stigma and poor health outcomes points to the criticality of addressing 
these issues straight on. This begins with a call to action for healthcare providers to 
examine how they may proactively dismantle stigma to transform the healthcare 
delivery system.

 Taking a Structured and Comprehensive Tobacco Use History

 Assessing Nicotine Dependency

Nicotine dependence can be measured by the Fagerstrom test for nicotine depen-
dence (FTND); scores range from 0 to 10, with higher scores indicating higher nico-
tine dependence [55]. Time to first cigarette (TTFC) is also used to measure nicotine 
dependence, with shorter TTFC after waking correlated with greater nicotine depen-
dency [56]. Data from FTND and TTFC measurements can be instrumental when 
initiating cessation work. Taking this history opens an opportunity to explore further 
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the struggle patients have had in their cessation journey and, perhaps more impor-
tant, bolster an understanding of the intensity of the therapeutic interventions that 
may be necessary for successful cessation.

 Motivational Interviewing for Behavior Change

Motivational interviewing (MI) for behavior change is a patient-centered practice 
that acknowledges the patient as an expert in their story, values, and beliefs [57]. 
Centered on the patient and healthcare provider partnership, provider acceptance 
and empathy are foundational. MI is leveraged as a conceptual framework to help 
patients identify perceived barriers and build their confidence to quit [57]. This 
communication technique allows providers to express compassion for patients to 
help them resolve their ambivalence in smoking cessation. It may be adopted and 
adapted by almost anyone interested in helping patients with behavior change and 
quitting smoking.

 Leveraging the 5As Model for Behavior Change 
in Cessation Work

The 5As Model for Behavior Change reaches the end-to-end landscape of nicotine 
addiction, is simple to implement when helping people to quit smoking, is strongly 
recommended by the US Preventive Services Task Force [58], and is effective in 
promoting smoking cessation [59–61]. Developed to be applied sequentially, this 
model is initiated by (1) Asking all patients about tobacco use (this is where FTND 
and TTFC could be assessed); (2) Advising those who use tobacco products to stop; 
and (3) Assessing willingness to make a quit attempt. This third step could be facili-
tated by motivational interviewing, including determining the patient’s motivation 
to quit and their confidence in quitting. The transtheoretical Model of Behavior 
Change, aka Stages of Change [62], may also be helpful in this Assess step to iden-
tify a patient’s readiness to quit and meet them where they are. (4) Assisting the 
patient interested in quitting includes counseling and developing a personalized 
combination of pharmacotherapy and behavior change cessation plan. For the 
patient who is not ready to quit at this time, the MI strategies may help patients 
move forward in the Readiness to Change stages; (5) finally, Arrange for the patient 
to have a clinical follow-up, even and especially if they express they are not ready 
to quit [63]. While “Asking” and “Advising” are commonly performed in the clinic, 
the more complex steps, particularly “Arranging” follow-up, occur less frequently 
[64] due to barriers including lack of knowledge, training, or confidence in interven-
tion delivery, time constraints, or uncertainty about insurance coverage [65].
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 Taking a Comprehensive Tobacco History and Examination 
for Success

The strategies and frameworks discussed above facilitate taking a comprehensive 
tobacco history that further enhances an opportunity to collect an accurate history 
of the intensity and duration of tobacco use. This includes the onset (date) of regular 
smoking and other tobacco products, the frequency (daily, weekly, etc.) of use, 
intake quantity (number of cigarettes or packs per day), and the duration of use 
(how many years). It is essential to also inquire about where they have been in their 
tobacco use and cessation journey, where they are now, their goals for the future, 
what has and has not worked in their efforts to quit, and what has led to relapse. 
Reconciling current medication use, taking a medical and psychiatric history, and a 
thorough social history will provide critical information to support the patient’s 
efforts to quit and design a personalized pharmacologic and non-pharmacologic 
therapeutic management plan. Physical examination findings related to the effects 
of smoking (e.g., claudication, hypertension, wheezing) may provide teachable 
moments to proactively address and motivate smoking cessation.

 Counseling

Opt-out approaches to offering tobacco treatment to all individuals who smoke 
regardless of readiness to quit and allowing patients to decline treatment have been 
shown to have both a high acceptance rate and increased smoking abstinence com-
pared to opt-in approaches, where tobacco treatment is only offered to individuals 
who are ready to stop smoking [66–68].

Behavioral interventions confer skills for managing behavioral and psychologi-
cal factors that may undermine quitting [69], including behavioral counseling, moti-
vational interviewing, and cognitive therapy. Behavioral counseling addresses the 
processes by which cigarette use becomes associated with social and environmental 
contexts by providing practical tools to avoid triggering situations and manage 
urges [70]. Individuals who smoke frequently experience conflict between their 
motivation to stop smoking and their confidence in quitting based on previous 
attempts and abstinence experiences. Healthcare providers can elicit behavior 
change by resolving ambivalence through motivational strategies, such as motiva-
tional interviewing [71]. Brief motivational interventions using the “5Rs” have been 
shown to positively affect abstinence [72]. The “5Rs” include (1) discussing the 
personal “Relevance” of smoking cessation; (2) articulating the “Risks” of contin-
ued smoking; (3) developing the anticipated “Rewards” of quitting; (4) preconceiv-
ing the “Roadblocks” to stopping smoking; and (5) addressing these issues on a 
“Repeated” basis [73]. Cognitive therapy addresses maladaptive cognitions that 
underlie compulsive smoking behaviors due to environmental and emotional 
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triggers and the emotional distress that accompanies such experiences that often 
place people at high risk for relapse [74, 75].

Both individual and group counseling that emphasizes problem-solving skills are 
effective [76, 77]. Outcomes improve with greater intensity of counseling and when 
accompanied by pharmacotherapy [77], and all patients should be encouraged to 
use available support services [73]. Printed self-help materials only slightly increase 
quit rates compared to no intervention [78]. Telephone-based counseling may be 
effective in promoting smoking cessation. Quitlines (800-QUIT-NOW) are avail-
able in all 50 states and the District of Columbia, Guam, and Puerto Rico at no cost, 
with many offering free supplemental nicotine replacement products. Although cur-
rent utilization is low, Quitlines can increase access to tobacco cessation counseling 
and treatment for people with limited resources, including those who experience 
low SES and rurality [69, 79–82]. Proactive telephone counseling increases the like-
lihood of quitting with three to five telephone calls yielding a 27% increased suc-
cessful cessation compared to a minimal intervention (one call) [83]. In the LCS 
setting, telephone-based counseling was feasible and effective in improving 3-month 
biochemically verified abstinence [84]. Interactive text-messaging services that 
deliver motivational messages and education about smoking and cessation increase 
6-month quit rates [79, 85].

 Pharmacotherapy

Pharmacotherapy effectively reduces withdrawal symptoms and improves control 
over the desire to smoke [36, 44]. The combination of counseling and pharmaco-
therapy is more effective than either intervention alone. There are seven FDA- 
approved medications for tobacco treatment (Table 3.1): (1) five forms of nicotine 
replacement therapy (nicotine lozenges, gum, and patches can be purchased over 
the counter; nicotine nasal inhalers and spray are available by prescription only); (2) 
bupropion (Wellbutrin; Zyban); and (3) varenicline (Chantix). All FDA-approved 
pharmacotherapies for tobacco cessation have some action that mimics or inhibits 
the effects of nicotine use while also stimulating dopamine. The table provides strat-
egies, dosing considerations, and side effect management for busy clinicians initiat-
ing pharmacotherapy for tobacco dependence.

A recent American Thoracic Society clinical guideline established varenicline as 
the optimal controller compared to bupropion and nicotine patches for both long-
term abstinence and serious adverse events [86]. Other practical considerations 
include initiating combination therapy (e.g., varenicline plus nicotine patch; nico-
tine patch plus nicotine inhaler or gum; bupropion plus nicotine patch) since com-
bination therapy can increase abstinence compared to monotherapy [86] and 
extending pharmacotherapy for up to 6 months since pharmacotherapy that extends 
beyond 12 weeks can improve abstinence and reduce the likelihood of relapses [86]. 
Guidelines also recommend starting varenicline before a patient is ready to abstain 
since pretreatment increases the likelihood of eventual abstinence, with an 
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estimated 308 more patients achieving abstinence per 1000 patients treated and only 
a small increase in SAEs [86]. In addition, a study by Hartwell and colleagues 
showed that starting varenicline before a quit attempt was associated with increased 
memory and attentiveness and reduced cravings [87].

 Nicotine Replacement Therapy

NRT is a nonselective agonist of nAChRs. NRT generally provides a much slower 
release and absorption of nicotine into the blood than the immediate peak from 
smoking a cigarette, making it a nonaddictive and safe alternative to smoking 
[36, 44].

Combining a “controller” that provides continuous dosing to produce steady lev-
els of nicotine (transdermal nicotine patch) with a “reliever” that allows for “as 
needed” dosing in response to acute cravings (nasal spray, inhaler, gum, or lozenge) 
is more effective in achieving prolonged abstinence than either alone.

The transdermal nicotine patch (available in 21 mg, 14 mg, and 7 mg doses) 
reaches peak blood levels of nicotine 1–4 h after application and provides the lon-
gest and most constant delivery rate. The side effects of transdermal nicotine patches 
include abnormal dreams and skin irritation at the application site.

Blood levels of nicotine peak about 10 min after using the nasal spray or inhaler 
and 20 min after using the gum or lozenge; they are, therefore, often used as “as 
needed” adjuncts to the nicotine patch. Both nicotine gum and lozenge are available 
in 2 mg and 4 mg doses. For the gum, patients are instructed to chew until the gum 
releases a “peppery” taste or tingling sensation, at which point they should place it 
between the gum and cheek to allow for absorption. When the “peppery” taste or 
tingling stops, they should rechew the gum until the sensation is released again, at 
which point they should place the gum on the alternate side of the cheek. This pro-
cess is repeated for about 30 min or until the “peppery” taste or tingling sensation 
no longer occurs. For the lozenge, patients are instructed to place the lozenge against 
the cheek to allow for mucosal absorption. The lozenge can be rotated side to side 
to minimize discomfort if left in one place for too long. Side effects can include 
hiccups, heartburn, nausea, mouth sores, and mouth soreness when used incorrectly.

The nicotine inhaler consists of a cartridge that can deliver approximately 4 mg 
of nicotine placed inside a plastic mouthpiece. Patients take short puffs, and when 
used continuously, last about 20 min. Patients use a minimum of 6 cartridges and up 
to 16 cartridges per day. Side effects can include cough and mouth and throat irrita-
tion. The nicotine nasal spray can also rapidly deliver a high dose of nicotine and 
may be especially useful if patients have high nicotine dependence. However, com-
mon side effects of nasal irritation, runny nose, watery eyes, sneezing, and coughing 
are frequently limiting. Finally, it is important to note that these oral nicotine 
replacement medications will not be effective in patients who wear dentures. 
However, these short-acting nicotine replacement medications may be safely and 
effectively used when dentures are removed.
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 Varenicline

Varenicline is a selective partial agonist of nAChRs and competes with nicotine for 
nAChR binding, thus acting as a mixed agonist/antagonist at these receptors [88, 
89]. Individuals are often started on varenicline at 0.5 mg daily and titrated to a 
target dose of 1 mg twice daily. Instructing the patient to delay attempts at quitting 
during the first week is often recommended and safe since the onset of action is 
delayed [90]. Dosing is reduced for individuals with creatinine clearance of less 
than 30  ml/min to 0.5  mg twice daily. Patients on hemodialysis are prescribed 
0.5 mg daily. Taking varenicline with food decreases common side effects of nausea 
and vomiting. Other side effects include abnormal dreams and headaches, which 
can be managed by dose reduction with little impact on the outcome [91]. It is 
important to note that nausea is a common side effect when the nAChRs are over-
stimulated and saturated by nicotine. Because of the mechanism of action of vareni-
cline at this receptor and its high affinity for the nAChRs, people may experience 
significant nausea when taking varenicline and smoking cigarettes. Therefore, it is 
prudent to advise patients taking varenicline and smoking to reduce their cigarette 
intake or, ideally, quit altogether to avoid this overstimulation (flooding) of the 
nAChRs and nausea.

Findings from pooled clinical trial data, several large observational studies, and 
a large prospective randomized trial (EAGLES) have assuaged concern over the link 
between varenicline and suicidal ideation and suicidal behavior [92]. The Boxed 
Warning for serious mental health side effects was removed from the drug label in 
December 2016.

 Bupropion Sustained Release

Bupropion sustained release (S.R.), a non-tricyclic antidepressant, acts partially as 
a dopamine/norepinephrine reuptake inhibitor [88, 93]. Bupropion likely alleviates 
tobacco withdrawal via its dopamine/norepinephrine-stimulating properties. Since 
it can nonselectively antagonize nAChRs, bupropion may also block nicotine rein-
forcement and cue-induced craving [94]. Bupropion S.R. is most effective in achiev-
ing abstinence and controlling withdrawal symptoms when combined with NRT 
[95, 96]. Patients with tobacco use disorder should begin bupropion S.R. 7 days 
before the anticipated quit date, though a longer pretreatment may be needed to see 
the full effect. Bupropion S.R. is started at 150 mg once daily for the first 3 days, 
then increased to twice daily dosing on day 4 to treatment completion. Commonly 
described side effects may include insomnia, abnormal dreams, dizziness, xerosto-
mia, nausea, agitation, and anxiety. Bupropion should not be combined with other 
medications or conditions (e.g., alcohol use disorder) that lower the seizure thresh-
old [97]. Based on the EAGLES trial [92], the Boxed Warning for serious mental 
health side effects was removed from the drug label in December 2016.
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 Extended Duration of Cessation Therapy

The neurohormonal alterations of the brain from chronic nicotine use are known to 
cause ongoing and long-term cravings for nicotine placing people vulnerable to 
triggers that previously led to tobacco use. The current recommendation for a treat-
ment course for NRT is 12 weeks, but research has shown even better outcomes 
with a longer duration of treatment, with people being twice as likely to quit smok-
ing with a 24-week treatment compared to a 12-week course of treatment and less 
likely to relapse [98].

 Examining the Role of Electronic Cigarettes in Promoting 
Smoking Cessation

Evidence suggests that electronic cigarettes (e-cigarettes) may aid in smoking ces-
sation when used as a therapeutic intervention with counseling [99–101]. A 
Cochrane review found that quit rates were higher with nicotine e-cigarettes than 
with NRT and non-nicotine e-cigarettes. E-cigarettes, however, are not associated 
with a reduction in nicotine dependency [102] and may lead to dual use of e-ciga-
rettes and cigarettes. On the other hand, a recent meta-analysis of observational 
studies that provide evidence on how e-cigarette devices are used in actual practice 
found that e-cigarette consumer product use was not significantly associated with 
smoking cessation [101]. In the American Thoracic Society Clinical Practice 
Guideline, varenicline, rather than e-cigarettes, is recommended for smoking cessa-
tion [86]. The US Preventive Services Task Force concludes that there is insufficient 
evidence to evaluate the harms and benefits of e-cigarettes for smoking cessa-
tion [103].

 Relapse Prevention

The complex neurochemistry and neurohormonal alterations in the brain and behav-
ioral components of nicotine dependence often lead to a chronic relapsing condition 
[104]. Helping people quit smoking is the first giant leap forward in living tobacco-
free, but assisting people to maintain abstinence from smoking is equally if not 
more important. In 2021, the US Preventive Services Task Force issued a Grade A 
recommendation for combined pharmacotherapy and behavioral therapy to opti-
mize the opportunity for sustained abstinence [58]. Pharmacotherapy prevents with-
drawal from nicotine and the resulting unpleasant symptoms that provoke relapse. 
In addition, ongoing behavioral counseling and cessation coaching are critical to 
avoiding succumbing to associated behavioral changes and environmental cues that 
reinforce tobacco use [105].
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 Conclusion

Routine lung cancer screening or a lung cancer diagnosis avails a series of encoun-
ters to deliver discussions and treatment on tobacco use. Healthcare providers and 
multidisciplinary teams are positioned to provide life-saving tobacco cessation ser-
vices to all people accessing the healthcare system and seeking care. Patient-
centered and nonjudgmental approaches to providing tobacco treatment at each 
clinical encounter must be tailored to each person’s unique attributes and address 
unmet social needs. A comprehensive tobacco treatment plan combined with phar-
macotherapy and behavioral counseling yields the best opportunity for people to 
quit smoking and the health benefits of long-term success. Addressing provider and 
structural and systemic contributors to implicit bias and stigma is critical and imper-
ative to the success of reaching the most vulnerable and at-risk populations who 
have the most to benefit from cessation services.
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Chapter 4
Approach to Lung Nodules

Srikanth Vedachalam, Nichole T. Tanner, and Catherine R. Sears

 Introduction

Pulmonary nodules are identified incidentally on imaging performed for patient 
symptoms or through low-dose computed tomography (LDCT) lung cancer screen-
ing. Pulmonary nodules are identified incidentally in ~29% of diagnostic chest CTs 
and 23–60% of LDCTs for lung cancer screening [1–3]. Clinicians are challenged 
to manage these nodules, which can be difficult given that these can represent a 
wide range of diseases, from benign infectious and inflammatory diseases to pri-
mary lung and secondary metastatic malignancies. Many professional societies 
have provided expert recommendations on diagnostic evaluation, and numerous 
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validated models that integrate patient demographics, behaviors, and nodule charac-
teristics can be used to predict probability of malignancy. Diagnostic evaluation of 
pulmonary nodules requires both considerations of individualized risks of malig-
nancy and of diagnostic workup in an attempt to optimize the benefit-to-risk ratio. 
Evaluating pulmonary nodules balances the need to diagnose early-stage lung can-
cer with risks of invasive evaluations for benign nodules and the possible risks of 
delayed diagnosis. Diagnostic evaluations are rarely ideal, requiring multidisci-
plinary input, consideration of patient preference, available resources, and individ-
ual comorbidities. Understanding the approach to pulmonary nodules, including 
current techniques and future directions, is essential to providing the best personal-
ized care for patients.

In this chapter, we discuss the subtypes and classifications of pulmonary nod-
ules, imaging techniques to detect nodules, landmark trials, society recommenda-
tions for management, diagnostic approaches currently available, and future 
directions of the field, including promising diagnostic biomarkers for pulmonary 
nodules.

 Etiology

Pulmonary nodules are defined as distinct foci of radiographic density surrounded 
by lung parenchyma measuring < 3  cm in diameter [4]. Pulmonary nodules can 
exist in isolation, referred to as a solitary pulmonary nodule (SPN), or can be mul-
tiple, which occur in more than half of patients with pulmonary nodules found on 
chest CT [5, 6]. When multiple nodules are seen on lung imaging, the largest is 
referred to as the dominant nodule.

Pulmonary nodules are incidentally found on approximately 30% of all CT chest 
scans, the majority representing benign disease [1]. In a high-risk cohort, such as 
those imaged by LDCT in the National Lung Screening Trial (NLST), ~25% were 
identified as having a pulmonary nodule. In some populations, such as those 
included in the Veterans Affairs (VA) Demonstration Project, ~60% of those under-
going LDCT were identified as having a pulmonary nodule [2, 3]. In each of these 
studies, only 2.4% and 2.5% of nodules were malignant, respectively [2, 3]. The 
incidental pulmonary nodule identification rate increases with advancing age and is 
similar in men and women [1]. Pulmonary nodules have numerous potential etiolo-
gies, including neoplasm, infection, inflammatory conditions, and congenital dis-
eases (Fig. 4.1) [7, 8]. The first steps in determining the management of pulmonary 
nodules include obtaining a thorough history, physical exam, and evaluation of 
radiologic characteristics.
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Fig. 4.1 Causes and characteristics of pulmonary nodules *Characteristic clinical and/or radio-
logic findings have been described for many of these causes of pulmonary nodule and can help 
with differential diagnosis, but their absence should not rule out the possibility of nonspecific or 
atypical presentations. DM diabetes mellitus, RA rheumatoid arthritis, SOB shortness of breath, CP 
chest pain, IV intravenous

 Evaluation

The initial assessment of pulmonary nodules should include identification of age 
and a history of substance use, particularly cigarette smoking. Lung cancer risk 
increases with advancing age independent of other risk factors, with the median age 
at diagnosis 70 years [9]. Cigarette smoking is the primary cause of lung cancer in 
the United States and is implicated in up to 90% of all lung cancer deaths in the 
United States [10]. The risk of lung cancer from cigarette smoking is cumulative 
and dose-dependent, increasing with the number of cigarettes smoked and duration 
of cigarette smoking [10]. Cessation of cigarette smoking decreases the risk of lung 
cancer over time, but the risk remains elevated at three times compared to people 
who never smoked, even 25 years after cessation [11]. Although lower than ciga-
rette smoking, pipe, cigar, and hookah smoking, as well as secondhand cigarette 
smoke exposure, have also been linked to lung cancer development [12–14]. Long- 
duration epidemiologic studies linking e-cigarettes to lung cancer are lacking; how-
ever, in  vivo and in  vitro studies which find carcinogens in e-cigarette vapor, 
increased DNA damage, and development of lung cancer in mouse models suggest 
a potential link [15, 16]. Approximately 25% of all patients with lung cancer glob-
ally and 10–15% in the United States never smoked cigarettes, highlighting the 
potential peril of relying on this risk factor alone in pulmonary nodule evaluation 
[17]. Patients should also be assessed for other exposures, including secondhand 
smoke, indoor wood, coal, and cooking fire use, all of which have been implicated 
in increasing the risks of lung cancer, particularly in never-smoking women [17, 18].

A detailed occupational and carcinogen exposure history is also critical in evalu-
ating pulmonary nodules. Prior asbestosis, known asbestos exposure, or occupa-
tions known to have high asbestos exposure are associated with an increased risk of 

4 Approach to Lung Nodules



74

Fig. 4.2 Clinical and pulmonary risk factors for nodule malignancy risk 

lung cancer, particularly when combined with cigarette smoking which may increase 
lung cancer risk ninefold [19, 20]. Occupational exposures to other carcinogens, 
dust, metals, and toxic inhalants have also been associated with lung cancer devel-
opment either directly or through development of chronic inflammation, pulmonary 
fibrosis, or other lung diseases that increase lung cancer risk (Fig. 4.2) [21]. Because 
they may point to other causes of nonmalignant nodules, a history of inhaled drug 
use, and other environmental, pet/bird, and occupational exposures should be 
included. Based on geographic considerations, areas high in endemic mycoses, nod-
ules caused by histoplasmosis and coccidioidomycosis should be considered, par-
ticularly if there is a recent illness after characteristic exposure or travel, confirmatory 
antibody testing (such as positivity for both histoplasmosis IgG and IgM), or, in the 
case of blastomycosis, recent regional outbreak [22, 23]. A detailed review of sys-
tems should be explored, including questions regarding signs of autoimmune condi-
tions, particularly rheumatoid arthritis, and sarcoidosis, in which pulmonary nodules 
are common.

The physical exam can prove helpful in the assessment of pulmonary nodules. In 
addition, it can provide clues of concomitant lung disorders associated with pulmo-
nary nodules, such as interstitial lung diseases and sarcoidosis. Extrathoracic evalu-
ations, including a thorough lymph node exam to evaluate for metastatic malignancy 
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or infection and evaluating for signs of autoimmune disease, can help focus one 
investigation, which will involve a comprehensive exam as well as obtaining an 
extensive medical history.

 Imaging

Approximately 1.6 million pulmonary nodules are incidentally detected in the 
United States each year, and that number has likely grown with increasing use and 
implementation of lung cancer screening [1]. The initial approach to nodule man-
agement is a comparison to previous radiographs. Pulmonary nodules present for 
18–24 months or greater without change have a high probability of being benign, 
and most recommendations do not require further evaluation or radiologic follow-
 up [5, 24]. However, most nodules are new or without comparative imaging avail-
able, found incidentally on chest radiographs (CXR) or chest CT, and require further 
evaluation. For many clinicians, pulmonary nodules pose a diagnostic dilemma and 
can cause significant patient distress [25]. This section will describe common imag-
ing techniques and recommendations.

 Chest X-ray and Chest CT

Pulmonary nodules can be identified by CXR or chest CT. Chest CT is often needed 
to confirm and characterize a pulmonary nodule seen on CXR, as up to 20% of nod-
ules identified on CXR represent artifacts from extrathoracic, chest wall, or pleural 
findings [7]. The National Lung Cancer Screening Trial, the largest randomized 
lung cancer screening study, enrolled more than 15,000 US participants at high risk 
for lung cancer and showed a more than threefold higher detection rate with CT over 
CXR [2]. This is consistent with numerous prior studies, which also supported the 
increased sensitivity of chest CT to CXR for detecting pulmonary nodules [26–28]. 
Several recommendations have been made to standardize chest CT imaging for pul-
monary nodule identification and assessment. The American College of Radiology 
and the Society of Thoracic Radiology (ACR-STR) practice parameters recommend 
that multi-detector CT techniques in a single breath hold at full inspiration be used 
for nodule detection. Axial image reconstruction should be with a slice thickness of 
2.5 mm or less with reconstruction intervals equal or less than the slice thickness 
used. 1 mm or less reconstruction intervals are ideal for minimizing volume averag-
ing effects to detect small nodules. Radiation dose should be as low as possible, and 
the low dose of 3 mSv for most patients is adequate for nodule detection [29].

There is no consensus on the best method for measuring nodules on CT. One 
common approach is to use the long and the perpendicular short axis diameter on a 
single axial CT image, with the average of these diameters recommended by 
Fleischner Society based on better correlation with malignancy risk compared to 
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maximum diameter [30]. A difference of at least 1.5 mm between interval scans is 
considered true growth [2, 31]. Applying a two-dimensional measurement to a 
three-dimensional nodule limits this approach. Volume-based measures can be used 
to classify nodule risk based on size (i.e., volumes of 50mm3 or less denoting likely 
benign findings, 50–500  mm3 sized nodules are classified as indeterminate, and 
500mm3 are high-risk nodules requiring further management). A volume change of 
≥25% is an often-accepted cutoff to delineate actual growth between scans [32]. 
Volumetric assessment allows for calculation of volume double timing (VDT), with 
a VDT of <400 days or development of a new solid component in a ground-glass 
nodule between short intervals, as early as 6 weeks after the initial CT, indicating a 
change that needs further investigation [33, 34]. There is debate on the superior 
method of nodule measurement among societies, with measurement of diameter 
more commonly practiced in the United States and volumetric analysis having 
gained traction in Europe, including a European position statement recommending 
volumetric assessment for lung cancer screening [35]. Some studies suggest volum-
etry may be more reproducible between measurements compared to diameter, 
decreasing the time to growth detection and subsequently the number or frequency 
of LDCT imaging, particularly automated or semiautomated assessments [33, 36–
38]. Many factors can diminish reliability of volumetric measurements, including 
variations between volumetry software packages and CT scanners, slice thickness, 
the presence of IV contrast material, irregularities in shape, subsolid nodule density, 
nodule location, and decreasing pulmonary nodule size [32]. Advances in technol-
ogy, including automated radiomics, and radiogenomics approaches, may dramati-
cally impact CT chest image interpretation and subsequent pulmonary nodule 
management [39].

 Classification of Pulmonary Nodules by Imaging

Evaluation of pulmonary nodules seen on chest CT must start with assessing the 
probability of malignancy. Guidelines for pulmonary nodule management have 
aimed to simplify this risk assessment by considering clinical risk factors (high risk 
denoting any clinical risk factors increasing the risk of malignancy) and nodule 
features, including nodule characteristics, size, number (solitary vs. multiple), and 
density (solid vs. subsolid vs. mixed). These are briefly discussed below and in 
Fig. 4.1.

 Specific Morphologic Features

A nodule can be classified by its morphological characteristics as seen on CT imag-
ing, characterized as solid, semisolid (solid component among ground-glass den-
sity), and nonsolid (or pure ground-glass). Nodule contour terms are also described 
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with some (e.g., rounded, smooth, tentacle/polygonal) more often considered 
benign, while others (e.g., lobulated, spiculated, ragged, pleural tags/retractions, 
vessel sign, “sunburst” or “corona radiata” sign, cavitary/thick walled) are more 
concerning for likely malignancy [7, 40, 41]. Calcification is a common finding in 
nodules and can similarly suggest etiology. Diffuse, central, laminar (concentric), or 
popcorn calcification patterns suggest benign etiologies (e.g., granulomas or chon-
droid lesions) and do not require further evaluation [42, 43]. Stippled, eccentrically 
calcified, and noncalcified nodules may be malignant and require further diagnostic 
evaluation [7]. Hamartomas are benign, characteristically show fat hypoattenuation 
(−40 to −120 Hounsfield units on soft tissue chest CT windows), and do not require 
further diagnostic evaluation. Pulmonary nodules resulting from arteriovenous mal-
formations are seen with feeding and draining vessels on either side. Other benign 
nodular lesions include infectious and inflammatory causes, pulmonary infarct, 
rounded atelectasis (presence of “comet tail” or “hurricane sign”), loculated effu-
sion, and congenital and sequestered lung. Close collaboration with radiologists 
trained in interpretation of chest imaging is highly useful to avoid invasive evalua-
tion of clearly benign nodules.

Locations of nodules within the lung can help risk stratify these lesions. Upper 
lobe location is associated with higher risk of lung cancer, but malignancy can occur 
in any lung field [5]. Nodules identified in the perifissural region often represent 
benign lymph nodes and can be identified by trained radiologists by their location 
and triangular, ovoid, or lentiform shape [44, 45]. Several small (<6 mm) bilateral 
nodules can many times also be seen in benign states such as endemic fungal expo-
sure, acute inflammatory, infectious, and autoimmune diseases [30]. The presence 
of multiple pulmonary nodules larger than 6 mm in diameter may be associated with 
similar or even higher risk of malignancy. The Nederlands-Leuvens Longkanker 
Screenings Onderzoek (NELSON) study found an increased risk of malignancy 
when two to four pulmonary nodules were identified; the presence of five or more 
was associated with a lower risk of malignancy compared to a solitary pulmonary 
nodule [46]. Other studies of screen detected pulmonary nodules did not show a 
difference in the likelihood of malignancy in patients with multiple pulmonary nod-
ules compared to solitary pulmonary nodules [5, 47].

 Nodule Size: Solid Pulmonary Nodules

Solid pulmonary nodules (SPN) are the most commonly found nodules on chest 
imaging and may represent both benign and malignant diseases [48]. Unless clearly 
benign by characteristic calcification patterns, several societies, including the 
Fleischner Society, British Thoracic Society (BTS), and American College of Chest 
Physicians (CHEST), have provided recommendations on follow-up of incidentally 
diagnosed pulmonary nodules (Table 4.1) [30, 41, 49]. Very small SPN, classified 
by size <5–6  mm in diameter, or by volumes <80mm3 (BTS) or  <  100  mm3 
(Fleischner Society), are typically considered very low risk of malignancy. The 
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Table 4.1 Society recommendations for incidental pulmonary nodule radiologic follow-up by 
size and density

Guidelines for management of incidental nodules

Very small 
nodules 
(diameter)

Small nodules 
(diameter)

Intermediate nodules 
(diameter)

Nonsolid (pure 
ground-glass) 
(diameter)

Partial solid 
nodules 
(diameter)

Fleischner
Society*

Solitary nodule
<6 mm*a

Low risk: 
No 
follow-up 
needed
High risk: 
+/− CT 
chest −12 
mo

6-8 mm*a

CT chest at 
6–12 mo, then 
at 18–24 mo

>8 mm*a

CT at 3 month vs. 
PET/CT vs. tissue 
biopsy vs. surgical 
excision

≥6 mm*a

CT at 
6–12 month 
and then every 
2 year until 5 
year

≥6 mm*a

CT at 
3–6 months 
and then 
annually for 
5 year until 
growth/solid 
component 
≥6 mm

Multiple nodules
< 6 mm*a

Low risk: 
No 
follow-up
High risk: 
+/− CT 
chest at 
12 mo

6–8 mm*a

CT chest at 
3–6 month 
then at 
18–24 month

> 8 mm*a

CT chest at 3–6 
month, then at 
18–24 months

< 6 mm*a

Typically benign. CT at 
3–6 month; if high risk, 
consider repeat at 2 and 4 year
≥ 6 mm
CT 3–6 month; management 
based on most suspicious 
nodule

ACCP/
CHEST

≤ 4 mm
Low risk: 
+/− CT 
chestb at 
12 mo
High risk: 
CT chestb 
at 
12 month

>4–8 mm
>4–6 mm
Low risk:
CT chestb at 
12 month
High risk:
CT chestb at 
6–12 month, 
then at 
18–24 month
>6–8 mm
Low risk: CT 
chestb at 
6–12 month 
then 
18–24 month
High risk:
CT chestb at 
3–6 month, 
then 
9–12 month, 
then at 
24 month

> 8 mm
Risk-based 
evaluation including 
CT surveillance 
(very low risk) vs 
PET or nonsurgical 
biopsy (intermediate 
risk) vs. diagnostic 
wedge resection 
(high risk)

>5 mm
Annual CT 
chestb for 
3 year
>10 mm – 
Consider CT 
chest at 
3 months, and 
biopsy 
(surgical vs 
nonsurgical) if 
persistent

≤8 mm
CT chestb at 3, 
12, and 24 
month, then 
annually for 
another 1–3 
year
>8–15 mm
CT chestb at 
3 months 
followed by 
PET/CT or 
biopsy/
resection if 
persistent
≥15 mm
Proceed 
directly to 
PET/CT vs. 
biopsy/
resection)
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Table 4.1 (continued)

Guidelines for management of incidental nodules

BTS <5 mm
No 
follow-up

≥5–6 mm
CT at 
12 months. If 
stable on 
volumetry, can 
discharge. If 
stable on 
diameter 
repeat at 
24 months
≥6-8 mm
CT at 3 month 
and if stable or 
VDT 
>400 days, 
then repeat at 
12 months

≥8 mm/≥300 mm3

CT surveillance vs. 
biopsy vs. surgical 
excision dependent 
on risk calculators

≥5 mm
CT at 
3 months and 
then further 
CT 
surveillance 
vs. nonsurgical 
vs. surgical 
excision based 
on risk 
assessment 
calculators

≥5 mm
CT at 
3 months and 
then further 
CT 
surveillance 
vs. 
nonsurgical vs 
surgical 
excision based 
on risk 
assessment 
calculators

CT computed tomography, SBRT stereotactic body radiation therapy, RFA radiofrequency ablation, 
PET/CT positron emission tomography/computed tomography, VDT volume doubling time, BTS 
British Thoracic Society
a Fleischner Society measurements are based on average diameter of largest pulmonary nodule. 
They also provide volumetric equivalents to average diameter sizes: 6  mm  =  100  mm3, 
8 mm = 250 mm3. BTS measurements are based on maximum diameter. Evaluation of growth is 
recommended by calculation of >25% volume doubling time (VDT), diagnostic evaluation for 
VDT < 400 days
b Noncontrasted, low-dose CT chest recommended. Low risk = no lung cancer risk factors. High 
risk = at least one lung cancer risk factor. Recommendations for subsequent CT chest imaging are 
based on no change in size or appearance from initial scan
* Non-contrasted, low-dose CT chest recommended. Low Risk = no lung cancer risk factors. High 
Risk = at least one lung cancer risk factor. Recommendations for subsequent CT chest imaging is 
based on no change in size or appearance from initial scan

prevalence of malignancy in incidentally discovered SPN < 5 mm is very low, rang-
ing from 0 to 1% [50]. Even the NLST, which included only patients typically con-
sidered higher risk for lung cancer, found that only 0.5% of nodules with diameters 
4–6  mm were ultimately malignant [2]. Most guidelines recommend no further 
radiologic follow-up for low-risk individuals, while no radiologic follow-up or con-
sideration of an optional CT chest at 6–12 months can be considered in those with 
high-risk clinical features.

SPN 6–8 mm in diameter (or 100–250 mm3) are associated with a slightly higher 
risk of malignancy ranging from 0.5 to 2% [21, 30]. Guidelines vary slightly but 
typically include an initial CT chest in 6–12 months, and, if showing stability in 
size, a second CT chest at 18–24 months from the initial CT to assess for long-term 
stability, after which subsequent imaging is not recommended. BTS advocates for 
the use of volume doubling time (VDT) to avoid missing slow growing tumors [49]. 
Enlarging nodules during this follow-up period should be assessed with further 
diagnostic testing depending on the size or rate of growth. A clinical trial to deter-
mine the best radiologic surveillance for these nodules is ongoing [51].
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Intermediate pulmonary nodules (~8–15  mm diameter) and larger (>15  mm) 
SPNs are associated with a higher risk of malignancy, estimated at 5–15% 
and > 15%, respectively [52]. Because of the higher likelihood of malignancy, these 
nodules necessitate a more aggressive diagnostic approach. Fleischner Society, 
BTS, and CHEST recommend short-term CT chest (~3 months), PET/CT scan, or 
surgical or nonsurgical biopsy (i.e., resection, CT-guided percutaneous biopsy, 
bronchoscopic biopsy, etc.) to further evaluate and/or empirically treat these nod-
ules. Additional factors including patient preference, ability to tolerate invasive test-
ing/treatment, and technical feasibility of invasive procedures may guide 
management.

 Subsolid Pulmonary Nodules

Subsolid pulmonary nodules fall into pure ground-glass and semisolid pulmonary 
nodules. Ground-glass or subsolid appearance refers to nodules with low attenua-
tion in which densities do not obscure the underlying lung architecture [31]. While 
pure ground-glass nodules may be benign in nature, persistent growing lesions 
>5–6 mm are very likely to represent premalignant or early malignant lung findings 
such as atypical adenomatous hyperplasia, minimally invasive lung adenocarci-
noma, or lipidic predominant adenocarcinoma [53–56]. When malignant, these tend 
to grow at a slower pace than solid lung cancers and are typically of lung adenocar-
cinoma histology [4]. Monitoring of subsolid nodules is based on size and is sum-
marized in Table 4.1.

 Pure Ground-Glass Nodules

Those measuring 5–6 mm are very unlikely to be malignant, and most guidelines 
recommend little or no radiologic follow-up. Recommendations for those measur-
ing >6 mm diameter are repeat CT chest in 6–12 months and subsequent surveil-
lance imaging every 1–2 years with a minimum of 5 years of radiologic follow-up. 
Those measuring >10–20 mm in diameter, those developing new solid components, 
and those with morphological features including bubbly fluencies, air broncho-
grams, spiculation, and pleural retractions warrant closer surveillance or earlier 
diagnostic evaluation [21]. The majority of persistent pure ground-glass nodules 
represent premalignant or early malignant lesions. However, exact size at which 
treatment is needed is not clear, with the reported frequency of invasive lung adeno-
carcinoma in pure ground-glass nodules >10  mm ranging from 10 to 50% [21, 
53, 54].
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 Semisolid Nodules (Part Solid, Part Ground-Glass)

This morphology is more concerning for malignancy, particularly in the setting of a 
new or growing solid component within a ground-glass nodule [5, 40, 57]. The 
ground-glass component is often adenocarcinoma in situ, while the solid portion 
represents invasive adenocarcinoma. Recommendations from US societies focus on 
the size of the solid component to dictate follow-up and further management, rec-
ommending closer radiologic follow-up than pure ground-glass nodules. CHEST 
and Fleischner Society guidelines are similar, recommending CT follow-up for up 
to 5 years for smaller nodules with 3-month CT follow-up vs PET/CT or biopsy for 
larger lesions. BTS recommendations do not distinguish between pure ground-glass 
and semisolid nodules [49].

 Pulmonary Nodule Number

Multiple pulmonary nodules are found in up to 61% of CT chest imaging studies 
[6]. Multiple very small (<5–6 mm) pulmonary nodules are likely benign and do not 
routinely require radiologic follow-up. For multiple pulmonary nodules where any 
nodule is >5–6 mm diameter, the recommended follow-up is dictated by the largest 
pulmonary nodule >6 mm in diameter (Table 4.1). Fleischner Society guidelines 
recommend a more aggressive radiologic follow-up for multiple pulmonary nodules 
where the largest nodule size is 6–8 mm in diameter [30].

Studies drawing from lung cancer screening populations suggest that multiple 
nodules are associated with a similar risk of malignancy as the presence of a SPN 
[5, 46, 47]. In the NELSON study, the largest nodule was most likely to be the 
malignant nodule [46]. However, it should be noted that another study evaluating 
pulmonary nodules in the PanCan and BCCA screening studies found that 20% of 
malignancies were ultimately diagnosed in a nodule other than the largest [5]. For 
this reason, each nodule should be considered separately as a possible malig-
nancy, and evaluation of any enlarging pulmonary nodule or solid component of 
a part- solid nodule should guide subsequent evaluation. As with SPNs, the recom-
mended duration of follow-up for multiple pulmonary nodules is 18–24 months 
for solid nodules and 5 years for subsolid and semisolid nodules. Computerized 
deep learning algorithms to discriminate subtle differences in multiple pulmonary 
nodules have been developed and, with further refinement and implementation, 
may aid in discrimination and subsequent management of benign and malignant 
nodules [58].
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 Unique Considerations for Screen-Detected Lung Nodules

LDCT along with a protocolized follow-up based on pulmonary nodule size and 
growth detects lung cancer at an earlier stage and reduces mortality as evidenced by 
two large, randomized controlled trials, together enrolling 69,246 patients [2, 36]. 
Several societies have endorsed lung cancer screening, including the United States 
Preventive Task Force (USPSTF), who give lung cancer screening a Grade B rec-
ommendation [59–64]. Revised in 2021, the USPSTF recommends screening of 
adults between the ages of 50 to 80  years who have a 20 pack-year cumulative 
smoking history, currently smoke, or have quit within the past 15 years and are will-
ing and able to undergo yearly screening and subsequent evaluation and treatment 
of concerning findings [63].

Several structured reporting systems have been developed specifically for use in 
lung cancer screening, including Lung-RADS, International Early Lung Cancer 
Action Program (I-ELCAP), National Clinical Practice guidelines in Oncology 
(NCCN), Lung Reporting and Data System (Lu-RADS), and NODCAT/GROWCAT, 
among others [5, 52, 64, 65]. Of these, Lung-RADS is the most widely used in the 
United States [66]. Lung cancer screening is discussed in more detail in Chap. 2.

 Risk Stratification Models

Several pulmonary nodule risk prediction models have been developed and vali-
dated to estimate the risk of malignancy. These are largely based on weighted incor-
poration of patient and imaging characteristics accepted to increase lung cancer 
risk. These include patient age, cigarette smoking history and duration, increased 
nodular diameter, and/or volume, spiculation, and upper lobe location. Commonly 
used risk models include the Mayo Clinic (Swensen), Herder, Veterans 
Administration (VA), and Brock models among others (Table 4.2). Clinical utility 
of these models varies based on the cancer prevalence and patient characteristics in 
the studied populations compared to those in the population to which it is to be 
applied [72]. For instance, the Brock University Model, which was developed from 
the Pan-Canadian Early Detection of Lung Cancer Study (PanCan), may be a better 
choice to estimate malignancy risk of a pulmonary nodule identified on lung cancer 
screening [5, 73].

While the use of specific risk calculators is recommended by some societies, 
several studies have shown physician intuition to be similar to published pulmonary 
nodule risk assessment models, particularly in those who see a large volume of 
pulmonary nodules in their practice [67, 74, 75].
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Table 4.2 Validated pulmonary nodule risk calculators

Model Study design Predictors utilized
AUC 
(validated) Reference

Mayo Clinic 
model (1997)

639 patients with newly 
discovered solitary nodules 
on CXR

Age
Smoking
Personal cancer 
history
Nodule diameter
Spiculation
Upper lobe location

0.78–0.90 [67, 68]

Herder model 
(2004)

106 patients undergoing 
PET/CT with intermediate 
nodules based on Mayo 
Clinic model

Mayo Clinic model 
predictive factors plus 
stratification based on 
PET avidity

0.92 [69]

Brock University 
model (2013)

Two cohorts with a 
combined 2961 current or 
former smokers undergoing 
LDCT screening

Age
Gender
Family history of 
cancer
Nodule size
Part solid attenuation
Upper lobe location
Nodule count
Spiculation
Emphysema

0.90 [5]

Bayesian model 
(2015)

343 patients with pulmonary 
nodule diagnosis with 
biopsy or deemed stable at 
imaging for >2 years. All 
patients underwent PET/CT

Age
Smoking history
History of cancer
Nodule size
Upper lobe nodule
Nodule morphology
VDT
Minimal focal density
Enhancement
PET avidity

0.89 [70]

Veterans 
administration 
(VA) model
(2007)

375 VA hospital patients 
with new solitary nodules 
on CXR

Age
Smoking
Time since quitting 
(10-year intervals)
Nodule diameter

0.68–0.74 [71]

AUC area under the receiver operating characteristic curve, CXR chest X-ray, PET/CT positron 
emission tomography/computed tomography, LDCT low-dose computed tomography, VDT vol-
ume doubling time

 Diagnostic Testing

Pulmonary nodules of intermediate risk (~10–60%) often require further diagnostic 
evaluation. This includes noninvasive testing or invasive biopsy (percutaneous, 
bronchoscopic, or surgical) (Fig. 4.3). Diagnosis and staging of suspected lung can-
cer are discussed in more detail in Chap. 5.
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Fig. 4.3 Conceptualized impact of nodule risk assessment on diagnostic evaluation. Predicted 
malignancy risk, based on physician estimates, or published risk assessment tools, is used to con-
sider aggressiveness of diagnostic evaluation. The threshold of ~5–10% malignancy risk is typi-
cally used to differentiate between low- and intermediate-risk nodules; intermediate-risk nodules 
require diagnostic evaluation beyond close radiologic follow-up. The threshold of ~65–70% 
malignancy risk is typically considered the risk above which directs surgical resection of a pulmo-
nary nodule could be considered. These thresholds vary based on patient preferences, comorbidi-
ties, and available diagnostic and therapeutic capabilities. Underdevelopment and commercially 
available pulmonary nodule biomarkers can adjust the nodule posttest probability of malignancy 
to a value either above or below these thresholds (red). *SBRT can be considered in those unable 
or unwilling to have surgery. Based on the conceptual evaluation schema of Ost and Gould [76]

 PET Imaging

Positron emission tomography (PET) scans, often combined with CT for better 
localization of radioisotope uptake, plays a large role in risk stratification of pulmo-
nary nodules. However, it is rarely used as a first-line imaging technique for detec-
tion. PET-CT measuring fluorodeoxyglucose (FDG) uptake has good sensitivity and 
specificity for malignancy, with pooled data showing rates of 89% and 70%, respec-
tively [77]. However, the utility of PET-CT decreases in those with poorly con-
trolled diabetes, small tumors (<8–10 mm in diameter), nodules with a predominant 
ground-glass appearance, in tumors with a slow doubling time such as carcinoid 
tumors, and in lepidic-predominant, minimally invasive or mucinous adenocarcino-
mas, all of which are more commonly associated with false-negative PET findings 
[78–80]. PET is of greater utility in identifying occult mediastinal lymph node 
metastasis, as the sensitivity and specificity (80% and 88%) are higher than CT 
chest alone (55% and 81%) and can be used to identify when invasive procedures 
may be needed, particularly for smaller peripheral non-small cell lung cancers [81]. 
In select patients with nodules high/high-intermediate risk for malignancy but not 
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fit for surgery or who are at prohibitively high risk for biopsy or have nondiagnostic 
biopsy attempts, increased FDG avidity in a suspicious nodule without evidence of 
regional or distal metastasis on PET-CT, along with other factors, may help to select 
those who would benefit from potentially curative stereotactic body radiation ther-
apy (SBRT) [82].

 Biopsy

Once a decision is made to biopsy a pulmonary nodule, sampling choice is deter-
mined by nodule location and characteristics, patient factors and preferences, need 
for concurrent tumor staging (such as concerning mediastinal adenopathy of CT or 
PET), required diagnostic/molecular studies, and institutional experience and avail-
ability. Biopsy may be obtained with surgical, percutaneous, or bronchoscopic tech-
niques. Choice of technique requires complicated decision-making, and 
multidisciplinary tumor/nodule boards are utilized to finalize a biopsy plan.

 Lymph Node Staging

Lymph node staging is recommended in instances where evaluation for locoregional 
disease is needed to determine optimal treatment. Lymph node staging (endobron-
chial ultrasound (EBUS) +/− endoscopic ultrasound (EUS) or mediastinoscopy) is 
recommended to evaluate enlarged or any PET-avid lymphadenopathy. Because of 
the increased risk of occult mediastinal upstaging (N2 or N3 lymph node involve-
ment), systematic mediastinal lymph node staging is also recommended when PET 
or CT chest is concerning for ipsilateral hilar (N1) metastasis [81]. Because of the 
increased risk of occult thoracic lymph node metastasis, invasive thoracic lymph 
node staging is routinely recommended for pulmonary nodules of any size located 
within the proximal 1/3 of the lung and for larger (>2–3 cm) pulmonary nodules 
[81]. A bronchoscopic approach to pulmonary nodule diagnosis should be consid-
ered when EBUS for thoracic lymph node staging is needed to minimize the risks 
and costs of multiple invasive procedures. An extensive discussion of the diagnosis 
and staging of lung cancer is found in another chapter.

 Pulmonary Biomarkers: Current and Future Directions

Although physician and nodule calculator risk assessments are useful to guide fur-
ther diagnostic evaluations, fear of delayed or missed diagnosis often leads clini-
cians to err on the side of overly aggressive evaluations for those at low or 
intermediate risk of malignancy [74]. In addition to potential individual risks, one 
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study found invasive procedures for benign disease accounted for 43% of the overall 
cost of lung cancer [83]. Alternatively, patients with malignant pulmonary nodules 
at higher risk of complications may be followed radiologically, delaying diagnoses 
and possibly leading to metastatic disease. This concerns intermediate-risk pulmo-
nary nodules, which comprise the majority of nodules found on incidental and 
screening chest CTs. A biomarker that could identify either those intermediate nod-
ules at low probability for malignancy (“rule-out” biomarker) or those at high prob-
ability for malignancy (“rule-in” biomarker) would be helpful to guide evaluation 
and management (Fig. 4.3). As scientific understanding of lung cancer continues to 
grow, so too does the development of biomarkers to aid in their diagnosis and 
management.

Biomarkers, both molecular and radiomic, have potential utility throughout the 
spectrum of lung cancer management, including predictive, diagnostic, prognostic, 
and therapeutic indications [84, 85], and molecular markers to guide personalized 
treatment of lung cancer are increasingly and widely incorporated into therapeutic 
algorithms [86–88]. Numerous biomarkers have been or are under development to 
aid in pulmonary nodule diagnosis, including those measuring proteins, autoanti-
bodies, circulating tumor DNA, mRNA, miRNA, epigenetic changes, volatile 
chemicals, and metabolites from blood, nasal and bronchial epithelial cells, breath, 
sputum, and urine sources. Some of these have been analytically and clinically vali-
dated in independent, clinically appropriate cohorts, and a few biomarkers are com-
mercially available within the United States (Table  4.3) [84, 97]. However, no 
randomized clinical trials have validated clinical utility, and no nodule diagnostic 
biomarkers have been routinely integrated into clinical practice guidelines. Several 
pulmonary nodule biomarkers, combined either formally with clinical risk factors 
or through physician pretest probability, have been studied in large, prospective 
studies that have retrospectively estimated their impact on patient outcomes.
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 Conclusions

Identification of pulmonary nodules on chest imaging is common and growing with 
the increasing use of CT chest imaging. Accurate and timely evaluation of pulmo-
nary nodules is necessary for differentiation between benign and malignant etiolo-
gies. The goal is to choose appropriate diagnostic modalities to improve lung cancer 
diagnosis while minimizing the risk of unnecessary diagnostic procedures for 
benign disease or delays in diagnosis of malignant disease. Current guidelines for 
pulmonary nodule management are likely to be further improved in combination 
with further refinement of radiomic and molecular biomarkers to provide the best 
care to those diagnosed with pulmonary nodules.
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Chapter 5
Staging and Diagnosis of Lung Cancer

Ghosh Sohini, Marshall Tanya, and Baltaji Stephanie

 Significance of Staging

In the United States, lung cancer incidence is 35 per 100,000 people and causes 
more deaths than colon, breast, and prostate cancer combined [1, 2]. The approach 
to treatment is driven by the size of the primary tumor, extent of lymph node involve-
ment, and the presence or absence of extrathoracic metastases. Accurate lung cancer 
staging is essential to achieve the most favorable outcomes in patients. On a larger 
scale, appropriate staging and nomenclature also facilitate the exchange of informa-
tion between providers and healthcare centers using a common language, allowing 
for enrollment of patients into clinical trials nationwide [3].

 Staging Overview

Lung cancer is categorized as either small cell or non-small cell lung cancer 
(NSCLC). NSCLC is staged using the tumor, nodes, and metastases (TNM) classi-
fication. The first TNM staging for lung cancer was developed by Mountain et al. in 
1974. The letter T represents the size of the primary tumor with subscripts to indi-
cate degree of direct extension. The letter N represents lymph node involvement, 
and the letter M represents the presence or absence of distant metastatic disease. 
Using data from 2155 cases of bronchogenic carcinoma (including squamous cell, 
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adenocarcinoma, undifferentiated large cell, small cell, and undifferentiated cell 
type), they plotted the survival of patients with T1 to T3, N0 to N3 disease, and then 
stage I to stage III [4].

Small cell can be staged using TNM or dichotomously as “limited” versus 
“extensive” disease as defined by the size of the radiation field. TNM stages I–III 
are considered limited stage, excluding those tumors with multiple nodules or those 
nodules/nodes that are too large to be safely included in the radiation plan. Extensive 
stage encompasses all T4 and some T3 lesions. Clinically, the dichotomous classifi-
cation, developed by the Veteran’s Administration (VA), is more commonly utilized. 
TNM staging is most useful for early-stage small cell lung cancer, which may be 
eligible for surgical resection or radiation [5].

The TNM classification system has undergone multiple iterations, most recently 
the eighth edition released by the International Association for the Study of Lung 
Cancer (IASLC) in 2018. The TNM classification groups patients with similar sur-
vival outcomes and assists with prognostication. It does not consider all variables 
contributing to lung cancer outcomes and, thus, is not designed to predict an indi-
vidual’s survival [6].

The IASLC eighth TNM edition guidelines are derived from a database with 
94,708 patients from 16 countries diagnosed with lung cancer between 1999 and 
2010. These guidelines are endorsed by the Union Internationale Contre le Cancer 
(UICC) and the American Joint Committee on Cancer (AJCC) [7, 8].

 Clinical Versus Pathological Staging Prefixes

When considering lung cancer staging, it is important to differentiate between clini-
cal (c) and pathologic (p) stage.

Clinical staging, cTNM, is based on pretreatment data from imaging studies, lab 
work, and staging procedures, including bronchoscopy, endoscopy, mediastinos-
copy, thoracentesis, and thoracoscopy. Pathological staging, pTNM, is assigned 
after the analysis of surgical resections and is used to guide adjuvant therapy [9]. 
There are additional prefix classifiers that can be added to TNM staging. These 
include “R,” “y,” “r,” and “a.” The “R” identifier indicates a postsurgical specimen 
which is discussed later in this chapter. The “y” identifier denotes a patient who 
received neoadjuvant therapy before surgical resection. The “r” identifier denotes 
disease recurrence, and “a” denotes staging performed at autopsy [3].

Among both clinical and pathological staging, the 5-year survival rates are lower 
the higher the stage. The most recent IASLC database included lung cancers staged 
both clinically and pathologically and found similar survival rates. For example, 
5-year survival rates for clinical stage IA1 versus IIIC were 92% versus 13%, 
respectively. Among pathological stages, 5-year survival rates for IA1 versus IIIC 
were 90% versus 12% [8].
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 TNM

 T Component

The T (tumor) component, or tumor size, is the most important prognostic factor in 
the TNM staging system [10]. The updated T categories are split into 1 cm intervals. 
Each 1 cm T designation has its own statistically separate survival curve (p < 0.001), 
illustrating the prognostic importance of tumor size [3, 6]. For solid tumors, size 
should be measured during full inspiration, and the T designation is assigned using 
the largest diameter in any projection. The clinical T staging is assigned for subsolid 
nodules by measuring the solid or invasive component, often done after surgical 
resection [10]. Further details on T staging are described in the Pathologic Staging 
section and outlined in Table 5.1.

Table 5.1 Definitions for T descriptor (adapted with permission from Detterbeck et al. The Eight 
Edition Lung Cancer Stage Classification. Chest 2017; 151: 193–203)

T: Tumor Description

T0
Tis Carcinoma in situ (adenocarcinoma or squamous cell)

T1
T1a(mi) Minimally invasive adenocarcinoma (MIA)
T1a Superficial spreading tumor confined to tracheal or bronchial wall
T1a ≤ 1 cm
T1b >1 to ≤2 cm
T1c >2 to ≤3 cm

T2 Tumor >3 cm and ≤ 5 cm or
Involving the visceral pleura or main bronchus (not carina) or
Causing lobar atelectasis

T2a >3 to <4 cm or
Invasion of visceral pleura or
Involving the main bronchus not involving the carina or
Causing lobar atelectasis

T2b >4 to <5 cm or
Involving the main bronchus <2 cm from the carina without carinal 
involvement

T3 Tumor >5 to ≤7 cm or
Separate nodule(s) in same lobe or
Invasion of chest wall, pericardium, phrenic nerve

T4 Tumor >7 cm or
Invasion of mediastinum, diaphragm, heart, great vessels, recurrent 
laryngeal nerve, carina, trachea, esophagus, spine, or
Tumor nodule(s) in a different ipsilateral lobe

5 Staging and Diagnosis of Lung Cancer
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 N Component

In 1929, Rouvière first described lymph node drainage within the thorax [11]. Since 
then, multiple corroborative studies have indicated that, in general, right upper lobe 
tumors first metastasize to the right paratracheal area [12, 13]. Left upper lobe 
tumors metastasize to para- and subaortic lymph nodes. Middle and lower lobe 
tumors metastasize to subcarinal and right paratracheal lymph nodes [12]. The 
establishment of this drainage pattern led to the classification of nodal disease.

The N (nodal) component is assigned N0-N3, with a higher N classification indi-
cating more advanced stage and worse prognosis. A summary of N descriptors is 
outlined in Table 5.2. Nodal status is classified as N0 when there is no evidence of 
thoracic lymph node metastases. N1 is characterized by ipsilateral hilar, peribron-
chial, and/or intrapulmonary node involvement. N2 refers to the involvement of 
subcarinal, para-aortic, subaortic, and/or ipsilateral mediastinal lymph nodes. N3 
involves contralateral mediastinal, hilar, and/or supraclavicular nodes [14]. 
Outcomes are the most favorable when no evidence of lymph node metastasis exists. 
Single-station N1 disease has a worse prognosis than N0 disease. This is followed 
by multi-station N1 involvement, which has a similar prognosis to single-station N2 
disease without N1 metastases (i.e., skip metastases). Skip metastases bypass the 
hilar lymph nodes and metastasize directly to mediastinal lymph nodes at rates 
ranging from 7 to 26% [11]. This is more common in adenocarcinomas and upper 
lobe tumors [11, 12]. Single-station N2 disease with N1 disease, followed by multi- 
station N2 lymph node metastases, has the worst prognosis—involvement of N1 
node stages a tumor as at least a stage IIB. N2 nodal involvement denotes at least a 
stage IIIA, while N3 nodal involvement denotes at least a stage IIIB.

The lymph node map has remained constant since the seventh edition of IASLC 
staging guidelines and has been adopted by multiple international organizations. 
This map provides distinct borders for lymph nodes (see Fig. 5.1). Notable borders 
include the subcarinal station [7], which extends to the origin of the left lower lobe 
and right middle lobe. The right lower paratracheal station (4R) lateral border is 
located at the left lateral border of the trachea and encompasses both the right and 
anterior tracheal walls [9, 11]. Station 4R’s upper border is the inferior margin of the 
innominate vein, and its lower border is the distal border of the azygos vein, with 
10R starting just beyond the azygos vein.

Table 5.2 Definitions for N descriptor (adapted with permission from Detterbeck et al. The Eight 
Edition Lung Cancer Stage Classification. Chest 2017; 151: 193–203)

N: regional lymph 
nodes Description

N0 No regional lymph node metastases
N1 Ipsilateral hilar or pulmonary nodes
N2 Subcarinal and/or ipsilateral mediastinal nodes
N3 Contralateral mediastinal and/or hilar nodes and/or supraclavicular 

nodes
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Fig. 5.1 Lymph node station. IASLC lymph node map with delineated borders (reproduced with 
permission from Rusch VW, et al. The IASLC lung cancer staging project: a proposal for a new 
international lymph node map in the forthcoming seventh edition of the TNM classification for 
lung cancer. J Thorac Oncol 2009; 4: 568–577)

 M Component and Stage Grouping

The IASLC database demonstrated that the number of metastatic foci was a better 
prognostic indicator than metastatic location. This led to the subclassification of 
metastases (M) with a, b, and c, as outlined in Table 5.3. Intrathoracic metastases 
(M1a) have the same prognosis as a single extrathoracic metastasis (M1b). Multiple 
extrathoracic metastases (M1c) have the worst prognosis [6]. Using TNM, up to 64 
combinations can occur, subsequently grouped into 1 of 11 stages as outlined in 
Fig. 5.2. Each TNM combination within a stage (as illustrated in Table 5.4) shares 
similar survival outcomes, while 5-year overall survival decreases with more 
advanced stages (Table 5.5).

5 Staging and Diagnosis of Lung Cancer
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Table 5.3 Definitions for M descriptor (adapted with permission from Detterbeck et al. The Eight 
Edition Lung Cancer Stage Classification. Chest 2017; 151: 193–203)

M: distant 
metastases Description

M0 No distant metastases
M1a Malignant pleural or pericardial effusion and/or nodules or tumor in 

contralateral lung
M1b Single extrathoracic lymph node or metastases
M1c Multiple extrathoracic metastases

Fig. 5.2 Proposed approach to staging

 Lung Cancers with Multiple Lesions

In patients with two or more pulmonary lesions, it is important to determine whether 
these lesions represent synchronous primary lung cancers or metastatic disease.

Synchronous primaries may have different histologies; however, it is possible to 
see the same histology. The following parameters can help distinguish second pri-
mary tumor versus metastasis:

• Differing rates of growth.
• Varying degrees of metabolic uptake.
• Lack of nodal metastases.
• Differing biomarkers/genetic profiles.

When two or more primary tumors are present, i.e., synchronous primary lung 
cancers, each tumor should be classified separately using TNM staging [3, 6]. If the 
pulmonary tumors exhibit the same histology and do not meet the above criteria, 
they are considered intrapulmonary metastases. Lesions located in the same lobe are 
classified as T3 disease; if an intrapulmonary metastasis is in a different lobe but in 
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the ipsilateral lung, it is classified as T4 disease. Lesions located in the contralateral 
lung are classified as M1a.

Multifocal adenocarcinoma has multiple lesions but a different entity than syn-
chronous primaries or metastatic lung cancer. These lesions are staged using the 
nodule with the largest T classification as measured by the solid component (c) or 
invasive component (p). This designation is then followed by the number of lesions 
in parenthesis. For innumerable lesions, the prefix (m) for multiple is appropriate. N 
and M classifications are then given according to the nodules as one group [6].

T/M

T1

T1b >1-2

T1c >2-3

T2a cent, Visc Pl

T2a >3-4

T2b >4-5

M1a Contr Nod

M1a Pl Dissem

M1b Single

M1c Multi

T4 >7

T4 Inv

T4 Ipsi Nod

T3 >5-7

T3 Inv

T3 Satell

T2

T3

T4

M1

Cent=central, Visc = Visceral, Inv = Invasion, Satell=Satellite nodule, Ispi Nod = Ipsilateral
nodule, Contr Nod = Contralateral Nodule, Pl Dissem = Pleural disseminated,

IA1

IA2

IA3

IB

IB

IIA

IIB

IIB

IIB

IIIA

IIIA

IIIA

IVA

IVA

IVA

IVB

IIIA

IIIA

IIIA

IIIA

IIIA

IIIB

IIIB

IIIB

IIIB

IIIB

IIIB

IIIB

IVA

IVA

IVA

IVB

IIIB

IIIB

IIIB

IIIB

IIIB

IIIB

IIIC

IIIC

IIIC

IIIC

IIIC

IIIC

IVA

IVA

IVA

IVB

IIB

IIB

IIB

IIB

IIB

IIB

IIIA

IIIA

IIIA

IIIA

IIIA

IIIA

IVA

IVA

IVA

IVB

Label N0 N1 N2 N3

Table 5.4 Lung cancer stage grouping (reproduced with permission from Detterbeck et al. The 
Eight Edition Lung Cancer Stage Classification. Chest 2017; 151: 193–203)

Type

Clinical

IA1 IA2 IA3 IB IIA IIB IIIA IIIB IIIC IVA IVB

90 85 80 73 65 56 41 24 12 - -
92 83 77 68 60 53 36 26 13 10 0

Pathologic

Table 5.5 Five-year survival percentages. Average overall survival in IASLC of patients diagnosed 
between 1999 and 2010 (reproduced with permission from Detterbeck et  al. The Eight Edition 
Lung Cancer Stage Classification. Chest 2017; 151: 193–203)
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 Noninvasive Staging

Initial evaluation of a patient with suspected lung cancer should begin with a history 
and physical examination. For patients with systemic symptoms such as weight loss 
or neurologic symptoms like a new headache, the likelihood of metastatic disease is 
higher, and the workup should be tailored as such [15]. Other new diagnoses and 
symptoms unrelated to the lung may indicate a para-neoplastic syndrome, fre-
quently seen in small cell lung cancer. These syndromes include syndrome of inap-
propriate antidiuretic hormone secretions (SIADH), hypercalcemia, Cushing’s 
syndrome, Lambert-Eaton syndrome, limbic encephalitis, encephalomyelitis, and 
paraneoplastic cerebellar degeneration syndrome [16]. Diagnostic evaluation should 
begin with lab testing tailored toward explaining systemic symptoms (i.e., uninten-
tional weight loss) and chest imaging. Chest X-ray is limited in identifying lymph-
adenopathy or early-stage lung cancer but can identify large tumors and pleural or 
pericardial effusions indicative of advanced-stage disease. Computed tomographic 
(CT) chest imaging is the first-line modality for evaluating lung nodules and allows 
for the best assessment of the mediastinum and lung parenchyma. The use of 
contrast- enhanced CT is typically not necessary but does allow for better visualiza-
tion of the hila, and the assessment of potential vascular invasion in preoperative 
patients [15, 17].

On chest CT, pathologic lymphadenopathy is defined as any lymph node measur-
ing greater than 1 cm in the short axis on a transverse cut. However, lymphadenopa-
thy does not necessarily translate to metastatic disease [15]. CT imaging alone has 
a 55% sensitivity and 81% specificity for detecting mediastinal metastatic disease 
[9]. In one study of 256 patients, up to 77% of patients without nodal involvement 
had lymph nodes on CT measuring 1 cm or more, while up to 12% of patients with 
N1 and/or N2 disease did not have any lymphadenopathy on CT [18]. At the time of 
surgery, 5–15% of patients with clinical T1N0 are still found to have positive lymph 
nodes with resection [9]. If findings on CT are suspicious for lung cancer, assess-
ment for metastatic spread can be further evaluated with positron emission tomog-
raphy (PET).

PET is recommended for patients with a CT concerning metastatic disease and 
patients with a reassuring CT but an abnormal clinical evaluation suspicious for 
metastatic disease. These symptoms include unexplained weight loss, morning 
headaches, bone/back pain, and/or recent fracture concerning for pathological frac-
ture. PET can also be done before curative treatment in patients without evidence of 
metastatic disease but is not required [9]. Compared to CT alone, PET is more 
accurate at identifying mediastinal metastases with a sensitivity and specificity of 
80% and 88%, respectively [9]. In a population with a median lung cancer preva-
lence of 28%, the positive predictive value was 75%, and the negative predictive 
value was 91% [9]. Approximately 4% of patients with clinical stage I disease by 
PET still have unexpected mediastinal disease at the time of surgery. In patients 
with adrenal metastases, PET has high sensitivity and specificity of 97% and 91%, 
respectively [19]. Given the nearly 10% false-positive rate of benign adrenal lesions, 
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isolated foci of FDG avidity should be sampled to confirm metastatic disease [10, 
18]. In addition to identifying metastases, PET can be useful for prognostication; 
one meta-analysis showed that greater uptake was an independent risk factor for 
shorter survival in stage I–III NSCLC [20]. In centers where PET is unavailable, 
bone scanning and abdominal CT should be completed to look for metastatic dis-
ease [9].

One limitation of PET is that it is not specific to cancer. Both infection and sterile 
inflammation, such as granulomas, can cause an increase in fluorodeoxyglucose 
(FDG) uptake similar to that seen with malignancy [9]. Limited spatial resolution 
and decreased sensitivity for nodes and nodules measuring less than 7–10 mm also 
limit the utility of PET. The sensitivity for lymph nodes equal to or greater than 
10 mm is relatively high at 85% but drops to 32% for lymph nodes measuring less 
than 10 mm [21]. PET/CT hybrid imaging may help identify the specific anatomic 
location of a metabolic focus; however, the sensitivity and specificity are similar to 
PET alone at 62% and 90%, respectively. Assessing pure ground-glass opacities 
(GGOs) and GGOs with a solid component less than 10 mm via PET is unreliable 
and is not recommended [6, 9].

Magnetic resonance imaging (MRI) of the chest is limited in lung cancer staging. 
It is most useful in preoperative planning for superior sulcus (or Pancoast) tumors 
to better evaluate chest wall invasion [6, 10]. MRI of the brain with and without 
gadolinium is recommended for all patients with stage III or IV disease [9]. In 
patients unable to have MRIs, contrast-enhanced brain CT is recommended. One 
meta-analysis of 19 studies evaluated the diagnostic utility of MRI in evaluating 
nodal metastases by comparing diffusion MRI to PET [22]. The sensitivity was 
statistically equal in both groups (75% and 72%, respectively), but MRI did have a 
higher specificity of 95% compared to 89% in PET.  Further studies have yet to 
reproduce this difference [23, 24].

While noninvasive radiologic staging can help determine TNM staging, adequate 
tissue sampling is required to confirm the histology and perform molecular charac-
terization [14]. Over the past two decades, significant advancements have been 
made in genomic profiling of NSCLC, leading to the discovery of driver oncogenes 
activated by mutations [25], fusion, and translocations [26]. Detection of molecular 
markers and tumor protein expression (i.e., programmed death-ligand 1 or PDL1) is 
critical to make decisions about therapy and requires tissue for analysis. While non-
invasive staging is an important part of the workup, invasive sampling with adequate 
material is crucial for histological workup and molecular testing [27].

 Invasive Staging

Invasive staging with tissue biopsy is frequently needed before a patient can receive 
definitive treatment. In patients without a confirmed tissue diagnosis, a thoughtful 
and thorough evaluation should provide a diagnosis and staging while minimizing 
the number of procedures a patient experiences. If extrathoracic lesions such as 
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axillary, abdominal, or pelvic lymphadenopathy, skin lesions, adrenal nodules or 
masses, liver lesions, or pleural effusions are identified on imaging, the most 
advanced stage should be sampled first to allow for simultaneous staging and diag-
nosis [15, 28]. A multidisciplinary approach is frequently required between medical 
oncology, surgery, pulmonology, interventional radiology, and pathology. Lymph 
node sampling establishes nodal involvement for patients without evidence of extra-
thoracic disease. No single invasive technique can provide access to all mediastinal 
and hilar lymph nodes. Table  5.2 diagrams which lymph nodes can be accessed 
using which method.

The American College of Chest Physicians (ACCP) [9], European Society of 
Thoracic Surgeons (ESTS) [29], National Comprehensive Cancer Network (NCCN) 
[28], and European Society for Medical Oncology (ESMO) [30] have all published 
recommendation on how to stage a patient appropriately. A summary of these rec-
ommendations with a proposed approach is seen in Fig. 5.2.

 Who Requires Invasive Staging

Invasive mediastinal staging, in addition to imaging, is recommended in the follow-
ing scenarios [9, 29, 31]:

• Patients without evidence of distant metastasis with evidence of mediastinal and/
or hilar node enlargement (≥1 cm), regardless of FDG uptake on PET.

• Patients without distant metastases with normal-sized mediastinal and/or hilar 
lymph nodes (<1 cm) on CT with FDG avidity on PET.

• Patients with central tumor.
• Patients with tumor size greater than 3 cm.

For these patients, a needle technique with endobronchial ultrasound (EBUS), 
endoscopic ultrasound (EUS), or combined EBUS/EUS is recommended, given the 
intermediate to high suspicion for N2 or N3 disease [9, 29, 31]. If the results from a 
needle aspiration technique show lymphocytes without tumor or a sample insuffi-
cient for examination, video-assisted mediastinoscopy (VAM) can be pursued 
before definitive treatment if clinical suspicion for nodal metastatic disease 
remains high.

 Conventional TBNA

Conventional transbronchial needle aspiration (TBNA) of lymph nodes has existed 
since 1978 using a Wang™ needle [32]. The Wang needle, developed by Dr. Ko Pen 
Wang, is a retractable needle with a smooth hub to allow for safe passage through 
the bronchoscope’s working channel. It contains a locking mechanism to provide 
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stability with sampling. Conventional TBNA was done before the visualization of 
lymph nodes by EBUS. It is a blind technique mainly used for sampling the lymph 
nodes in the subcarinal or lower paratracheal regions (stations 7, 4 L, 4R). This 
procedure is safe and can be done outpatient, without significant morbidity. 
However, this technique has a low sensitivity of only 78% in patients with clinical 
N2 disease and fell out of favor with the introduction of EBUS [33, 34].

 EBUS/TBNA

EBUS-TBNA was initially introduced in 2002 and is now the recommended first- 
line approach in diagnosing and staging lung cancer. EBUS allows for needle aspi-
ration of mediastinal, hilar, and central lung lesions under direct ultrasound 
visualization. Since its development, multiple publications, including meta- analyses 
and systematic reviews, have proven the safety and efficacy of EBUS in staging 
[35, 36].

The EBUS scope is a flexible bronchoscope combined with a convex transducer 
that allows scanning the mediastinum parallel to the scope. Ultrasound images are 
obtained by direct contact of the probe with the airway wall or with the help of a 
balloon inflated with saline to minimize air artifact (Fig. 5.3). A needle (19 g–25 g) 
is inserted into the working channel of the EBUS scope and deployed into the 
lymph under continuous visualization by ultrasound. Lymph nodes that are acces-
sible with the EBUS scope include paratracheal (stations 2R/L, 4R/L), subcarinal 
(station 7), hilar (station 10R/L), interlobar (station 11R/L), and interlobar (sta-
tions 12R/L).

a

a b
c

d

b

Fig. 5.3 Endobronchial ultrasound scope. (a) The distal tip of the EBUS bronchoscope. 
A. Working channel. B. Light and camera. C. Linear ultrasound. D. Latex balloon. (b) Flexible 
EBUS scope with a 21-gauge needle deployed parallel to the ultrasound. Latex balloon applied and 
filled with saline to minimize air artifact
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When invasive staging is required, a systematic approach is implemented to opti-
mize yield and minimize contamination. Assessment and sampling of the lymph 
nodes by EBUS should start with an evaluation of nodes contralateral to the lesion, 
i.e., N3 stations. This is followed by sampling of N2 stations, including the subcari-
nal lymph node and ipsilateral mediastinal lymph nodes. Sampling of ipsilateral 
hilar lymph nodes, i.e., N1 stations, should occur last. This sequential method pre-
vents possible contamination of the needle with cells from a positive lower lymph 
node station (i.e., N1 node) with a higher, more distal, negative station (i.e., N2/N3 
node) [37]. While all lymph node stations are assessed, only those greater than 
5 mm in the short axis require sampling. A minimum of three samples from each 
lymph node is recommended to ensure adequacy. A study by Lee et  al. demon-
strated that after the third sample, adequacy was 100% with a sensitivity of 95.3% 
and NPV of 97.6% [38]. No guidelines currently exist for the optimal number of 
passes required for molecular analysis; however, studies suggest four to five passes 
are sufficient [36, 37, 39, 40]. Other biopsy tools, such as mini-forceps, have been 
utilized to increase tissue acquisition for molecular characterization, however this is 
yet to be rigorously analyzed [41]. PET FDG avid lymph nodes measuring less than 
5 mm should also be sampled. However, the yield for lymph nodes measuring less 
than 5 mm is low [42].

EBUS-TBNA is safe and well-tolerated, with a mortality rate of 0.01%. Incidence 
of complication is 1–2% and includes bleeding, infection, and pneumothorax. 
EBUS bronchoscopy is generally an outpatient procedure performed under general 
anesthesia (GA) or moderate sedation with a topical anesthetic. Initial studies 
showed that the diagnostic yield and the number of lymph nodes visualized and 
sampled were higher when the procedure was performed under GA [43]. More 
recent comparison studies have demonstrated that the diagnostic yield, rates of 
complications, and patient comfort were similar between moderate sedation and 
GA [44, 45, 46].

Rapid On-Site cytologic Evaluation (ROSE) allows for the immediate intra- 
procedural examination of the specimens obtained. While the benefit of ROSE is 
not universal, many studies have shown it can improve sampling adequacy, decrease 
procedure time, and decrease the number of passes [47–49]. When an experienced 
cytologist performs ROSE, it can increase the diagnostic yield of EBUS-TBNA 
[50]. The sensitivity of TBNA utilizing ROSE in malignancy is between 85.7% and 
96.1% [51, 52].

 Endoscopic Ultrasound

Endoscopic ultrasound (EUS) fine needle aspiration is a well-established technique 
used in diagnosing and staging gastrointestinal and pancreatobiliary malignancy. 
EUS has also been utilized in the staging of lung cancer as it allows for the sampling 
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of some mediastinal lymph nodes accessible by EBUS (stations 2 L, 4 L, 7, 3p) as 
well as some which are not accessible via EBUS (stations 8, 9). The right paratra-
cheal lymph nodes (stations 2R, 4R) have limited visualization with EUS as the 
trachea lies between the lymph nodes and the esophagus. Structures below the dia-
phragm can also be sampled using EUS, including lesions in the left liver lobe, 
adrenal glands, and spleen. New techniques to sample the aortopulmonary and para- 
aortic lymph nodes (stations 5 and 6) using EUS are under development [53, 54]. 
EUS has been shown in multiple studies to safely upstage patients, avoiding inap-
propriate resections or the need for surgical staging [55–60].

 Combined EUS/EBUS

A combination of EUS and EBUS allows access to most mediastinal lymph nodes 
(excluding para-aortic and aortopulmonary window) and is more sensitive than 
either technique alone [61–64]. A prospective single-center study in Montreal 
enrolled 166 patients with suspected resectable lung cancer who met the criteria for 
surgical mediastinal staging. Under general anesthesia, all patients were staged with 
EBUS, followed by EUS staging and surgical mediastinal staging. When compared 
to surgical staging, combined EUS/EBUS had a sensitivity and NPV of 91% and 
96% compared to EBUS alone at 72% and 88%, respectively. Of 166 patients, five 
(3%) had negative ultrasound assessments and were ultimately found to have N2 
disease on surgical staging. Conversely, 14% of patients with negative surgical stage 
had N2 disease detected via EUS/EBUS [61]. One meta-analysis reported a pooled 
sensitivity of 83–94% with combined EUS/EBUS. Given this data, the ESTS rec-
ommends the combination of EBUS/EUS over either technique alone for mediasti-
nal staging in patients with NSCLC [29].

 Endobronchial Ultrasound Using the EBUS Scope (EUS-B)

Although EUS allows access to more mediastinal lymph nodes, gastroenterologists 
traditionally do it via an esophagogastroduodenoscopy (EGD) scope. The gain in 
diagnostic yield in staging with EUS/EBUS is still observed when the EUS portion 
is done using the EBUS scope, i.e., EUS-B [65]. Among 150 patients with NSCLC, 
Herth et al. performed EBUS and EUS consecutively using the same linear EBUS 
scope [66]. The combined sensitivity remained higher at 95% compared to EBUS or 
EUS alone at 92 and 89%, respectively. This strategy allows for a quicker and more 
cost-effective approach for mediastinal staging when done by an experienced prac-
titioner. A patient-centered approach should be adopted depending on the target 
location, physician expertise, and available resources.
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 Sampling of Metastatic Disease

If there is a concern for metastatic disease on imaging, tissue sampling for confir-
mation should be performed. Much of this can be done in a minimally invasive 
manner with CT-guided or ultrasound (US)-guided techniques.

Transthoracic needle aspiration (TTNA) of lung nodules is most frequently done 
under CT guidance and has reported accuracy rates of up to 90% [10]. When staging 
a patient, TTNA is most helpful in sampling contralateral nodules concerning for 
metastases. CT guidance is also necessary for sampling adrenal nodules, and either 
CT or US can be utilized for liver lesions.

Malignant pleural effusions (MPEs) automatically upstage a patient to M1a dis-
ease; therefore, any pleural effusion should be sampled by a US-guided thoracente-
sis [10, 27]. Diagnostic rates range from 14 to 82% and depend on the cell type. The 
overall yield for diagnosing MPE via pleural fluid analysis remains less than 60% 
after the second thoracentesis and does not increase with further pleural fluid sam-
pling [67, 68]. Additionally, analysis of volumes greater than 75  mL does not 
improve yield [68, 69]. If there is clinical suspicion for a MPE in a recurrent exuda-
tive effusion with negative cytology, more invasive pleural sampling should be done 
with pleuroscopy or video-assisted thoracoscopy (VATS) [10].

 Surgical Staging

 Mediastinoscopy

Standard cervical mediastinoscopy uses a video mediastinoscope (VAM) under 
general anesthesia via a cervical incision just above the sternal notch [70, 71]. VAM 
allows for sampling of superior and inferior bilateral paratracheal nodes (stations 
2R/L, 4R/L), subcarinal (station 7), and bilateral hilar nodes (station 10R/L) [10]. 
VAM does not allow sampling of the aortopulmonary window, anterior mediastinal 
(stations 5 and 6), or inferior mediastinal (stations 8 and 9) lymph nodes [10]. 
Compared to EBUS, VAM is more invasive as lymph nodes are accessed via a skin 
incision. Specificity is 100%, with sensitivity ranging from 78 to 97% [10]. 
Complication rates of cervical mediastinoscopy are low, with a mortality rate of 
0.05%. The most common complication is left recurrent laryngeal nerve palsy 
occurring at a rate of 2% [10, 72]. The median negative predictive value (NPV) of 
cervical mediastinoscopy is 91%, and about one-half of the false negatives are due 
to the inability to access stations [9]. Mediastinoscopy is most useful when EBUS 
is inconclusive and/or clinical suspicion remains high despite negative EBUS/EUS.

Anterior mediastinoscopy, also known as the Chamberlain procedure, is done via 
a left parasternal incision at the level of the second or third intercostal space to 
access the aortopulmonary window and para-aortic lymph nodes (stations 5 and 6). 
The median sensitivity among 238 patients with left upper lobe tumors was 
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approximately 71%, with a NPV of 91% [9]. Many surgeons use VATS Chamberlain 
procedure as a minimally invasive alternative to traditional mediastinoscopy.

Extended cervical mediastinoscopy starts with VAM to assess the paratracheal 
lymph nodes and is then directed laterally to the aortic arch. The sensitivity and 
NPV of extended cervical mediastinoscopy are similar to those of the Chamberlain 
procedure at 71% and 91%, respectively [10, 70, 71, 73–75].

 Transcervical Lymphadenectomies

While mediastinoscopy only allows for lymph node sampling, video-assisted medi-
astinoscopic lymphadenectomy (VAMLA) and transcervical extended mediastinal 
lymphadenectomy (TEMLA) allow for complete lymph node excision. VAMLA is 
an endoscopic technique utilizing VAM, and TEMLA is an open procedure assisted 
by VAM or video thoracoscopy (VAT). Both procedures are well tolerated, with 
recurrent laryngeal nerve palsy being the most common complication occurring at 
similar rates to cervical mediastinoscopy [10]. These may be useful procedures 
prior to performing an extended resection as the NPV is nearly 100%.

 Endosonography Versus Mediastinoscopy

Since the implementation of EBUS, multiple studies have been done comparing 
endosonography to mediastinoscopy staging [42, 76, 77]. The ACCP and ESTS 
guidelines recommend combined mediastinoscopy plus EBUS over mediastinos-
copy alone due to its higher sensitivity of 94% versus 79%, respectively (p = 0.02) 
[56]. When comparing surgical staging to endosonography, studies have shown no 
significant differences in NPV, sensitivity, or diagnostic accuracy [42, 78]. Despite 
being more invasive and allowing for more tissue acquisition, mediastinoscopy has 
limited access to nodal stations and may contribute less information than EBUS/
EUS.  A study of 418 patients found 14% nodal disease at the time of resection 
despite a negative EBUS and a negative confirmatory mediastinoscopy [79]. This 
data has contributed to the shifting trend of only performing mediastinoscopy after 
negative EBUS/EUS when clinical suspicion remains high [80].

 VATS

VATS has a limited role in the staging paradigm as it only allows for the assessment 
of ipsilateral lymph nodes. The sensitivity varies from 58 to 100% with 100% speci-
ficity and a false-negative rate of 4% [10]. Left-sided VATS does allow for sampling 
of the aortopulmonary and para-aortic (stations 5 and 6), which are most likely to be 
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involved in left upper lobe tumors [9, 10]. The left paratracheal nodes (station 2 L 
and 4 L) are not accessible by VATS without transecting the ligamentum arteriosum 
and mobilizing the aorta. VATs is useful for biopsying levels 5 and 6 lymph nodes 
as an alternative to the Chamberlain procedure.

Table 5.6 outlines which procedural approaches can access which lymph node 
stations.

 Prediction Models

While invasive staging is recommended in patients with larger tumors or lymphade-
nopathy, hospital capabilities or individual patient factors, such as functional status 
and co-morbidities, may limit the feasibility of invasive staging. Prediction models 
can help assess the risk of forgoing invasive mediastinal staging in these scenarios 
[81, 82].

The Help with the assessment of Adenopathy in Lung cancer (HAL) prediction 
model is a multivariable logistic regression model to predict the likelihood of N2/
N3 disease. It incorporates patient age, the location and histology of the primary 
cancer, and the N stage by CT and PET imaging. The model was first derived from 
data from the AQuIRE (American College of Chest Physicians Quality Improvement 
Registry, Evaluation, And Education) registry and was validated using data from 
722 patients from 3 other hospitals. It is designed to provide a likelihood of N2/N3 
disease in a particular patient, which can then be utilized to weigh the risks of inva-
sive staging versus going directly to surgical resection [82].

Table 5.6 Lymph nodes accessibility via different modalities

Station Lymph nodes EBUS EUS VATS CM

2 Upper paratracheal ✓ ✓a ✓b ✓
3 Pre-vascular retro tracheal ✓ ✓ ✓
4 Lower paratracheal ✓ ✓a ✓b ✓
5 Aortopulmonary window ✓c ✓
6 Para-aortic ✓c ✓
7 Subcarinal ✓ ✓ ✓ ✓
8 Paraesophageal ✓ ✓
9 Pulmonary ligament ✓ ✓
10 Hilar ✓ ✓b ✓
11 Interlobar ✓ ✓b

12 Lobar ✓ ✓b

EBUS endobronchial ultrasound, EUS endoscopic ultrasound, CM cervical mediastinoscopy, VATS 
video-assisted thoracoscopic surgery
aRight sided only
bIpsilateral only
cLimited data
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ESTS recommends that surgical candidates with a 10% or less predicted chance 
of N2 disease may proceed directly to surgery without invasive mediastinal staging 
[10]. Mediastinal lymph node staging is performed in these patients during surgery. 
This approach aims to minimize complications, procedure costs, and treatment 
delays associated with unnecessary testing and procedures. Per ESTS guidelines, 
however, patients with >10% risk of N2 disease should undergo invasive mediasti-
nal staging before surgery. Without invasive staging, these patients would go straight 
to surgery and be more likely to find N2 disease, therefore having had unnecessary 
surgery [10].

The HAL prediction model is not designed to predict N1 disease. N1 involve-
ment would not alter surgical plans but would extend the radiation field in a patient 
undergoing SBRT. The Help with Oncologic Mediastinal Evaluation for Radiation 
(HOMER) prediction model was designed to predict N1 disease in a patient before 
radiation therapy [81]. HOMER is an ordinal logistical regression model that uses 
patient age, location, and histology of the primary cancer and N stage by CT and 
PET. It is designed to compare the likelihood of nodal metastases in a nonsurgical 
candidate against the sensitivity of EBUS, the possibility of procedural complica-
tions, and the harm of treating possible N0 disease.

However, HOMER and HAL have only been studied in patients with NSCLC, 
and their applicability in small cell lung cancer is yet to be determined.

 Pathologic Staging

At the time of surgery, the primary tumor and any adjacent or invaded structures 
should be resected en bloc to avoid contamination of the field with cancer cells. The 
pathological staging of nodal disease requires a complete lobe-specific nodal dis-
section starting from mediastinum to hilum to intrapulmonary lymph nodes. A com-
plete resection requires a minimum of six stations. Regardless of the lobe resected, 
appropriate resection includes the subcarinal station, two mediastinal nodes, and 
three hilar or intrapulmonary nodes. Lower lobe tumors require removal of stations 
8 and 9, and left upper lobe tumors require resection of stations 5 and 6; these are 
all stations not accessible via bronchoscopy. If a minimum of six stations are not 
resected, the resection is classified as pN0 or pNo(un), depending on the classifica-
tion system used [6, 10, 83]. If macroscopic or microscopic tumor is left within the 
chest, the resection is considered incomplete and is associated with worse sur-
vival [84].

For tumors near the pleura, elastin stains evaluate for tumor invasion beyond the 
elastic layer of the pleura and establish PL classification, which may affect T stag-
ing [6, 9]. The greater the degree of pleural invasion, the worse the prognosis. When 
there is no invasion of the elastic layer, the tumor is PL0, and T staging is unaf-
fected. Any invasion of the visceral pleural classifies a tumor as PL1 or PL2, which 
is at least a T2 tumor. If there is involvement of the parietal pleural (i.e., PL3) that 
increases the tumor staging to a T3 [10] and if the pathological specimen shows the 
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invasion of the inner pericardial surface or great vessels (pulmonary artery, pulmo-
nary vein, vena cava, or aorta), the tumor is staged T4 [9]. Thoracic nerve root 
involvement classifies a tumor as T3, while higher nerve root (C8 or higher) or spine 
involvement is classified as T4. Based on imaging alone, these classifications are 
difficult to determine and are not part of the clinical staging paradigm.

After resection, surgical specimens can be further classified beyond TNM using 
the “R” identifier [3]:

• R0 denotes a specimen with negative margins.
• R1 denotes a specimen with microscopic positive margins.
• R2 demotes a specimen with grossly positive margins.

The ACCP guidelines still recommend the p prefix when extensive biopsy sam-
ples were taken during an attempted resection [83].

 Pathologic Staging of Adenocarcinoma

Tumor in situ, or Tis category, includes squamous cell carcinoma (SCIS) and adeno-
carcinoma in situ (AIS). On pathological specimens, AIS is less than 3 cm in size, 
and the neoplastic growth lacks any invasion and is limited to alveolar structures. 
This is also known as lepidic growth. The pathological specimen in AIS lacks any 
evidence of spread through the air spaces (STAS) beyond the edge of the tumor. 
Most AIS lesions are non-mucinous and, on imaging, appear to be pure GGOs. This 
diagnosis cannot be made on a biopsy specimen and requires complete surgical 
excision [6, 10].

Due to its low prevalence, there is minimal data on lepidic tumors measuring 
greater than 3  cm. These are classified as lepidic predominant adenocarcinomas 
(LPA) and assigned to a pathological T1a category. Lack of invasion should still be 
commented on in the final pathology report as the outcomes of such tumors are not 
yet well understood [10].

Tumors are invasive if they have any of the following [10]:

• Lymphatic, vasculature, alveolar space, or pleural involvement.
• Tumor necrosis.
• STAS.

Minimally invasive adenocarcinomas (MIA) are lepidic predominant, measuring 
up to 3 cm, but contain an invasive component measuring no more than 0.5 cm in its 
largest dimension [6, 10, 85]. In cases where the invasive components are not con-
tiguous, a percentage of the invasive tumor with respect to total tumor size can be 
calculated. For example, a 2 cm tumor with a 20% invasive component would be 
0.4 cm and therefore be classified as MIA [10]. Any invasive component larger than 
0.5 cm would be classified as an adenocarcinoma, not MIA.

Non-mucinous adenocarcinomas are classified as either lepidic or invasive; inva-
sive tumors are further classified as having acinar, papillary, solid, or micropapillary 
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patterns. Subsolid nodules contain both lepidic and invasive components. Similar to 
the clinical staging of subsolid nodules, the T staging is categorized based on the 
invasive component, as this component is a better predictor of survival than overall 
nodule size [6, 86].

 Patients Without Nodal Metastases

After a patient has been appropriately staged, those without evidence of nodal 
metastases still require further evaluation to diagnose the lung lesion. If a patient 
with a high pretest probability of malignancy is deemed a surgical candidate, 
diagnosis and treatment can be done simultaneously with surgical resection [27] 
(see Chap. 6). If a patient is not a surgical candidate, diagnosis can be achieved 
with either transthoracic needle (TTNA) biopsy or navigational bronchos-
copy [28].

For peripheral nodules, navigational bronchoscopy, with or without radial ultra-
sound and fluoroscopic guidance, is recommended given the higher false-negative 
rate and higher complication risk with TTNA [27]. However, the appropriate diag-
nostic procedure will depend on the location of the lesion, the patient’s comorbidi-
ties, and the center’s capabilities and expertise. Electromagnetic navigation (EMN) 
bronchoscopy has historically been the most available form of peripheral bronchos-
copy. EMN relies on creation of an electromagnetic field around the patient’s body, 
and using a tracked sensor within biopsy tools (needle or forceps), the patient’s 
airways are mapped and matched to a 3D reconstruction of the patient’s anatomy 
from CT imaging. This technique creates a virtual 3D map of the lung and a sug-
gested bronchoscopic pathway to the suspicious lesion. The bronchoscopist can 
then navigate the bronchoscope and tracked biopsy tools through the airways to the 
target lesion [87]. The use of multiple tools, thin and ultrathin bronchoscopy, and 
the use of radial EBUS have helped improve ability to navigate and sample periph-
eral pulmonary nodules; however, diagnostic yield remains between 40% and 60%, 
depending on the study cited [88–91]. Challenges with EMN-guided bronchoscopy 
include difficulty navigating to peripheral lesions due to small size of peripheral 
airways and difficulty reaching lesions that are not adjacent to or surrounding an 
airway. These limitations decrease diagnostic certainty [92].

In 2019, robotic systems were introduced, allowing for more peripheral reach 
and stability during biopsy. Pilot study demonstrated safety and feasibility of robotic 
bronchoscopy [92], while retrospective and prospective studies have demonstrated 
promising results for diagnostic yields for peripheral pulmonary nodules with com-
plication rates similar to conventional ENB and radial EBUS-guided bronchoscopy 
[92–94]. Diagnostic yield may be increased with the presence of an airway into the 
nodule (bronchus sign), increased size of the nodule. Newer technologies such as 
cone beam CT, digital tomosynthesis augmentation, and others may be added to 
existing platforms to enhance visualization; however, further study is needed to 
determine their effect on diagnostic yield. A multidisciplinary discussion can help 
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elucidate the best diagnostic approach while minimizing the number of procedures 
a patient requires.

 Conclusion

While not all patients require invasive staging, tissue confirmation is frequently 
required as PET scans, and CT scans have limited sensitivity and specificity for lung 
cancer staging. The TNM guidelines provide a framework that allows for clear and 
consistent communication between providers and helps to dictate the course of 
treatment for patients.
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Chapter 6
Treatment of Early-Stage (Stage I and II) 
Non-Small Cell Lung Cancer

Panagiotis Tasoudis, Ashley A. Weiner, and Gita N. Mody

 Introduction

Lung cancer is the second commonest malignancy in the United States and the 
number one cause of cancer-related mortality, with approximately 240,000 new 
cases and 130,000 deaths annually nationally per year [1]. Most lung cancers are 
non-small cell lung cancers (NSCLC), representing 80–85% of cases, of which 
adenocarcinoma and squamous cell carcinoma are the most common histologies 
[1]. Disease-specific recurrence and survival rates are impacted primarily by pre-
senting stage and histology. Treatments for early-stage disease include surgery (e.g., 
pulmonary lobectomy) or radiotherapy followed by adjuvant chemotherapy (for 
stage II disease) with emerging roles for adjuvant chemoimmunotherapy and neo-
adjuvant chemoimmunotherapy.

Advances in public health including smoking cessation and screening programs 
have resulted in lung cancer downstaging, with 30% of the patients newly diag-
nosed with non-small cell lung cancer presenting with early-stage disease [2]. This 
chapter briefly describes the current diagnostic and staging approaches and provides 
a detailed discussion of the treatment for early-stage NSCLC. Treatment for limited 
stage small cell cancer is addressed in Chap. 9.
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 Presentation

Early-stage lung cancer most commonly presents without symptoms and is often 
found incidentally or on screening chest computed tomography (CT) scans. 
Endobronchial tumors may present with respiratory symptoms (dyspnea, cough, 
hemoptysis, sputum production). Regardless of the presentation at the time of diag-
nosis, a patient with chest imaging concerning for primary lung cancer will undergo 
further assessment to define the clinical stage of the disease.

 Staging Schema

Disease staging is the foundation for cancer treatment planning. We will briefly 
review the eighth edition of the American Joint Committee on Cancer (AJCC) stag-
ing system for early-stage NSCLC, as lung cancer staging is covered in more detail 
in Chap. 5. Early-stage lung cancer includes tumors that are classified as stage IA 
(T1miN0M0 or T1N0M0), IB (T2aN0M0), IIA (T2bN0M0), and IIB (T1-2N1M0 
or T3N0M0). Briefly, T1mi classification includes tumors with a primarily lepidic 
pattern, an invasive component <=0.5 cm, and overall nodule size of <= 3 cm. T1 
classification involves tumors ranging from 1 to 3  cm, T2 classification refers 
tumors that range from 3 to 5 cm, and finally T3 refers to tumors ranging from 5 to 
7 cm. The N classifications of the AJCC eighth edition staging system refer to the 
location of regional lymph node metastases. N0 disease refers to cancers that have 
not metastasized to any neighboring or distant lymph nodes. N1 disease includes 
cancers that have spread in ipsilateral peribronchial, intrapulmonary, or hilar lymph 
node(s) [3, 4].

Despite advancements in imaging including chest CT and positron emission 
tomography (PET) scans, clinical staging may underestimate tumor extent, and 
many patients are reclassified pathologically following surgery [5]. This is espe-
cially important for patients with N2 disease that were initially misclassified as 
having early-stage disease due to the presence of radiographically occult lymph 
nodes; current guidelines recommend different treatment plans for early-stage ver-
sus advanced stage NSCLC [6]. As studies emerge on the role of neoadjuvant che-
moimmunotherapy for tumor downstaging prior to resection, limitations of imaging 
will become increasingly relevant, leading to increased roles for thoracic surgeons 
and pulmonologists for obtaining tissue samples.
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 Treatment Options for Early-Stage Lung Cancer

Advancements in minimally invasive surgical techniques, refinements in radiother-
apy, and a burgeoning of new systemic therapies targeting molecular and immune 
pathways have broadened the therapeutic options available for treatment of lung 
cancer. For patients with early-stage NSCLC deemed eligible for surgery, pulmo-
nary resections remain the cornerstone of treatment [6], with roles for neoadjuvant 
and adjuvant therapies in select cases. For nonoperable patients or patients who 
prefer nonoperative management, stereotactic body radiotherapy (SBRT, also 
known as stereotactic ablative radiotherapy [SABR]) is the first-line 
recommendation.

 Adjuvant Chemotherapy in Resected Early-Stage NSCLC

The use of adjuvant chemotherapy in resected lung cancer patients is historically a 
topic of debate. According to the National Commission on Cancer Network (NCCN) 
guidelines, adjuvant chemotherapy should be offered for stage II NSCLC as defined 
by large tumors (>4 cm) and/or N1 involvement [6]. Outside of this, the  benefit of 
adjuvant therapy in early-stage NSCLC is unclear, with studies providing support 
for either adjuvant chemotherapy or observation in stage I disease [7–9]. A land-
mark meta-analysis on this topic incorporating approximately 350 patients with 
stage IA NSCLC resected with negative margins reported that adjuvant chemo-
therapy was associated with worse outcomes compared to no therapy [9]. Conversely, 
preliminary reports on high-risk stage IA patients (cancers with visceral or lym-
phatic or vascular invasion) showed adjuvant chemotherapy might improve overall 
survival [7, 8]. The use of adjuvant chemotherapy is an equally controversial topic 
in patients with stage IB disease, and this is reflected in the discrepancy between the 
American Society of Clinical Oncology (ASCO) Cancer Care Ontario guidelines, in 
which adjuvant chemotherapy is not recommended [10], and the NCCN guidelines 
in which adjuvant chemotherapy is considered a potential option for stage IB [6]. 
Finally, regarding patients with stage II disease, studies on adjuvant chemotherapy 
after complete resections have demonstrated improved survival and therefore are 
recommended in the NCCN guidelines [6]. Data from contemporary clinical trials 
[10–14] conclude that platinum-based regimens are useful for patients with com-
pletely resected stage II NSCLC. Overall survival (OS) among patients with stage 
II NSCLC was found to be 41 months in patients who did not receive chemotherapy 
and 80 months in the patients that received chemotherapy (hazard ratio [HR]: 0.59; 
95 percent confidence interval [CI], 0.42–0.85; P = 0.004) [11]. To summarize, the 
role of adjuvant chemotherapy in resected stage IA NSCLC has not been found to 
be beneficial; is limited in resected IB NSCLC and has yet to be defined; and in 
resected stage II, NSCLC has shown to be beneficial. Emerging trial evidence may 
ultimately support the use of adjuvant chemoimmunotherapy, immune 
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monotherapy in resected early-stage lung cancer patients [15], or targeted therapy 
for patients with molecular mutations [16].

 Radiotherapy in Resected Early-Stage NSCLC

The role of radiotherapy after resection of lung cancer has been controversial. Local 
adjuvant radiation for stage I NSCLC after complete resection of the tumor has not 
been shown to have benefit [17]. Postoperative radiotherapy was historically con-
sidered in patients who underwent surgical resection for presumed early-stage dis-
ease and were incidentally found to have positive mediastinal (N2) lymph nodes 
based on an unplanned secondary analysis of a trial evaluating postoperative che-
motherapy [18]. The recently published Lung ART study, which randomized 
patients with resected lung cancer with N2 nodal involvement to postoperative 
radiotherapy versus observation, showed no significant increase in progression-free 
survival with postoperative radiotherapy, and radiation was associated with an 
increase in cardiopulmonary deaths [19]. As such, postoperative radiotherapy for 
resected early-stage NSCLC is often considered only on a case-by-case basis, pri-
marily in the case of positive surgical margins or incomplete resection.

 Radiotherapy in Unresected Early-Stage NSCLC

For patients with early-stage NSCLC who are medically inoperable or prefer a non-
invasive approach, SBRT is an alternative definitive treatment option [20]. SBRT 
delivers high (ablative)-dose, hypofractionated radiation with curative intent in 
early-stage lung cancer. The advantages of SBRT are the precision and the accuracy 
with which high-intensity radiation doses can be delivered to small-volume targets 
minimizing post-radiation tissue injury to the healthy lung parenchyma. The major 
difference with conventionally fractionated radiotherapy is that instead of ensuring 
tissue safety by leveraging principles of radiobiology (small dose each day, for 
many weeks), SBRT precisely localizes the target using image guidance and motion 
management technology with larger doses of radiation given over fewer treatments 
(typically five or fewer sessions). The role of radiation to early-stage NSCLC will 
be discussed in more detail in the “Radiation” section below. Clinical outcomes of 
patients who have undergone SBRT for treatment of early-stage lung cancer can be 
challenging to compare to surgical outcomes, as patients undergoing SBRT have 
been historically medically inoperable and have a poorer general prognosis than the 
patients undergoing surgical management; nevertheless, local control following 
SBRT is ~97% at 3 years [21].

In selected patients with endobronchial tumors that are not invasive beyond the 
mucosa, bronchoscopic techniques including thermal ablative, mechanical, and 
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ultrasound-guided techniques could be utilized to mechanically debride the 
tumor [22].

Other less common treatment options for patients who are deemed inoperable 
after diagnosis include a variety of image-guided ablative techniques such as ther-
mal ablation, laser ablation, and cryoablation, all of which are considered alterna-
tive treatment options for NSCLC in inoperable patients [23–25].

 Determination of Operability

Surgery is the cornerstone of the treatment plan for early-stage NSCLC; however, 
patients must be reasonably fit in order to undergo surgery, determined primarily by 
cardiopulmonary reserve and secondarily by age and comorbidities. The selection 
of patients eligible for pulmonary resections is based on a guidelines from various 
professional societies, including the American College of Chest Physicians (ACCP) 
[26], the European Respiratory Society and the European Society of Thoracic 
Surgeons (ERS/ESTS) [27], and the British Thoracic Society [28]. Both ACCP and 
ERS/ESTS guidelines are similar with differences in the timing and indications of 
cardiopulmonary exercise testing (CPET). Preoperative evaluation and physiologic 
assessment are discussed in detail in Chap. 13.

Evaluating a patient’s eligibility for a lung resection requires a functional capac-
ity assessment and pulmonary function tests (PFTs) [26]. In practice, functional 
capacity is typically done by surgeon assessment, which allows for physical exam 
and estimation of physical activity levels quantified as metabolic equivalents 
(METs). The PFTs typically include the forced expiratory volume in 1 s (FEV1) and 
carbon monoxide diffusing capacity (DLCO), though for FEV1 > 1.5 L, DLCO may 
be deferred [28]. These tests allow estimation of the tolerance of one lung ventila-
tion and prediction of postoperative morbidity and mortality. The PPO lung function 
should be calculated using preoperative values for FEV1 and DLCO and the amount 
of lung tissue to be resected [26, 28, 29]. Patients with a PPO FEV1 and DLCO that 
are both ≥40% of the predicted values are considered average risk patients, and 
further testing is usually deferred [28]. On the other hand, patients with a PPO 
FEV1 and DLCO that are <40% of the predicted values should undergo quantitative 
lung scintigraphy (“perfusion” scan) to verify the segment count calculation and 
further risk stratification through physiologic testing with cardiopulmonary exercise 
testing (CPET) [26, 27, 29].

 Determination of Extent of Resection

The extent of lung resection indicated for early-stage lung cancer is determined by 
the location and size of the tumor. The guiding principles are to provide an adequate 
margin (at least twice the size of the tumor) and perform an adequate lymph node 
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dissection. In general, for those with acceptable pulmonary and physical function-
ing, lobectomy has been traditionally considered the gold standard due to the result-
ing thorough evaluation of the hilar lymph nodes. However, recent studies (Cancer 
and Leukemia Group B (CALGB) 140503 [31, 32] and Japanese Cooperative 
Oncology Group 0802 [33]) have supported the equivalency of sublobar resection 
(nonanatomic wedge resection with an adequate margin for peripheral tumors) or 
segmentectomy for small (< 2 cm) invasive lung cancers. This approach may be 
particularly useful for patients with limited functional reserve or multifocal disease, 
though special attention should be given to margins and lymph node clearance, 
which must still be done adequately to maintain equivalent locoregional recurrence 
rate and allow complete pathologic staging.

For centrally located tumors in which a lobectomy cannot achieve radical 
removal of the mass, sleeve lobectomy (e.g., removal of an upper lobe with reim-
plantation of the distal airway for endobronchial tumors) or bilobectomy (e.g., right 
middle and lower lobectomy for a tumor crossing the fissure and/or invading the 
pulmonary artery) may be required. Pneumonectomy (e.g., for main stem airway 
involvement) also can be considered. Less commonly, a more centrally located 
early- stage tumor or associated lymph node involving the vascular hilum may 
require pneumonectomy. Parenchymal sparing operations such as sleeve lobectomy 
have lower morbidity and mortality than pneumonectomy with 5-year OS of 52.4% 
in the sleeve lobectomy group and 48.7% in the pneumonectomy group; quality of 
life (QoL) also was found to be significantly better in the sleeve lobectomy 
group [34].

For cases in which the tumor has invaded the chest wall, the pericardium or the 
diaphragm (T3), extended pulmonary resection would be done. The term extended 
means that the lung parenchyma resection is accompanied with excision of the 
invaded structures followed by reconstruction with mesh as needed and can be done 
with good results in carefully selected patients [35, 36].

 Preoperative Workup

A comprehensive history and physical examination are critical for every patient 
presenting with suspected lung cancer, primarily to identify other systemic diseases 
that may contraindicate biopsy or resection. Paying close attention to any extrapul-
monary symptoms, signs, or laboratory findings that might indicate metastases 
(e.g., focal neurological signs or elevated GGT) or related conditions is important to 
ensure more workup is not required.

In the case of a screen or incidentally detected indeterminate pulmonary nodule, 
biopsy (image-guided transthoracic [37] or transbronchial [38, 39]) may be indi-
cated prior to deciding on treatment, especially for those nodules with intermediate 
pretest probability of being a lung cancer. Bronchoscopy can facilitate both staging 
and diagnosis using techniques such as endobronchial ultrasound (EBUS), trans-
bronchial biopsy, brushings, washings, bronchoalveolar lavage, and transbronchial 
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needle aspiration (TBNA) with complication rates less than 1% [38–40]. CT-guided 
transthoracic fine needle aspiration (FNA) is also a safe approach to diagnose lung 
cancer especially for peripheral lesions [30, 41]. For peripheral nodules, excisional 
biopsy (wedge) with frozen section preceding tentatively planned resection may be 
preferred for highly suspicious nodules in fit patients [42] or in the case that needle 
biopsy is not feasible due to the mass location or yields an inconclusive diagnosis 
[43]. Approach to pulmonary nodules is discussed in detail in Chap. 4.

After a suspected diagnosis sof lung cancer, establishing the clinical stage of the 
disease is the next priority as it will define treatment recommendations. Noncontrast 
chest CT scan (protocoled to evaluate through the upper abdomen) is usually ade-
quate for operative planning and preliminary/clinical staging of hilar and mediasti-
nal lymph nodes (clinically positive for size >1 cm), adrenal glands, and liver [44, 
45]. For hilar tumors, contrast-enhanced CT scan should be done to assess the rela-
tionship of the mass with adjacent structures (pulmonary artery, pulmonary veins, 
atrium, great vessels, etc.) [45]. For tumors abutting the chest wall or superior sul-
cus, MRI may be considered.

Following axial imaging, whole-body positron emission tomography (PET)/CT 
using 18F-flurodeoxyglucose (FDG) is routinely obtained given its high sensitivity 
85% and specificity 90% for further disease staging [46–48]. Brain metastases are 
uncommon (0% to 10%) in patients who are neurologically asymptomatic at the 
time of lung cancer diagnosis [49]. Therefore, MRI scans are not recommended in 
asymptomatic patients with early-stage lung cancer unless tumor size is >4 cm, and 
N1 nodes are involved in PET scan and/or biopsy or for those patients with new 
onset of neurological symptoms including headaches, diplopia, or ataxia [49].

It is important to note that PET scan findings of involved lymph nodes should be 
confirmed with a pathologic staging modality including mediastinoscopy (cervical 
or anterior) or EBUS [50–52]. If EBUS is nondiagnostic, cervical mediastinoscopy 
for paratracheal notes or anterior mediastinoscopy (Chamberlin procedure, which 
allows access to the aortopulmonary window area through dissection of the left 
second costosternal cartilage). If the results of the frozen section analysis during the 
mediastinoscopy fail to demonstrate malignant infiltration to the mediastinal lymph 
nodes, a pulmonary resection can be performed under the same setting, making 
workflow for diagnosis, staging, and resection more streamlined [50–52].

 Surgical Approach

Minimally invasive approaches to pulmonary resection are increasingly routine. 
Video-assisted thoracoscopic surgery (VATS) and robotic-assisted thoracic surgery 
(RATS) are two contemporary surgical approaches that have gained popularity. 
These minimally invasive approaches emerged with the aim to eliminate the need 
for an open thoracotomy that leads to rib spreading, large incisions, long recovery 
periods, and increased postoperative pain. Indeed, the utilization and the indications 
of these approaches for thoracic diseases are steadily increasing [53], and the 
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outcomes reported in the current literature of VATS and RATS are very encouraging 
[54–57]. Further, VATS lobectomy leads to faster recovery rates and better QoL and 
health services utilization postoperatively [58–60], including improved pain levels, 
decreased utilization of pain medications, shorter length of hospitalization, fewer 
postoperative complications, shorter overall recovery period, and fewer readmis-
sions without worsening in adverse event rates or oncologic outcomes compared to 
thoracotomy [61].

RATS for pulmonary resection was introduced in 2001 and is increasingly con-
sidered an alternative to VATS; however, there is still scarcity of reports comparing 
RATS to VATS in patients with early-stage diseases [62, 63]. In general, RATS has 
several potential advantages compared with VATS, including enhanced vision with 
three-dimensional views, greater agility, and precision in movement which can offer 
reduced intraoperative tissue trauma and reduced postoperative pain [64]. On the 
other hand, RATS is associated with high operative costs, steeper learning curves, 
and potentially higher risk for cardiovascular complications compared to VATS [65, 
66]. A recent study using the National Cancer Database to compare RATS and 
VATS outlined the superiority of VATS in terms of 1-year survival outcomes com-
pared to RATS in patients with tumors larger than 2  cm (HR, 1.58; 95% CI, 
1.06–2.36) but not in patients with tumors <2 cm [62]. Another contemporary report 
comparing RATS with both VATS and open thoracotomy in patients with stage I 
disease noted that all three approaches are comparable in terms of long-term sur-
vival rates [63]. Nevertheless, VATS and RATS were associated with shorter hospi-
talizations, and RATS in particular was linked with higher numbers of lymph nodes 
assessed [63].

Another minimally invasive approach that can facilitate pulmonary resections is 
the uniportal VATS. VATS is typically performed though three or four incisions. By 
definition, uniportal VATS requires only one incision through which a single port is 
inserted in the chest cavity, and with the use of this port, the surgeon performs the 
whole operation [67–69]. Although there are only few studies examining the role of 
uniportal VATS, recent data from single institutional reports indicate that this 
approach is safe, feasible, and offers comparable results to the traditional VATS 
[67–69]. For early-stage NSCLC patients, uniportal VATS seems to offer similar 
oncologic results to traditional VATS [68, 69]. The major advantage of the uniportal 
VATS is the low levels of postoperative pain that comes along with the single inci-
sion required to perform the whole operation [68].

Even though all the aforementioned minimally invasive techniques are con-
stantly gaining popularity, there are many patients with early-stage NSCLC with 
postinfectious, postradiation, posttraumatic, and anatomic variations that render 
them unable to undergo VATS or RATS. Emerging experience with resection after 
neoadjuvant chemoimmunotherapy has led to reports of a dense fibrosis (particu-
larly in patients with high levels of immune checkpoint expression and ultimately 
pathologic complete response) that may limit the feasibility of minimally invasive 
surgery [70]. In these cases, a posterolateral thoracotomy is typically used as the 
incision for the lung resection because it gives the surgeon excellent exposure and 
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mobility. Other approaches include muscle-sparing lateral or axillary thoracoto-
mies, median sternotomies, and anterolateral thoracotomies.

 Surgical Techniques

 Lobectomy

 Anatomic and Positioning Considerations

Most individuals have five distinct pulmonary lobes with named bronchial, venous, 
and arterial supply. While venous and bronchial anatomy are fairly consistent, the 
pulmonary artery has some important variations that largely follow the segmental 
anatomy and are well described [71]. For example, the truncus anterior (TA) branch 
of the right pulmonary artery is the first branch to the right upper lobe and has one 
to two branches to the apical and anterior segments and sometimes a third branch to 
the posterior segment. A variable in size more distal posterior ascending artery 
branches to the posterior segment. Regardless of the lobe to be resected, patient 
positioning is typically in full lateral decubitus, as a posterior lateral approach leads 
to efficient exposure of the hilum. An alternative is supine position, and this may be 
used in a substernal uniportal approach.

 Operative Flow

The sequence of steps of lobectomy will depend on the approach (i.e., open, thora-
coscopic, robotic), though there are variations within these approaches. In modern 
practice in high-resource settings, endoscopic staplers are used for all approaches 
(including open). The general flow of the operation involves opening the pleura and 
dissecting individually the vein, artery, and bronchus of the lobe to be resected. The 
lymph nodes are individually dissected as well. After dissection, the hilar structures 
may be divided in variable order depending on their actual relationships. For right 
upper lobectomy, as depicted in Fig. 6.1, the pulmonary artery branches may be 
divided first to prevent congestion of the lobe. Sequentially, division of the vein and 
the right upper bronchus are performed. The fissure between the adjacent lobe(s) 
may be divided before or after the hilar structures.

During a right middle lobectomy, the middle pulmonary artery is identified 
within the major fissure and is divided. Following that the middle lobe vein is dis-
sected and divided, the middle bronchus is stapled, and finally the parenchyma 
between the upper lobe and lower lobe is removed again with the use of the stapler.

A right lower lobectomy is considered the least technically challenging of the 
lobectomies. Often the inferior pulmonary ligament is divided first, leading to the 
inferior pulmonary vein. The lower lobe artery is approached through the fisure.  
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Fig. 6.1 Right upper lobectomy: hilar exposure with retraction of the upper lobe division of the 
superior pulmonary vein

Next, the fissure is divided, and this only leaves the bronchus, which must be cut at 
an angle to preserve the middle lobe bronchus.

The left upper lobectomy is unique due to the highly variable pulmonary artery 
branching pattern (three to five divisions) and proximity to the aorta and recurrent 
laryngeal nerve. In general, the superior vein is mobilized away from the artery and 
is divided first followed by the arterial vessels, the lung parenchyma, and the 
bronchus.

Lastly, it is worth noting that the sequence in which a left lower lobectomy is 
performed depends on the integrity of the fissure. If the fissure is complete, the 
parenchyma is divided first followed by the arterial vessels and the vein with the 
inferior ligament. On the other hand, if the fissure is incomplete, the vascular 

P. Tasoudis et al.



133

structures may be divided first, followed by the bronchus and finally the paren-
chyma if any remains.

 Segmentectomy

Segmentectomy refers to an anatomical resection of one or more of the lung seg-
ments (Fig. 6.2). Each segment has a pyramidal shape, with the hilum serving as the 
apex and the surface of the lung as the base. It is supplied by the following 

Fig. 6.2 Right lower lobe superior segment (S6) segmentectomy: exposure of the right lower lobe 
pulmonary artery and segmental branch in the fissure
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structures, with few collateral connections between segments: (1) a tertiary branch 
of the bronchial tree; (2) a segmental branch of the pulmonary artery (along with the 
bronchial artery); and (3) a segmental branch of the pulmonary vein along with 
lymphatics. Accounting for the anatomic structure of each segment, removal of a 
segment does not affect the functionality of the remaining lung. In segmentectomies 
the order of dividing the individual bronchovascular structures varies according to 
the individual segment. An additional challenge includes identification of the appro-
priate planes for lung parenchyma removal, which may be accomplished using sev-
eral techniques. These include clamping the segmental bronchus before (or after) 
full inflation to better delineate the targeted segment or using fluorescent dye such 
as Indocyanine Green (ICG) to delineate the nonperfused area after division of vas-
cular structures. The segmental bronchus is usually divided using a stapler followed 
by the parenchyma.

 Wedge Resection

Wedge resections can be performed in patients with tumors located in the periphery. 
A U-type resection is preferable than a V-type resection for wedge resections, to 
ensure adequate margins around the lesion. This resection could be facilitated with 
the use of stapling manufacturing devices or with electrocautery. The major advan-
tages of wedge resections are decreased postoperative morbidity and mortality that 
accompany the procedure. A study using the Society of Thoracic Surgeons database 
reported that the morbidity and mortality of wedge resections were decreased when 
compared to anatomic lung resections (lobectomy and segmentectomy) [72]. 
However, wedge resections have been associated with increased risk of locoregional 
recurrence when compared with segmentectomies [73]. In addition, segmentecto-
mies allow larger parenchyma margins and better accuracy in disease staging due to 
the possibility of hilar node retrieval compared to wedge resections [74, 75].

 Pneumonectomy and Sleeve Lobectomy

Sleeve resections are generally preferable in patients with early-stage NSCLC as 
they can facilitate avoiding the need for a pneumonectomy and the morbidity of this 
procedure. Pneumonectomy is an anatomic resection that results in removal of the 
entire lung. The operation is usually done via posterolateral thoracotomy or median 
sternotomy in cases of left lung cancer with carinal invasion, though minimally 
invasive pneumonectomy also is described. In all appraoches, the mediastinal pleura 
is resected, and the hilar structures are dissected away from the lung. The arterial 
supply is divided first followed by the veins and the bronchus. The procedure is 
completed with mediastinal lymph node dissections. In comparison to other stan-
dard anatomic lung resections, pneumonectomy is the only lung resection that 
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leaves an empty pleural space; hence perioperative management calls for additional 
special considerations. It is worth noting that the mortality following a pneumonec-
tomy ranges from 0 to 26% depending on the patient’s baseline characteristics and 
the operating center [76].

A sleeve lobectomy is an alternative to pneumonectomy for early-stage lung 
cancer and consists of the removal of a portion of main bronchus in conjunction 
with the involved lobar bronchus and associated lung tissue followed by direct reim-
plantation of the lobe(s) to be preserved. Similarly, a vascular sleeve lobectomy 
involves clamping and partial resection of the involved pulmonary artery. A sleeve 
lobectomy is usually performed via a posterolateral thoracotomy though may also 
be done robotically. A variation on sleeve resection may involve a bronchoplastic 
technique, defined as partial resection of a lobar bronchial orifice and closure with-
out removing a segment of main bronchus. Although sleeve lobectomies are techni-
cally more challenging procedures than pneumonectomies, they have been 
associated with better morbidity and mortality and therefore are recommended in 
patients who are deemed eligible for this type of surgery [77].

 Mediastinal Lymph Sampling Versus Dissection

The standard approach to mediastinal lymph nodes assessment (complete dissection 
versus sampling) at time of pulmonary resection for NSCLC has been debated for 
several decades. The American College of Surgery Oncology Group conducted the 
Z0030 Trial aiming to elucidate the role of mediastinal lymph node dissection in 
patients with early-stage NSCLC undergoing resection [78]. The Z0030 trial con-
cluded that systematic lymph node dissection did not improve the survival of 
patients with early-stage NSCLC nor decrease the incidence of local or regional 
recurrence [78]. On the other hand, a meta-analysis on this topic reported that sys-
tematic mediastinal nodal dissection is linked with improved accuracy of staging 
which translated to better survival outcomes compared to lymph node sampling 
alone [79]. In practice, the surgical approach and surgeon preference may dictate 
the degree of lymph node dissection intraoperatively.

 Surgical Outcomes

A population-level analysis of the overall survival (OS) for patients with early- 
stage NSCLC has been reported from the Surveillance, Epidemiology, and End 
Results (SEER) database to validate the 8th edition TNM (Tumor, Node, and 
Metastasis) staging system [80]. According to this report, the 2-year OS of patients 
with clinical stage IA1, IA2, and IA3 was 97%, 94%, and 90%, respectively. Patients 
with stage IB, IIA, and IIB were reported to have a 2-year OS of 87%, 79%, and 
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72%, respectively. Patients with clinical stage IA, IB, IIA, and IIB had a 5-year OS 
of 77–92%, 68%, 60%, and 53%, respectively [80].

Incidence of local recurrence following surgery for early-stage NSCLC ranges 
from 6 to 55% in different studies [81–83]. A comprehensive institutional series 
examining 975 patients with early-stage NSCLC reported a 5-year local and/or dis-
tant recurrence rate of 36% [84]. The majority of the recurrences were noted in local 
sites [84]. Another study conducted by the American College of Surgeons reported 
that the 5-year disease-free survival (DFS) for stage T1 and T2 was approximately 
60% and 75%, respectively [85].

 Quality of Life

Health-related quality of life (HRQOL) following treatment for lung cancer is gain-
ing increased attention. Although there are no reports assessing the HRQOL specifi-
cally for patients with early-stage NSCLC, one study examining the effect of lung 
resections on HRQOL longitudinally demonstrated that lobectomy had a transient 
impact on physical functioning of the patients, but the magnitude of this influence 
decreased over time [86]. Pneumonectomies, however, were found to have a large 
impact on both physical and emotional domains of HRQOL, and interestingly, this 
impact persisted over time [86]. Of note, patients with NSCLC awaiting surgical 
treatment were found to have impaired HRQOL in most assessed domains com-
pared to healthy individuals [87]. Finally, it is worth noting that the HRQOL of 
patients who undergo VATS is significantly better both in the early postoperative 
period and during the 6-month follow-up compared to open thorocotomies [61, 88].

 Disparities

Unfortunately, disparities still exist in lung cancer treatment. These disparities are 
multifaceted and may be attributed to social determinants of health. A study using 
the National Cancer Database noted that non-Hispanic Black patients and elderly 
patients were less likely to receive predefined, stage-specific, guideline-concordant 
treatments [89]. Specifically for early-stage NSCLC, several studies found that 
Black patients are less likely to receive curative-intent surgery [90–92]. These dis-
parities were reflected on the OS outcomes of Black patients, which for the past two 
decades, have been worse than White patients. Increased awareness of this issue has 
led to further work to reduce disparities in modern healthcare systems. For example, 
a pragmatic trial conducted in five cancer centers of a system-based intervention 
showed that this approach reduced the racial disparities in lung cancer care [93]. 
Further action is needed to achieve a significant reduction in racial and other health 
disparities gaps and improve the health outcomes for all patients.
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 Radiotherapy Techniques

SBRT is an alternative curative intent treatment for early-stage NSCLC in 
patients who are not operative candidates or who elect to undergo nonoperative 
management. SBRT is highly conformal radiation with large fraction size 
(10–30 Gy) delivered in one to five treatments over 1–2 weeks. The SBRT treatment 
planning process begins with a CT simulation. During CT image acquisition, the 
patient is immobilized using a stereotactic body frame or a vacuum-locked body 
cast to provide reproducible alignment during imaging and treatment.

To account for respiratory motion, a 4D CT scan is acquired. During this scan, 
each axial slice is imaged multiple times throughout the breathing cycle, and the 
images are recombined to create a library of CT images to allow accurate delinea-
tion of tumor motion.

After CT simulation, the radiation oncologist contours, or draws, the tumor tar-
get on the CT dataset. The gross tumor volume (GTV) is drawn on either the free- 
breathing CT or on the average of the 4D-CT dataset. For gated treatment, radiation 
is delivered only when the tumor is within a specified region of the breathing cycle. 
When gating is not used, an internal target volume (ITV) is generated as expansion 
of the GTV to account for respiratory motion using the phases of the 4D-CT. A 
planning target volume (PTV) is then created as a geometric expansion of the GTV 
(with gating) or the ITV (without gating) to account for uncertainty in daily posi-
tioning or setup. The desired dose is prescribed to cover the PTV. Organs at risk 
(heart, normal lung parenchyma, esophagus, great vessels, spinal cord, and chest 
wall) are also delineated as avoidance structures.

The radiation treatment plan is then optimized by dosimetrists and medical phys-
icists by selecting beam arrangements to deliver the prescribed dose to the PTV, 
while sparing the organs at risk. SBRT is typically planned with significant dose 
heterogeneity, such that the center of the tumor often receives over 120% of the 
prescription dose. Once the plan is finalized, there are multiple quality assurance 
checks to ensure that the plan is physically deliverable and that dosimetry is appro-
priate. For treatment, the patient is positioned on the treatment table in the same 
immobilization devices that are used at simulation. Imaging (typically X-ray or CT) 
is obtained on the treatment table to ensure proper patient alignment and to verify 
respiratory motion. When localization is verified, the prescribed radiation dose is 
delivered.

 Outcomes After SBRT

A number of important dose-escalation trials were performed at Indiana University 
and have guided the standard lung SBRT dose/fractionation schemes used today. An 
initial phase I dose escalation trial found the maximum tolerated dose to be 60 Gy/3 
fractions [94]. There were local recurrences in six patients in this study, all of whom 
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received less than 54Gy in three fractions. A subsequent phase II trial confirmed 
excellent 2-year local control rate of 95% but identified a high rate of severe toxicity 
for central tumors located within 2 cm of the proximal bronchial tree [21]. A subse-
quent cooperative group study (RTOG 0236) was a phase II multi-institution trial of 
medically inoperable patients with peripheral stage I–II NSCLC (< 5  cm) [21]. 
Patients were prescribed 60Gy in three fractions (roughly equivalent to 54 Gy in 
three fractions when accounting for heterogeneity of lung parenchyma). Long-term 
results demonstrated 5-year local control of 93%, lobar control 80%, distant failure 
rate of 31%, and overall survival 40% [95]. Of note, the low overall survival follow-
ing SBRT for lung cancer in medically inoperable patients is often driven by deaths 
from intercurrent disease and not cancer-related deaths.

Since the landmark Hammersmith study in the 1950s showing that early-stage 
NSCLC patients had improved overall survival with pneumonectomy or lobectomy 
compared with conventionally fractionated radiation, surgery has been the standard 
of care for this patient population [96]. Indeed, in comparison to SBRT, surgical 
approaches have the benefit of staging the mediastinum, although positron emission 
tomography with CT (PET-CT) scans are fairly sensitive and specific in detecting 
mediastinal adenopathy [97] and invasive mediastinal staging (via mediastinoscopy 
or endobronchial ultrasound-guided lymph node aspiration (EBUS-TBNA)) can be 
performed if there are concerning or questionable lymph nodes on chest CT or 
PET-CT. Given the excellent local control and favorable toxicity profile of SBRT, 
recently, a number of groups have become interested in evaluating SBRT for oper-
able patients with early-stage NSCLC, though it is not the current standard of care.

RTOG 0618 evaluated operable patients with peripheral T1N0 NSCLC (<5 cm) 
treated with SBRT (54 Gy/3 fx) [98]. With a median follow-up in 4 years, local 
control rate was 96%, regional failure 12%, and distant metastases 12%. Four 
patients had grade 3 toxicity, and no grade 4–5 toxicities were reported. Two ran-
domized phase III trials (STARS and ROSEL) were being conducted in the USA 
and Europe. There were differences in study design; however, both trials random-
ized operable patients with stage I NSCLC to lobectomy versus SBRT. Unfortunately, 
both trials closed early due to poor accrual. A combined analysis of patients accrued 
to both studies (58 patients) demonstrated no difference in recurrence-free survival 
(86% for SBRT and 80% for surgery, p = 0.54) [99]. With a median follow-up of 
approximately 3 years, overall survival was found to be higher in the SBRT group 
(95%) versus 79% in the surgery group. Toxicity was also worse in the surgery 
group—rates of any grade 3–4 toxicity were 10% for SBRT patients and 44% for 
surgical patients. Dyspnea and chest/chest wall pain were the most common grade 
3 toxicities overall. A number of ongoing randomized trials (VALOR, Stablemates, 
SAbRtooth and POSTILV) aim to answer this important question of whether lobec-
tomy or SBRT has superior tumor control and/or toxicity profile for early-stage 
operable NSCLC. At the present time, SBRT can be considered a reasonable alter-
native to lobectomy in patients who are high operative risk or decline surgery.

Two randomized trials have evaluated the efficacy and safety of SBRT versus 
conventionally fractionated radiation therapy. The SPACE trial was a phase II trial 
that randomized medically inoperable patients with stage I NSCLC to SBRT 
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(66Gy/3 fractions) or 3D conformal radiation (70 Gy/35 fractions) [99]. Progression- 
free survival (~54%) and overall survival (~70%) were similar between the two 
arms; however, higher rates of pneumonitis and esophagitis and worse patient 
reported quality of life were reported in the patients receiving conventionally frac-
tionated radiation. CHISEL was a randomized phase III trial that randomized 
patients with stage I NSCLC who were either medically inoperable or refused sur-
gery to receive SBRT (54  Gy/3 fractions or 48  Gy/4 fractions if the tumor was 
<2  cm from the chest wall) versus conventionally fractionated radiotherapy 
(66 Gy/33 fractions or 50 Gy/20 fractions, depending on institutional preference) 
[100]. The primary endpoint was time to local treatment failure, which occurred at 
2.1 years in the standard radiotherapy or 2.6 years in the SBRT arm. Furthermore, 
median survival was 5 years in the SBRT arm versus 3 years in the conventional 
radiation arm. Thus, the CHISEL trial provides prospective evidence supporting the 
use of SBRT for definitive radiotherapy for early-stage NSCLC [100].

 Conclusion

Early-stage lung cancer care is increasingly multidisciplinary in the diagnostic and 
treatment approaches. Coordinated programmatic and system-based approaches 
will be needed to ensure high-quality and equitable care delivery and ultimately 
improved survival and patient-centered outcomes.
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Chapter 7
Treatment of Stage III Non-small Cell 
Lung Cancer

Shinsuke Kitazawa, Alexander Gregor, and Kazuhiro Yasufuku

 Introduction

Stage III non-small cell lung cancer (NSCLC), commonly referred to as “locally 
advanced lung cancer,” encompasses a group of heterogeneous clinical presenta-
tions ranging from bulky primary tumors to small-sized lesions with extensive 
lymph node involvement. The anatomic extent of cancer is described by the 
American Joint Committee on Cancer (AJCC) tumor, node, and metastasis (TNM) 
staging system (Table 7.1). According to the eighth edition of the AJCC staging 
system, stage III NSCLC is subclassified into stages IIIA, IIIB, and IIIC [2]. Stage 
IIIA includes locally invasive tumors (T3 or T4) with ipsilateral hilar lymph node 
(N1) involvement, T4 tumors without nodal involvement, and smaller (T1-2) tumors 
with mediastinal lymph node (N2) involvement. Stage IIIB includes T1-2 tumors 
with spread to contralateral mediastinal or supraclavicular (N3) nodes and T3-4 
tumors with N2 involvement. Stage IIIC encompasses patients with T3-4 and N3 
disease. Approximately 20% of lung cancer patients present with stage III NSCLC; 
clinical outcomes, unfortunately, remain dismal, with 5-year overall survival (OS) 
at 36%/41% for clinical/pathological stage IIIA disease, 26%/24% for stage IIIB 
disease, and 13%/12% for stage IIIC disease [3–5]. These poor outcomes likely 
reflect that many with stage III disease represent micrometastatic stage IV disease 
undetectable by modern imaging. Therefore, therapeutic approaches to stage III 
disease must invariably address local and distant disease control. This complexity 
has encouraged coordinated care provided by a multidisciplinary team (MDT) to 
optimize the entire diagnostic and therapeutic process. MDTs are fundamental to 
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Table 7.1 Lung cancer stage grouping (eighth edition) [1]

T/M Label N0 N1 N2 N3

T1 T1a (≤1 cm) IA1 IIB IIIA IIIB
T1b (>1–2 cm) IA2 IIB IIIA IIIB
T1c (>2–3 cm) IA3 IIB IIIA IIIB

T2 T2a (Cent, Visc Pl) IB IIB IIIA IIIB
T2a (>3–4 cm) IB IIB IIIA IIIB
T2b (>4–5 cm) IIA IIB IIIA IIIB

T3 T3 (>5–7 cm) IIB IIIA IIIB IIIC
T3 (Inv) IIB IIIA IIIB IIIC
T3 (Satell) IIB IIIA IIIB IIIC

T4 T4 (>7 cm) IIIA IIIA IIIB IIIC
T4 (Inv) IIIA IIIA IIIB IIIC
T4 (Ipsi Nod) IIIA IIIA IIIB IIIC

M1 M1a (Pl Dissem) IVA IVA IVA IVA
M1a (Contr Nod) IVA IVA IVA IVA
M1b (Single) IVA IVA IVA IVA
M1c (Multi) IVB IVB IVB IVB

Cent central, Visc Pl visceral pleura, Inv invading chest wall, pericardium, phrenic nerve, Satell 
separate tumor nodule(s) in the same lobe, Pl Dissem malignant pleural/pericardial effusion, or 
pleural/pericardial nodules, Contr Nod separate tumor nodule(s) in a contralateral lobe, Single 
single extrathoracic metastasis, multi, multiple extrathoracic metastases

ensuring precise staging, evaluating different therapeutic options, and identifying 
clinical trials that may benefit the patient [6, 7].

Surgery and radiation therapy are well-established local control treatment 
modalities, but the high incidence of distant relapse emphasizes the importance of 
effective systemic therapy. With recent advances in immune checkpoint inhibitors 
and molecularly targeted agents, research in systemic treatment has increasingly 
shifted to more personalized therapy based on the individual patient’s immune and 
oncogene mutation status. Clinical trials exploring the combination of these new 
systemic agents with existing therapeutic approaches are ongoing and represent a 
paradigm change in the management of locally advanced NSCLC. In this chapter, 
we provide an overview of the management of stage III NSCLC, focusing on the 
recent incorporation of immunotherapy and molecularly targeted therapy.

 Current Treatment Strategies for Stage III NSCLC

The first step to determining the treatment strategy for patients with stage III NSCLC 
is determining resectability through a multidisciplinary committee. Only select 
patients with stage III disease are resectable (e.g., T3-4 disease with limited inva-
sion of adjacent structures without N2-3 involvement). Unresectable patients are 
generally those who, even following neoadjuvant treatment, cannot expect complete 
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Stage IIIA or IIIB (T3N2)

Definitive CCRT

Durvalumab

Induction CCRT + re-staging

Surgery
(no pneumonectomy)

N0-1

No apparent progression

Stage III NSCLC

Resectable Unresectable

N2

Surgery
+

Adjuvant CTx

Progression

Local Systemic

RTx + CTx Stage IV 
treatment

Stage IIIB (T4N2) or IIIC

Fig. 7.1 Principles of management for stage III NSCLC. NSCLC non-small cell lung cancer, 
CCRT concurrent chemoradiotherapy, CTx chemotherapy, RTx radiotherapy

resection and tend to be those with bulky N2 disease, most with stages IIIB/IIIC 
disease, and aggressive T3-4 involvement [8, 9]. Patient-related factors also need to 
be considered, such as impaired pulmonary function or cardiovascular comorbidi-
ties [10]. The clinical guidelines of the National Comprehensive Cancer Network 
(NCCN; version 3.2022) differentiate between three situations (Fig. 7.1) [11]:

 1. Resectable cT3N1/T4N0-1 IIIA: Surgical resection followed by adjuvant che-
motherapy with four cycles of platinum-based doublet is recommended. In cases 
with positive margins, re-resection or radiotherapy is recommended.

 2. Resectable cN2: Neoadjuvant chemoradiotherapy or chemotherapy alone, gen-
erally with three cycles of platinum-based doublet followed by subsequent 
radiological reevaluation and restaging. Complete surgical resection and subse-
quent assessment for adjuvant chemotherapy are recommended in cases without 
apparent progression.

 3. Unresectable IIIA–IIIC: Definitive concurrent chemoradiation (CCRT) followed 
by assessment for consolidation immunotherapy.
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 Treatment Modalities in the Pre-immunotherapy Era

 Surgery Plus Adjuvant Therapy

Stage III NSCLC represents an intermediate zone between resectable and non- 
resectable disease [8]. Therefore, the role of surgery as part of multimodality treat-
ment for stage III NSCLC has been controversial. However, improvements in 
perioperative systemic therapy for stage III NSCLC have increased the proportion 
of patients eligible for curative resection. Upfront surgical resection followed by 
adjuvant chemotherapy can be generally considered in patients with cT3N1/T4N0-1 
stage IIIA NSCLC, or cN0 patients who are unexpectedly diagnosed as pN2 post-
operatively. In the adjuvant setting, the standard is four cycles of cisplatin-based 
doublet chemotherapy. The Lung Adjuvant Cisplatin Evaluation (LACE) 
Collaborative Group performed a meta-analysis where 4584 patients with com-
pletely resected NSCLC treated with adjuvant cisplatin were assessed. Cisplatin- 
based adjuvant chemotherapy increased OS at 5 years by 5.4% and reduced the risk 
of death by 11% (hazard ratio [HR]:0.89, 95% confidence interval (CI]:0.82–0.96, 
p = 0.0043) [12]. A significant benefit was seen for patients with stage II (HR:0.83, 
95% CI:0.73–0.95) and stage IIIA disease (HR:0.83, 95% CI:0.72–0.94). Based on 
phase III trials and this meta-analysis, adjuvant chemotherapy after complete resec-
tion of stage III NSCLC has been established as standard of care in patients with 
good performance status, smooth postoperative recovery, and adequate organ 
function.

T4 tumors with invasion into surrounding structures are a unique subset of 
patients where upfront surgical treatment can be challenging. Extensive surgical 
resections, including the involved structures, carry a high morbidity/mortality risk, 
making it imperative that only patients with good performance status be selected 
[13]. Achievement of complete resection is a crucial factor for survival. Complete 
resection is potentially possible in certain tumors, such as those invading the supe-
rior vena cava, left atrium, carina, and intrapericardial pulmonary vessels, with 
5-year survival rates between 9 and 48% having been reported [14, 15]. However, 
22.7% of T3-4N0-1 patients have been reported as unresectable, especially in 
patients with esophageal/tracheal invasion [16]. Several previous studies have dem-
onstrated that neoadjuvant chemotherapy with or without radiation facilitates the 
ability to achieve complete resection (and thus better survival) in patients with 
T3-T4N0-1 stage III NSCLC [17, 18]. However, the benefit of neoadjuvant treat-
ment for central T4 tumors is less clear, with some studies concluding that neoadju-
vant therapy does not influence survival [19, 20]. Moreover, if pathologic N2 disease 
were present, the prognosis was dismal despite complete resection [21, 22]. 
Therefore, accurate mediastinal staging by endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA) is essential to determine optimal treat-
ment strategy.

In summary, surgery followed by adjuvant therapy is the standard of care in 
patients with resectable cT3N1/T4N0-1 stage III NSCLC. As complete resection 
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and negative mediastinal lymph node involvement are crucial factors for prognosis, 
multidisciplinary assessment of resectability and accurate preoperative mediastinal 
lymph node staging are of paramount importance.

 Neoadjuvant Therapy Plus Surgery

Neoadjuvant chemotherapy offers theoretical advantages such as early treatment of 
micrometastatic disease, downstaging to facilitate resectability, and improved toler-
ability (compared to postoperative delivery) [23]. However, this must be balanced 
with potential risks for progression in chemoresistant disease (closing the window 
for resection) and delay of local therapy secondary to chemotoxicity [24].

In stage III NSCLC, neoadjuvant therapy followed by surgery is generally con-
sidered either in patients with stage III superior sulcus tumors or those with poten-
tially resectable cN2 disease [25]. Although preoperative CCRT followed by surgery 
is the standard treatment of superior sulcus tumors, surgical management of N2 
disease remains one of the most controversial topics in managing stage III 
NSCLC. Involved N2 lymph nodes can be classified as either “infiltrative” or “dis-
crete” N2 disease. Infiltrative N2 metastases refer to when individual lymph nodes 
can no longer be distinguished by CT imaging. In contrast, discrete N2 metastases 
refer to when a defined metastatic lymph node(s) is/are readily distinguishable from 
surrounding structures. Surgical indications largely depend on the category of N2 
disease; in general, surgery is not recommended for infiltrative or multi-station N2 
disease [26]. Surgical resection combined with systemic chemotherapy can have a 
role in carefully selected patients with discrete N2 involvement.

At present, three phase III clinical trials have reported on the role of neoadjuvant 
therapy followed by surgery for stage IIIA NSCLC with mediastinal lymph node 
metastases. In the European Organization for Research and Treatment of Cancer 
(EORTC) 08941 trial, patients with N2 stage IIIA NSCLC were randomly assigned 
to surgery or radiotherapy after response to three cycles of neoadjuvant platinum- 
based chemotherapy [27]. In the surgery group, only 50% of patients had complete 
resection, and the 5-year survival rate was low (15.7%), with no difference from 
radiation therapy (14%). The North American Intergroup 0139 trial randomized 429 
patients with biopsy-proven N2 stage IIIA NSCLC that were potentially resectable 
to either neoadjuvant chemotherapy (two cycles of cisplatin and etoposide) and 
radiation (45 Gy) followed by surgery or definitive chemoradiation uninterrupted up 
to 61 Gy [28]. The 5-year survival for the surgery group was not significantly differ-
ent from the completion radiotherapy group (27% versus 20%, p  =  0.10), but 
progression- free survival (PFS) was significantly improved (12.8 versus 
10.5  months, p  =  0.017). In addition, pathologic downstaging after neoadjuvant 
chemoradiation revealed ypT0  in 20% and only microscopic residual tumor in 
another 20%, indicating that addition of radiotherapy to neoadjuvant chemotherapy 
may improve survival through better locoregional control. This could explain the 
subgroup analysis of lobectomy patients only, which found 5-year survival rate was 
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significantly better with surgery than with completion radiotherapy (36% versus 
18%, p = 0.002). Conversely, among those requiring pneumonectomy, the postop-
erative 30-day mortality was unacceptably high (26%). The study concluded that 
neoadjuvant chemotherapy followed by lobectomy might potentially improve out-
comes. The third study was the ESPATUE trial, where patients with biopsy-proven 
N2 stage IIIA and selected patients with operable IIIB disease (anatomically and 
physiologically) received induction chemotherapy (cisplatin, paclitaxel, and 
vinorelbine) as well as CCRT to 45 Gy [29]. Patients with resectable tumors on 
reevaluation were randomly assigned to receive surgery or continue to definitive 
chemoradiation (uninterrupted dose up to 65–71 Gy). Both surgery and definitive 
chemoradiation following neoadjuvant therapy were associated with favorable 
5-year survival rates compared to those in other clinical trials, but no significant 
difference was observed between the two groups (44% versus 40%, p = 0.34). Better 
outcomes in this study might be due to patient selection (whereby only responders 
to induction therapy were randomized) and the limited trial size (81 patients in the 
surgery group and 80 patients in the definitive chemoradiation group). A meta- 
analysis examining five randomized controlled trials and four retrospective observa-
tional studies demonstrated that neoadjuvant chemotherapy with or without 
radiotherapy followed by surgery was superior to definitive chemoradiation alone, 
particularly in patients undergoing lobectomy [30]. Although the key to optimal 
management of stage III N2 disease is CCRT, neoadjuvant chemoradiotherapy or 
chemotherapy followed by surgery has a role in carefully selected patients with 
response to neoadjuvant treatment and in whom lobectomy is a feasible operative 
approach.

 Nonsurgical Treatment

For patients with unresectable stage III NSCLC, systemic cytotoxic therapy with 
radiation therapy is generally employed. Whether delivered alone or as part of 
chemoradiotherapy, neoadjuvant or adjuvant, three major combinations of platinum- 
based doublets treatment are generally used: cisplatin + etoposide, carboplatin + 
paclitaxel, and cisplatin + vinorelbine. At least two phase III trials have investigated 
current chemotherapy regimens with radiation for unresectable stage III NSCLC. In 
the study conducted by Liang et al., patients received 60–66 Gy of thoracic radiation 
therapy concurrent with either cisplatin and etoposide (PE therapy) or carboplatin + 
paclitaxel (CP therapy) [31]. There was no significant superiority of PE therapy 
compared with CP therapy for the primary endpoint of OS (PE 23.3 months versus 
CP 20.7 months, p = 0.095). The phase III PROCLAIM study investigated OS of 
concurrent pemetrexed-cisplatin and radiation therapy followed by consolidation 
pemetrexed (PP therapy), versus cisplatin and etoposide and radiation therapy fol-
lowed by consolidation etoposide (PE therapy) in unresectable stage III non- 
squamous NSCLC [32]. Although the median OS was similar between the two 
groups (PP 25.0  months versus PE 26.8  months, p  =  0.831), cisplatin and 
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pemetrexed had a more favorable toxicity profile, including drug-related grade 3 or 
higher adverse events such as neutropenia (PP 44.5% versus PE 24.4%, p = 0.001).

Platinum-based chemotherapy is generally employed in conjunction with radio-
therapy because randomized trials consistently demonstrated a survival benefit over 
radiotherapy alone [33–36]. The integration of chemotherapy can be further tailored 
in its timing relative to radiotherapy (e.g., chemotherapy followed by radiotherapy, 
CCRT, or CCRT followed by consolidation chemotherapy). A meta-analysis by the 
NSCLC Collaborative Group demonstrated that CCRT, as compared with sequen-
tial chemoradiotherapy, was associated with an OS benefit of 5.3% at 2 years, 5.7% 
at 3 years, and 4.5% at 5 years in patients with stage III NSCLC, primarily attrib-
uted to decreased locoregional progression [37]. This survival benefit of CCRT does 
come with an increased risk for esophageal toxicity compared with sequential treat-
ment and radiotherapy alone [38]. According to the Radiation Therapy Oncology 
Group (RTOG) 7301 trial, the standard irradiation regimen for CCRT in patients 
with stage III NSCLC is a total dose of 60 Gy in 30 fractions over 6 weeks; this 
schedule has not changed over the past 30 years [39]. Dose escalation beyond 60 Gy 
with conventional fractionation has not been demonstrated to be of benefit based on 
results of the RTOG 0617 trial, which compared high-dose CCRT (weekly pacli-
taxel/carboplatin) at 74 Gy/37 fractions to standard-dose CCRT at 60 Gy/30 frac-
tions, with or without cetuximab [40–42]. This phase III trial demonstrated that the 
74 Gy dose was associated with a higher risk of local recurrence (34% versus 25%) 
and significantly shorter median OS (20.3 versus 28.7 months, p = 0.004) [43]. The 
74 Gy dose group also experienced more treatment-related deaths and severe esoph-
agitis. Therefore, dose escalation beyond 60 Gy with conventional fractionation is 
not recommended.

Additional technologies are improving the delivery of radiation therapy. This 
includes intensity-modulated radiation therapy (IMRT), a radiation technique that 
uses computer-controlled linear accelerators to deliver highly conformal doses of 
radiation to the treatment targets. IMRT allows higher radiation doses to be focused 
on the tumor while minimizing exposure to surrounding normal critical structures 
such as the heart, uninvolved lung, and esophagus [44]. A phase I nonrandomized 
clinical trial evaluated an IMRT contralateral esophagus-sparing technique of radia-
tion delivered with concurrent chemotherapy in patients with locally advanced 
NSCLC within 1 cm of the esophagus [45]. The high-precision technique created a 
sharp dose gradient between the treatment target and contralateral esophageal wall, 
resulting in a reduced risk of esophagitis, including no grade 3 or higher esophagi-
tis. In addition, secondary analysis from RTOG 0617 trial compared conventional 
three-dimensional conformal external beam radiation therapy (3D-CRT) and IMRT 
outcomes [46]. IMRT was associated with significantly less grade 3 or higher pneu-
monitis than 3D-CRT (3.5% versus 7.9%, p = 0.039). In terms of prognosis, 2-year 
OS and PFS were not different between IMRT and 3D-CRT. Several earlier studies 
similarly demonstrated that IMRT reduced the incidence of treatment interruptions 
and resulted in better OS among patients treated with chemoradiotherapy for stage 
III NSCLC compared with 3D-CRT [47, 48].
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To further limit the irradiation volume and toxicity of conventional photon radio-
therapy, proton beam radiotherapy (PBT) has been explored for unresectable stage 
III NSCLC. PBT has the advantage of a much narrower dose distribution zone than 
IMRT. Retrospective data and phase II studies have demonstrated that PBT at a total 
dose of 74  Gy equivalent (GyE) administered concurrently with platinum-based 
chemotherapy for stage III NSCLC was well tolerated, with a median OS of 
26–49 months and low esophageal/pulmonary toxicity compared to conventional 
photon radiotherapy [49–51]. However, the efficacy of PBT has not yet been vali-
dated; one prospective randomized clinical trial comparing PBT with IMRT demon-
strated no significant differences in treatment failure (defined as radiation 
pneumonitis or local recurrence) [52]. A phase III trial (RTOG 1308) comparing 
photon radiotherapy with PBT in chemoradiation for unresectable locally advanced 
NSCLC is currently underway.

In summary, radiation therapy in combination with chemotherapy is a standard 
treatment option for unresectable stage III NSCLC. Moreover, recent advances in 
radiotherapy (e.g., IMRT, PBT) allow more precise dose delivery and less treatment 
toxicity. These new radiotherapy approaches combined with systemic therapy may 
lead to better local control and survival.

 Immunotherapy for Stage III NSCLC

Treatment of stage III NSCLC has substantially changed with advances in immuno-
therapy that may potentiate the effects of radiotherapy, and vice versa [53]. Various 
phase II and III trials have shown that incorporating immunotherapy into conven-
tional treatment paradigms results in better outcomes with fewer side effects than 
conventional chemotherapeutics via improved locoregional control and/or induc-
tion of an abscopal effect against micrometastases [54–57].

 Immunotherapy in the Neoadjuvant Setting

Immune checkpoint inhibitors in the neoadjuvant setting combined with chemo-
therapy provide an early opportunity to treat micrometastatic disease. Various phase 
II clinical trials are investigating the efficacy of neoadjuvant immunotherapy in 
NSCLC. The NADIM clinical trial was the first study to investigate the feasibility, 
safety, and efficacy of combined neoadjuvant chemotherapy and immunotherapy in 
resectable stage IIIA NSCLC patients [58, 59]. In this phase II, single-arm, multi-
center study, patients received paclitaxel (200 mg/m2) and carboplatin (AUC 6 mg/
mL·min) plus nivolumab (360 mg) every 3 weeks for three cycles before surgical 
resection, followed by adjuvant nivolumab monotherapy for 1 year (240 mg every 
2 weeks for 4 months, followed by 480 mg every 4 weeks for 8 months). Neoadjuvant 
immunotherapy combined with chemotherapy was highly effective with 3-year OS 
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and PFS of 81.9% and 69.6%, respectively. In addition, 63% of patients who under-
went surgery had a complete pathological response and 83% had at least a major 
pathological response (<10% viable tumor cells in resected specimens). Patients 
with a complete pathological response had significantly longer OS and PFS than 
those with an incomplete or major pathological response. Although the most com-
mon grade 3–4 toxicity was hematotoxicity, an increase in immune-mediated toxic-
ity was not specifically described. This trial demonstrated that neoadjuvant 
nivolumab alone or with chemotherapy showed promise with respect to feasibility, 
safety, complete pathological response, and survival in patients with resectable 
stage IIIA NSCLC.

CheckMate-816 is the first randomized phase III trial evaluating neoadjuvant 
immunotherapy plus chemotherapy in patients with stage IB to IIIA NSCLC [60]. 
Patients were randomized 1:1 to receive nivolumab plus platinum doublet chemo-
therapy or platinum-based chemotherapy alone. Patients underwent surgery within 
6 weeks of neoadjuvant treatment completion. There was a significantly improved 
event-free survival of 31.6 months with neoadjuvant nivolumab plus chemotherapy 
(95% CI: 30.2—not reached) compared with 20.8 months with chemotherapy alone 
(95% CI: 14.0–26.7). Furthermore, neoadjuvant nivolumab plus chemotherapy 
resulted in pathological complete response in 24% of patients (95% CI:18.0–31.0) 
compared with 2.2% in patients treated with chemotherapy alone (95% CI:0.6–5.6). 
This improvement was observed regardless of disease stage and PD-L1 expression. 
No significant difference in grade 3–4 toxicity was observed (34% in the combina-
tion arm versus 37% in the chemotherapy alone arm). Exploratory surgical outcome 
analysis showed that the length of surgery was shorter, the rate of minimally inva-
sive surgery was higher, and pneumonectomies were less common in patients 
treated with neoadjuvant nivolumab plus chemotherapy than chemotherapy alone. 
These surgical findings were most evident in the stage IIIA cohort, who accounted 
for >60% of patients in both arms. A higher incidence of radiographic downstaging 
observed with nivolumab plus chemotherapy may have contributed to lower rates of 
pneumonectomy. Adverse events of grade 3 or 4 identified as surgical complications 
occurred in 11.4% of patients after nivolumab plus chemotherapy and in 14.8% of 
patients after chemotherapy alone. These results prompted the Food and Drug 
Administration (FDA) to approve the use of nivolumab in conjunction with 
platinum- based chemotherapy in the neoadjuvant setting.

 Combination Immunotherapy Chemoradiotherapy

Radiotherapy is known to cause immune-mediated shrinkage of other lesions dis-
tant from the irradiated site (termed the abscopal effect), suggesting that radiother-
apy may enhance host immunity [61]. Therefore, immuno-radiotherapy, which aims 
to leverage immune checkpoint inhibition to potentiate the abscopal effect in com-
bination with radiotherapy’s local effects, has been attracting attention.
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Radiotherapy-induced cell death promotes antigen presentation and induces 
cytotoxic activity of cancer antigen-specific T cells. Yet, counterintuitively some 
inflammatory cytokines released following radiotherapy promote PD-L1 expression 
and suppress T-cell attack. Therefore, administration of anti-PD-L1 antibody ther-
apy was investigated as a treatment to restore antitumor immune responses [62]. 
The PACIFIC trial was the main study investigating the efficacy of immunotherapy 
in association with radiotherapy and chemotherapy for stage III NSCLC [63, 64]. 
This phase III trial of CCRT with platinum doublet chemotherapy followed by 
maintenance durvalumab for unresectable stage III NSCLC demonstrated a remark-
able benefit of durvalumab maintenance treatment. With a median follow-up time of 
34.2 months, the 5-year OS for the durvalumab group was 42.9% versus 33.4% in 
the placebo group (HR: 0.72, 95% CI:0.59–0.89), and 5-year PFS was 33.1% versus 
19.0%, respectively (HR: 0.55, 95% CI: 0.45–0.68) (Fig. 7.2). The use of immune 
checkpoint inhibitors after radiation therapy has been associated with an increased 

a

b

Fig. 7.2 Overall (a) and progression-free survival (b) in the PACIFIC trial [65]. The vertical 
dashed lines indicate yearly timepoints; the associated numerical values represent the OS and PFS 
rates at each timepoint. HR hazard ratio, OS overall survival, PFS progression-free survival
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risk of toxicity, particularly radiation pneumonitis and immune-mediated pneumo-
nia. In the study, the overall incidence of pneumonia was slightly higher in the 
durvalumab group (33.9%) than in the placebo group (24.8%), but there was no 
significant difference in severe lung inflammation of grade 3 or higher between the 
two groups (4.5% versus 4.3%, respectively). Following these results, the FDA 
approved the use of consolidation durvalumab following CCRT as standard treat-
ment in patients with unresectable stage III NSCLC. Subsequent retrospective anal-
yses were performed to compare efficacy relative to PD-L1 expression levels [65]. 
Notably, the PFS benefit with durvalumab was observed irrespective of PD-L1 
expression before chemoradiotherapy (HR:0.59, 95% CI:0.43–0.82 for a PD-L1 
expression level of less than 25%; HR:0.41, 95% CI:0.26–0.65 for a PD-L1 expres-
sion level of more than or equal to 25%). The only exception was OS with PD-L1 
expression less than 1% (HR:1.15, 95% CI:0.75–1.75), although PFS still favored 
durvalumab in this subgroup (HR:0.80, 95% CI:0.53–1.20). The survival benefit of 
durvalumab among patients with driver mutations such as epidermal growth factor 
receptor (EGFR) or anaplastic lymphoma kinase (ALK) aberration-positive tumors 
was uncertain, considering that the number of patients with driver mutations was 
small (6%); EGFR and ALK status was unknown in 26.4% of randomized patients.

In summary, the PACIFIC trial demonstrated that durvalumab significantly 
improved PFS and OS, with manageable safety in unresectable stage III NSCLC 
patients without evidence of disease progression after CCRT. However, the efficacy 
of consolidation immune checkpoint inhibitors following CCRT in patients with 
PD-L1-negative or driver mutation-positive tumors remains uncertain. Further clini-
cal studies are needed to address these subgroups and to investigate potential bio-
markers that identify those with higher probability of responding to combination 
immunotherapy-radiotherapy.

 Molecular Targeting Agents

The application of genetic testing to metastatic NSCLC led to substantial progress 
in the management of select patients. There was hope early on that use of tyrosine 
kinase inhibitor (TKI) therapy would also benefit the management of locally 
advanced disease. Furthermore, evidence suggested that patients with EGFR gene 
mutations may have lower locoregional recurrence and higher distant progression 
following platinum-based chemoradiotherapy compared to EGFR wild-type dis-
ease, especially brain metastases [66, 67]. The limited efficacy of chemoradiother-
apy for EGFR-mutated tumors encouraged the investigation of TKIs. Various 
clinical studies have explored TKIs in stage III NSCLC; however, there is currently 
no clear evidence of benefit with the addition of TKI to current treatment para-
digms. The Cancer and Leukemia Group B (CALGB) 30407 trial was a phase II 
study that investigated the efficacy of consolidation cetuximab after platinum- 
doublet chemoradiotherapy [68]. The 18-month OS were identical (58% versus 
54% with and without cetuximab, respectively). The RTOG 0617 phase III trial 
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similar found no benefit of adding cetuximab to CCRT. The efficacy of maintenance 
EGFR TKI in stage III NSCLC was investigated in the phase III South West 
Oncology Group (SWOG) S0023 trial [69]. Patients who did not progress after 
CCRT (cisplatin and etoposide, plus three cycles consolidation docetaxel) were ran-
domized to maintenance treatment with the anti-EGFR therapy gefitinib or placebo 
for 5 years. The study was closed prematurely after a median follow-up of 27 months 
for perceived harm, with median OS lower with gefitinib (23 months) than placebo 
(35 months, p = 0.013). The reasons for this result remain unclear. As such, despite 
initial case series suggesting a benefit of targeted therapy when combined with 
chemoradiation for EGFR-mutated stage III NSCLC, the repeated failure of this 
strategy in larger phase III trials means such approaches remain outside the standard 
of care.

 Conclusion

Stage III NSCLC is a diverse population, and there are many different treatment 
strategies to enhance both local and distant control. Despite the theoretical benefits 
of tailored therapy based on histological subtype and tumor genotype, this “person-
alized” therapy has thus far not outperformed concurrent chemoradiation. The 
emergence of immunotherapy in recent years has been a major turning point in the 
treatment system for locally advanced NSCLC. Maintenance durvalumab is a new 
standard of care for patients with unresectable stage III NSCLC based on the supe-
rior OS and PFS with minimal increased toxicity. However, patient selection 
remains an issue when incorporating immunotherapy into multimodality treatment. 
It is uncertain that patients with less than 1% PD-L1 expression and those with 
driver mutation-positive disease experience the same magnitude of benefit. Further 
research is required to better evaluate the numerous potential combinations of mul-
timodality therapy that may ultimately offer long-term disease control, if not cure, 
for those with stage III NSCLC.
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Chapter 8
Treatment of Stage IV Non-small Cell 
Lung Cancer

Thomas Yang Sun and Millie Das

 Introduction

Lung cancer is the leading cause of death among all cancers worldwide, with 
roughly two million deaths each year; the number of new lung cancer cases contin-
ues to rise [1]. In the United States, the number of deaths from lung cancer exceeds 
the total of those from breast, prostate, and colon cancer combined [2]. Unfortunately 
most lung cancers are diagnosed at stage IV, with an incidence rate of roughly 20 
per 100,000 persons, representing more than twice the rate of the earlier stages [3]. 
The 5-year survival rate for patients with stage IV cancer has improved due to 
advances from new therapies, but remains below 10% [4]. The advent of immuno-
therapy and targeted therapies has significantly improved survival outcomes for this 
patient population over the last 10 years. In this chapter, we review these exciting 
new treatment advances for stage IV non-small cell lung cancer (NSCLC) and pro-
vide a suggested treatment algorithm.

Stage IV NSCLC remains incurable except in rare circumstances, and systemic 
therapy is usually the recommended approach. Current therapy options are either 
single agent or combinations of the following: chemotherapy, biologic agents, 
molecularly targeted therapy, and immunotherapy.

Historically, chemotherapy has been the only treatment option. A meta-analysis 
showed that chemotherapy confers roughly a 10% absolute survival benefit over 
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Fig. 8.1 Timeline of practice changing therapy updates for stage IV NSCLC

best supportive care [5] resulting in the adoption of platinum-based doublet chemo-
therapy in the 1990s. Beginning in 2005, antiangiogenic biologic agents such as 
bevacizumab and ramucirumab were found to provide a small but statistically sig-
nificant increase in overall survival (OS) of approximately 5%, particularly in ade-
nocarcinoma subtypes (see Fig. 8.1) [6]. The next advance in lung cancer treatment 
began in 2010 when the first molecularly targeted therapies became available for 
those NSCLC tumors with an underlying driver gene, most notably epidermal 
growth factor receptor (EGFR). In 2016, the first trials involving novel checkpoint 
inhibitors in patients with advanced NSCLC were published, and over time immu-
notherapy has become frontline therapy for some patients with stage IV disease, 
with durable responses in select patients that hint at the possibility of cure [7].

 Choosing First-Line Therapy

 Histology

The first step in deciding upfront treatment for stage IV NSCLC is to determine the 
histologic subtype of the tumor, as biological behavior and treatment options vary 
widely based upon this characteristic. The main subtypes of NSCLC are adenocar-
cinoma, squamous cell carcinoma (SCC), and large cell neuroendocrine carcinoma 
(LCNEC). Other rarer histologic subtypes include adenosquamous and sarcomatoid 
carcinoma [8]. Approximately 40% of NSCLCs are adenocarcinomas, 25–30% are 
SCCs, and 10–15% are LCNECs [9]. A suggested treatment algorithm is shown in 
Fig. 8.2.
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Fig. 8.2 Treatment algorithm for newly diagnosed stage IV NSCLC. NSCLC non-small cell lung 
cancer, LCNEC large cell neuroendocrine carcinoma, NGS next-generation sequencing, IO immu-
notherapy, SCLC small cell lung cancer

 Adenocarcinoma Versus Squamous Cell Carcinoma

There are differences in the treatment approach for adenocarcinomas compared to 
squamous cell carcinomas. Pemetrexed is recommended and approved for the treat-
ment of lung adenocarcinomas, but not for SCCs, due to greater efficacy and better 
tolerability compared to other chemotherapeutic agents [10]. A pivotal phase III 
trial in 2008 comparing cisplatin/gemcitabine with cisplatin/pemetrexed found that 
among patients with non-SCC cancers, OS was superior in the pemetrexed group 
(12.6 months vs. 10.9 months) but was inferior among patients with SCC cancers 
(9.4 months vs. 10.8 months) [11]. Patients who received pemetrexed had better 
tolerability with lower rates of severe neutropenia, anemia, thrombocytopenia, and 
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alopecia. Similar trials have found greater tolerability with pemetrexed over pacli-
taxel and docetaxel [12]. Pemetrexed is therefore a preferred chemotherapeutic 
agent in the treatment of adenocarcinomas.

Another difference lies in the use of antiangiogenic biologic agents. A random-
ized phase II trial of 99 patients comparing chemotherapy with and without bevaci-
zumab noted excessively high rates of life-threatening pulmonary hemorrhage in 4 
of 13 patients with SCC (31%) compared to 2 of 54 patients with non-SCC (4%) 
[13]. Due to this increased toxicity, subsequent studies have excluded SCC histol-
ogy from bevacizumab trials, and bevacizumab is avoided in patients with squa-
mous histology. While bevacizumab is a monoclonal antibody targeting 
vascular-endothelial growth factor A (VEGF-A), ramucirumab was later developed 
to target the VEGF receptor. In the phase 3 REVEL trial, 1253 patients with relapsed 
disease, including those with SCCs, were randomized to receive either docetaxel 
with placebo or docetaxel with ramucirumab [14]. The rate of serious pulmonary 
hemorrhage was identical between patients with non-SCC and SCC (1% each). 
Thus, for patients who are treatment naïve, bevacizumab should only be considered 
for those with non-SCC histology, while ramucirumab could be considered for both 
SCC and non-SCC histology in the second-line setting.

Finally, actionable mutations, such as those in the genes EGFR, anaplastic 
lymphoma kinase (ALK), c-ros oncogene 1 (ROS1), and Kiersten rat sarcoma 
virus (KRAS), are more frequently present in adenocarcinomas than SCCs. For 
example, EGFR mutations occur in approximately 15% of adenocarcinomas in 
the United States and can be seen at an incidence rate as high as 60% in Asian 
populations [15, 16]. In contrast, EGFR mutations are present in only 0–3% of 
SCCs [17]. Similarly, KRAS mutations occur in 30% of lung adenocarcinomas but 
are only seen in 5% of SCCs [18]. As a result, rapid molecular testing is recom-
mended for those tumors with any component of adenocarcinoma but remains 
optional for SCC.

 Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinoma (LCNEC) has historically been categorized 
with NSCLC, despite being a high-grade neuroendocrine neoplasm similar to 
small cell lung cancer (SCLC). This grouping is the result of initial gene panel 
sequencing studies showing LCNEC mutational patterns more closely resembling 
NSCLC than SCLC.  In a retrospective study of 45 LCNEC samples involving 
testing of 241 genes, most (56%) had genomic profiles closer to a NSCLC geno-
type, while fewer (40%) mirrored those of SCLC [19]. More recent comprehen-
sive whole exome and transcriptome studies have demonstrated the opposite; 
despite sharing common gene mutations with adenocarcinomas and SCCs, 
LCNECs bear no transcriptional similarity to them but instead closely resemble 
SCLCs [20]. Clinically, survival outcomes of LCNEC are also more similar to 
SCLC than NSCLC [21, 22].
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For these reasons, we and others recommend that the treatment of LCNEC fol-
lows that of SCLC [23]. However, treating LCNEC with a NSCLC regimen is an 
accepted practice as LCNEC is commonly included in NSCLC trials [11, 24]. As 
LCNEC is relatively rare, there is no high-quality data comparing survival out-
comes between NSCLC and SCLC regimens. One retrospective analysis of 79 cases 
showed that cases which were RB1 wildtype treated with a NSCLC regimen (plati-
num with gemcitabine or with a taxane) had longer OS (9.6 months vs. 5.8 months) 
than when treated with a SCLC regimen (platinum with etoposide) [25]. Notably, in 
this study, the LCNEC cases with RB1 mutation had similar outcomes when treated 
with different regimens. This study is limited by its retrospective nature and lack of 
multivariable survival analysis. A test of interaction between RB1 status and type of 
chemotherapy regimen was not statistically significant. Thus, in clinical practice, 
we currently do not routinely decide treatment based on RB1 status and normally 
prescribe a SCLC regimen for patients with LCNEC histology based upon recent 
data indicating greater similarity in tumor biology between these two histologies.

 Sarcomatoid Carcinoma

Pulmonary sarcomatoid carcinoma is a rare subtype that comprises 0.1–0.4% of all 
lung tumors [26]. Most patients are elderly men with a significant smoking history. 
Sarcomatoid carcinoma is marked by aggressive invasiveness and is associated with 
poor prognosis and response to treatment with 8% response rate to chemotherapy 
and median OS of 9.9 months [27]. There is no standard treatment regimen for this 
rare disease, and combinations such as platinum doublet chemotherapy with immu-
notherapy are reasonable. In our practice, we commonly use a taxane or gem-
citabine, as opposed to pemetrexed, in combination with platinum and 
immunotherapy, as these two chemotherapy agents demonstrate greater activity in 
soft tissue sarcomas.

 Actionable Mutations

Since 2010, the development of targeted therapies that could inhibit the growth of 
those tumors driven by the presence of a single genetic driver, also called oncogene 
addiction, has dramatically altered the treatment landscape and significantly pro-
longed survival for select groups of patients. Such tailored therapies could translate 
to a survival benefit of several months to years. For instance, the first-generation 
EGFR inhibitor, gefitinib, conferred an additional 6.9  months of OS on average 
when compared to chemotherapy in a phase III randomized controlled trial (RCT) 
[28]. In many instances, targeted therapy has superseded chemotherapy or che-
moimmunotherapy as the preferred frontline option due to higher response rates, 
improved tolerance, and the convenience of oral administration.
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When deciding on treatment, once the specific histology of the NSCLC is ascer-
tained, it is next important to determine whether the subtype—usually adenocarci-
noma—is associated with a high probability of harboring a driver mutation that 
could be amenable to targeted therapy. For any NSCLC with at least a component 
of adenocarcinoma, molecular testing is recommended. First-line therapies exist for 
gene alterations in EGFR, ALK, ROS1, BRAF, NTRK 1/2/3, MET exon 14 skipping 
mutation, and RET (Table 8.1).

 EGFR

EGFR is a cell-surface tyrosine kinase receptor that when activated results in rapid 
cell division and migration thru mediation of Ras/MAPK, PI3K/AKT, and STAT 
pathways [29]. Mutations of this gene can be found in 15–60% of adenocarcinomas, 
with higher prevalence in nonsmoking Asian populations [15, 16]. Beginning in 
2009, landmark trials involving EGFR-targeted inhibitors, such as the IPASS study, 
demonstrated superior efficacy of EGFR tyrosine kinase inhibitors (TKIs) over con-
ventional platinum doublet chemotherapy in the first-line setting [30]. Patients who 
developed resistance to the first- or second-generation TKIs, and were noted to have 
a T790M substitution mutation in EGFR (seen in 60% cases of acquired resistance), 
could then be offered osimertinib, a third-generation TKI [31]. In 2018, results from 
the phase 3 FLAURA demonstrated that patients with previously untreated EGFR- 
mutation positive disease who received osimertinib had significantly improved OS 
compared to those treated with an earlier generation TKI (38.6  months vs. 
31.8 months), despite a 31% crossover rate [32]. As a result of this pivotal trial, 
osimertinib is now the preferred first-line option for those patients with tumors har-
boring any of the following sensitizing EGFR mutations: exon 19 deletion, L858R, 
S768I, L861Q, and G719X. Notably, EGFR exon 20 insertion mutations are not 
susceptible to oral TKIs, and systemic platinum-based chemotherapy is usually rec-
ommended frontline.

Table 8.1 Less common actionable targets and potential targeted therapy options

Driver gene
Frequency in NSCLCs 
(%) Targeted therapy

ROS1 1 Crizotinib, entrectinib
HER2 1–3 Fam-trastuzumab deruxtecan, ado-trastuzumab 

emtansinea

MET exon 14 
skipping

1–3 Capmatinib, tepotinib

BRAF V600E 1–3 Dabrafenib + trametinib
RET 1–2 Selpercatinib, pralsetinib
NTRK <1 Larotrectinib, entrectinib

a Not yet FDA approved for this indication
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 ALK

Chromosomal rearrangements involving the ALK gene are found in approximately 
3–5% of NSCLCs, particularly in patients who have never smoked [33]. An onco-
genic protein made by ELM4-ALK fusion is the most common [34]. Unlike EGFR 
mutations which are detected by gene sequencing methods, ALK alterations can 
also be found by fluorescence in situ hybridization (FISH) or immunohistochemis-
try (IHC) testing, which in some institutions can offer a more rapid turnaround time 
[35]. A pivotal trial in 2014 that randomized patients with ALK positive tumors to 
either the ALK inhibitor crizotinib or standard chemotherapy found that patients 
treated with crizotinib had a substantially higher overall response rate (ORR, 74% 
vs. 45%), longer progression-free survival (PFS; 10.9 months vs. 7 months), and 
longer OS when adjusted for crossover [36]. This trial showed impressive survival 
rates with most patients (56.6%) on the crizotinib arm still alive at 4  years. 
Superseding the first-generation crizotinib are the newer ALK TKIs alectinib, briga-
tinib, and lorlatinib which have all shown higher overall response rate (ORR) and 
substantially longer PFS when compared to crizotinib and are now FDA-approved 
frontline options for patients with ALK gene rearrangements [37–39]. In the phase 
III ALEX study which compared alectinib to crizotinib, ORR was 82.9% vs. 75.5%, 
and PFS was three times longer (34.8 months vs. 10.9 months), favoring patients 
treated with alectinib [40]. It is unclear which of the newer agents is the most effica-
cious, as there has been no trial comparing them. Alectinib is the most commonly 
used first- line ALK TKI given the longer-term follow-up data available and overall 
good tolerability of this drug. Lorlatinib is often considered as second-line therapy 
due to its efficacy in tumors that have developed acquired resistance to prior ALK 
therapy, though this drug is more frequently associated with edema and cognitive 
side effects that need to be considered [41].

 ROS1

Approximately 1% of NSCLC is driven by chromosomal rearrangements involving 
the ROS1 gene [42]. Similar to EGFR- and ALK-mutated tumors, ROS1 tumors are 
often found in younger patients with no smoking history. Like ALK-driven NSCLC, 
ROS1 translocations can be detected by FISH and IHC in addition to gene sequenc-
ing. First-line FDA-approved treatment options for patients with ROS1-positive 
NSCLC are crizotinib and entrectinib. A single-arm, international trial of 50 patients 
treated with crizotinib noted an impressive ORR of 72%, with a median PFS of 
19.2  months and OS of 51  months [43]. In another study, patients with ROS1-
positive NSCLC treated with entrectinib had a similar ORR of 67.1% and median 
PFS of 15.7 months [44]. Notably, entrectinib was associated with an impressive 
intracranial ORR of 79.2%. As up to a third of ROS1 patients develop intracranial 
metastasis, entrectinib is now the preferred frontline option in this setting given the 
more limited CNS penetration of crizotinib [45].
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 KRAS G12C

The most commonly altered driver gene in NSCLC is KRAS, accounting for roughly 
30% of all NSCLC cases [18]. Among the various KRAS mutations, about half are 
KRAS G12C. For years, these mutations were considered “undruggable” due to the 
lack of a suitable pocket on the protein surface that could be bound by a drug mol-
ecule. Recent breakthroughs in drug design led to the development of sotorasib and 
adagrasib, both oral agents that specifically target KRAS G12C. These drugs have 
been tested in the second-line setting, with ORRs in the range of 30–45% and PFS 
of 6–8 months [46, 47]. The overall benefit of these KRAS G12C inhibitors appear 
to be less significant compared to the results seen with targeted therapies against 
EGFR/ALK/ROS1, which commonly have ORR exceeding 70% and PFS on the 
order of years. Sotorasib was FDA approved in May 2021 as a second-line therapy 
option, while adagrasib was FDA approved more recently in December 2022. There 
are ongoing clinical trials evaluating these agents in the first-line setting.

 HER2

Human epidermal growth factor receptor 2 (ERBB2 or HER2) is altered in roughly 
1–3% of NSCLC tumors [48]. HER2 alterations could either be point mutations 
(most common in NSCLC), amplifications, or overexpression and primarily affect 
patients who have never smoked with a female predominance. Outside of a clinical 
trial, first-line treatment for these patients is usually systemic therapy with platinum 
doublet chemotherapy. The efficacy of checkpoint inhibitors in the treatment of 
HER2+ NSCLC remains controversial given poor responses seen in some studies 
but not all [49]. HER2- targeted antibody-drug conjugates have been studied in the 
second-line setting, including ado-trastuzumab and fam-trastuzumab deruxtecan 
which have both shown efficacy in patients with HER2+ breast cancer [50]. Ado-
trastuzumab emtansine was studied in a phase II trial involving 18 patients with 
HER2-mutated NSCLC and demonstrated an ORR of 44% and a median PFS of 
5  months [51]. In the DESTINY-Lung01 trial of 91 lung cancer patients with a 
HER2 mutation who were administered fam-trastuzumab deruxtecan, an ORR of 
55% and a median PFS of 8.2 months were seen [52]. These results led to the FDA 
granting accelerated approval to trastuzumab deruxtecan in August 2022 in patients 
with HER2-mutated metastatic NSCLC who have received prior systemic therapy. 
There are also HER2- targeted oral TKIs that are being investigated in ongoing clini-
cal trials with promising results to date. For instance, poziotinib is an oral agent 
shown to confer an ORR of 27% in a single-arm phase II trial [53].

 MET Exon 14, RET, BRAF V600E, and NTRK

The MET (c-Met encoding) gene can be mutated in up to 3% of NSCLCs [54]. In 
tumors with deletions involving exon 14 (MET exon-14-skipping mutation), the 
oral targeted inhibitors capmatinib and tepotinib have demonstrated promising 
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results in the first- and second-line settings with ORR ranging from 41% to 68% and 
median duration of response at 10–11 months [55, 56].

A number of other driver genes have been identified at lower frequencies (~1–3% 
of NSCLC), including RET (rearranged during transfection) gene rearrangements, 
BRAF (B-Raf) V600E (1–2% of NSCLC), and NTRK (neurotrophic tyrosine recep-
tor kinase) fusions (<1% of NSCLC) [57]. If sequencing results are noted prior to 
treatment initiation, patients with these alterations could be treated with the associ-
ated targeted therapy as first-line treatment, or alternatively as part of later-line 
therapy. A summary of the less common molecular driver mutations with associated 
targeted therapies are shown in Table 8.1 [58–60].

 Chemotherapy

The benefit of chemotherapy over best supportive care was conclusively demon-
strated in a 2008 meta-analysis of 16 RCTs which showed an absolute improvement 
in OS of approximately 10% at 1 year [5]. A second meta-analysis examined trials 
which compared regimens comprising of one, two, or three chemotherapeutic 
agents and found a doublet regimen to be the most effective in terms of improving 
survival without undue toxicity risk [61]. A doublet regimen over single-agent che-
motherapy increased response rate from 13% to 26% (13% absolute benefit) and 
increased survival at 1-year from 30% to 35% (5% absolute benefit). A triplet regi-
men, however, while increasing response rate over doublets from 23% to 31% (8% 
absolute benefit), showed no survival difference and was associated with greater 
toxicity.

Doublet regimens are therefore the standard for metastatic NSCLC, and trials 
examining various combinations of agents including cisplatin, carboplatin, pacli-
taxel, docetaxel, gemcitabine, and vinorelbine have found that platinum-based regi-
mens have a slight survival advantage [62]. When comparing the two platinum 
options, a meta- analysis of 4792 patients in 17 RCTs found that cisplatin-based 
treatment had a higher response rate compared to carboplatin, but toxicity was 
greater and survival outcomes were likely similar [63]. Given that stage IV NSCLC 
is considered incurable and is often diagnosed in older patients, carboplatin-based 
regimens are often preferred due to better tolerability. However, in cases where a 
response is needed quickly, such as tumor obstruction causing severe end organ 
injury, or for younger patients, cisplatin may be a reasonable option.

Various trials have examined the ideal agent to pair with platinum [64, 65]. A 
cooperative group trial of 1207 patients randomized to one of four possible plati-
num doublet regimens (cisplatin/paclitaxel, carboplatin/paclitaxel, cisplatin/gem-
citabine, or cisplatin/docetaxel) found no survival difference between the regimens 
[66]. Over the years, platinum/pemetrexed has emerged to be the preferred frontline 
regimen for patients with adenocarcinoma given that multiple trials have demon-
strated noninferiority in OS of platinum/pemetrexed compared to platinum/gem-
citabine, but with greater tolerability [11, 24]. In the case of SCCs, pemetrexed is 
not recommended due to inferior survival outcomes (hazard ratio, HR 1.2–1.5) 
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when compared to gemcitabine or a taxane [67]. In the United States, platinum/
paclitaxel or platinum/nab-paclitaxel are two commonly used regimens in patients 
with SCC histology. In one randomized phase 3 study of 1052 patients comparing 
these two regimens, nab-paclitaxel was found to result in significantly improved 
ORR (41% vs. 24%), longer OS (12.1 months vs. 11.2 months), and better tolerabil-
ity, especially in patients over 70 years old [68]. However, this drug is more costly 
and requires weekly infusions.

In general, 4–6 cycles of chemotherapy is recommended, after which the plati-
num is discontinued due to excessive rates of toxicity, including neuropathy [69]. A 
meta-analysis of five trials comparing four versus six cycles of chemotherapy did 
not demonstrate a survival difference with more cycles, but did detect a small 
increase in toxicity, e.g., a 5% absolute increase in the incidence of grade 3 or higher 
anemia [70]. Given the concern for additional toxicity resulting from other drugs 
being added to platinum doublet therapy frontline, such as immunotherapy or an 
anti-VEGF agent, four cycles is often preferred.

 Bevacizumab

Bevacizumab is an anti-VEGF-A antibody which functions by inhibiting tumor 
angiogenesis. Due to excessive risks of pulmonary hemorrhage noted in SCCs, par-
ticularly in more centrally located and cavitary lesions, its use has been limited to 
non-SCC tumors not adjacent to major blood vessels [71]. A meta-analysis of four 
randomized phase II and phase III trials, totaling 2194 patients who were random-
ized to receive chemotherapy with or without bevacizumab, found a modest abso-
lute OS benefit of 4% at 1 year (from 51% to 55%) at the risk of increased toxicity 
(proteinuria, hypertension, hemorrhage, neutropenia; odds ratio 2–5) [6]. With cer-
tain exceptions, such as EGFR or ALK-driven NSCLC, which are felt to benefit less 
from immunotherapy, the use of bevacizumab in the first-line setting has largely 
been supplanted by chemoimmunotherapy due to significantly higher response rates 
and improved survival outcomes when comparing results across trials. Patients who 
have contraindications to immunotherapy, such as those with severe pre-existing 
autoimmune disease, may benefit from chemotherapy with bevacizumab as a front-
line treatment option.

 Immunotherapy

 Single Agent Immunotherapy: Anti-PD1/PD-L1

The discovery of anti-PD1/PD-L1 inhibitors has drastically changed the treatment 
landscape for stage IV lung cancer. Successive landmark trials demonstrated the 
impressive efficacy of these checkpoint inhibitors, and over time these drugs have 
become part of the standard frontline regimen for most lung cancers [72].
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The first positive trials that led to FDA approval of immunotherapy in NSCLC 
were published in 2015 in the relapsed setting. CheckMate017 and CheckMate057 
were two phase 3 RCTs which compared the role of nivolumab, an anti-PD1 
monoclonal antibody, to docetaxel in pretreated patients. In CheckMate017, 
which enrolled patients with SCC, median OS was superior for the nivolumab 
group (9.2 months vs. 6.0 months) [73]. A similar 3-month survival advantage 
was seen in CheckMate057 which enrolled patients with non-SCC (12.2 months 
vs. 9.4 months) [74]. A similar trial, KEYNOTE-010 involving pembrolizumab, 
another anti-PD1 antibody, was conducted in the relapsed setting for patients 
with a PD-L1 tumor proportion score (TPS) of at least 1%. This study also dem-
onstrated a survival benefit in patients receiving pembrolizumab compared to 
those receiving docetaxel, with OS of 12.7 months vs. 8.5 months, respectively 
[75]. These results were replicated with atezolizumab, an anti-PD-L1 antibody, 
in the POPLAR and OAK trials [76, 77]. A common theme across trials was the 
increased OS benefit seen for patients with higher PD-L1 expression. For exam-
ple, in KEYNOTE-010, the most pronounced OS benefit was seen in the sub-
group of patients with PD-L1 tumor proportion score (TPS) ≥50%, with a 
median OS of 17.3  months compared to 8.2  months (pembrolizumab vs. 
docetaxel).

The initial success of immunotherapy in the PD-L1 positive population led to the 
design of multiple RCTs that compared checkpoint inhibitors with platinum-based 
chemotherapy in the first-line setting. The phase 3 RCT KEYNOTE-042 enrolled 
patients with no EGFR or ALK mutations and with at least a PD-L1 score of 1% and 
found that patients treated with pembrolizumab had an improvement in OS by 
4.6–7.8  months compared to those treated with platinum doublet chemotherapy, 
with greater benefit seen in those with a higher PD-L1 score [78]. For patients with 
PD-L1 TPS of ≥50%, median OS was 20.0 months vs. 12.2 months; ≥20% was 
17.7  months vs. 13.0  months; ≥1% was 16.7  months vs. 12.1  months, favoring 
pembrolizumab. Based upon this data, the FDA expanded the approval of pembro-
lizumab to include first-line treatment of patients with advanced stage NSCLC with 
PD-L1 ≥1%.

A series of other trials selectively enrolled patients with PD-L1 ≥50% due to 
the higher probability of efficacy with single-agent immunotherapy. 
KEYNOTE-024 noted a median OS of 30.0 months with pembrolizumab com-
pared to 14.2  months with chemotherapy [79]. IMPOWER110 investigated 
atezolizumab also in the frontline setting against chemotherapy and found a simi-
lar 7.1-month OS benefit in patients with PD-L1 score ≥50% (20.2 months vs. 
13.1  months) [80]. EMPOWER-Lung1 assigned patients with PD-L1 ≥50% to 
receive either cemiplimab (anti-PD1 antibody) or platinum doublet chemotherapy 
and found improved OS in those treated with cemiplimab (median OS not reached 
vs. 14.2 months) [81]. Given the result of these multiple trials, single-agent immu-
notherapy is now one of the recommended first-line options for patients with 
PD-L1 ≥50%. Pembrolizumab, atezolizumab, and cemiplimab are FDA-approved 
for this indication.
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 Chemoimmunotherapy

The results of immunotherapy trials have revolutionized the treatment landscape of 
stage 4 NSCLCs. An initial inferior survival is seen in the immunotherapy arms of 
multiple trials within the first 6–12 months of treatment, before a survival benefit 
emerges [78, 82]. This may be explained by the slower onset of action from immu-
notherapy. This phenomenon, along with other preclinical data showing the ability 
of chemotherapy to induce PD-L1 expression on tumor cells, has suggested that the 
combination of chemotherapy with immunotherapy may be synergistic. Their com-
bination became the subject of subsequent investigation in multiple landmark tri-
als [83].

KEYNOTE-189 enrolled 616 previously untreated patients with non-squamous 
NSCLC and assigned them to receive platinum/pemetrexed with experimental drug 
(pembrolizumab or placebo) every 3  weeks for four cycles followed by mainte-
nance treatment with pemetrexed plus pembrolizumab/placebo for up to 35 total 
cycles [84]. The pembrolizumab triplet arm nearly doubled the OS of the doublet 
arm (22.0 months vs. 10.7 months). The survival advantage was clearly seen in all 
patients regardless of PD-L1 score. The increase in response rate was similarly 
impressive: 47.6% vs. 18.9%. KEYNOTE-407 was the counterpart trial for SCC 
NSCLC, substituting pemetrexed with either paclitaxel or nab-paclitaxel [85]. 
Median OS was improved from 11.3 to 15.9 months with the addition of pembroli-
zumab, and ORR increased from 38.4% to 57.9%. The results of these trials led the 
FDA to approve pembrolizumab in combination with chemotherapy as first-line 
treatment for patients with metastatic NSCLC without EGFR or ALK alterations, 
irrespective of PD-L1 expression.

A number of trials involving atezolizumab were conducted in similar patient 
populations, with mixed results. IMpower130, a phase 3 RCT of treatment-naïve 
patients with non-SCC histology, compared carboplatin/nab-paclitaxel with or 
without atezolizumab [86]. Patients who received atezolizumab survived longer 
despite a 60% crossover rate: median OS 18.6 months vs. 13.9 months. OS benefit 
was preserved regardless of PD-L1 score. Notably, patients with EGFR or ALK 
mutation did not sustain a benefit from the addition of atezolizumab.

IMpower131 was the complementary trial which enrolled patients with SCC his-
tology. However, the addition of atezolizumab only resulted in a small improvement 
in PFS (6.3 months vs. 5.6 months) and did not result in significant improvement in 
OS (14.2  months vs. 13.5  months), despite only 43.2% (vs. 60% crossover in 
IMpower130) of patients in the chemotherapy-only arm later receiving 
immunotherapy.

A third trial, IMpower150, added bevacizumab to the treatment arms, given pre-
clinical evidence that anti-VEGF agents could potentiate tumor infiltration by 
immune cells and lead to synergy [87]. Patients with non-SCC histology who were 
treatment naïve were randomized to one of three arms: ABCP (atezolizumab, beva-
cizumab, carboplatin, paclitaxel), BCP (bevacizumab, carboplatin, paclitaxel), or 
ACP (atezolizumab, carboplatin, paclitaxel) [88]. In the final analysis after 3-year 
follow-up of patients with no EGFR or ALK mutation, ABCP outperformed BCP in 
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OS (19.5 months vs. 14.7 months), while ACP formally did not (19.0 months vs. 
14.7 months). In contrast to the IMpower130 and KEYNOTE-189 studies, which 
demonstrated OS benefit with the addition of immunotherapy even in PD-L1 nega-
tive patients, IMpower150 showed no significant OS difference across the three 
arms in this subpopulation. This may be partly due to the comparison arm having 
the addition of bevacizumab to chemotherapy. As a result of the aforementioned 
trials, atezolizumab is approved by the FDA in the United States as first-line treat-
ment for non-SCC NSCLC in two regimens: atezolizumab/carboplatin/nab- 
paclitaxel per IMpower130 or atezolizumab/bevacizumab/carboplatin/paclitaxel 
per IMpower150. It is not approved for use in SCC NSCLC.

In addition to chemotherapy paired with a single checkpoint inhibitor, two large 
trials have investigated quadruplet therapy consisting of doublet chemotherapy with 
dual immune blockade. CheckMate9LA is an international, phase 3 RCT which 
randomized patients to either ipilimumab/nivolumab/histology-based chemother-
apy doublet for two cycles followed by indefinite ipilimumab/nivolumab mainte-
nance, or four cycles of chemotherapy alone followed by indefinite pemetrexed 
maintenance in patients with non-SCC [89]. At 3-year follow-up, the quadruplet 
arm had increased OS (27% vs. 19%, median 15.8 months vs. 11.0 months, HR 
0.74) [90]. OS benefit was preserved across all PD-L1 subgroups and histologies. 
The addition of two cycles of chemotherapy to immunotherapy successfully over-
rode the initial inferior survival outcomes seen in the prior studies of single agent 
immunotherapy, suggesting that fast tumor shrinkage from chemotherapy exerted a 
complementary effect. Based upon this data, this treatment regimen was subse-
quently approved by the FDA in May 2020.

POSEIDON was a similar quadruplet trial comparing three arms: tremelimumab/
durvalumab/histology-based chemotherapy for four cycles followed by durvalumab 
maintenance, durvalumab/chemotherapy for four cycles followed by durvalumab 
maintenance, and chemotherapy [91]. OS was not significantly different between 
the durvalumab/chemotherapy arm and the chemotherapy arm (median OS 
13.3 months vs. 11.7 months, p = 0.07), but OS was found to be superior in the 
quadruplet arm compared to the chemotherapy arm (median OS 14.0 months vs. 
11.7 months, HR 0.77, p = 0.003). This was the second trial to demonstrate an OS 
benefit of quadruplet therapy over chemotherapy alone. This quadruplet regimen 
was FDA approved in November 2022, though it is unclear whether the results from 
the quadruplet regimen is superior to the data from the prior KEYNOTE-189 and 
KEYNOTE-407 trials.

 Dual Immunotherapy: Anti-CTLA-4 with Anti-PD1/PD-L1

The addition of the anti-CTLA-4 antibody ipilimumab to first-line nivolumab was 
investigated in CheckMate227. The results found greater OS benefit for the ipilim-
umab/nivolumab combination over chemotherapy: 17.1 months vs. 14.9 months for 
those with PD-L1 ≥1% and 17.2 months vs. 12.2 months for those with PD-L1 <1% 
[92]. Grade 3/4 adverse events were decreased for the immunotherapy arm 
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compared to the chemotherapy arm (32.8% vs. 36%). Based upon this data, the 
FDA approved the ipilimumab/nivolumab combination as a frontline treatment 
option in patients with metastatic NSCLC with PD-L1 ≥1% in May 2020.

Similar clinical trials involving the combination of tremelimumab (another anti- 
CTLA- 4 antibody) and durvalumab (anti-PD-L1 antibody) have failed to demon-
strate a benefit over chemotherapy [93–95]. In one study, the authors cite substantial 
crossover of patients in the chemotherapy arm later receiving immunotherapy as a 
possible explanation for the lack of appreciable OS difference [93].

One important question raised by trials with dual immune blockade is whether 
this confers tangible survival benefit over single agent immunotherapy, especially 
given that rates of immune-related adverse events can be significantly higher in 
patients treated with combination immunotherapy. Although the CheckMate227 
trial was not powered to discern differences between the combination arm and the 
nivolumab only arm, the former conferred a numerical improvement in the 4-year 
OS rate of 29% vs. 21%, ORR of 36% vs. 28%, and median duration of response 
31.8 months vs. 16.8 months. The incidence of grade 3/4 adverse events, however, 
was doubled in the combination immunotherapy group (18.4% vs. 8.2%), compared 
to the nivolumab or chemotherapy groups (18.4% vs. 19.2%).

It is also important to note that combination immunotherapy has not been com-
pared directly against chemoimmunotherapy. Therefore, based upon available data, 
chemoimmunotherapy, and combination immunotherapy are both frontline treat-
ment options for patients with metastatic NSCLC with no EGFR or ALK alterations 
and PD-L1 ≥1%.

 Deciding on Treatment: PD-L1 ≥50% and No 
Actionable Mutations

For patients with NSCLC who have a PD-L1 TPS score of ≥50% (seen in approxi-
mately 30% of patients), and no driver mutation with an approved first-line therapy 
such as EGFR/ALK/ROS1, the preferred recommended treatment options are (1) 
single-agent checkpoint inhibitor (pembrolizumab, atezolizumab, or cemiplimab) 
or (2) histology-based platinum-chemotherapy doublet with a checkpoint inhibitor 
[8]. Additional combinations of chemotherapy with immunotherapy may be useful 
in certain circumstances, discussed in further detail below.

There is no clear rule for how to decide between chemoimmunotherapy and 
single- agent immunotherapy in this high PD-L1 patient population. Each case must 
be approached individually, as there have been no head-to-head comparisons 
between immunotherapy alone versus chemoimmunotherapy in this patient popula-
tion. This question is under active investigation by ongoing clinical trials, including 
the phase III French PERSEE trial (NCT04547504). In general, for patients with 
significant symptom burden related to their disease and/or a large tumor burden 
with a need for more urgent treatment response, chemoimmunotherapy is often pre-
ferred given higher response rates.
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On the other hand, patients with poor performance status or those who have no 
or minimal symptoms related to their disease may be more suitable for single agent 
immunotherapy. When comparing across trials with the requisite caveats, the inci-
dence of grade 3–5 adverse events in patients receiving pembrolizumab/chemo-
therapy was 71.9% in KEYNOTE-189, compared to only 31.2% in patients treated 
with pembrolizumab only in KEYNOTE-024. The grade 3–5 adverse event rates in 
those patients treated with chemotherapy only were similar in both trials: 66.8% and 
53.3%, respectively. Additional factors such as tumor mutation burden or smoking 
history have not been reliable predictors of response to either therapy option [96].

 Deciding on Treatment: PD-L1 1–49% and No 
Actionable Mutations

For patients who have tumors with PD-L1 expression of 1–49% and no actionable 
mutations, first-line recommendations include chemoimmunotherapy combinations 
and dual immunotherapy. Regimens with high efficacy and the longest follow-up 
data available are derived from KEYNOTE-189 and KEYNOTE-407, for non-SCC 
and SCC NSCLC, respectively. For non-SCC NSCLC, four cycles of platinum/
pemetrexed/pembrolizumab is recommended, followed by maintenance treatment 
with pemetrexed/pembrolizumab until disease progression. For SCC NSCLC, four 
cycles of platinum/paclitaxel or nab-paclitaxel/pembrolizumab is recommended 
instead, followed by maintenance with pembrolizumab until disease progression.

Additional FDA-approved variations of chemoimmunotherapy are avail-
able, including nivolumab/ipilimumab with histology-based chemotherapy 
doublet or carboplatin/taxane/atezolizumab +/− bevacizumab (for details see 
Section “Chemoimmunotherapy”). Deciding between all of the available regi-
mens requires consideration of formulary preference, cost, drug availability, 
and side effect profiles. For example, in the case of non-SCC NSCLC, a peme-
trexed-containing regimen may be preferred over an equivalent taxane-based 
regimen due to better tolerability. Treatment with a single agent checkpoint 
inhibitor, instead of dual immunotherapy, may be more suitable for patients at 
higher risk of an immune-related adverse event. Patients with good perfor-
mance status and highly aggressive disease may be treated with a quadruplet 
regimen. Pre-existing hypertension, thrombosis, or proteinuria could be con-
traindications to a bevacizumab-containing regimen.

Chemoimmunotherapy is typically recommended over immunotherapy alone, as 
cross-trial comparisons have shown chemoimmunotherapy to have superior OS 
benefit compared to chemotherapy, while immunotherapy alone has only equivalent 
OS outcomes to chemotherapy. The ongoing INSIGNA trial compares these two 
options directly (NCT03793179). However immunotherapy with a PD-1/PD-L1 
inhibitor alone or in combination with an anti-CTLA-4 antibody is recommended 
for patients who are ineligible for or who decline chemotherapy. For those with 
tumors with PD-L1 expression between 1–49%, both pembrolizumab and 
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ipilimumab/nivolumab have shown equivalent OS outcomes compared to chemo-
therapy in their respective trials (KEYNOTE-042 and CheckMate227) [78, 92].

 Deciding on Treatment: PD-L1 <1% and No 
Actionable Mutations

Treatment for patients with tumor PD-L1 expression <1% is largely similar to those 
with PD-L1 of 1–49%. The addition of immunotherapy to chemotherapy confers 
survival benefit even in the PD-L1 negative patient population. In the KEYNOTE 
trials randomizing patients to chemotherapy in combination with either placebo or 
pembrolizumab, for tumors with PD-L1 <1%, there was a PFS (HR 0.64, 0.47–0.89) 
and OS benefit (HR 0.52, 0.36–0.74) in non-SCC histology as well as a PFS benefit 
(HR 0.67, 0.49–0.91) in SCC histology [97, 98]. For those who are ineligible for 
chemotherapy or otherwise decline chemotherapy, ipilimumab/nivolumab is an 
alternative option, though this combination is only approved for patients with 
tumors expressing PD-L1 in the United States. In CheckMate227, dual immuno-
therapy demonstrated favorable OS outcomes compared to chemotherapy alone 
(HR 0.53, 0.34–0.84) in the PD-L1 <1% subgroup [82]. At present, single-agent 
immunotherapy is not recommended due to the lack of proven efficacy in this 
patient population.

 Summary

The majority of patients with newly diagnosed lung cancer have stage IV NSCLC, 
which has historically been associated with a prognosis of approximately 1 year 
with chemotherapy alone. In the past decade, major advances have significantly 
altered the treatment landscape and have led to improved survival outcomes for 
patients with this disease.

The discovery of actionable molecular biomarkers, such as EGFR mutations, and 
corresponding targeted therapies have resulted in significantly higher response rates 
and overall survival that can now be measured in years in some cases. For instance, 
patients with a sensitizing EGFR mutation who receive first-line osimertinib have a 
median overall survival of 38.6 months [32]. For those patients who lack a targeta-
ble driver mutation, immunotherapy alone or in combination with chemotherapy 
have now become the standard of care. Median OS in many of these trials now 
approaches 20 months. In the first pembrolizumab trial (KEYNOTE-001), out of the 
60 patients who received more than 2 years of pembrolizumab, the 5-year OS rate 
was 75% [99]. Such a striking statistic suggests that cure may have been achieved 
in a subset of patients, a concept that was considered unfathomable years ago.

When approaching a patient with newly diagnosed stage IV NSCLC, first-line 
treatment depends on the tumor histology. Adenocarcinomas have a high 
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probability of harboring an actionable mutation, and thus rapid molecular screening 
is recommended. When indicated, targeted therapies are recommended over other 
forms of systemic therapy due to higher response rates, increased convenience as 
many drugs are available orally, and better tolerance. In the absence of an actionable 
target, first-line options are based on the level of PD-L1 expression.

For those tumors with high PD-L1 expression (≥50%), either chemoimmuno-
therapy or single-agent immunotherapy is recommended. For patients who have 
either bulky or fast-growing disease, or who are symptomatic from their cancer with 
need for rapid tumor response, we recommend chemoimmunotherapy. Patients with 
poor performance status or who otherwise may not tolerate chemotherapy may be 
offered single-agent immunotherapy.

NSCLC with low or absent PD-L1 expression (<50%) are usually treated with 
chemoimmunotherapy. Dual anti-CTLA-4 plus anti-PD1/PD-L1 immunotherapy or 
single-agent immunotherapy may offer alternative options for those patients who 
are considered ineligible or at high risk for chemotherapy or for those who decline 
chemotherapy.

Advances in treatment continue to be made on all fronts. Numerous ongoing tri-
als are exploring novel targeted therapies and chemoimmunotherapy combinations. 
For instance, lymphocyte-activation gene 3 (LAG-3) is a surface molecule expressed 
on T cells that downregulates their proliferation and activity, acting as an immune 
checkpoint distinct from the PD-1/PD-L1 axis [100]. The combination of anti- 
LAG3 antibody relatlimab with nivolumab demonstrated significantly longer 
median PFS versus nivolumab alone in the treatment of advanced melanoma 
(10.1 months vs. 4.6 months) [101]. The combination of relatlimab/nivolumab/che-
motherapy is being compared with nivolumab/chemotherapy as a first-line regimen 
in NSCLC in an international trial that is currently enrolling (NCT04623775).

Given the incredible strides made in the past decade, the outlook on future drug 
development for stage IV NSCLC is optimistic. As tumor biology is further unrav-
eled—identifying and understanding mutations which confer resistance to targeted 
therapy and immunotherapies, developing markers which reliably predict response 
to immunotherapy, and finding new methods to unleash the immune system—treat-
ment of metastatic lung cancer can be even more personalized, leading to improved 
quality of life and longer survival for patients.
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Chapter 9
Treatment of Small Cell Lung Cancer

Russell Hales and Khinh Ranh Voong

Small cell lung cancer (SCLC) is a high-grade, neuro-endocrine-expressing tumor 
with kinetics that favor rapid growth and spread. It is almost exclusively associated 
with tobacco use [1], but its incidence in the United States (USA) has decreased 
with smoking cessation efforts [2]. However, in areas of the world where smoking 
is increasing, the incidence of SCLC is rising [3]. Currently, it accounts for ~12% 
of all lung cancers in the USA [2].

In this chapter, we explore the treatment of SCLC. After decades of relatively 
indolent growth in innovation and changes in systemic management in SCLC, the 
last 5 years have ushered many of the most significant changes in treatment.

 Staging and Diagnosis

SCLC is usually diagnosed in locally advanced or advanced stages [4]. Although 
symptoms of paraneoplastic conditions can be a precursor to diagnosis [5], patients 
often present with symptoms of intrathoracic diseases, such as cough, shortness of 
breath, hemoptysis, or hoarseness related to recurrent laryngeal nerve compression 
from mediastinal adenopathy. Constitutional symptoms such as weight loss and 
fatigue are also common.

Common paraneoplastic conditions seen in SCLC include the syndrome of inap-
propriate diuretic hormone (SIADH), Lambert-Eaton myasthenic syndrome 
(LEMS), dermatomyositis, and cerebellar degeneration [5]. Although these condi-
tions can be reversible in response to therapy, patients with central nervous system 
(CNS) manifestations such as cerebellar degeneration will not have restoration of 
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function even with successful treatment. In patients with reversible paraneoplastic 
manifestations at diagnosis, disease surveillance once treatment is complete can be 
monitored in part by evaluation for relapse of the symptoms associated with the 
presenting syndrome [6].

Pathologic assessment is often undertaken with mediastinal lymph node biopsy, 
and histologic features of SCLC include positivity for TTF-1 and neuroendocrine 
markers such as chromogranin A, synaptophysin, CD 56+, and NCAM (neural cell 
adhesion molecule) [7]. In addition, a high metabolic index is a fundamental feature 
of SCLC [8].

Basic evaluation of SCLC includes computed tomography (CT) of the chest, 
abdomen, and pelvis and metabolic imaging with FDG-PET. Brain imaging is also 
critical and should include magnetic resonance imaging (MRI) with gadolinium 
contrast unless there are contraindications to MRI or gadolinium-based contrast. 
For these patients, a CT of the head with contrast is a reasonable alternative. Basic 
laboratory assessment can evaluate for some paraneoplastic conditions [9] and strat-
ify the patient’s metabolic and hematologic fitness for therapy [10]. Finally, assess-
ment of intercurrent disease with the Charleston Comorbidity Index (CCI) or other 
scales and performance status evaluation is a key component of the patient’s initial 
evaluation [11]. Given the prognosis and treatment involved, we recommend a 
review of goals of care in shared decision-making in initial counseling. A compre-
hensive discussion of code status is an important layer of informing the patient of 
the risks, benefits, and possible scenarios with therapy and within the disease itself.

Although SCLC can be staged with American Joint Committee on Cancer 
(AJCC) eighth edition staging with assessment of T (tumor), N (lymph node), and 
M (distant metastases) status [12], it is often simplified into being either limited 
stage (LS) or extensive stage (ES) [13]. Literature on SCLC will also use limited 
disease (LD) or extensive disease (ED). The simplification of the treatment of SCLC 
may relate to at least three features: (a) treatment paradigms that are less nuanced 
with modest nodal changes, (b) the almost exclusive use of radiation instead of 
surgery for local therapy, and (c) the para-central nature of intrathoracic disease. 
Often bulky mediastinal lymph node conglomerates can merge into a primary 
tumor, making a distinction between the T stage and N stage a diagnostic challenge. 
Limited stage disease (LD) versus extensive stage disease (ED) distinguishes the 
relevant therapy pathways in a clinically parsimonious way.

LD refers to a tumor limited to the thoracic cage and supraclavicular fossa. 
Although contralateral mediastinal or supraclavicular lymph node involvement can 
be included in the definition of LD, the ability to give definitive radiotherapy to a 
clinically reasonable field speaks to the treatment-focused nature of SCLC [14]. 
SCLC may be the only tumor wherein the clinician can influence the designation of 
LD versus ED.  Disease in the contralateral lung or spread to other disease sites 
upstage to ED, such as the brain, adrenal glands, or bone. Pleural effusions do not 
necessarily denote ED, but if pathologic assessment reveals malignant cells, the 
disease is ED in nature [15]. Thoracentesis is critical for therapeutic and diagnostic 
relevance in patients with no evidence of distant spread but with a pleural effusion.
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Prognosis is driven by staging and the timeliness of diagnosis and treatment. A 
multidisciplinary team including medical oncology, radiation oncology, pulmonary 
medicine, thoracic surgery, chest radiology, and pathology are key components. In 
patients with LD, the 2-year survival outcome using modern therapy is estimated to 
be 50%, with a median survival of 30 months [16]. Conversely, the median survival 
in ED SCLC with optimal therapy is ~12 months [17].

 Treatment of Limited Stage Disease

 Systemic Treatment Considerations

Early systemic treatment regimens included a cyclophosphamide foundation, 
although it was recognized as early as the 1940s that nitrogen mustard had antitu-
moral properties in SCLC [18]. Etoposide with cisplatin (EP) was shown to have 
activity in LS and ES disease in 1979 [19]. However, EP-based chemotherapy 
became an appropriate alternative to cyclophosphamide, adriamycin, and vincris-
tine (CAP) after a study of 437 patients showed equivalence of both regimens in 
SCLC [20]. The investigators reported similar response and complete response rates 
and median overall survival.

EP-based regimen became a preferred standard for ED SCLC treatment because 
it can be administered safely with thoracic radiation. The two widely used regimens 
for LD SCLC both use cisplatin and etoposide. The historic regimen from the 
Turissi study [21] includes a regimen of cisplatin 60 mg/m2 Day 1 and etoposide 
120 mg/m2 Days 1, 2, and 3 repeated on a 21–28-day cycle for four cycles [21]. The 
alternative regimen was used in the CONVERT study with cisplatin 75 mg/m2 Day 
1 and etoposide 100 mg/m2 Days 1, 2, and 3 repeated on a 21-day cycle for four 
cycles. An alternative regimen of cisplatin 25 mg/m2 Days 1, 2, and 3 and etoposide 
100  mg/m2 Days 1, 2, and 3 was also offered in the CONVERT study [16]. In 
patients with renal impairment or hearing loss, carboplatin can be an appropriate 
substitute, although LD systemic regimens have focused on cisplatin-based 
chemotherapy.

Patients who receive thoracic radiotherapy should avoid hematopoietic colony- 
stimulating factors during concurrent systemic therapy. In a randomized study of 
230 patients with LD-SCLC who were treated with or without granulocyte- 
macrophage colony-stimulating factor (GM-CSF) support on Days 4–18, there 
were no significant differences in median survival (14 months with GM-CSF versus 
17  months without GM-CSF, p  =  0.15) or complete response rates (36% with 
GM-CSF support versus 44% without CM-CSF support, p = 0.29). However, there 
was more non-hematologic toxicity, more days in hospital, higher use of intrave-
nous (IV) antibiotics, and more life-threatening thrombocytopenia in patients 
receiving GM-CSF [22].
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Although multiple studies have explored novel treatment regimens for systemic 
management of SCLC, an EP-based chemotherapy regimen remains the standard of 
care. Although some patients will experience long-term disease control, distant 
relapse is a common outcome, and additional therapies are often needed. We cover 
second-line treatment options for patients with relapsed disease in the extensive 
stage section, systemic treatment considerations below.

 Surgical Considerations

Whereas non-small cell lung cancer (NSCLC) management in the nonmetastatic 
setting incorporates surgical resection in the medically and technically operable set-
ting, the treatment of SCLC is almost exclusively limited to radiation therapy as a 
primary local therapy treatment. However, surgical resection can be considered for 
patients with very early-stage SCLC (T1-T2N0) disease and has been shown to have 
good outcomes in carefully selected patients [23, 24]. In addition, the likelihood of 
tumor spread to intrathoracic lymph nodes and distant sites is so common in SCLC 
that careful pathologic assessment is important in T1-T2N0 disease to ensure that 
other neuro-endocrine staging tumors are not the underlying diagnosis, such as car-
cinoid tumors or non-small cell high-grade neuroendocrine disease. T1N0 SCLC 
arises in <5% of cases [25].

Some patients who undergo resection may have lymph node involvement of 
SCLC. In these situations, referral for adjuvant systemic therapy and radiographic 
staging for distant disease must be undertaken promptly. Although the role of post-
operative radiotherapy in NSCLC is evolving, NCCN guidelines advocate for con-
sideration of postoperative radiotherapy in resected N1- and N2-involved SCLC [26].

An alternative to resection in medically inoperable stage I SCLC is SBRT, which 
is safe and effective [27]. However, systemic therapy is critical for patients with all 
stages of SCLC. Systemic dissemination is the norm in stage I disease unless multi- 
agent chemotherapy is administered in conjunction with effective local therapy [28].

 Thoracic Radiation Considerations

Systemic therapy is necessary but insufficient for long-term disease control in 
LD-SCLC. Two different meta-analyses further characterized the benefit of thoracic 
radiation given with chemotherapy. Warde et al. analyzed 11 randomized studies 
and reported that additional thoracic radiotherapy resulted in a 25% improvement 
in local control and an absolute 2-year survival benefit of 5.4% [29]. A meta- analysis 
of 13 trials of LD-SCLC reported a 14% reduction in mortality with an absolute 
survival benefit of 5.4% at 3 years (9% vs. 14%) when thoracic radiotherapy was 
combined with chemotherapy in comparison to chemotherapy alone [30]. The era of 
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combined modality therapy was cemented into the legacy of LD-SCLC manage-
ment with the studies that composed this meta-analysis.

Chest radiotherapy has evolved with technological advances and a better under-
standing of optimal therapies in SCLC. Although discrete advances have been made 
in different domains of thoracic radiotherapy management, they add together to 
create a situation that can maximize clinical outcomes. In the following sections, we 
explore these interconnected but distinctive facets.

 Fractionation and Dose of Thoracic Radiation

The meta-analyses by Warde et al. and Pignon et al. established thoracic radiother-
apy as a key component of LD-SCLC management, but fractionation and timing 
needed to be addressed [29, 30]. Tumors with a high proliferation index favor a 
more abbreviated course of radiotherapy because this allows for the complete deliv-
ery of treatment before the effects of accelerated repopulation limit treatment effi-
cacy. Further, in  vitro studies of SCLC demonstrated high radiosensitivity to 
treatment at relatively low therapeutic doses [31]. The in vitro findings supported 
the use of multiple frequent small doses of radiation. Consequently, clinical practice 
mirrored pre-clinical results. Current practice includes radiation given twice daily at 
1.5 Gray (Gy) per fraction delivered with an interval of at least 6 h to allow for sub-
lethal repair of normal tissues [26]. A Gray equals 100 centigray (cGy) and is a 
measure of the absorbed radiation dose. The lower dose per fraction is associated 
with a lower risk of late effects from treatment. Taken together, twice daily radiation 
can improve the therapeutic index by preferentially affecting tumor versus nor-
mal tissue.

The randomized study by Turrisi et al. explored the role of dose and fractionation 
by randomizing 417 patients with LD SCLC to 45 Gy of radiation given in standard 
fractionation of 1.8 Gy/day delivered over 5 weeks versus 1.5 Gy delivered twice 
daily over 3 weeks [21]. The radiotherapy was given with concurrent standard-of- 
care EP-based chemotherapy. Using a primary endpoint of overall survival, twice- 
daily compared to once-daily radiotherapy was associated with a statistically 
significant improvement in median overall survival (1.6 years vs. 1.9 years) and 
5-year overall survival (26% vs. 16%). However, twice-daily radiation was associ-
ated with worsened grade 3 esophagitis, defined as an inability to swallow solids, 
requiring narcotic analgesics or the use of a feeding tube (11% vs. 27%, p < 0.001).

Although twice-daily radiotherapy became the standard of care once the mature 
results by Turrisi et al. were published, the study was critiqued for a comparison 
arm that was not at parity with the experimental arm; the study did not compare a 
biologically equivalent radiation dose used in the twice-daily arm in the once-daily 
arm. A radiation dose of >60 Gy in conventionally fractionated daily radiation is 
biologically more equivalent to 45 Gy in 1.5 Gy twice-daily dosing. Consequently, 
studies were proposed that compared the twice-daily regimen to a more biologically 
equivalent once-daily regimen [32].
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Two randomized studies have recently evaluated the role of high-dose once-daily 
conventionally fractionated radiation versus twice-daily radiation given, as per 
Turrisi et al. Both studies showed no difference in outcomes between twice-daily 
versus once-daily radiotherapy [16, 33]. However, the studies were not powered to 
demonstrate equivalence, so twice-daily RT remains the standard of care.

The CONVERT study was a phase three study of once-daily radiation to 66 Gy 
in 33 fractions versus twice-daily radiation given to 45 Gy in 1.5 Gy twice-daily 
therapy to 30 fractions [16]. After randomization of 547 patients, the median overall 
survival was 30  months with twice daily radiation versus 25  months with daily 
radiation (p value 0.14), with a 2-year overall survival of 56% versus 51%. There 
was no difference in grade 3 for esophagitis rates between the two groups (19% in 
the twice-daily arm versus 19% in the daily arm). As the study was designed to 
show the superiority of once-daily high-dose radiotherapy, the authors concluded 
that twice-daily radiation should be considered the standard of care in LD SCLC.

Recently, the results of cancer and leukemia group B (CALGB) 30610 were 
published, which also compared twice-daily radiation given to 45 Gy in 30 fractions 
to a high-dose once-daily regimen of 70 Gy given once daily at 2 Gy/fraction for 35 
fractions [33]. After randomization of 638 patients, the median survival is 
26.5 months for twice-daily treatment and 30.1 months for once-daily treatment. 
The 5-year overall survival was not distinctly different at 29% versus 32%. The 
efficacy and frequency of severe adverse events were similar between both arms.

Both CALGB 30610 and CONVERT studies were designed to show the superi-
ority of once-daily high-dose radiotherapy; the authors concluded that twice-daily 
radiation should be considered the standard of care in the setting of LD SCLC.

Recently, promising outcomes were reported in a phase two Scandinavian study 
of twice-daily radiation to 60  Gy compared with twice-daily radiation to 45  Gy 
[34]. Both arms gave radiation at 1.5 Gy twice daily. In this provocative phase 2 
study of 167 patients, the 2-year overall survival of 74.2% versus 48.1% favored the 
use of twice-daily radiotherapy. Local relapse was more common in the 45 Gy arm 
versus the 60 Gy arm (35% versus 21%, p value 0.054). The study reported no dif-
ference in toxicity between the arms. These data are being explored in a phase 3 
study of high-dose twice-daily radiotherapy versus standard-dose twice-daily 
radiotherapy.

Although the 60 Gy arm had much better overall survival than the CONVERT 
study, the 45 Gy arm of the Scandinavian study had outcomes inferior to the 45 Gy 
arm of the CONVERT study. Consequently, phase 3 evaluation will be necessary to 
explore whether high-dose twice-daily radiation will be a standard of care option in 
LD SCLC.

 Radiation Target Volumes

Before CT-based planning, radiation treatment was delivered using large ports that 
included the primary tumor, ipsilateral hilum, and bilateral mediastinum. As radia-
tion planning became more sophisticated and allowed for cross-sectional defined 
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targets with CT, a simultaneous ability to use intensity-modulated radiotherapy ush-
ered an era of better tissue sparing in nearby structures. Studies (undertaken initially 
in NSCLC) showed that treating only involved mediastinal lymph node stations 
resulted in a low elective nodal failure rate.

Studies were also undertaken in SCLC to evaluate the omission of elective nodal 
regions. An initial phase two prospective study of 27 patients with LD SCLC deliv-
ered radiation only to the primary and involved nodal stations using CT-based plan-
ning. These results showed higher-than-expected elective nodal recurrence, and 
caution was given to involving nodal radiation in LD SCLC using CT-based 
inputs [35].

The same group then evaluated the role of involved nodal radiation using PET- 
based imaging to guide areas of treatment. In a prospective study of 60 patients with 
LD disease, the isolated nodal failure rate was 3%, suggesting that involved nodal 
radiation can safely be administered if PET- and CT-based imaging is used to plan 
radiotherapy [36]. As these data were published to support the safe omission of elec-
tive nodal regions, the CONVERT and CALGB 30610 amended their protocols to 
allow for involved nodal irradiation. Consequently, the studies contained a chimera 
of patients treated with elective nodal coverage and involved mediastinal lymph node 
coverage. Currently, the standard of care in LD SCLC is to cover only lymph node 
regions that are deemed involved by (1) biopsy, (2) 19F-fluorodeoxyglucose (FDG) 
uptake, or (3) CT enlargement.

 Normal Tissue Dose Objectives

Planning radiotherapy for patients with LD SCLC will use similar principles used 
in NSCLC therapy. Although accelerated fractionation with twice-daily radiother-
apy can result in different acute and delayed side effects profiles, dose objectives for 
daily versus twice-daily radiotherapy are similar. However, one notable exception is 
the spinal cord. Whereas most normal tissues recover from sublethal repair within 
4–6  h, the spinal canal is felt to mirror other nerve structures requiring 24  h to 
undergo sublethal repair. Hence, twice-daily therapy of 150 cGy/fraction is biologi-
cally received to the CNS disease as a daily dose of 300 cGy/day to the spinal canal 
tissue. Hence, the spinal cord experiences a hypofractionated dose of approximately 
3 Gy/day and a point max of 41 Gy is recommended, which mirrors the protocol 
guidelines for CALGB 30610 [33].

 Timing of Systemic and Local Therapies

We have defined the treatment of LD-SCLC to include chest radiotherapy and che-
motherapy. The timing of these treatments is also important to optimize therapeutic 
outcomes. Concurrent versus sequential thoracic radiotherapy was undertaken in 
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the Japanese clinical oncology group study 9104. Of 231 patients who received 
twice-daily radiotherapy to a total dose of 45 Gy in 3 weeks, those treated with 
concurrent radiotherapy had an improvement in overall survival as well as 2-, 3-, 
and 5-year survival compared with those who received sequential radiotherapy. The 
authors note that severe esophagitis was uncommon in both arms, occurring in 9% 
of those treated with concurrent therapy and 4% with sequential treatment [37].

A meta-analysis that included studies of LD SCLC compared outcomes between 
early versus late timing of thoracic radiotherapy in relation to chemotherapy admin-
istration [38]. Early radiotherapy was defined as starting within 9 weeks of chemo-
therapy and before cycle 3. In the studies evaluated, the 2-year and median overall 
survival was significantly increased for early versus late timing of thoracic radio-
therapy. Interestingly, studies that included patients with once-daily radiation 
showed no difference in early versus late radiotherapy. The studies suggest that the 
early administration of thoracic radiotherapy during definitive treatment of LD 
SCLC may improve outcomes.

Finally, a study explored the relationship between timing with start of therapy 
and end of radiation based on the hypothesis that the quick administration of radio-
therapy will be positively associated with outcome. They analyzed phase 3 clinical 
trials of SCLC using meta-analysis methodology and introduced the concept of the 
interval between the start of any therapy and the end of radiotherapy, which was 
abbreviated as the SER interval as a marker of outcome [39]. These studies showed 
that shorter SER intervals were associated with a significantly higher survival rate 
and a higher incidence of severe esophagitis. For example, in patients with a SER 
less than 30 days, the 5-year overall survival was >20%.

Taken together, these studies support the early administration of thoracic radio-
therapy given in conjunction with chemotherapy. Unless the volume of the treated 
area is not safe for therapeutic radiation treatment, our practice is to attempt concur-
rent chemoradiotherapy on cycle 1 of treatment.

 Particle-Based Therapy

The two dominant modalities for radiation delivery use either photons or protons. 
Most patients treated worldwide are administered radiation with photon (or X-ray)-
based therapy. Proton therapy is unique because the radiation dose does not have an 
exit dose beyond the targeted area. In contrast, photon-based treatment continues to 
scatter low-dose therapy beyond the target. Using techniques to modulate the depth 
of the treatment, proton therapy can result in less radiation dose to normal tissues 
and, in dosimetric studies, better tissue sparing.

Whether proton-based therapy improves outcomes in treating tumors in the chest 
is unclear. A randomized study of protons versus photons in NSCLC failed to show 
a reduction in clinical toxicity or an improvement in tumor control, but this study 
used earlier forms of proton-based therapy that may have compromised results [40]. 
Consequently, an NRG study is currently exploring proton-based therapy in inoper-
able stage 3 NSCLC.
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Proton-based therapy does have limitations. Whereas photon-based therapy is 
resilient to anatomic changes such as target motion, shrinkage, or changes in tissue 
density, proton-based therapy can have dramatic differences in target coverage with 
even modest changes. Hence, adaptive planning is critical to ensure evolving cover-
age in tumors such as SCLC that are brisk responders to therapy.

Tumors of the chest, including SCLC, are more mobile than targets in other non-
thoracic anatomic sites. Consequently, proton-based therapy needs to be optimized 
to account for motion, and motion itself needs to be minimized to achieve predict-
able therapeutic dose for target coverage. Lastly, SCLC specifically may pose a 
particular challenge. Response to therapy can be brisk and use twice daily radio-
therapy; the treatment course is temporarily short. In addition, notable tumor size 
reductions during therapy are often seen, and real-time accounting for and adaption 
to these changes is vital.

Further, as noted above, thoracic radiotherapy and chemotherapy timing can 
influence outcomes. For example, holding chest radiotherapy until chemotherapy 
results in target volume reduction and stability may allow for a safer and more pre-
dictable course of proton-based therapy, but this delay may also adversely affect 
clinical outcomes [38, 39]. These limitations are seen in photon-based treatment but 
not nearly to the degree seen with protons. Consequently, the practical limitations 
noted above can attenuate the physical advantages of protons.

Early clinical experience with proton-based therapy in SCLC in dosimetric and 
limited patient studies have suggested a theoretic improvement with protons [41]. 
Further, this technique is safe, but further studies are needed to establish the tech-
nique as standard clinical therapy in SCLC.

 Treatment of Extensive Stage Disease

 Systemic Therapy Considerations

 Initial Systemic Treatment

Extensive stage SCLC has therapeutic parallels to LD SCLC in systemic manage-
ment. SCLC is considered a disseminated disease regardless of stage, but in ES 
disease, the primary focus is on effective systemic management. Both stages use a 
backbone of EP-based chemotherapy. However, the ED SCLC treatment paradigms 
focus on carboplatin chemotherapy instead of cisplatin [26]. Carboplatin AUC 5–6 
Day 1 and etoposide 100 mg/m2 Days 1, 2, and 3 are safe and effective in elderly 
patients (seven NCCN guidelines), repeated every 21–28 days, and given for 4–6 
cycles [42]. Other variations of this regimen are also used in some centers.

In patients for which etoposide-based chemotherapy is not feasible or tolerated, 
an alternative regimen of irinotecan 50 mg/m2 on Days 1, 8, and 15 with concurrent 
carboplatin (AUC 5) has been shown to be equivalent and may have less toxicity in 
some patients [43].
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Despite multiple clinical trials in ED SCLC, studies from the 1980s through the 
early 2010s failed to improve the backbone of EP for management established in the 
1980s until recently. However, immunotherapy is transforming the field of ED 
SCLC treatment. The first immunotherapy shown to improve outcomes in ED SCLC 
is atezolizumab, a PD-L1 inhibitor. The IMpower 133 study group conducted a 
randomized phase 3 study of 403 patients with ED SCLC randomized 1:1 to either 
carboplatin-based chemotherapy with etoposide or similar EP-based chemotherapy 
with concurrent atezolizumab given with each cycle and then as maintenance ther-
apy at the completion of upfront treatment [17]. Carboplatin was administered at an 
AUC of 5 on Day 1, etoposide 100 mg/m2 on Days 1–3, and atezolizumab 1200 mg/
m2 on Day 1. The study had a primary endpoint of progression-free and overall 
survival using intent to treat. With a median follow-up of 13.9 months, the atezoli-
zumab arm had improved median overall survival (OS) (12.3 months vs. 10.3 months, 
p = 0.007) and improved median PFS (5.2 months vs. 4.3 months, p = 0.02).

More recently, the CASPIAN study explored the use of durvalumab, a pro-
grammed death ligand-1 (PD-L1) inhibitor, and tremelimumab, a cytotoxic 
T-lymphocyte-associated protein-4 (CTLA-4) inhibitor [44]. In this three-arm 
study, 805 patients were randomly assigned to (a) durvalumab  +  tremelim-
umab + platinum-etoposide, (b) durvalumab + platinum-etoposide, or (c) platinum- 
etoposide alone. The etoposide was administered at 80–100 mg/m2 on Days 1–3, 
and the platinum was either carboplatin (AUC 5–6) or cisplatin 75–80 mg/m2 on 
Day 1 of each cycle. The durvalumab was given at 1500 mg and tremelimumab at 
75 mg. In those patients randomized to immunotherapy, maintenance durvalumab 
was administered every 4  weeks (1500  mg). The co-primary endpoints were (a) 
overall survival for durvalumab + EP versus EP alone and (b) overall survival for 
durvalumab-tremelimumab  +  EP vs. EP alone. With a median follow-up of 
25.1 months, durvalumab + tremelimumab + platinum-etoposide did not improve 
overall survival versus platinum-etoposide alone (10.4  months vs. 10.5  months, 
p = 0.045). However, durvalumab + platinum-etoposide did show an improved over-
all survival versus platinum-etoposide alone (12.9  months vs. 10.5  months, 
p = 0.0032).

Consequently, the upfront systemic management of ES SCLC includes EP-based 
chemotherapy with concurrent PD-L1 inhibition (either atezolizumab or dur-
valumab) followed by maintenance PDL-L1 inhibition until progression or 
intolerance.

 Systemic Treatment for Relapsed Disease

Whereas patients have a high objective response rate in both LS and ES SCLC using 
first-line treatment regimens, the response of SCLC in the relapsed setting can be 
modest. Patients are considered EP responsive if they have a disease-free interval of 
>6 months. In these patients, re-introducing EP-based chemotherapy can be a rea-
sonable treatment option. This option is also a reasonable second-line option in 
patients with a disease-free interval of 3–6  months (NCCN guidelines). Other 
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treatment options in relapsed disease include topotecan, lurbinectedin, metronomic 
chemotherapy, cyclophosphamide/doxorubicin/vincristine (CAV), temozolomide, 
or alternative immunotherapy agents, including pembrolizumab. However, second- 
line systemic therapy options have limited efficacy, and outcomes are generally poor.

 Topotecan

Topotecan is an inhibitor of topoisomerase 1, a nuclear enzyme. Oral and IV admin-
istrations of topotecan are available and have efficacy in disease relapse. For exam-
ple, in a randomized study of relapse ED SCLC in patients not candidates for IV 
chemotherapy, 141 patients were enrolled in a comparison of best supportive care 
(BSC) versus BSC + oral topotecan (BSC) [45]. The oral topotecan was given at 
2.3 mg/m2 on Days 1–5 every 21 days. A median survival of 13.9 weeks was seen 
with BSC versus 25.9 weeks with topotecan. Stable disease was seen in 44% of 
patients and a partial response in 7% of patients given topotecan. The therapy was 
well tolerated by most patients.

 Lurbinectedin

Lurbinectedin decreases tumor cell proliferation by inhibiting mitosis through RNA 
polymerase II inhibition. In a phase II study of relapsed SCLC, 3.2 mg/m2 of lurbi-
nectedin was administered in 3-week cycles until disease progression or unaccept-
able toxicity [46]. With a median follow-up of 17.1  months, 105 patients were 
treated, with an overall response in 35% of patients. Although hematologic toxicity 
is common, given treatment efficacy, lurbinectedin was granted accelerated FDA 
approval in 2020 [47].

 Metronomic Chemotherapy

The frequent administration of chemotherapy at low doses to avoid the dose- limiting 
toxicities often with a combination of therapies has been explored in relapsed 
SCLC. In a study of 180 patients randomized to topotecan versus metronomic che-
motherapy consisting of cisplatin, etoposide, and irinotecan, overall survival was 
improved with the metronomic chemotherapy (18.2  months vs. 12.5  months, 
p  =  0.0079) [48]. However, this regimen poses significant hematologic toxicity 
(grades 3–4: neutropenia, 83%; anemia, 84%; leucopenia, 80%; thrombocytopenia, 
41%), and febrile neutropenia, grades 3–4, was seen in 31% of patients.
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 Cyclophosphamide, Doxorubicin, and Vincristine (CAV)

CAV-based chemotherapy was historically a first-line treatment option until 
EP-based chemotherapy was shown to be equally effective. The ability to co- 
administer EP with thoracic RT made it a preferred therapy, as co-administration is 
not feasible with CAV.  However, CAV-based chemotherapy can be an attractive 
option in relapsed disease. In a randomized study of IV topotecan versus CAV 
(cyclophosphamide 1000  mg/m2, doxorubicin 45  mg/m2, and vincristine 2  mg) 
given in a once-daily cycle every 21 days, 107 patients given CAV had a response 
rate of 24.3% in comparison to topotecan (18.3%) [49]. There were no differences 
in time to progression or overall survival

 Temozolomide

Temozolomide is an alkylating agent and has the added benefit of being an oral 
therapy. Its use in high-grade gliomas illustrates the CNS penetration of this ther-
apy. Consequently, it can be an attractive option for relapse SCLC with brain metas-
tases. In a study of 64 patients with relapsed SCLC, patients were assigned to 
O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation status, 
which is associated with sensitivity to temozolomide-based therapy [50]. Of the 48 
patients deemed sensitive to MGMT expression by immunohistochemistry, one had 
a complete response, and ten had a partial response. In the 16 patients that were 
predicted to be refractory by MGMT expression, two partial responses were seen. 
In patients with brain metastases, complete or partial response incidence was 38%. 
The MGMT-methylated group had a response in comparison to the unmethylated 
MGMT patients (38% vs. 7%, p = 0.08).

 Pembrolizumab

In a pooled analysis of two studies that explored the use of the PD-L1 inhibitor 
pembrolizumab after receiving two or more lines of prior therapy (KEYNOTE-028 
and KEYNOTE-158), 83 patients had an objective response rate of 19.3% with two 
complete responses and 14 partial responses [51]. Of those who were responders, 
61% had responses >18 months, with the median duration of response not reached.
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 Other Systemic Regimens

Patients with relapsed SCLC who are candidates for additional therapy should be 
encouraged to enroll in a clinical trial. Further advances will require ongoing com-
mitment to clinical investigation. Other regimens have also been shown to be active 
in the relapsed SCLC setting, including docetaxel, oral etoposide, nivolumab, pacli-
taxel, gemcitabine, vinorelbine, and irinotecan [26].

 Thoracic Radiation Considerations

Whereas all stages of SCLC are systemic, ED SCLC is a clinical scenario where the 
role of local therapy is limited. However, the importance of primary tumor control, 
even in metastatic disease, has been shown to confer benefit. Jeremic and colleagues 
explored the role of chest radiotherapy in a 5-arm randomized study involving 210 
patients [52]. Patients who underwent three cycles of EP-based chemotherapy and 
had a complete response in metastatic sites of disease and at least a partial response 
in the chest-based disease were randomized to (a) two additional cycles of chemo-
therapy with definitive chest radiotherapy using accelerated hyperfractionation to a 
total dose of 54 Gy given in 1.5 Gy daily twice-daily fractionation in 36 treatments 
or (b) four additional cycles of chemotherapy alone. For patients randomized to 
radiotherapy with chemotherapy instead of chemotherapy alone, the median sur-
vival was 17 months versus 11 months, with a 5-year overall survival of 13% versus 
4% (vs. 4% for which treatment?), which improved with those treated with thoracic 
radiotherapy (p = 0.041). Of note, all patients were treated with prophylactic cranial 
irradiation.

 Local Therapy for Oligometastatic SCLC

Despite the favorable outcomes of the study by Jeremic et al., studies still need to 
replicate the favorable findings of definitive radiotherapy in ED SCLC. For exam-
ple, RTOG 0937 randomized patients with oligometastatic SCLC (defined as three 
or fewer sites of distant disease) to either prophylactic cranial irradiation (PCI) 
alone or PCI and consolidative chest radiotherapy with the option of consolidative 
radiation to distant areas of disease as well [53]. Patients were randomized after 
undergoing four cycles of carboplatin and etoposide, achieving either a partial or 
complete response to therapy. Consolidative radiotherapy was given to the chest and 
45 Gy at 3 Gy/fraction. Distant sites of disease were consolidated and 30–40 Gy in 
3–4 Gy/fraction. All patients received PCI with 25 Gy in 10 fractions. At interim 
analysis, the study was closed early for futility. With a median overall survival of 
9.1 months, the 1-year overall survival was 60.1% (PCI) versus 50.8% (PCI + RT) 
(p = 0.208). However, the time to progression favored those who received consoli-
dative radiotherapy to the chest (p = 0.0102). Taken together, the results of RTOG 
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0937 and the study by Jeremic et al. do not support routine use of definitive radio-
therapy in patients with ED SCLC.

 Palliative, Attenuated Dose Radiotherapy in ED SCLC

In a randomized study of prophylactic cranial irradiation in patients with ED SCLC, 
the rate of chest relapse was over 90% [54]. Consequently, Slotman et al. hypothe-
sized that non-definitive doses of radiotherapy might delay the time to intrathoracic 
progression resulting in an improvement in progression-free and overall survival.

A total of 498 patients with ED SCLC were randomized in a phase 3 study of 
thoracic radiotherapy versus standard-of-care treatment [55]. Standard-of-care 
treatment was defined as platinum-based chemotherapy with etoposide followed by 
PCI. Chest radiotherapy was delivered to a total dose of 30  Gy in 10 fractions. 
Target volumes included residual gross disease in the primary and mediastinum and 
initially involved nodal stations. A 3D conformal technique was used for treatment 
planning and optimization. With a median follow-up of 24  months, the primary 
outcome of overall survival at 1 year was not different between the groups. In those 
who underwent thoracic radiotherapy, the 1-year survival was 33% versus 28% in 
those in the control group (p value 0.066). However, the authors note that in explor-
atory 2-year overall survival showed an improvement in outcome with chest radio-
therapy, 13% versus 3% (p = 0.004). Additionally, at 6 months, the progression-free 
survival favored chest radiotherapy, 24% versus 7%, p value 0.001.

Given a favorable toxicity profile to 30 Gy of chest radiotherapy in 10 fractions, 
the use of consolidative chest therapy in ED SCLC is an appropriate option in 
patients who have a response to initial therapy.

 Prophylactic Cranial Irradiation (PCI)

Patients with SCLC have a high risk for intracranial metastasis. Studies have esti-
mated that the lifetime risk exceeds 50% in LD and ED SCLC [56, 57]. In addition, 
autopsy series report the risk of CNS involvement may be seen in up to 60–70% of 
patients [58]. Given that CNS spread will render LD patients incurable and can 
often lead to a cause of morbidity and death in patients with SCLC, studies have 
explored the role of prophylactic endeavors to decrease the risk of brain metastasis. 
The most studied of these interventions includes prophylactic cranial irradia-
tion (PCI).

PCI involves the administration of whole-brain radiotherapy to attenuated doses. 
The assumption is that treating the brain before evidence of macroscopic disease is 
seen either influences the seed (tumor cells) or the soil (the brain parenchyma). 
Hence, PCI decreases CNS spread by treating micrometastatic disease already in 
the brain or creating an environment where the primary tumor is less likely to spread.
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 PCI in Limited Stage Disease

Although no single randomized study has shown a survival benefit to using PCI in 
LD SCLC, the meta-analysis by Auperin et al. included patients in seven clinical 
trials with LD SCLC who had a complete remission [59]. In this meta-analysis, a 
relative risk of death in those who underwent PCI was statistically lower than those 
who did not, corresponding to a 5.4% improvement in the survival rate at 3 years 
(20.7% in the PCI group versus 15.3% in the control group). Notably, the incidence 
of brain metastasis was still approximately 33% at 3 years in those treated with PCI.

The meta-analysis by Auperin and colleagues included a spectrum of doses for 
PCI from 8 Gy in 1 fraction to 40 Gy in 20 fractions. A study of 720 patients who 
had a complete response to upfront therapy with LD disease was undertaken to 
define the optimal dose of PCI dose [60]. Patients were randomly assigned to (a) 
25 Gy in 10 fractions versus (b) two different comparison arms of 36 Gy using 
either 2 Gy/fraction or twice-daily radiation at 1.5 Gy/fraction. Using a primary 
endpoint of brain metastasis at 2 years, the study showed no improvement in 2-year 
incidence of brain metastasis between the standard dose (29%) and high-dose (23%) 
PCI groups. However, the 2-year overall survival trended toward improvement in 
those receiving standard dose radiotherapy (42%) versus those receiving higher- 
dose radiotherapy (37%) (p = 0.05).

Although studies are again exploring the role of PCI in LD SCLC, standard of 
care in patients with a good response to upfront therapy includes PCI delivered to 
the whole brain in 25 Gy in 10 fractions. However, notable exceptions may be made 
for patients with a contraindication for whole brain radiation, including age and 
neurocognitive deficits.

 PCI in Extensive Stage Disease

Researchers hypothesized that if PCI is beneficial and LD SCLC, there may be a 
role for PCI in ED SCLC because the risk of CNS spread is even higher in the latter. 
In a study of 286 patients with ED SCLC randomized to PCI versus no further 
therapy, patients who underwent PCI had a lower rate of symptomatic brain metas-
tasis [54]. At 1 year, 14.6% of patients in the PCI group developed brain metastasis 
versus 40.4% in the control group. The 1-year survival of 27.1% in the PCI group 
was improved from those without further therapy, 13.3%.

The study was critiqued for several limitations. First, patients were not pre-
screened with brain imaging before enrolling in the study. Up to 15% of patients 
may have asymptomatic brain metastases at diagnosis [61, 62]. Hence, the favorable 
outcomes may have been driven by those patients randomized to observation who 
had macrometastatic disease at enrollment. Second, the routine use of CNS radio-
graphic screening was not undertaken unless symptoms warranted evaluation. 
While the co-primary endpoint of symptomatic brain metastases is practical, the 
implication is that patients with asymptomatic brain metastasis were not receiving 

9 Treatment of Small Cell Lung Cancer



202

therapy until symptoms arose, delaying brain-directed treatment in the observation 
group that can be associated with improved outcomes.

Given the limitations of the study, a companion study was undertaken in Japan to 
explore the use of PCI and ED SCLC. This study randomized patients after pre-
screening enrollment imaging showed no CNS metastases [63]. Those patients who 
were randomized to observation as well as those who underwent PCI had brain 
imaging every 3 months. The study was terminated after 224 patients were random-
ized because of futility on interim analysis. The median overall survival was 
11.6 months for those who underwent PCI versus 13.7 months for those who under-
went observation. The cumulative risk of brain metastasis at 6, 12, and 24 months 
supported the use of PCI (6  months, 15% vs. 46%; 12  months, 33% vs. 59%; 
18 months, 40% vs. 64%). Of note, radiation was given to 83% of patients who 
eventually developed brain metastasis in the observation group. Taken together, 
these data suggest that PCI can be safely omitted in patients with ED SCLC who 
undergo brain imaging every 3 months. Further, these data suggest that the role of 
brain radiation may have more to do with the timing of therapy. Said another way, 
patients with ED SCLC may safely receive whole-brain radiation instead of adju-
vant PCI if close surveillance imaging and clinical evaluation are included in 
survivorship.

 Hippocampal Avoidance PCI

Chest radiotherapy in ED SCLC has gained greater uptake in clinical practice than 
PCI in part because of the differences in toxicity profiles between brain and chest 
radiation. In addition, early studies in patients with metastatic cancer of all types to 
the brain show a possible benefit to the avoidance of the hippocampal areas of the 
brain when whole-brain radiation is given [64]. Consequently, researchers investi-
gated whether PCI given with hippocampal avoidance is safe while also reducing 
the long-term morbidity of whole-brain radiotherapy.

Redmond et  al. explored hippocampal avoidance PCI in 20 patients with LD 
SCLC [65]. The 2-year overall survival was 88%, and using Hopkins verbal learn-
ing test revised delayed recall at 6 months as a primary endpoint, there was no sig-
nificant decline in performance. These results were replicated at 12 months. MRI 
surveillance showed asymptomatic brain metastasis in 20% of patients. In patients 
who developed brain metastasis, these occurred in underdosed areas proximal to the 
hippocampal regions.

Three randomized studies have further explored the role of hippocampal avoid-
ance in both LD and ED SCLC. The PREMER study enrolled 150 patients and used 
a primary outcome of delayed free recall (DFR) on the free and cued selective 
reminding test at 3 months [66]. With a median follow-up of 40.4 months, the DFR 
decline at 3 months was lower in those treated with hippocampal avoidance (5.8%) 
versus those treated with the standard PCI (23.5%). The authors report no difference 
in the incidence of brain metastasis, quality of life, or overall survival.
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An NK/Dutch study of hippocampal avoidance PCI in SCLC used an alternative 
outcome of changes on the Hopkins verbal learning test at 4 months [67]. One hun-
dred sixty-eight patients were enrolled, of whom 70% had LD SCLC. Patients were 
randomized to hippocampal avoidance versus standard PCI, and the rate of HVLT 
decline at 4 months was not different between the groups. Additionally, there was 
no difference in the incidence of brain metastasis (20% PCI vs. 16% HA-PCI) or 
overall survival.

A third study by the NRG (CC 003) completed enrollment of 304 patients in July 
2022 [68]. Using a primary outcome of Hopkins verbal learning test recall at 
6  months using the Reliable Change Index (RCI), we await the report of these 
results. These data, in conjunction with the NK/Dutch and PREMIER data, may 
help to further define whether hippocampal avoidance PCI can improve the thera-
peutic outcome and carefully selected patients with SCLC. At present, hippocampal 
avoidance PCI can be administered but should be offered on a clinical trial.

 Summary of Recommendations

In patients with LD SCLC, treatment with concurrent EP given in four 21-day 
cycles is the standard of care (see Table 9.1). Definitive, twice-daily radiotherapy 
using 150 cGy/fraction to a total planned dose of 45–60 Gy is administered concur-
rently with systemic therapy. The use of thoracic radiation earlier in the course of 
therapy is associated with improved outcomes. PCI in patients with a good response 
to therapy can be offered to complete therapy. Careful assessment of imaging of 
both brain and extracranial sites with clinical assessment of constitutional, pulmo-
nary, or recrudescence of paraneoplastic symptoms complete the comprehensive 
survivorship assessment.

In patients with ED SCLC, treatment with 4–6 cycles of carboplatin, etoposide, 
and atezolizumab in 21-day cycles followed by maintenance atezolizumab in 28-day 
cycles is standard of care. Thoracic radiotherapy to initially involved nodal sites and 
residual gross disease to 30 Gy in 10 fractions can reduce intrathoracic recurrence. 
An alternative to PCI in ED SCLC is surveillance brain imaging every 3 months. 
Disease assessment between every two cycles of initial therapy and every 8–12 weeks 
with maintenance therapy can ensure that ongoing treatment is adjusted to the cur-
rent disease state. Eventual tumor relapse is anticipated in most patients within 
6 months of initial therapy, and second- and third-line options are available, although 
their efficacy and durability are limited.

Finally, the role of consolidative chest RT in ED SCLC with immunotherapy has 
not been defined. Still, ongoing studies will merge these two treatment strategies to 
optimize outcomes for this patient population.
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Table 9.1 Current treatment 
guidelines in small cell 
lung cancer

Limited stage disease
• Concurrent cisplatin- and etoposide- 
based chemotherapy × 4 cyclesa

• Chest radiotherapya to initially 
involved sites
   – 45 Gy in 1.5 Gy/fraction delivered 

twice daily
   – Incorporation of concurrent RT as 

quickly as is reasonably feasible with 
chemotherapy

• Restaging with brain and body 
imaging
• Prophylactic cranial irradiation to 
25 Gy at 2.5 Gy/fractionb

Extensive stage disease
• Concurrent carboplatin- and 
etoposide-based 
chemotherapyc × 4 cycles
• Restaging with brain and body 
imaging
• Chest radiotherapyc to residual gross 
disease and initially involved lymph 
node areasb

   – 30 Gy at 3 Gy/fraction given once 
daily

• Maintenance immunotherapy with 
Atezolizumab
• Serial brain imaging every 3 monthsd

a Chemotherapy and radiation are deliv-
ered concurrently
b Offered if restaging shows no new areas 
of concern for progressive disease
c Chemotherapy and radiation are deliv-
ered sequentially
d  If serial brain imaging is not feasible, 
consider prophylactic cranial irradiation
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Chapter 10
Management of Malignant Pleural 
Effusion

Benjamin DeMarco and Christina R. MacRosty

 Introduction

Malignancy involving the pleura is the second most common cause of exudative 
pleural effusion, following parapneumonic effusion [1]. Malignant pleural effusion 
(MPE) is a marker of advanced disease. It is associated with worse outcomes and a 
high burden of care, accounting for more than 125,000 hospital admissions with 
annual hospital charges of more than $5  billion in the United States (USA) [2]. 
Epidemiological studies in MPE are limited, but there are an estimated 150,000 
cases in the USA and 50,000 in the United Kingdom per year [3, 4]. MPE’s inci-
dence and associated costs are expected to rise as the global cancer rate increases 
and advances in cancer-directed therapies contribute to improved survival rates [5].

 Epidemiology

Most MPEs are caused by lung cancer, and [6, 7] approximately 15% of patients 
with lung cancer have MPE at the time of diagnosis [1, 6, 7]. The frequency of MPE 
by cancer type is seen in Table 10.1. Metastatic breast cancer and lymphoma are the 
second and third leading causes of MPE, respectively [3].
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MPE is associated with significant cancer-associated mortality, with current 
guidelines reporting a median survival ranging from 3 to 12 months [9, 11–13]. 
Several factors, including tumor type and stage and Eastern Cooperative Oncology 
Group Performance Status (ECOG-PS), are independent prognostic factors in MPE 
[13–15]. Survival in MPE varies according to tumor type due to the underlying 
malignancy’s sensitivity to treatment. Lung cancer carries the worst prognosis, 
while gynecologic and breast cancers have more favorable survival times [9, 
13, 15–17].

Effusion size, specifically a massive effusion (fluid occupying the entire hemi-
thorax), is associated with significantly worse survival in smaller non-random-
ized studies [13]. Pleural fluid markers, including pH, glucose, and lactate 
dehydrogenase (LDH), have been investigated as prognostic tools, but none have 
consistently reported utility or validity [13, 18]. The LENT score (LDH, ECOG, 
blood neutrophil- lymphocyte ratio, and tumor type) was the first externally vali-
dated prognostic scoring system for MPE, separating patients into low-, moder-
ate-, and high-risk groups with median survival of 319  days, 130  days, and 
44  days, respectively [19, 20]. A more recent prospectively validated score 
(PROMISE) combines biological markers and clinical parameters to stratify 
patients based on a 3-month mortality risk, but its complexity limits routine 
application [21]. The Brims’ decision tree is the most well-validated prognostic 
model for mesothelioma [22]. While validated in study populations, the clinical 
utility of these scores is not yet established, and further research is needed to 
determine their generalizability and association with patient- centered outcomes. 
Available prognostic information should be factored into treatment decisions to 
expedite definitive pleural intervention for patients with more prolonged survival 
while aiming to maximize time outside the hospital for those with shorter life 
expectancy [9, 13].

Table 10.1 MPE by 
tumor type

Primary tumor type Total (%)

Lung cancer 15–38
Breast cancer 7–17
Lymphoma 6–11
Ovarian cancer 3–7
Other 6–15
Unknown primary 4–12

Adapted from Antony [3] Light [8] Roberts [9] and Merlo 
et al. [10]
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 The Cause of Malignant Pleural Effusion by Cancer Type

 Clinical Presentation

Dyspnea is the most common symptom occurring in over 50% of patients with MPE 
[7]. It is caused by a combination of factors, including caudal displacement of the 
diaphragm resulting in suboptimal length-tension relationship in the work of respi-
ration, contralateral mediastinal shift, and decrease in ipsilateral lung volume [23, 
24]. Symptoms related to the primary tumor are common such as weight loss, mal-
aise, and anorexia. Chest pain, commonly associated with mesothelioma, is usually 
ipsilateral to the effusion and dull rather than pleuritic [25]. On plain chest radiog-
raphy, MPE is most often unilateral but can present bilaterally in about 11% of cases 
[12]. MPEs are the most common cause of large (occupying more than two-thirds 
of the hemithorax) and massive (complete opacification of hemithorax) pleural effu-
sions [26, 27].

 Pathophysiology

Several poorly understood direct and indirect mechanisms underlie the development 
of MPE. Lung carcinomas may translocate to the ipsilateral visceral pleura via the 
pulmonary circulation or undergo hematogenous spread [4, 28]. In non- bronchogenic 
carcinomas not involving the lung, tumor cells metastasize to the parietal pleura via 
hematogenous spread [28]. Tumors may reach the parietal pleura by various mecha-
nisms, including seeding along adhesions, lymphangitic spread, or direct extension 
along adjacent structures (chest wall, mediastinum, diaphragm) [4]. The complex 
interaction between tumor and host within the pleural space remains unclear. In vivo 
observations suggest defective recruitment, activation, and cytotoxicity of CD8+ 
lymphocytes and macrophages against autologous tumor cells [4].

Increased fluid production due to fluid extravasation from a hyper-permeable 
parietal and/or visceral pleura is thought to be the predominant mechanism underly-
ing the development of MPE with impaired lymphatic outflow and decreased clear-
ance contributing in a secondary role [4, 29, 30]. The molecular mechanism of 
increased pleural permeability is driven by host-tumor interplay in which paracrine 
and autocrine signaling stimulates pleural inflammation, tumor angiogenesis, and 
vascular permeability [4, 30]. Tumor-derived vascular endothelial growth factor 
(VEGF) and tumor necrosis factor (TNF) directly stimulate inflammatory cell influx 
and vascular changes, which are amplified by host inflammatory signals resulting in 
a positive feedback loop leading to fluid accumulation and tumor growth [4, 30].

Several secondary mechanisms can contribute. Tumor cells may obstruct the tho-
racic duct resulting in a chylothorax, most common in lymphomas. Malignant 
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airway obstruction with distal atelectasis can contribute to pleural fluid accumula-
tion [8], and pericardial involvement from metastatic malignancies can result in 
elevated hydrostatic pressures in both systemic and pulmonary circulation, resulting 
in a transudative effusion [8].

 Diagnosis

 Imaging

A variety of imaging modalities have a well-established role in the diagnostic 
workup of patients with suspected MPE. Thoracic ultrasound (TUS) is now rou-
tinely used in clinical care and is strongly supported by guideline recommendations 
for guidance of pleural interventions [31]. Pleural or diaphragmatic thickening and 
nodularity appreciated on TUS are highly specific for malignancy and can guide 
suspicion for MPE [32, 33]. The use of contrast-enhanced TUS to differentiate 
benign effusions from MPE remains under investigation. Contrast-enhanced com-
puted tomography (CT) of the chest may demonstrate nodular pleural thickening, 
parietal pleural thickening greater than 1 cm, or circumferential pleural thickening, 
which are highly specific for malignant involvement of the pleura [33]. However, 
there are no data reliably correlating CT characteristics to histopathology [34, 35]. 
18F-fluorodeoxyglucose positron emission tomography (18F-FDG-PET, PET) is 
widely used in oncology for characterization of malignancy and evaluation of sus-
pected metastatic disease. However, the specificity of PET is limited in evaluating 
MPE due to false positivity from nonmalignant forms of pleural disease such as 
tuberculous pleuritis [36]. Recent meta-analyses have suggested that PET integrated 
with CT imaging may play a limited role in the guidance of workup for suspected 
MPE [37]. Magnetic resonance imaging (MRI) performs similarly to chest CT in 
differentiating nonmalignant from malignant pleural disease. However, availability 
and cost remain barriers to use, and MRI lacks a defined role in initial diagnostic 
workup of a suspected MPE [33]. Altogether, advanced imaging modalities may 
heighten suspicion for MPE and can serve a role in triage and diagnostic workup, 
but they lack the sensitivity and specificity to provide conclusive evidence of 
MPE. Direct sampling from the pleural space is required to confirm the diagnosis.

 Pleural Fluid Analysis

Ultrasound-guided thoracentesis with pleural fluid analysis is the initial procedure 
for diagnosing suspected MPE. Standard pleural fluid analytic studies of MPE will 
classically reveal exudative fluid with mononuclear cell predominance. Grossly 
bloody pleural fluid (RBC count >100,000/mm3), low pleural fluid glucose (<60 mg/
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dL), and low pleural fluid pH (less than 7.30) have all been associated with malig-
nant pleural disease [8, 33, 34], although none are diagnostic. In addition, low pleu-
ral fluid pH has been associated with greater cytology yield, reduced pleurodesis 
success, and shorter survival [35, 38, 39]. Caution must be employed when inter-
preting the significance of low pleural fluid pH given the possibility of confounding 
from commonly clinically utilized medications such as lidocaine and heparin and 
from other causes of inflammatory pleural effusion such as infection and autoim-
mune pleuritis [40].

The diagnosis of MPE is confirmed by demonstrating malignant cells in the pleu-
ral space on cytologic examination. Diagnostic yield of pleural fluid cytology varies 
widely in the published literature, with reported accuracy ranging from 40% to 
90%, with maximal yield from two separate samples [8, 13, 33, 41, 42]. In one of 
the largest modern case series (n = 831), Porcel and colleagues demonstrated an 
initial cytology yield of 51% which increased to 59% with second and third cyto-
logical specimens [41]. In subgroup analysis, of the 214 patients with negative first 
cytology results, 55 additional patients (26%) were diagnosed with MPE on second 
pleural fluid aspiration. Additionally, 52 patients with two negative cytology results 
underwent a third thoracentesis, and 12 (23%) of these were diagnostic for MPE, 
suggesting serial pleural fluid cytology offers benefit if clinical suspicion for malig-
nancy is high [33, 41]. Yield does plateau around the third sample [33, 43]. Primary 
tumor type has a significant effect on the pleural fluid cytology yield. Exfoliative 
cell types such as ovarian cancer or metastatic adenocarcinoma demonstrate signifi-
cantly higher yields compared to lower yields of squamous cell carcinoma, meso-
thelioma, and sarcomas [8, 33, 41, 42, 44]. The volume of pleural fluid aliquots 
submitted and the preparation method (direct smear/cytospin versus addition of cell 
block) can affect diagnostic yield. A fluid sample volume of >75 mL is required to 
eliminate the influence of specimen size on diagnostic adequacy, while upward of 
150 mL is required to maximize the yield of preparations involving cell block and 
direct smear [45, 46]. Higher volumes may provide additional incremental value if 
extensive immunohistochemical testing or genetic analysis of fluid is anticipated, 
although this is not well studied outside of lung cancer-related MPE [33, 47]. Flow 
cytometry can establish the diagnosis in cases of pleural lymphoma and should be 
considered in the evaluation of lymphocytic pleural effusion, where lymphoma is a 
diagnostic consideration. A variety of tumor markers have been studied, both indi-
vidually and in combination, in efforts to guide diagnosis of MPE in cytology- 
negative effusions; however, they lack the specificity to establish the diagnosis of 
MPE in isolation [33, 48]. The role of serum biomarkers such as circulating tumor 
DNA (ctDNA) in diagnosing MPE remains investigational due to similar sensitivity 
limitations [33, 49].
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 Pleural Biopsy

Nonimage-guided closed needle biopsy (commonly referred to as Abrams’ needle 
biopsy) of the pleura is no longer recommended in the diagnostic workup of MPE, 
given low yield compared to pleural fluid cytology, save for situations where suspi-
cion for mesothelioma is high and thoracoscopy is unavailable [8, 33]. Ultrasound- 
guided biopsy targeting areas of pleural thickening greater than 1  cm or pleural 
nodularity has shown increased yield in patients with previously undiagnosed exu-
dates [50, 51]. CT-guided pleural biopsy provides improved diagnostic sensitivity 
compared to both Abrams’ needle and ultrasound-assisted biopsy [52, 53].

Medical thoracoscopy (also referred to as local anesthetic thoracoscopy and 
pleuroscopy) is a minimally invasive ambulatory procedure performed under local 
anesthesia and moderate sedation that allows for direct visualization of the pleural 
space and subsequent forceps biopsies of any abnormal sites on the parietal pleura. 
Multiple studies have demonstrated diagnostic sensitivity of greater than 90% for 
medical thoracoscopy for both pleural malignancy and mesothelioma [54–56]. One 
randomized controlled trial (n = 124) comparing medical thoracoscopy to CT-guided 
closed pleural needle biopsy demonstrated a small but not statistically significant 
advantage in diagnostic sensitivity of the former (95% versus 87%, respectively) 
[57]. With appropriate patient selection, medical thoracoscopy is a well-tolerated 
procedure with a favorable risk profile, demonstrating overall low rates of compli-
cation (1.6% for major events such as empyema or hemorrhage and 7.3% for minor 
events such as skin infection) [54, 58].

In the modern era, surgical thoracoscopy, increasingly performed via video- 
assisted thoracoscopic surgery (VATS), is the gold standard but the most invasive 
method of diagnosing pleural malignancy. In contrast to medical thoracoscopy, it 
requires general anesthesia and single lung positive pressure ventilation. Diagnostic 
yield of VATS in MPE ranges from 89% to 95% with a reported major complication 
rate of 15–26% in available series [33]. A 2018 retrospective study comparing VATS 
and medical thoracoscopy found similar diagnostic yield and safety profiles of the 
two procedures but a significantly higher procedural cost and hospital length of stay 
(LOS) with VATS [59].

 Management

The optimal therapy for MPE would relieve dyspnea, improve quality of life, be 
minimally invasive, affordable, have a low complication rate, and minimize or elim-
inate the need for time in the hospital. In recent years, clinical practice guidelines 
have been published by several major respiratory societies [11, 13], but given the 
heterogeneity in the presentation of MPE, management should be individualized to 
patient preferences, symptoms, and quality of life. Our approach to the management 
of MPE is seen in Fig. 10.1. The foundation of MPE management is palliative; thus, 
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IPC** 
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guided
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through
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Fig. 10.1 Management of MPE (adapted from Feller-Kopman et al. [11] and Jacobs et al. [18]). 
IPC = indwelling pleural catheter, VATS = video-assisted thoracoscopic surgery, MT = medical 
thoracoscopy *Lymphangitic spread of cancer, pulmonary embolus, deconditioning, CHF (con-
gestive heart failure), etc. **If prognosis is weeks or less, consider palliative treatment with opi-
oids, oxygen, and serial thoracentesis. ***Decision should be individualized based on patient 
preferences and risk/benefit discussion of individual procedures

the first step in management is determining the effusion’s impact on the patient’s 
quality of life. In a prospective study of patients with lung cancer-related MPE by 
Porcel and colleagues [12], 40% of patients developed a pleural effusion during 
their disease course, half of which were too small for sampling or intervention. Of 
those patients with small, asymptomatic effusions, none became symptomatic or 
required drainage. In a more recent multicenter retrospective study of non-small cell 
lung cancer (NSCLC), 41% of patients with initially asymptomatic MPE became 
symptomatic within 1 year, with median time to symptom development of 4 months 
[60]. Given the paucity of data to support benefit, current guidelines recommend 
that therapeutic pleural interventions not be performed in asymptomatic patients 
with known or suspected MPE unless a prevailing diagnostic clinical indication 
exists [9, 11].
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 Therapeutic Thoracentesis

In patients with symptomatic MPE, large-volume thoracentesis is the first step in 
management [11, 31]. Therapeutic drainage before definitive pleural intervention 
can serve dual purposes: confirming symptomatic improvement after effusion drain-
age and identifying the presence of nonexpendable lung (discussed below) to eluci-
date further management options. Routine ultrasound guidance is recommended for 
all thoracentesis as multiple studies have demonstrated the role of ultrasound in 
enhancing safety and lowering costs [11, 31, 61]. If the patient does not demonstrate 
symptomatic benefit after thoracentesis, this should prompt investigation of other 
causes of dyspnea (pulmonary embolism, lymphangitic parenchymal spread, con-
gestive heart failure, etc.) and defer further attempts at palliative pleural interven-
tion. Lastly, a large volume thoracentesis (defined as draining the pleural effusion 
until it is fully drained or until the patient has symptoms of chest pressure or dis-
comfort indicating nonexpandable lung) allows assessment of the rate of fluid reac-
cumulation after drainage. A retrospective multicenter study of 1000 patients with 
MPE found that 30% experienced recurrence after 15 days and 48% by 90 days, 
while other data suggest that as many as 60% of patients required additional fluid 
drainage within 10 days [62, 63]. While larger effusion size and higher pleural fluid 
LDH correlate with an increased recurrence rate, risk factors associated with recur-
rence of a MPE have not been defined well enough to be clinically useful at pres-
ent [63].

 Definitive Pleural Intervention

Most patients with MPE will experience fluid reaccumulation after initial therapeu-
tic thoracentesis. Therefore, a management strategy to achieve long-term symptom 
relief, also termed “definitive pleural intervention,” is recommended [9]. Patients 
undergoing definitive pleural intervention procedures need fewer additional pleural 
procedures, fewer procedures performed in the emergency department, and experi-
ence fewer complications than those patients undergoing serial thoracentesis [62]. 
The most common definitive pleural interventions will be reviewed here.

 Chemical Pleurodesis

Pleurodesis is the artificial obliteration of the pleural space by inducing inflamma-
tion to cause adhesions, scarring, and fusion of the visceral and parietal pleura, thus 
preventing fluid reaccumulation. This can be accomplished mechanically (via surgi-
cal abrasion) or chemically (via injecting a drug or material into the pleural space). 
The most utilized chemical agents are graded talc, tetracycline, doxycycline, and 
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bleomycin. However, multiple meta-analyses and head-to-head trials have demon-
strated graded talc to be the most effective pleurodesis agent [64–67]. Furthermore, 
the use of graded (large particle size) talc is recommended over ungraded (mixed 
particle size) to reduce the risk of pleurodesis-induced acute respiratory distress 
syndrome (ARDS) [64, 66, 68]. Talc can be administered into the pleural space in 
two ways: a poudrage which involves insufflation of a dry powder preparation via 
thoracoscopy, or as a slurry in suspension with sterile fluid, which is instilled 
through a chest tube [9, 11].

The comparative effectiveness of talc poudrage versus talc slurry has been exam-
ined in multiple studies of varying quality with a statistically insignificant trend 
toward improved pleurodesis rates but more adverse events with talc poudrage [66, 
69]. Given inconclusive evidence in available comparators, the 2018 American 
Thoracic Society (ATS), Society of Thoracic Surgeons (STS), and Society of 
Thoracic Radiology clinical practice guidelines suggest the use of either talc pou-
drage or talc slurry in patients with symptomatic MPE and expandable lung guided 
by local factors such as availability of thoracoscopy expertise or need for additional 
diagnostic tissue [11]. After these guidelines, the TAPPS (evaluating the efficacy of 
thoracoscopy and talc poudrage versus pleurodesis using talc slurry) multicenter 
randomized clinical trial was published. This trial (n = 330) found no statistically 
significant difference in pleurodesis failure at 90 days (22% in thoracoscopic talc 
poudrage and 24% in talc slurry) or in any of the 24 prespecified secondary out-
comes, including the length of hospital stay (LOS), dyspnea, quality of life, 
pleurodesis failure rate at 30 and 180 days, and mortality [70]. Notably, the talc 
slurry arm of this trial employed small bore (12–14 Fr) chest tubes, which had pre-
viously been thought to have been less effective than large bore (≥24 Fr) chest tubes 
in achieving pleurodesis [13, 70]. The choice of chest tube size in practice depends 
on the comfort of the treating physician. The use of thoracic ultrasonography was 
studied specifically in pleurodesis care pathways by a recent randomized controlled 
trial in Britain, which found that thoracic ultrasound-guided care resulted in shorter 
hospital stays with no reduction in the 90-day procedure success rate (median dif-
ference in LOS of 1 day) [71].

 Indwelling Pleural Catheter

An indwelling pleural catheter (IPC) is a 15.5 Fr silicone tube tunneled under the 
skin before being inserted into the pleural space, designed for the long-term man-
agement of MPE in the outpatient setting via regular home drainage of the fluid. 
Initially approved by the FDA in 1997, IPCs have significantly increased in use 
since the late 2000s [72]. Multiple studies have demonstrated efficacy of IPCs in 
improving dyspnea and quality of life and low complication-related removal rate 
[73–76].

Infection is the most common IPC-associated complication, with an overall rate 
of 6% and infection-related mortality of 0.3% [77, 78]. IPC-related infections 
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represent a spectrum of diseases ranging from local infection at the exit site to tun-
nel infections to deeper pleural space infections. Most cases of cellulitis can be 
managed with outpatient oral antibiotic therapy, while pleural space infections 
require the addition of intravenous antibiotics, continuous drainage, and consider-
ation of instillation of fibrinolytics in the setting of loculated infected pleural space 
[77–79]. Catheter removal is considered only in the setting of antibiotic failure [11, 
78, 79]. Given the lack of data supporting optimal treatment methods and the variety 
of available approaches (oral vs. intravenous antibiotics, treating through catheter 
vs. removal, etc.), treatment decisions should be made individually. Current guide-
lines suggest considerations should include the clinical status of the patient; the type 
of infection; the resources available to the patient, such as their proximity to care 
and local support network; and the risks of symptomatic fluid reaccumulation if the 
catheter is removed [11].

Less common complications include obstruction of the portion of the catheter 
within the pleural space (internal catheter obstruction) by fibrin, clot, or debris, 
obstruction of the portion outside the pleural space (extrinsic catheter obstruction) 
from tract metastasis or blood clot and catheter fracture. Internal catheter blockage 
incidence is approximately 5% and is managed by instillation of saline and then 
fibrinolytics if saline is unsuccessful [78, 79]. Extrinsic obstruction from catheter 
tract metastasis is a rare complication in non-mesothelioma-related IPC insertion. 
Management is palliative with analgesia and considering radiotherapy without 
needing to remove the IPC [77, 80]. Catheter fracture occurs primarily at the time 
of IPC removal. It is an underreported complication, but limited available data sug-
gest an incidence of around 10% [81, 82]. Retained IPC fragments can be left in 
place without aggressive retrieval attempts [77, 81, 82].

Drainage frequency is a common question with IPC management, and two ran-
domized controlled trials have provided data. The 2017 Randomized Trial of Pleural 
Fluid Drainage Frequency in Patients with Malignant Pleural Effusions Trial (ASAP 
Trial) compared daily drainage to alternating day drainage with auto-pleurodesis 
(complete or partial based on symptoms and radiographic changes) as the primary 
outcome. At 12 weeks, auto-pleurodesis was greater in the aggressive drainage arm 
than the standard arm (47% vs. 24%), with similar adverse events between groups 
[83]. Importantly, this trial excluded patients with nonexpandable lung, a patient 
population who may experience more pain with more frequent drainage. The 2018 
Australasian Malignant Pleural Effusion (AMPLE-2) Trial compared aggressive 
(daily) drainage to symptom-guided drainage with mean daily breathlessness scores 
as the primary outcome. There was no difference in breathlessness scores between 
the two groups, but a higher rate of spontaneous pleurodesis (defined as <50 mL of 
fluid drained at three consecutive drainages or at least two attempts 2 weeks apart in 
the absence of residual fluid on imaging) at 60 days and 6 months in the daily drain-
age group compared to the symptom-guided group (37% and 44% vs. 11% and 
16%) [84]. Although a daily drainage strategy may lead to faster pleurodesis and 
catheter liberation in patients with expandable lung, this strategy is more labor 
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intensive and may be associated with increased healthcare costs [85, 86]. Thus, 
decisions about IPC drainage frequency should be individualized based on patient 
preferences, available resources, and cost burden.

 Comparator Trials and Combination Approaches

Putnam et  al. published the first randomized controlled trial comparing IPC to 
pleurodesis (with doxycycline) in 1999, demonstrating a significant decrease in 
LOS in the IPC group with similar degrees of symptomatic improvement and 
quality- of-life measures between groups [87]. The multicenter Therapeutic 
Intervention in Malignant Effusion (TIME-2) trial compared IPC to chest tube and 
talc slurry pleurodesis with a primary outcome of dyspnea (measured via visual 
analog scale) and found no difference in dyspnea at 6 weeks. The IPC group did 
demonstrate lower dyspnea score at 6 months and shorter hospital LOS. There was 
no significant difference in chest pain, quality of life, serious adverse events, or 
mortality between the two groups [88]. The recent AMPLE trial compared IPC to 
talc slurry pleurodesis and examined hospitalization days as the primary outcome. 
The IPC group had a shorter LOS (10 days vs. 12 days) and required fewer subse-
quent pleural interventions, but complications were higher in the IPC group, most 
common of which were worsening breathlessness and procedure-related pain [89]. 
Given the significance of the reduced LOS associated with IPC placement in avail-
able randomized controlled trials, the recent European Respiratory Society (ERS) 
statement and ATS clinical practice guideline support the use of IPC or pleurodesis 
as first-line definitive pleural intervention in patients with symptomatic MPE with 
expandable lung [11, 13]. The benefit of reduced LOS associated with IPCs must be 
balanced with the increased risk of infection (cellulitis). Clinicians should individu-
alize management choices to patients’ specific values and priorities [11].

With growing evidence supporting IPC use in MPE, there is a burgeoning inter-
est in combined procedures, i.e., talc pleurodesis through IPC, to preserve ambula-
tory management of MPE while still considering pleurodesis as an option. The 
IPC-plus trial was a randomized controlled trial that demonstrated the combination 
of IPC and talc slurry pleurodesis resulted in higher pleurodesis rates and improved 
quality of life compared to IPC and saline with no increase in adverse events [90]. 
A currently recruiting study (ASAP-II) is randomizing patients with MPE to IPC 
with talc and daily drainage versus daily drainage alone [91]. The Early Pleurodesis 
via IPC with Talc for Malignant Effusion (EPIToME) observational trial evaluated 
the efficacy of using IPC as first-line definitive therapy for all patients, followed by 
talc slurry pleurodesis and daily home drainage if feasible. Using this protocol, 
pleurodesis was achieved in 74% of patients at a median of 20 days; however, a 
significant percentage of the patients were not candidates for pleurodesis through 
the IPC [92].
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 Surgical Management

Surgical approaches to MPE (pleurectomy and abrasion pleurodesis) are limited to 
mesothelioma. There is a paucity of high-quality data, and the existing randomized 
trials suggest VATS pleurectomy is associated with more complications and longer 
hospital stays with no additional benefit in terms of pleurodesis success compared 
to talc pleurodesis [13, 93].

 Special Situations

 Nonexpandable Lung

Nonexpandable lung refers to the situation in which the lung cannot completely 
expand to fill the thorax, leaving the visceral and parietal pleura unopposed. 
Elsewhere in the literature, this may be referred to as “trapped lung,” “entrapped 
lung,” or “unexpandable lung” [9, 11, 13]. Nonexpandable lung occurs in as many 
as 30% of patients with MPE, but there is a dearth of quality evidence regarding the 
management of MPE in this scenario [68]. The ability to predict nonexpendable 
lung via pleural manometry, motion over time (M-mode) thoracic ultrasonography, 
and patient symptoms during therapeutic thoracentesis is an area of ongoing study, 
but there is insufficient evidence to support change in current clinical practice [94–
98]. Considering chemical pleurodesis is rarely effective in the setting of nonex-
pendable lung, the high morbidity of surgical approaches such as pleurectomy or 
pleuroperitoneal shunt, and the low observed incidence of complications associated 
with IPCs, each of the major respiratory medicine societies recommend IPC as the 
treatment of choice in MPE with nonexpendable lung [9, 11, 13].

 Loculated or Septated MPE

MPEs divided into multiple separate pockets of fluid (i.e., loculated or septated) 
can prevent complete drainage of the pleural space and may limit lung expansion, 
complicating pleurodesis, or limiting the symptomatic relief provided by IPCs. 
There are few studies examining the role of intrapleural fibrinolytics for loculated 
MPE, and several prioritize nonpatient-centered outcomes such as reduced radio-
logic effusion size [13]. The most recent related trial (TIME-3) randomized 
patients with non-draining MPE due to fibrinous adhesions to either urokinase or 
placebo, followed by talc slurry pleurodesis. There was no difference between 
groups in mean dyspnea or pleurodesis failure rates over 12 months. The study, 
however, was marked by extremely poor overall survival (median survival of 
69 days in the urokinase group and 48 days in the placebo group) [99]. Further 
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research is needed to define the role of fibrinolytics in symptomatic locations, and 
current data are insufficient to support or refute their use in routine clinical prac-
tice. Current guidelines recommend use of IPC over chemical pleurodesis in this 
challenging situation [11].

 Conclusion

MPE is a common complication of advanced malignancy associated with signifi-
cant morbidity, mortality, and cost. The management of MPE has advanced sig-
nificantly in recent years, considering high-quality randomized controlled trials 
and clinical practice guidelines focused on patient-centered outcomes. The evi-
dence supports that both IPCs and chemical pleurodesis with talc slurry or pou-
drage are highly effective at improving symptoms; thus, each approach’s specific 
risks and benefits should be discussed in detail with the patient and their 
caregiver(s) to individualize the decision. MPE remains a heterogenous disease 
both within and between primary tumor types, and investigations of novel thera-
pies based on deeper understanding of pathogenesis or combination pleurodesis 
approaches based on patient-centered outcomes are promising future research 
directions [100–102]. For now, multidisciplinary discussions centering on patient 
preferences and palliation remain paramount in the optimal management of 
MPE [103].
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Chapter 11
Pulmonary Complications of Lung Cancer 
Treatment

Kathleen A. McAvoy and Jennifer D. Possick

 Introduction

As innovations in lung cancer therapies improve patient survival, treatment histories 
become more complex. Treatment has shifted to include systemic therapies at ear-
lier stages of disease and in novel combinations. Tolerability profiles of newer thera-
pies allow for use in older, more comorbid patients, and for many, cancer is becoming 
a chronic disease. Consequently, patients encounter more therapy types over time, 
increasing the possibility of sequential complications, synergistic toxicities, and 
delayed-onset events. Growing survivorship highlights the importance of pulmon-
ologists in recognizing complications, addressing treatment, and providing longitu-
dinal care.

Patients with lung cancer are at risk for many types of pulmonary complications 
arising from their underlying malignancy, treatments they receive, or their comor-
bidities. Treatment-related complications must be rapidly distinguished from other 
causes to avoid undue morbidity and mortality [1]. Conversely, inappropriately 
invoking oncologic treatments as the cause of a patient’s symptoms may lead to 
discontinuation of effective therapies. Nonspecific clinical features and lack of gold 
standard diagnostic criteria pose significant challenges to treating physicians. 
Fundamentally, diagnosis of treatment-related complications is one of exclusion. 
Here we present a general approach to evaluating a patient with lung cancer present-
ing with new pulmonary symptoms, before considering the nuances of toxicities 
related to individual therapies.
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 Approach to the Patient with Lung Cancer and New 
Pulmonary Symptoms

Dyspnea and cough are the most common presenting symptoms of treatment-related 
lung disease but are common symptoms in lung cancer and chronic lung diseases. 
Advent or exacerbation of such symptoms must be thoroughly investigated before 
definitive attribution is made. Patients with baseline lung function impairments or 
cardiopulmonary comorbidities have diminished reserve to tolerate superimposed 
processes, so precipitating cause(s) may be subtle. The presence of concurrent non- 
pulmonary symptoms might invoke alternative causes or implicate a therapy with 
extrapulmonary toxidromes. Though radiographic abnormalities are relevant to 
diagnosis, examining longitudinal changes and referencing baseline imaging is 
essential.

 General Approach to Evaluation

Systematic evaluation should emphasize exclusion of alternative causes [2]. 
Conventional computed tomography (CT) imaging is helpful in assessing for malig-
nancy progression and evaluating for most treatment-related complications unless 
pulmonary embolism is suspected, in which case CT angiography is required. 
Pulmonary function tests (PFTs) can establish the presence of obstructive or restric-
tive ventilatory defects and diffusion impairments but require comparison to prior 
data to be instructive. Bronchoscopy with bronchoalveolar lavage (BAL) helps 
exclude infection, especially in immunocompromised patients, and transbronchial 
biopsy can assess for disease progression. Failure to consider all possible explana-
tions for new symptoms may lead to misdiagnoses, delays in appropriate care, and 
inappropriate discontinuation of therapies.

Multidisciplinary lung cancer care, including pulmonologists, medical oncolo-
gists, radiation oncologists, thoracic surgeons, radiologists, and palliative medicine 
specialists, is known to improve patient outcomes [3]. Evaluation of complications 
during lung cancer treatment is no different, and collaborative discussion of cases 
may improve diagnostic confidence.

 Pulmonary Complications of Radiation Therapy

Though modern radiation techniques have evolved to minimize effects on surround-
ing tissues, radiation-induced complications including radiation pneumonitis, fibro-
sis, and recall phenomena impact a significant number of patients [4].
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 Epidemiology, Risk Factors, and Risk Reduction

In classic radiation pneumonitis associated with whole-lung radiation, incidence 
was reported as high as 20% and increased predictably with escalating total dose 
[5]. Modern techniques such as stereotactic body radiation therapy (SBRT) 
decreased incidence, though reported rates vary [6]. SBRT carries a 9.4% risk of 
clinically significant radiation pneumonitis, with less than 5% of patients develop-
ing high-grade toxicity [4, 7]. The exception is in patients with history of prior 
thoracic radiation receiving subsequent palliative SBRT; in these instances, the risk 
of high-grade pneumonitis is as high as 20% [8].

Additional treatment-related factors influence the incidence and severity of radi-
ation pneumonitis. In traditional radiation therapy, morbidity and mortality from 
radiation pneumonitis increase sharply over a narrow dose range once a threshold 
dose is exceeded [6]. The distribution of a given radiation dose to surrounding nor-
mal lung tissue is important. The volume of normal lung receiving 20 Gy or more 
during treatment, or V20, is a strong predictor of clinically significant radiation 
pneumonitis—V20 less than 22% yields 0% risk, versus 36% risk for V20 over 40% 
[9]. In SBRT, the dose-toxicity relationship is not as well-established, but V10, V20, 
and mean lung dose can all help predict toxicity; fractionating radiation into smaller 
doses allows normal tissues a period of recovery.

Several factors, including older age, female sex, poor performance status, comor-
bid lung disease, and abnormal baseline lung function, are associated with increased 
risk for radiation pneumonitis [5, 6, 10]. Patients who actively smoke may have 
lower risk of radiation pneumonitis [9]. The presence of preexisting radiographic 
interstitial lung disease (ILD), including subclinical disease, increases the inci-
dence, severity, and mortality from radiation pneumonitis [4]. Patients with preex-
isting ILD are more likely to have uncommon presentations of pneumonitis, often 
with extensive radiographic changes outside the treatment field [11].

As guidelines for lung cancer treatment evolve to include neoadjuvant and adju-
vant systemic therapies in earlier stages of disease, and as the complement of poten-
tial systemic therapies expands, the potential for synergistic toxicity augmenting 
radiation pneumonitis risk increases. Radiation recall pneumonitis, a delayed 
inflammatory reaction in previously irradiated tissue triggered by antineoplastic 
agents, is a well-recognized phenomenon [12]. Several drugs shown to increase or 
carry risk of radiation or radiation recall pneumonitis include bevacizumab, BRAF 
inhibitors, epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR- 
TKIs), gemcitabine, immune checkpoint inhibitors (ICIs), pemetrexed, taxanes, 
topoisomerase I inhibitors, and vinorelbine [9, 12–16]. These drugs can cause drug- 
induced pneumonitis in the absence of radiation therapy, making discrimination 
between radiation-recall and drug-induced pneumonitis difficult, and estimation of 
incidence less precise [13].
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 Phases of Radiation-Induced Lung Injury

As radiation passes through tissues, free radical injury causes microscopic changes 
in the lung parenchyma apparent within hours of treatment [9]. While microscopic 
injury is ubiquitous in radiation treatment, not every patient develops clinically sig-
nificant radiation pneumonitis [9, 17]. Within 3–12 weeks following treatment, it is 
common to observe faint ground glass opacities within the radiation field which 
may not conform to anatomic boundaries (“in-field”). In the 3–6 months following 
treatment completion, this may progress to a more dense, consolidative appearance 
with air bronchograms, traction bronchiectasis, and volume loss. While subsequent 
fibrosis and scarring should correspond to the shape of the “radiation portal,” ana-
tomic distortion, and mediastinal shift may make identification of treatment field 
boundaries more difficult [17]. Fibrosis is insidious, taking up to 2 years to stabilize 
(Fig. 11.1).

 Evaluation of Suspected Radiation-Induced Lung Injury

Identifying clinically significant radiation pneumonitis is important, as those with 
severe toxicity have worse survival [6]. Diagnosis is circumstantial based on symp-
toms, therapy characteristics, compatible imaging, and exclusion of alternative 
causes [9].

Patients may first demonstrate cough and thickened secretions from ciliary dys-
function [17]. Symptoms of acute radiation pneumonitis typically present 
3–12 weeks after completion of treatment and include fever, nonproductive cough, 
dyspnea, and malaise [9]. Though physical exam is frequently normal, rales, rhon-
chi, dullness to percussion, or pleural rub may be observed [17, 18]. Laboratory 

a b c

Fig. 11.1 Evolution of radiographic changes following thoracic radiation. A 74-year-old with 
stage IIIA adenocarcinoma of the right upper lobe received concurrent chemoradiation with 
platinum- doublet chemotherapy and 60 Gy in 30 fractions to the right upper lung and mediasti-
num. (a) Pre-treatment imaging without preexisting interstitial lung disease; primary tumor is 
excluded from this image. (b) Eight weeks after radiation, ground glass opacities consistent with 
radiation pneumonitis appear within the treatment field. (c) Eight months later, consolidative 
changes, traction bronchiectasis, and volume loss consistent with radiation fibrosis appear in the 
same region
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studies may demonstrate a modest elevation in white blood cells (WBC) and eleva-
tion in erythrocyte sedimentation rate or C-reactive protein [9].

Establishing a diagnosis of radiation pneumonitis can be challenging in patients 
receiving concurrent systemic treatments that could also result in lung injury. 
Identification of “in-field” changes on CT imaging can help differentiate direct 
cytotoxic effect from systemic insult; reviewing treatment field maps with the radia-
tion oncologist is instructive [9, 18]. Ground glass opacities outside of the radiation 
field in a pattern more consistent with organizing pneumonia may be observed, pos-
sibly due to a systemic immunologic response to the initial local injury [9].

No test can confirm or exclude a diagnosis of radiation pneumonitis [18]. 
Bronchoscopy with BAL +/−  transbronchial biopsy can help rule out alternative 
causes such as infection or progression of tumor and may demonstrate increased 
leukocytes, CD4+ lymphocytes, or nonspecific inflammatory patterns [9, 18]. PFTs 
typically remain unchanged during and 4–8 weeks following radiation treatment; in 
the setting of radiation pneumonitis or fibrosis, declines in diffusion capacity, forced 
vital capacity, and total lung capacity may be observed [6].

 Management of Radiation-Related Pulmonary Toxicity

Treatment for radiation pneumonitis is stratified by clinical severity [18]. The 
Common Terminology Criteria for Adverse Events (CTCAE) scale (Table  11.1) 
defines the grading schema used to classify severity for both radiation pneumonitis 
and drug-induced lung disease [19].

Patients with mild symptoms (grade ≤2) may be observed or may consider a trial 
of inhaled corticosteroids [9]. For patients with severe pneumonitis (grade ≥3), oral 
corticosteroids (prednisone 1 mg/kg/day for 2–4 weeks followed by a 6–12-week 
taper) are the mainstay of treatment despite a lack of randomized controlled trials 
demonstrating efficacy [6]. Relapse can occur when treatment is stopped or tapered, 
though inhaled corticosteroids may mitigate recrudescence [20]. Azathioprine can 
be considered as a steroid-sparing agent if required [6]. Prognosis is good, and 
symptoms typically resolve in 6–8 weeks without long-term sequelae [9, 17].

Systemic steroids are ineffective once lung fibrosis is established, and supportive 
care should be provided to mitigate chronic symptoms [18]. Those who develop 
radiation fibrosis have minimal chronic symptoms if injury is confined to less than 
50% of one lung. Chronic respiratory failure due to radiation fibrosis is rare [17].
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Table 11.1 The National Cancer Institute Common Terminology Criteria for Adverse Events 
(CTCAE) grading scale for pneumonitis and suggested approach to management of ICI pneumonitis

CTCAE grade: definition
Suggested management for ICI pneumonitisRadiographic findings

CTCAE grade 1: asymptomatic; clinical or 
diagnostic observations only; intervention 
not indicated

• Hold ICI or continue with close clinical 
monitoring (including pulse oximetry)

Radiographic changes: one lobe or <25% of 
lung parenchyma

• Short interval radiographic follow up 
recommended (~4 weeks)
• Consider repeat PFTs for those with baseline 
testing available
• If no improvement, or if symptoms develop, 
treat as grade 2

CTCAE grade 2: symptomatic; medical 
intervention needed; limiting instrumental 
ADLa

• Hold ICI until improvement to grade ≤1

Radiographic changes: >1 lobe or 25–50% 
of lung parenchyma

• Consider bronchoscopy with 
BAL +/− transbronchial biopsy after less invasive 
workupb

• Prednisone 1–2 mg/kg/day; taper over 
4–6 weeks based on clinical and radiographic 
improvement
• Consider empiric broad-spectrum antibiotics
• If no improvement after 48–72 h, treat as 
grade 3

CTCAE grade 3: severe symptoms; limiting 
self-care ADLc; oxygen indicated

• Permanently discontinue ICI

Radiographic changes: all lobes or >50% of 
lung parenchyma

• Hospitalization indicated

or • Consider bronchoscopy with 
BAL +/− transbronchial biopsy after less invasive 
workupb, as patient able to tolerate

CTCAE grade 4: life-threatening 
respiratory compromise; urgent intervention 
indicated (e.g., tracheotomy or intubation)

• Methylprednisolone IV 1–2 mg/kg/day; taper 
over ≥4–6 weeks based on clinical and 
radiographic improvement
• Consider empiric broad-spectrum antibiotics
• If no improvement after 48 h, consider 
secondary immunosuppressive agentd

Adapted from: Common Terminology Criteria for Adverse Events (CTCAE), Version 5.0, 
November 2017; Management of Immunotherapy-Related Toxicities, V 1.2022, NCCN Clinical 
Practice Guidelines; Schneider et al. 2021
ICI immune checkpoint inhibitor, PFTs pulmonary function tests, ADL activity of daily living, 
BAL bronchoalveolar lavage, IV intravenous, PO orally
a Preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc.
b Respiratory viral nasal swab (including SARS-CoV-2), sputum cultures (bacterial, fungal, acid 
fast), blood cultures, urine antigen tests for legionella and pneumococcus, serum fungal markers
c Bathing, dressing and undressing, feeding self, toileting, taking medications
d Options include infliximab (5 mg/kg IV; second dose may be repeated after 14 days), mycophe-
nolate (0.5–1 g PO every 12 h), intravenous immunoglobulin (2 g/kg over 2–5 days in divided 
doses), or cyclophosphamide (1–2 mg/kg/day)
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 General Approach to Evaluation of Suspected Drug-Induced 
Lung Disease

There are no universally accepted criteria for the diagnosis of drug-induced lung 
disease, and as treatment paradigms become more complex, identifying an indi-
vidual culprit agent is increasingly challenging. Diagnosis is based on exposure, 
compatible clinical picture, and exclusion of other potential causes.

 Patient Assessment

The most common symptoms of drug-induced lung disease include new or worsen-
ing dyspnea, nonproductive cough, fever, and sometimes weight loss. Drug-related 
pneumonitis may occur days, weeks, or months following therapy initiation [21]. 
Physical exam may be normal or may demonstrate tachypnea, resting or ambulatory 
hypoxemia, rales on auscultation, and, less commonly, dullness to percussion sug-
gestive of pleural effusions [1]. Detailed drug exposure history is essential to diag-
nosing drug-induced lung disease. Since the development of symptoms may be 
considerably delayed, the offending agent may have already been discontinued. 
Concurrent and sequential therapies further confound accurate attribution, and syn-
ergistic toxicities must be considered [22].

 Diagnostic Testing

Diagnostics should be leveraged to systematically exclude other possible causes and 
characterize illness severity [23]. Radiographic changes may lag symptoms by days 
to weeks. CT imaging is preferred over chest X-ray in detecting subtle abnormali-
ties, with high-resolution CT imaging providing a detailed assessment of the pattern 
and distribution of parenchymal changes [2]. Radiographic manifestations of drug- 
induced lung disease are heterogeneous and nonspecific; “typical” imaging findings 
specific to individual agents will be discussed below. Temporal association between 
drug exposure and clinical presentation is key; it is prudent to compare imaging at 
the time of symptom onset to pre-treatment images and evaluate changes longitudi-
nally [23]. Subclinical preexisting ILD, often underappreciated on baseline imag-
ing, may worsen considerably with superimposed drug toxicity.

PFTs are typically abnormal in drug-induced lung disease compared to pre- 
treatment testing. A decrease in diffusing capacity is usually the first abnormality 
observed and may herald the development of symptoms or radiologic abnormalities. 
A reduction in lung volumes may subsequently develop [1].

The greatest utility of bronchoscopy in evaluating drug-induced lung injury is 
excluding other causes such as infection and progression of disease [1]. BAL can 
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suggest drug-related causes if “bizarre” multinucleated type II pneumocytes are 
present, pulmonary hemorrhage is demonstrated on serial aliquots, or a lymphocytic 
alveolitis is seen [21]. Transbronchial biopsy may help differentiate pneumonitis 
from progression of malignancy but is rarely definitive [2, 21]. Typically observed 
histopathologic findings (e.g., usual interstitial pneumonia (UIP), nonspecific inter-
stitial pneumonia (NSIP), organizing pneumonia (OP), diffuse alveolar damage 
(DAD)) are not pathognomonic for drug reactions, and some individual drugs can 
produce more than one pattern [24].

 Assessing Severity and Principles of Management

As in radiation-related lung injuries, the CTCAE terminology helps to standardize 
severity gradation of drug-induced lung disease (Table 11.1) [19]. Management is 
guided by CTCAE grade and includes temporary or permanent drug suspension, 
treatment with corticosteroids, and appropriate supportive care. Prophylaxis against 
Pneumocystis jirovecii should be considered in patients receiving ≥20-mg predni-
sone equivalent daily for ≥4  weeks. Prophylaxis against gastritis with a proton 
pump inhibitor and against osteoporosis with calcium and vitamin D supplementa-
tion should be considered in those receiving long-term steroids [25].

 Management of Pulmonary Complications 
of Systemic Therapies

 Traditional Chemotherapies

Selected toxicities associated with traditional chemotherapeutic agents utilized in 
the treatment of lung cancer are discussed in detail below and summarized in 
Table 11.2.

 Platinum Agents

Platinum agents are commonly used in the treatment of non-small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC), typically combined with an additional 
chemotherapeutic agent to form a “platinum doublet” [26–28]. While drugs that are 
combined with platinum agents pose a risk of pneumonitis, there are no reports of 
drug-related pneumonitis associated specifically with these drugs.

Cisplatin is associated with increased thromboembolic events, both arterial and 
venous. One retrospective analysis showed a 10.2% incidence of thromboembolic 
events in patients with small cell lung cancer, while another mixed cohort showed 
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Table 11.2 Chemotherapy agents and targeted therapies associated with pulmonary toxicity 
syndromes

Drug class (agents) Toxicity syndromesa Comments

Platinum agents (carboplatin, 
cisplatin)

Thromboembolism • Specific to cisplatin; arterial and 
venous

Taxanes (paclitaxel, 
nab-paclitaxel, docetaxel)

Pneumonitis • Higher risk with concurrent 
radiation
• Fulminant, refractory cases 
reported

Capillary leak • Specific to docetaxel
Pemetrexed Pneumonitis/ILD • Extremely rare, higher risk in 

Asian populations
Gemcitabine Dyspnea • Typically mild, self-limited

Pneumonitis/ILD • Highest risk with concurrent 
radiation
• Fulminant, refractory cases 
reported

Etoposide Pneumonitis • Rare, but fulminant cases reported
Topo I inhibitors (irinotecan, 
topotecan)

Dyspnea, cough • Very common
ILD • Rare, but fulminant cases reported

Vinorelbine Pneumonitis • Increased risk with concurrent 
radiation in older patients

Alkylating agents 
(lurbinectedin, temozolomide)

Pneumonitis/ILD • Unique to temozolomide
Pneumonia • Unique to lurbinectedin

• May be related to associated 
neutropenia

Opportunistic infections • Unique to temozolomide
• May be related to associated 
lymphopenia

Anti-VEGF (bevacizumab, 
ramucirumab)

Hemorrhage, hemoptysis • Highest risk with squamous cell, 
thoracic radiation, central tumors

Thromboembolism • Predominantly arterial
Tracheoesophageal 
fistulae

• Specific to bevacizumab
• Highest risk with concurrent 
radiation

EGFR-TKI (afatinib, 
dacomitinib, erlotinib, 
gefitinib, mobocertinib, 
osimertinib)

Pneumonitis/ILD • Highest risk with osimertinib, 
mobocertinib
• High risk in Japanese patients

Transient, asymptomatic 
pulmonary opacities

• Specific to osimertinib

EGFR-mAb (amivantamab, 
cetuximab, necitumumab)

Pneumonitis/ILD • No reports with necitumumab to 
date

Thromboembolism • Specific to necitumumab
ALK-TKI (alectinib, 
brigatinib, ceritinib, crizotinib, 
lorlatinib)

Pneumonitis/ILD • Lowest risk with ceritinib, highest 
risk with brigatinib

(continued)
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Table 11.2 (continued)

Drug class (agents) Toxicity syndromesa Comments

BRAF kinase inhibitor 
(dabrafenib, trametinib, 
vemurafenib)

Pneumonitis/ILD • Vemurafenib associated with 
drug-induced and radiation recall 
pneumonitis

Thromboembolism • Specific to sabrafenib + trametinib 
combination

Sarcoid-like reactions • Specific to vemurafenib
KRAS inhibitor (sotorasib) Pneumonitis • Possibly higher risk following ICI 

use
RET (pralsetinib, 
selpercatinib)

Pneumonitis/ILD • Specific to pralsetinib
Hemorrhage, hemoptysis • Specific to selpercatinib

MET (capmatinib, tepotinib) Pneumonitis/ILD • Successful challenge of one drug 
after toxicity from another has been 
reported

Peripheral edema, 
pleural effusion

• Peripheral edema more common 
with capmatinib, pleural effusion 
with tepotinib

References and details can be found in the corresponding text
ILD interstitial lung disease, VEGF vascular endothelial growth factor, EGFR epidermal growth 
factor, TKI tyrosine kinase inhibitor, mAb monoclonal antibody, HSR hypersensitivity reaction, 
ALK anaplastic lymphoma kinase, ICI immune checkpoint inhibitor
a Toxicity syndromes refer to those common to all drugs in that class, unless otherwise specified in 
the comments

an incidence of 18.1% [29, 30]. Thromboembolism should therefore be considered 
in the differential diagnosis of dyspnea in this setting.

 Taxanes

Paclitaxel and docetaxel are associated with pneumonitis and frequently used in 
advanced NSCLC and relapsed SCLC [26–28]. Rates of pneumonitis among 
patients with NSCLC range from 3% to 12% in those receiving concurrent radiation 
[31]. A phase II trial in extensive-stage SCLC (ES-SCLC) demonstrated a pneumo-
nitis rate of 5.6% with paclitaxel monotherapy [32]. A retrospective analysis of 
docetaxel revealed rates up to 25% in patients with preexisting interstitial changes, 
though this has not been observed with other taxanes [33]. Additional risk factors 
associated with taxane-induced pulmonary toxicity include frequent dosing, con-
current gemcitabine administration, and concurrent radiation therapy [34–36]. 
Taxane pneumonitis typically presents with diffuse, bilateral ground glass opacities 
on CT scan within a few weeks of treatment initiation, though other imaging pat-
terns have been described [31]. In cases of taxane pneumonitis, the offending drug 
should be discontinued, and treatment with systemic corticosteroids should be 
promptly initiated. Fulminant respiratory failure despite these measures has been 
reported.

K. A. McAvoy and J. D. Possick



239

Another reaction unique to docetaxel is capillary leak. This phenomenon leads to 
fluid retention in peripheral tissues, including pleural and peritoneal spaces. It usu-
ally occurs after several cycles of docetaxel, and pre-treatment with steroids may 
reduce risk or delay onset [37]. Diuretics can manage fluid retention, and thoracen-
tesis can be considered for severely symptomatic patients.

 Pemetrexed

Pemetrexed is a frequently used chemotherapy agent in the treatment of 
NSCLC. Though trials involving pemetrexed in the United States did not observe 
significant pneumonitis events, one phase II trial in Japan reported eight cases of 
ILD/pneumonitis (incidence 3.5%), including one fatal event [38]. Japanese post- 
marketing surveillance data suggest an overall incidence of 1.8% with a high pro-
portion of high-grade events [39]. Pemetrexed should be withheld for any patient 
with acute-onset pulmonary symptoms and permanently discontinued if pemetrexed- 
related pneumonitis is strongly suspected [40]. Corticosteroids are typically admin-
istered. Re-challenge is not recommended, as fatalities have been reported [41].

 Gemcitabine

Gemcitabine is used in combination with a platinum agent to treat NSCLC, espe-
cially squamous cell tumors [27]. One systematic review of gemcitabine in the treat-
ment of multiple malignancies suggested an incidence of severe (grade ≥3) 
pulmonary toxicity from 0% to 5%, though rates were substantially higher (13.8%) 
in NSCLC [42]. This is complicated by frequent coadministration of taxane agents 
in this population [35]. Mortality may be as high as 20–37%, with risk factors 
including prior thoracic radiation and preexisting lung disease. One study investi-
gating concurrent chemoradiation with gemcitabine had to be terminated early due 
to high rates (31.6%) of high-grade pneumonitis [43]. Symptoms are typically 
observed following the second cycle of treatment. Though considerable variability 
exists, reticulonodular interstitial infiltrates are the most common radiographic pat-
tern seen. Pathology is heterogeneous, ranging from capillary leak to DAD [44, 45]. 
Once recognized, prompt initiation of corticosteroids is indicated with administra-
tion of diuretics as an additional supportive measure [42, 44]. Steroid-refractory 
cases have been reported [45].

 Etoposide

Etoposide is typically used in combination with other chemotherapeutic agents in 
the treatment of NSCLC and SCLC [26–28]. Pneumonitis has rarely been reported 
in association with etoposide, including steroid-refractory, fatal events. Risk factors 
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remain unknown, and rechallenge is discouraged since recurrent pneumonitis typi-
cally develops [46, 47].

 Topoisomerase I Inhibitors

Topoisomerase I inhibitors are used to treat some patients with SCLC [28]. The 
incidence of topotecan-related ILD is unknown, though there are case reports of 
fatal respiratory failure [48]. Irinotecan-related ILD is rare (1.3%) but accounted for 
11% of treatment-related deaths in one study [49]. Risk factors include preexisting 
lung disease and concurrent use of other pneumotoxic drugs, thoracic radiation, or 
colony-stimulating factors [50, 51]. Imaging most commonly reveals reticulonodu-
lar infiltrates, and 80% of cases occur within 16 weeks of treatment initiation [52, 
53]. Most patients respond to systemic corticosteroids, but fatal steroid-refractory 
cases have been described.

 Vinorelbine

Vinorelbine is used with cisplatin to treat advanced-stage NSCLC and relapsed 
ES-SCLC [26–28]. Vinorelbine-associated pneumonitis is subacute, occurs days 
after infusion, presents with progressive dyspnea, and rarely evolves into respira-
tory failure [54]. One phase II study reported an incidence of 2.5%, with imaging 
demonstrating either a reticulonodular pattern or diffuse ground glass opacities. 
There is heightened risk of pneumonitis in elderly patients receiving concurrent 
thoracic radiation [15]. Systemic corticosteroids are typically employed, and steroid 
refractory cases may improve with cyclophosphamide [55].

 Alkylating Agents

Alkylating agents have recently been introduced in treating relapsed ES-SCLC [28]. 
Though high-grade events of pneumonia (7%), dyspnea (6%), and respiratory tract 
infection (5%) were reported in patients receiving lurbinectedin, there are no estab-
lished pulmonary toxicities associated with this drug [56].

For temozolomide-associated pulmonary toxicity, data are largely gleaned from 
use in other cancers. A phase II trial in patients with recurrent or progressive brain 
metastases from different primary malignancies reported pneumonitis in up to 5% 
[57]. There are additional case reports of temozolamide-associated lung toxicity 
with use for glioglastoma [58, 59]. Cessation of temozolomide and trial of cortico-
steroids appears successful in most cases.

There is an increased risk of opportunistic infections, most notably Pneumocystis 
jirovecii pneumonia, associated with use of temozolomide, attributed to either drug- 
related lymphopenia or concomitant corticosteroid use [60]. As temozolomide use 
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increases for lung cancer treatment, the rate of opportunistic infections will have to 
be closely observed.

 Immunotherapy/Immune Checkpoint Inhibitors

ICIs include antibodies directed against the PD-1 receptor (nivolumab, pembroli-
zumab, cemiplimab), the PD-L1 ligand (durvalumab, atezolizumab), or the cyto-
toxic T-lymphocyte antigen (CTLA-4) receptor (ipilimumab), and target 
tumor-induced immunosuppression of T cells, restoring intrinsic antitumor 
responses [61, 62]. Treatment with ICIs confers risk for unique toxicities known 
collectively as immune-related adverse events (IRAEs) which can affect any organ. 
Pneumonitis and sarcoid-like reactions are the primary pulmonary toxicities of 
interest, though IRAEs affecting other organ systems (such as myocarditis and 
endocrinopathies) can present with respiratory symptoms and relevant radiographic 
abnormalities [63].

 Pneumonitis Epidemiology and Risk Factors

Pneumonitis is a relatively rare side effect of ICIs. As is typically the case, rates in 
real-world practice are higher than clinical trials suggested, owing to treatment of 
patients excluded from clinical trials and heightened awareness of IRAEs. The inci-
dence of pneumonitis associated with anti-PD-1/PD-L1 use is estimated at 3–5%, 
though some studies report rates up to 19% [62, 64, 65]. Approximately 40% of 
those who develop ICI pneumonitis present with grade ≥3 disease; pneumonitis is 
the most frequent fatal IRAE and a common reason for termination of ICI ther-
apy [65].

ICI pneumonitis occurs more commonly in patients with NSCLC than with other 
cancer types [66]. Additional risk factors include female sex, poor functional status, 
prior thoracic radiation, combination immunotherapy, tumor infiltration with pul-
monary lymphangitis, and squamous pathology [63, 65, 67]. Patients with preexist-
ing ILD are at increased risk for both all-grade and high-grade pneumonitis 
compared to those without (27% vs. 10% all-grade, 15% vs. 4% grade ≥3) [68]. 
ILD is not an absolute contraindication to receiving ICI therapy, and pneumonitis in 
these patients is often manageable.

ICIs are increasingly used in combination with other treatment modalities. Dual 
ICI therapy with PD-1 and CTLA-4 inhibition increases pneumonitis risk (7% vs. 
3–5% for monotherapy) [69]. Combining nivolumab with carboplatin/paclitaxel/
bevacizumab resulted in increased rates of all-grade pneumonitis compared to che-
motherapy alone (7.3% vs. 1.1%), and in a trial of nivolumab with gemcitabine/
cisplatin, 10 of 12 patients discontinuing therapy did so due to pneumonitis [70, 71]. 
A trial evaluating concomitant durvalumab with the EGFR-TKI osimertinib was 
discontinued due to increased incidence of ILD (22%) [72].
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As patients segue from one treatment to another, prior therapies become relevant 
to current clinical presentations [62]. For example, sequential use of nivolumab fol-
lowed by an EGFR-TKI resulted in a 25.7% pneumonitis rate [73]. There may be a 
synergistic effect between ICI and the KRAS inhibitor sotorasib, as all three patients 
who died of pneumonitis in a phase II trial of sotorasib had received prior treatment 
with an ICI [74]. The PACIFIC trial evaluated durvalumab consolidation therapy 
following concurrent platinum-doublet-based chemoradiation. Reported rates did 
not discriminate between radiation- and drug-induced pneumonitis, but the group 
receiving durvalumab showed elevated rates of all-grade pneumonitis compared 
with chemoradiation alone (30% vs. 26%); the rate of high-grade pneumonitis was 
similar between the two groups (3%) [75]. This is in contrast to rates of pneumonitis 
observed with concurrent use of pembrolizumab with chemoradiation (~19% all- 
grade, 7–8% grade ≥3) [76].

 Clinical Presentation and Evaluation of ICI Pneumonitis

Onset of ICI pneumonitis varies, but median time of onset is 2–3  months [77]. 
Higher-grade (grade ≥3) pneumonitis tends to occur earlier, while reactions devel-
oping >6 months after initiation are typically low grade [67]. Presentation may be 
masked or delayed if patients received corticosteroids to manage extrapulmonary 
ICI toxicities [70].

Symptoms of ICI pneumonitis include nonproductive cough, dyspnea, hypox-
emia, fever, and chest pain [65]. Up to 33% of patients with ICI-pneumonitis are 
asymptomatic at the time of diagnosis [77]. Physical exam may reveal tachypnea, 
hypoxemia, or inspiratory rales, but is often unremarkable [78].

Evaluation with CT scan is recommended. No one radiologic feature is pathog-
nomonic for ICI pneumonitis; however common findings include ground glass 
opacities or confluent areas of peripheral consolidation [77, 79]. Additional radio-
graphic features may include increased interstitial markings with interlobular septal 
thickening and subpleural reticulation, centrilobular and tree-in-bud nodules, or a 
mixture of any of these imaging features [77]. Eighty-six percent of imaging 
changes occur away from the peritumoral area, so new radiographic findings near 
known malignant lesions are suspicious for disease progression [67].

As with all suspected drug-induced lung disease cases, steps should be taken to 
exclude infection as an alternative cause for symptoms and radiographic findings 
[25]. Bronchoscopy with BAL should be considered, when feasible, for patients 
with grade ≥2 pneumonitis to help exclude infection prior to initiation of immuno-
suppression, and may reveal lymphocytosis [64, 65]. While transbronchial biopsy is 
not required to diagnose ICI pneumonitis, it should be performed if there is concern 
for progression of disease [64].
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 Management of ICI Pneumonitis

Management of ICI-related pneumonitis and other IRAEs is based solely on clinical 
experience, as no prospective trials evaluating optimal treatment strategy have been 
completed [79]. Since ICI pneumonitis is the leading cause of ICI-related deaths in 
patients with lung cancer, multidisciplinary collaboration is strongly recommended, 
particularly for severe or ambiguous presentations [65, 69]. Recommendations for 
management of ICI pneumonitis based on the American Society of Clinical 
Oncology (ASCO) and National Comprehensive Cancer Network (NCCN) guide-
lines are summarized in Table 11.1; treatment involves drug suspension/discontinu-
ation with initiation of corticosteroids as indicated [25, 80]. Ideally, infection should 
be definitively ruled out prior to initiation of immunosuppression. The role of 
empiric antibiotics is debated, but they are commonly administered for high-grade 
events [65].

Initiation of systemic corticosteroids typically results in rapid improvement in 
patient symptoms and oxygenation. Patients failing to improve within 48 h of corti-
costeroid initiation may warrant consideration of additional immunosuppression. 
Steroid-refractory pneumonitis constitutes 10–40% of cases and is associated with 
50% 90-day all-cause mortality [77, 81, 82]. Options for therapy include infliximab, 
mycophenolate mofetil (MMF), intravenous immunoglobulin (IVIG), and cyclo-
phosphamide (Table 11.1) [80].

In cases of grade 2 pneumonitis, ICI rechallenge may be considered once symp-
toms improve to grade 1 or better; 50–70% tolerate therapy without recurrence, 
while 25% develop recurrent pneumonitis [77, 83]. In the event of grade 3 or 4 
toxicity, permanent discontinuation of ICI is recommended.

 ICI-Related Sarcoidosis

Several reports of ICI-induced pulmonary sarcoidosis have been published, more 
commonly with anti-CTLA-4 therapy [69, 84]. Isolated mediastinal/hilar lymph-
adenopathy, often with significant PET avidity, is the most common presentation; 
however concurrent parenchymal subpleural micronodular opacities is also observed 
[69, 80]. Half of patients are asymptomatic.

This sarcoid-like reaction should be considered in patients receiving ICIs who 
demonstrate new lymphadenopathy. Evaluation should include bronchoscopy with 
endobronchial ultrasound (EBUS) to rule out disease progression [69].

Radiographic findings will often regress when treatment is discontinued. 
Corticosteroids or other immunomodulators can be considered for those with symp-
toms or progressive radiographic changes [85]. Some studies suggest that the devel-
opment of sarcoid-like reactions from ICI therapy is associated with increased 
survival [84].
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 Molecularly Targeted Agents

The use of molecularly targeted agents in treating advanced NSCLC has greatly 
advanced in recent years. Known pulmonary and related toxicities related to these 
drugs are summarized in Table 11.2 and discussed by class.

 VEGF

Antiangiogenic agents targeting vascular endothelial growth factor (VEGF) are 
used in combination with traditional chemotherapeutic agents for advanced or pro-
gressive NSCLC, regardless of specific driver mutations [26, 27].

Bevacizumab is associated with hemorrhagic complications, including hemopty-
sis and alveolar hemorrhage. Phase IV studies, which excluded individuals deemed 
high-risk for hemorrhage (squamous histology, cavitation, central tumor location), 
demonstrated 1% rates of grade ≥3 pulmonary hemorrhage and fatal hemoptysis 
[86–88]. Most cases of hemoptysis occur within weeks of treatment initiation. 
Bevacizumab should be permanently discontinued in the case of grade ≥3 bleeding. 
The management of localized bleeding may be treated bronchoscopically or endo-
vascularly with interventional radiology, depending on resources available.

Arterial thromboembolic events have also been linked to bevacizumab use for 
other malignancies (incidence of grade 3–5 events ~5%). In cases of high-grade 
severe arterial thromboembolism, bevacizumab should be discontinued [89]. 
Concurrent treatment with bevacizumab and radiation is avoided due to increased 
risk of tracheoesophageal fistulae formation; in the event of fistula formation, man-
agement consists of placement of a covered stent [90].

Ramucirumab is second-line therapy used less commonly [27]. It is similarly 
associated with the risk of high-grade hemorrhage including hemoptysis (2–5%), 
arterial thromboembolic events (grade ≥3 1–2%), and infusion-related reac-
tions [91].

 EGFR

Though pneumonitis is considered low frequency (~1%), it remains the most com-
mon fatal adverse effect related to EGFR-TKI use [92, 93]. Incidence varies across 
studies depending on patient cohort and specific agent. Low rates (≤1%) are seen 
with gefitinib, afatinib, erlotinib, and dacomitinib, though approximately one-third 
of cases of ILD from gefitinib are fatal [94–97]. Osimertinib has a higher incidence 
of 2.4%, and mobocertinib is the highest at 4.3% [93, 98]. Onset of pneumonitis/
ILD is generally within 24–42 days following treatment initiation; fulminant, severe 
presentations can be seen [94].

Risk factors for EGFR-TKI-associated pneumonitis include older age, smoking, 
pre-existing ILD, poor functional status, recent NSCLC diagnosis, and abnormal 
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baseline lung parenchyma on CT scan [93]. Incidence of pneumonitis appears high-
est in Japanese cohorts [93, 94]. As previously discussed, there is an increased risk 
of pneumonitis with combined use of ICIs and EGFR-TKIs, especially with osimer-
tinib [73, 99]. This effect was not seen when an EGFR-TKI was administered before 
immunotherapy, suggesting that therapy order may impact risk [100, 101].

Imaging can vary from nonspecific areas of ground glass opacity to extensive 
consolidations and traction bronchiectasis, with the latter form having poorer prog-
nosis; variability in presentations suggests multiple pathophysiologic mechanisms 
[102, 103]. Association between transient, asymptomatic pulmonary opacities, and 
improved survival has been observed with osimertinib but requires further study 
[104]. Management includes discontinuation of the offending agent and consider-
ation of systemic corticosteroids, though some patients deteriorate despite these 
interventions [103]. For low-grade cases that completely resolve, trial of an alterna-
tive drug within the class can be considered [93].

Development of ILD appears to be rare with the use of the EGFR-targeting 
monoclonal antibody cetuximab, including those previously treated with EGFR- 
TKI [105]. Amivantamab potentially poses a greater risk of ILD/pneumonitis at 
3.3% [106]. No reports of ILD/pneumonitis have been reported with the use of 
necitumumab, though this medication confers risks of arterial and venous thrombo-
embolisms and increased risk of all-cause mortality when used for non-squamous 
NSCLC [107].

 ALK and ROS1

In patients with ALK-rearranged NSCLC, the likelihood of exposure to multiple 
drugs targeting ALK and ROS is high, as almost all patients with this mutation ulti-
mately progress on first-line crizotinib, typically with metastases to the central ner-
vous system [108]. While pulmonary toxicity from ALK-inhibitors as a class is 
relatively rare, significant differences have been observed between specific agents. 
Incidence ranges from 1.1% with ceritinib to 7% with brigatinib, with higher rates 
reported in individual clinical trials [109–111]. Risk factors for ILD from ALK- 
tyrosine kinase inhibitors (ALK-TKIs) include older age, lower performance status, 
smoking, prior or concurrent ILD, and pleural effusion [111].

There is variability in presentation and severity, ranging from asymptomatic 
radiographic changes to severe, irreversible, and potentially fatal disease. Brigatinib 
appears to have two distinct presentations—one within 7  days of drug initiation 
associated with fulminant and often fatal ILD, and another more indolent course 
that presents after months of therapy [108, 109]. Crizotinib-associated pneumonitis 
typically occurs within 2 months of drug initiation [112]. While other imaging pat-
terns have been described, the most common imaging abnormality is that of NSIP 
with bilateral ground glass opacities on CT scan [113, 114]. OP is rare among ALK- 
TKI reactions and principally associated with ceritinib use. In severe cases, dense 
consolidations and/or pleural effusions may be seen [115].
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When ALK-TKI-associated pulmonary toxicity is suspected, prompt discontinu-
ation has been associated with clinical and radiographic improvement and improved 
survival [113]. Steroids have been used with subsequent improvement but have not 
been found to have a clear impact on survival; they are still recommended in cases 
of severe, life-threatening reactions [116]. Once a diagnosis of drug-related ILD is 
established, permanent drug discontinuation is advised. The exception to this is 
brigatinib, which allows for consideration of rechallenge at lower doses for grade 
≤2 reactions [109].

 BRAF

As approval for BRAF-targeted agents is recent and the mutation somewhat rare in 
NSCLC, knowledge about the toxicity profile derives from treatment of metastatic 
melanoma [117]. In melanoma, pneumonitis is reported in up to 2.4% of patients on 
trametinib monotherapy and 2.2% of patients concurrently receiving dabrafenib 
[117, 118]. Trametinib should be held for new or progressive respiratory symptoms 
and permanently discontinued if pneumonitis is apparent on imaging.

Vemurafenib use is rarely associated with pneumonitis, though the possibility of 
radio-sensitizing properties and association with radiation recall pneumonitis has 
been described [12, 119]. Sarcoid-like reactions have been reported in patients with 
metastatic melanoma [120].

There is additionally a 4.3% risk of thromboembolic events with the combined 
use of dabrafenib and trametinib for NSCLC [117].

 Other Newer Agents

Drugs targeting additional mutations in NSCLC are constantly emerging with lim-
ited data available to characterize toxicities. Eventual real-world experience with 
novel therapeutics will reveal information that cannot be gleaned from curated pop-
ulations included in clinical trials. The Pneumotox database is a helpful resource to 
review established toxicity profiles of systemic therapies, highlighting common pre-
sentations while acknowledging pathologic diversity seen with many agents; it can 
also be helpful in exploring rare and recently identified toxicities that may have 
significant impact in clinical practice [121].

Sotorasib is KRAS inhibitor approved for KRAS G12C-mutated metastatic 
NSCLC. Relevant safety data from a phase I/II trial of sotorasib in NSCLC suggest 
a 1.6% risk of pneumonitis [74]. Broader evaluation of sotorasib in treating mixed 
populations of patients with KRAS-mutated malignancies reported three cases of 
pneumonitis, one of which was fatal; all three patients had received prior treatment 
with an ICI [122].

Selpercatinib and pralsetinib target RET gene rearrangements. Notable adverse 
events related to selpercatinib in phase I/II clinical trials involve hemorrhagic events 
including hemoptysis (2.3%) [123]. In the case of hemorrhagic complications, 
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selpercatinib should be held and permanently discontinued for severe or life- 
threatening events. Pralsetinib has been associated with pneumonitis (4%, including 
2% with grade ≥3) [124]. A study including both lung and thyroid RET-mutated 
cancers found pneumonitis in 10% of patients, including fatal events in 0.5% of 
patients [125].

Capmatinib and tepotinib target MET exon 14 skipping mutations or alterations. 
Frequent serious adverse reactions that occurred in trials of capmatinib include 
pleural effusion (3.6%) and ILD/pneumonitis (4.5%, including high-grade events) 
[126, 127]. Similar rates of pleural effusion (7%) and pneumonia (5%) are seen with 
tepotinib when treating lung and thyroid cancers [126]. While ILD and pneumonitis 
are possible with both drugs, challenge with one after toxicity from the other has 
been successfully attempted [128].

 Summary

Lung cancer treatment guidelines continue to evolve as new targets are discovered, 
novel treatments are developed, and existing therapies are applied in new combina-
tions or for expanded indications. This shifting treatment landscape requires vigi-
lance in recognizing established toxicities and identifying new phenomena. While 
treatment-related toxicities are relatively rare, their clinical impact on individual 
patients is profound. Therefore, a well-informed discussion of potential risks and 
established complications should be incorporated into shared decision-making with 
lung cancer patients and multidisciplinary treatment teams, and monitoring strate-
gies should be adapted based on assessment of individual vulnerabilities. 
Pulmonologists are essential in detecting, evaluating, and managing treatment com-
plications when they arise, ensuring that optimal therapy can be provided to the 
greatest number of patients in the safest manner possible.
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Chapter 12
Multidisciplinary Approach to Lung 
Cancer Care

Thomas Bilfinger, Lee Ann Santore, and Barbara Nemesure

 Introduction

Although multidisciplinary cancer care has been recommended by cancer organiza-
tions, governments, and healthcare organizations since 1995 [1, 2], this date is by no 
means the start of the movement to establish multidisciplinary models in cancer 
care. A growing literature has documented the potential benefits of these approaches 
in the general population over the past two decades [1], while premiere cancer insti-
tutions have long used integrated models for specialized cancer care proclaiming 
superior results. In modern times improved diagnosis and treatment result in >50% 
cancer survival in developed countries with the best approaching 60%. 
Multidisciplinary care is central to the declared goal of achieving 70% survival by 
2035 [3]. Screening, prompt diagnosis, and expeditious treatment followed by tight 
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surveillance are the cornerstones of any effort to decrease the cancer burden and 
improve survival outcomes.

Most (46%) cases of non-small cell lung cancer (NSCLC) present in advanced 
stages [4] and carcinoma of the lung have the highest mortality rate of all cancer 
types [5]. Despite these grave statistics, lung cancer was not among the first cancer 
disciplines to introduce multidisciplinary models of care into practice. With 
advances in screening, diagnostics, and treatments that have emerged over the past 
two decades, a wider array of therapeutic options are now available to address this 
complex disease. Guidelines for optimal care of patients with NSCLC have been 
developed by a number of organizations, typically relying on participation from 
providers in different specialties. Many patients do not fit neatly into a set of 
schemes and therefore require individualized care plans [6]. Newer treatment 
modalities with immune checkpoint inhibitors, targeted therapies, new and advanced 
radiation techniques, and surgical advances have widened the armamentarium but 
have also complicated the options [7, 8]. In concert with the increase in treatment 
options, an increase in the number of complex cases has been observed. This 
together with experience from other cancers, particularly breast cancer, has led to 
recommendations for multidisciplinary care for patients with lung cancer.

The benefit of a multidisciplinary approach is most evident for patients with 
stage III NSCLC [9–11], but benefit has been demonstrated for earlier stage patients 
as well [12]. As a result of comorbidities, patients often do not fall neatly into pro-
tocol driven algorithms. Precisely these algorithms have been used as argument 
against multidisciplinary care due to added cost, particularly in patients with stages 
I and II disease, where clear guidelines are available. Several studies however 
showed that adherence to guidelines is more likely to occur if a multidisciplinary 
team review took place [13, 14]. At present, multidisciplinary care as part of lung 
cancer management has been recommended in a number of guidelines in the USA 
[15, 16], the UK [17], Australia [18], and France [19], among others and is a man-
date for accreditation.

 A Framework for a Multidisciplinary Lung Cancer Program: 
The Front Desk Experience

Lung cancer care is becoming increasingly complex requiring high-level care coor-
dination in a timely fashion. The framework for action on interprofessional educa-
tion and collaborative practice published by the World Health Organization in 2010 
[20] concluded that interprofessional/interdisciplinary teamwork is essential for 
high-quality cancer care in an increasingly complex medical environment. Today, 
many hospitals are promoting patient centered care where the patient is involved in 
their care and decision-making. From a patient’s perspective, the expectation is that 
the healthcare system includes input on his or her specific disease from a multidis-
ciplinary panel of expert providers representing all disciplines associated with his or 
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Fig. 12.1 The four distinct phases of care as described by Moody et al. [21]

her disease. Care should be timely with a clearly identifiable leader who transmits 
information to the patient and guides him or her through the process. Lung cancer 
care varies among institutions, systems, and countries according to infrastructure, 
available resources, quality standards, and operating procedures [9]. Three main 
forms of care (Fig. 12.1) can be identified within what is considered a multidisci-
plinary approach: (1) a serial referral model; (2) a continuous joint practice model; 
or (3) a hub, joint decision-making model.

The following are putative benefits of multidisciplinary lung cancer care:

• Improved consistency, continuity, coordination and cost-effectiveness of care.
• Improved clinical outcomes.
• Increased recruitment into clinical trials.
• Improved communication between cancer care providers.
• Increased satisfaction and psychological well-being of patients.
• Educational opportunities for health professionals.
• Opportunities to collect relevant data.
• Increased job satisfaction and psychological well-being of team members.

with the added expectation to resolve or improve the following:

• Nonuniform access to cancer care.
• Disjoint referral systems.
• Large variation in frequency of individual treatments used, patient survival, and 

cancer treatment caseloads of individual physicians.

Accepting for a moment what some have called lofty and more theoretical goals 
(after all, lung cancer care over the last two decades has achieved a 53% improve-
ment in 5 year survival even with low implementation of multidisciplinary care) 
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[22], it becomes immediately clear that the devil is in the details. Below we describe 
what “multidisciplinary” may mean from a patient’s perspective, but how this may 
look from a physician’s perspective is often overlooked, particularly in the context 
of cancer care. Only oncologists and radiation oncologists are involved exclusively 
in cancer care. For all other disciplines that may be involved in care of patients with 
lung cancer, cancer care is only a fraction of their practice. Hence the wide varia-
tions that formalized “multidisciplinary” care can entail depending on interest, 
practice makeup, time commitment, perceived need of the specialty for overall care, 
and healthcare structure within which it is rendered. It should not come as a surprise 
that academic or other large provider organizations have an easier time implement-
ing multidisciplinary care models, while community-based providers have a much 
harder time. Thus, most criticism and questioning of part or all of the multidisci-
plinary goals stem from community providers who render 70% of lung cancer care 
in the USA [23, 24]. This discussion is not helped by the fact that there is a lack of 
detailed guidance of what multidisciplinary care at various levels should look like, 
although it is a mandate in many countries.

 The Serial Referral Model

This is the traditional system that is well established, particularly in the USA. The 
patient is seen by a general practitioner (not necessarily a physician) and has imag-
ing ordered for various reasons. The report is returned as abnormal and he/she then 
refers the patient to a specialist. Subsequently, a series of referrals occur until a 
diagnosis is established, leading to a new series of referrals if cancer is found. There 
are numerous reasons this model is suboptimal including (but not limited to) long 
waiting times between appointments, easy deviation and lack of continuity for prac-
titioners who work in isolation, less adherence to guidelines, increased costs, and 
less use of allied health professionals where feasible. So why is this model still in 
existence? The major advantage from a provider’s perspective is that at any given 
time it is clear who is in charge. Responsibility for the patient is handed off from 
practitioner to practitioner, and billing episodes can easily be captured with ICD 
codes. This model is far from ideal from a patient’s perspective where authoriza-
tions from his/her insurance must be obtained for every step, copayments must be 
rendered for every visit, and results must be obtained individually from every spe-
cialist involved. From a “system” perspective, however, this structure is still better 
than an “integrated” model where the patient does not know who is in charge, 
appointments are not coordinated, and bills may be difficult to reconcile.
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 The Joint Practice Model

The fundamental thought governing this model is that the patient, when he/she 
comes to clinic, remains in a single location and that multiple disciplines have 
patient interactions in a coordinated fashion: one stop shopping [25]. From a 
patient’s perspective, this model is optimal and has been recognized by many pro-
fessional organizations as the goal of lung cancer care [26]. Setting up such a clinic 
is a logistical challenge as the patient’s needs change as he/she goes from diagnosis 
to treatment to surveillance. How does a clinic day like that look? Who sees the 
patient first? Perhaps a care coordinator who becomes the patient’s advocate and at 
the end summarizes and condenses what happened that day, or the oncologist 
because it is likely an advanced stage cancer, or anyone who has time to see the 
patient because that is what is most efficient for the clinic and the physicians? What 
about in the next room and who starts there? How many care coordinators are 
required? Is coordination/sequence desirable or important, i.e., is the patient more 
or less confused, more or less satisfied with such an approach? How does such a 
clinic look behind the scenes: are all providers made familiar with the case before-
hand, or when? Does a debriefing after clinic take place as a conference, as a written 
summary, led by whom? This model is very difficult to implement, and its success 
relies on strong coordination, typically by a group of allied health professionals, 
nurse practitioners, and/or cancer nurse specialists and a team of physicians who 
submit to the coordination protocols. Another challenging (behind the scenes) issue 
is billing. For systems that employ all providers, a solution to this is easier than for 
systems where different departments bill separately or for individual practices. To 
this date lung cancer care is not bundled, and there are strong objections to its 
implementation in a RVU-driven environment.

 The Hub, Joint Decision-Making Model

This model is based on joint decision-making hubs where all participants and stake-
holders come together to develop a patient focused plan using guidelines and best 
practices. There are several variations each with a slightly different focus in the 
application of this model. These “hubs” are sometimes referred to as tumor boards, 
multidisciplinary team (MDT) case reviews, MDT cancer conferences, etc. The 
goal of all these “hubs” is to facilitate a dialogue and subsequent ongoing collabora-
tion to arrive at an evidence-based treatment plan for the patient and provide feed-
back on outcomes [27]. These hubs can serve many purposes: They can consist of a 
conference where all new cases are presented with the goal of establishing the most 
expeditious way to reach a diagnosis. The next purpose would be to determine the 
best means of treatment for a given patient based on guidelines and individual 
comorbidities. A third purpose is a quality control check if the patient is responding 
to the treatment prescribed and, if not, to evaluate if modifications to the treatment 
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plan need to be made, and whether long-term surveillance requires new interven-
tions. All of these aspects can be addressed during separate conferences which do 
not necessarily have to take place with equal frequency or can be combined to mini-
mize the number of meetings. While the frequency and structure of these interdisci-
plinary discussions differ somewhat, the consensus from the literature is that they 
all contribute to a modern high-quality approach to lung cancer care [28].

Figure 12.1 illustrates various models of multidisciplinary care for patients with 
lung cancer.

 Challenges

The recruitment of interested physicians appears easier among medical providers 
belonging to an organization/healthcare system. Private practitioners looking for 
maximum efficiency and reimbursement opportunities may be less inclined to par-
ticipate in a system that is designed to optimize the patient’s (and not the physi-
cian’s) experience. Often private practice specialists are necessary for the care of 
these patients and hence pose organizational challenges. The assembled team needs 
to commit to regular meetings and to referring prospective patients to multidisci-
plinary discussions. Service duties, night coverage, Operating times, etc. all can 
significantly impact MDT conference attendance and MDT clinic attendance. These 
competing responsibilities have resulted in poor MDT attendance which subse-
quently leads to insufficient case preparation and inadequate clinical information, as 
well as unequal contribution to MDT discussions. This vicious cycle has been shown 
to negatively impact quality of care [29, 30]. Poor leadership, insufficient teamwork, 
and time pressures are recognized barriers to the effective operation of successful 
MDTs. Ideally, an established physician (from any specialty of the team) is named 
MDT chair. In addition to providing clinical expertise, the chair should assume the 
role of ensuring diversity, equal expression of all opinions, and a culture of respect 
and collaboration. The program should also include an MDT lead who can be the 
same person as the chair though this is not required. An advanced practice nurse 
with excellent organizational skills is often a good selection for the lead position to 
keep the meeting on track, document the proceedings, make the necessary appoint-
ments, and assure that the information is transmitted in an understandable form to 
the patient. Since communication is the cornerstone of success, some programs in 
Europe have introduced an entire curriculum in thoracic oncology to impart the 
skills required to share information effectively and ensure standardization of multi-
disciplinary thoracic oncology care practices. Graduates of these programs, regard-
less of their specialty background, are taught how to properly lead an MDT [31].

To optimize benefit, it is advisable to establish and agree upon standard operating 
procedures for all team members. This can be a challenge as members may have 
different perceptions of their role. Particular attention is needed to address the ques-
tion of who is legally responsible for the patient’s care and who will guide/interface 
with the patient and the referring physician. These questions should be answered 
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from the start and documented to avoid any issues that could potentially arise. To 
that end, dedicated communication skills training has been advocated.

Among many things we have learned from the COVID-19 pandemic is that being 
in one room is no longer a prerequisite for a meeting. Although from a team bonding 
perspective, direct human interactions appear preferable, it has actually been shown 
that attendance at virtual MDT meetings is higher than in-person meetings. Reliance 
on technology can be a challenge when setting up an MDT conference as the quality 
of discussion is highly impacted by the information technology quality, especially 
with team members calling in. These aspects are multiplied in an MDT clinic where 
multiple specialties depend on access to imaging, electronic medical records, and 
lab data.

Organizational challenges are often a primary hurdle that may hamper the imple-
mentation of an MDT program. As a first step, financial questions must be addressed. 
Hospital administration needs to be convinced of the program’s value with a com-
pelling business plan, typically involving the preparation of a market share analysis 
of the of the lung cancer multidisciplinary program. Current data, including historic 
and current institutional clinic volumes, procedures, and operations should be listed. 
Estimates of growth of these metrics with respect to hospital operating margins as 
well as upfront costs, anticipated revenue, and marketing strategies are likewise 
encouraged. The next step is to get commitments from participating physicians as 
well as their clinical supervisors. This is particularly important if an MDT clinic 
(and not just a conference) is being planned. The clinic and conference require par-
ticipation of at least one member of each specialty, taking into account vacations, 
service and call obligations, etc. This may require negotiations with division chiefs 
and administration regarding hours and compensation. A multidisciplinary clinic 
and conference require resources from all stakeholders and should be negotiated 
early. The use of conference rooms with available technology where imaging and 
pathology slides can be displayed are a minimum requirement. Most experts on the 
subject highly recommend hiring a full-time multidisciplinary clinic coordinator 
who serves as a dedicated and consistent point of contact for in-house and outside 
referrals. This person additionally serves as a liaison for referring physicians and for 
patients and families. Given the multiple responsibilities of this role, a program may 
require more than one coordinator for this position. It is important that this person(s) 
is dedicated to the clinic and not to individual services. A primary responsibility of 
the coordinator is to create and monitor the clinic’s schedule/flow, and therefore 
institutional commitment is necessary for these key personnel. MDT coordinators 
command competitive salaries and cannot be framed as individual cost-centers. 
Advanced practice providers such as nurse practitioners, for example, with excel-
lent communication skills, are particularly well suited for these positions.

After hiring the program coordinator, a plan to specify scheduling logistics is 
imperative. Prior established clinic times, conference schedules, individual team 
member clinic times, and available space all need to be taken into consideration. 
Conflicts have to be acknowledged and handled promptly. All members and their 
supervisors have to be willing to compromise since not every team member can 
expect to see patients without interruption all day, and their supervisors cannot 
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expect uninterrupted RVU production. Space holders for urgent and unforeseen 
cases are necessary. This likely will require negotiations with the institutional 
administration. An experienced coordinator can alleviate many of these stresses by 
being able to foresee what team members are necessary on the basis of his/her 
knowledge of the case and plan accordingly. This requires a meeting with the sched-
ulers and constant communication with the front desk. The earlier a clinic schedule 
can be made, the happier team members tend to be [32].

Further, thought should be given for the allotment of time and space to support 
services such as social work, tobacco cessation treatment, financial counseling, reg-
istered dietician consults, genetic counseling, palliative care, pre-op testing, and 
family/patient education. These supporting disciplines may be offered as “on-call” 
options, as needed.

With a strong financial business plan describing an anticipated increased revenue 
stream, an institution may be willing to consider the establishment of a multidisci-
plinary lung cancer clinic. This comes at a considerable up-front investment, how-
ever. Thus, it is imperative that the revenue stream and justification be simplified as 
much as possible.

In many organizations/institutions, team members are affiliated with different 
departments, each with its own billing structure, authorization requirements, need 
for co-payment, participation in different insurance plans, etc. This may pose chal-
lenges regarding how billing and payments are handled. From a patient’s perspec-
tive, having to return to the front desk after each physician encounter for another 
co-payment and re-registration with re-entry of the same information into yet 
another billing system is not desirable. From an institutional perspective, this is a 
challenging issue that even long-established cancer centers have difficulties with 
because to date there exist no pathways for bundled cancer care and certainly not for 
lung cancer care.

Pilot projects, particularly in ENT with demonstration of feasibility, but other-
wise equivocal results have been described [33]. Since issues related to complicated 
billing and insurance structures are known to negatively impact patient satisfaction, 
the program should address these matters before the first clinic day and at regular 
intervals (weekly) thereafter. These details deserve the attention of a senior admin-
istrator who can adjudicate the various interests of stakeholders and oversee the 
financial health of such a clinic. Solutions to these issues are scarce; however, there 
are publications describing overall savings of a multidisciplinary approach for lung 
cancer. For example, Voong et  al. describe a 23% ($5839) savings in the pre- 
treatment diagnostic phase alone with a multidisciplinary lung cancer clinic 
approach at John Hopkins [34]. In another US publication, a comparison between 
patients who were presented at an MDT conference versus not in a propensity 
matched population revealed a savings of $3001 per case in the MDT group which 
was statistically significant (p < 0.0001) [35].

Systems with a national payer have an easier time calculating overall cost sav-
ings of a multidisciplinary lung cancer clinic. For instance, a Canadian study of 428 
patients (78 traditional vs. 350 MDT patients) over a 22-month period showed sav-
ings of CAD 48,389, including CAD 24,167 direct out-of-pocket patient expenses 
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[36]. Studies from England and the Netherlands show a similar trend [37]. The 
dilemma is that MDT clinics are expensive and add >$500 per case. That expense is 
carried by the provider, while the overall healthcare system saves [38].

It is easy to put together on paper a list of team members for an MDT conference: 
Many publications advocate for a pulmonologist and /or an interventional pulmon-
ologist, thoracic oncologist, pathologist, dedicated chest radiologist, nuclear medi-
cine physician, radiation oncologist, and thoracic surgeon and increasingly a 
palliative care physician to be regular attendees. They are complimented by a coor-
dinator, allied health providers, and administrative specialists. From a practical per-
spective, a case can be divided into three phases: diagnostic phase, treatment phase, 
and surveillance phase. Each one of these phases requires input from different spe-
cialties. While in healthcare systems, predominantly in Europe, with dominant pub-
lic payers, the flow and particularly the entry point are easily regulated; this is not 
the case in the USA. The pulmonologist is not the sole entry point: Thoracic sur-
gery, interventional pulmonology, radiation oncology, or oncology can all be entry 
points for new patients. Presumably all patients need a diagnosis first, with the gold 
standard being a tissue diagnosis, followed by preliminary staging. The diagnostic 
phase is likely the most time-consuming aspect. If during this period of uncertainty 
for the patient additional angst is created by not knowing who is in charge of this 
phase, the result is an unhappy patient. The patient has to have the impression that 
he/she has a navigator in the system advocating for an expeditious optimal workup 
and who provides personal feedback of results and plans. A patient portal on the 
EMR is helpful but insufficient for that purpose. Again, who this person is to the 
patient and who is legally responsible for the patient, two separate items, need to be 
clarified from the beginning and documented during the MDT conference. The ini-
tial team composition may now change as the patient enters the next phase: treat-
ment. The oncologist, radiation oncologist, or the thoracic surgeon or a combination 
may now be the dominant team members which should be clearly communicated to 
the patient. The case may likely have to be represented at MDT conference, and the 
change in the team should be documented and communicated to the patient. Finally, 
the surveillance phase has recommendations in the cancer guidelines but is often 
erratically handled as it is most of the time carried out by the dominant treating 
specialty. Each specialty and their professional organizations have different guide-
lines and often the patient is discharged from an MDT clinic into the care of a gen-
eral practitioner. It has repeatedly been shown that long-term survival and adherence 
to national cancer guidelines seem better for patients who remain cared for by an 
MDT clinic.
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 Multidisciplinary Lung Cancer Care: Are There 
Knowledge Gaps?

Existing cancer policy and national plans make it clear that multidisciplinary care as 
concept is here to stay with a minimal requirement of an MDT conference. While 
there are everyday additions to the number of publications in favor of multidisci-
plinary care, a smaller but not less thoughtful number of publications asks for a 
critical examination of that groundswell of enthusiasm [24]. Publications on the 
subject often use the term “multidisciplinary care” interchangeably for MDT meet-
ings and MDT clinics. The terms are often used without providing a definition and 
distinguishing features of the programs [39]. This suggests that the data to base 
decisions on is suboptimal. While it is difficult to argue with the theoretical and 
potential benefits of a multidisciplinary lung cancer care model, its real-world 
implementation, even in well-resourced countries, remains low. Identification of 
overt and covert barriers which vary in different care environments is essential for 
success. Most publications about multidisciplinary lung cancer care originate from 
academic centers; however, more than 70% of lung cancers are treated outside of 
such institutions in the USA [23], and the reports from those centers [40] show 
inconsistent high-quality evidence of benefit. Many existing reports looking at the 
benefit of MDT care are either retrospective, single institutional, containing non- 
contemporaneously collected data or no comparison group at all. They describe 
timeliness of care delivery, use of certain therapies but lack precise description of 
the “multidisciplinary” care provided. Conclusions range from no benefit to great 
benefit. It has been said that multidisciplinary care models disrupt established prac-
tice patterns, physician interactions, referral patterns, and infrastructure of care. 
Physician autonomy is challenged when a system with mutual performance moni-
toring is introduced where none existet. In addition, demand for manpower and 
infrastructure without overcoming fundamental issues of scarcity of highly special-
ized providers and personnel, presents a challenge, especially in post-pandemic 
times. Pulmonologists make more money in ICU care, not in outpatient clinics; 
oncologists make money administering chemotherapy, while surgeons want to oper-
ate and not spend hours in conferences or clinics. Pathologists and radiologists 
derive little benefit from in-person clinical interactions. The point of this harsh 
assessment is to demonstrate the absence of data on the true cost of MDT care (let’s 
just start with one MDT conference/weekly) in a RVU-driven world. Existing cost 
analysis leave that aspect out and tend to concentrate on patient and overall savings 
[36, 41], but depending on altruism and belief seems a shaky starting point for a new 
program. Against this backdrop it seems reasonable to ask a few fundamental ques-
tions that may be answered differently for any given program based on specific 
environments, resources, populations, and size.

 1. What should a multidisciplinary lung cancer care model look like in this particu-
lar circumstance? Is it a case discussion (tumor board), should it have a quality 
assurance function, or is a multidisciplinary clinic the goal?
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 2. What are the critical minimal components of a successful multidisciplinary care 
program? Which specialists are absolutely necessary and what is the most effec-
tive way for them to interact?

 3. Which patients benefit from multidisciplinary care the most—everyone, or just 
those with complex cases not falling cleanly into the guidelines?

 4. What are the signs of functional versus dysfunctional multidisciplinary 
programs?

 5. How do we benchmark effective multidisciplinary programs? What do we 
measure?

 6. What stops anyone from using the term “multidisciplinary” without delivering 
any tangible benefit?

Data for multidisciplinary lung cancer care is somewhat limited, so it may be 
worthwhile thinking about how to improve on the existing data. A randomized study 
is unlikely to be considered ethical in many countries where multidisciplinary care 
is already considered the standard of care. Team science principles of closed-loop 
communications, shared mental models, mutual trust, mutual performance monitor-
ing, and backup behavior are new to medical thinking and are difficult to quantify 
given confounders such as socioeconomic status, geographic location, cultural fac-
tors, and access to resources. A quick answer is unlikely, and any answer will 
depend as much on the evolution of the healthcare industry and medical economics 
as on evidence-based policy decisions [42].

Where aspects of “multidisciplinary care” in lung cancer seem the least contro-
versial is in the fact that MDT management shows good concordance with improved 
adherence to guidelines [43] and increased overall treatment rates [44]. Conditions 
for acquiring quality data on the effect of MDT care seem most promising in (state 
mandated) registries such as the Dutch Lung Cancer Audit. This two-decade-old 
registry reports on treatment and quality outcomes including participation in MDTs 
[45]. For example, it describes in a country with a mandatory MDT policy that 95% 
of patients receiving radiation and 97% of patients receiving surgery were discussed 
which represented an increase over time. The idea of using registries for high- 
quality data is not new: The Society of Thoracic Surgeons (voluntary) database on 
adult cardiac surgery for example has delivered high-quality data for decades which 
is currently being used for national policy and reimbursement decisions and has a 
voluntary participation in the high 90% of all US CT surgeons.

 Evidence Supporting Multidisciplinary Care Teams

 Reducing Delays in Diagnosis and Staging

Minimizing the time between initial symptom presentation or screening abnormal-
ity and cytologic diagnosis is vital to ensuring optimal patient outcomes [46] and, 
thus, is a primary goal of the MDT. Delays in diagnosis can occur between each step 
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Fig. 12.2 The three main forms of multidisciplinary care. PCP primary care provider, Pulm pul-
monologist, IP interventional pulmonology, CT cardiothoracic, Rad Onc radiation oncology, Med 
Onc medical oncology, MDT multidisciplinary team meeting

in the diagnostic process: from the patient’s first symptomatic presentation, to their 
abnormal imaging result, to their referral to see a specialist, to their actual visit with 
the specialist, to their diagnostic test, to additional diagnostic tests, to the time they 
are informed of their biopsy result [47]. These timeframes have been further 
described as four distinct phases of care (Fig. 12.2), with phase I describing the time 
between the malignant change and symptom presentation, phase II describing the 
time between symptom presentation and first healthcare provider visit, phase III 
describing the time between first healthcare provider visit and diagnosis, and phase 
IV describing the time between diagnosis and staging [21]. Within these four phases 
of care, the MDT has the ability to improve phase III and phase IV [48].

Phase III and phase IV focus on diagnosis. Many patients with lung cancer face 
delays in care surrounding the diagnostic procedure itself including administrative, 
procedural, diagnostic, and staging-related issues. Administrative delays include 
difficulty scheduling, obtaining insurance approval, and obtaining prior authoriza-
tions. Procedural delays include the need for imaging prior to certain procedures 

T. Bilfinger et al.



267

and the need for adequate patient recovery time between staged or multiple proce-
dures. Diagnostic delays include indeterminate cytology results due to sampling 
procedures that have inadequate yield, contain only normal tissue that is suggestive 
of the proceduralist missing the intended biopsy site, or result in cytologic atypia 
[49]. Finally, staging delays can occur when administrative, procedural, or diagnos-
tic challenges occur in a staging procedure, as well as when staging itself requires a 
multiple procedures such as mediastinoscopy, endobronchial ultrasound- guided 
transbronchial needle aspiration of lymph nodes, pleural fluid aspiration, etc. [50]. 
The diagnostic phase may be the most multidisciplinary aspect of a lung cancer 
diagnosis, with challenges central to administrators, radiologists, interventional 
pulmonologists, thoracic surgeons, and pathologists, and thus, should be improved 
by the incorporation of an MDT.

A review of lung cancer staging in the multidisciplinary team setting examined 
just this [51] and found access to a multidisciplinary team lead to greater availabil-
ity, more timely, and more accurate sampling procedures for both diagnosis and 
staging in patients with suspected lung cancer [51]. Patients who are discussed at an 
MDT meeting are also more likely to undergo mediastinoscopy and receive com-
plete preoperative mediastinal staging [10, 43, 52]. A retrospective observational 
cohort study of patients treated by an MDT over a 7-year period found that patients 
treated by the MDT had significant reductions in the length of their phase III care 
when compared to the national benchmark [48]. This reduction was driven by 
decreases in time between positron emission tomography (PET) scan and diagnostic 
sampling procedures, with the MDT having a median of 13 days compared to the 
national benchmark of 28 days [48]. This reduction in delays in diagnosis and stag-
ing may lead to patients being diagnosed at earlier stages. A retrospective observa-
tional cohort study of a multispecialty private practice group found that 
implementation of an MDT resulted in an increase in the proportion of early stage 
(stage I or stage II) and a decrease in the proportion of late stage (stage III and stage 
IV) lung cancers diagnosed within the first 2  years of implementation of the 
MDT [53].

MDT implementation has also been associated with significant improvements in 
phase IV care [48]. One study found that their MDT had a median of 9 and 13 days 
between diagnosis and chemotherapy or radiation oncology consults, respectively, 
compared to the national benchmark of 24–34 days [48].

 Treatment Utilization

Lung cancer treatment is rapidly evolving due to recent advances in neoadjuvant 
and adjuvant therapies, immunotherapy, and targeted therapies [54]. Patients with 
tumors that were once considered inoperable may now find themselves surgical 
candidates after neoadjuvant therapy [55], and patients who previously would have 
only followed up postoperatively with imaging and/or chemotherapy may now 
undergo advanced targeted adjuvant therapies [56, 57]. The role of the surgeon in 
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caring for lung cancer patients is also rapidly evolving, as surgeons must now plan 
for diagnostic procedures that enable appropriate biomarker screening, plan surger-
ies that are minimally invasive, and allow for rapid recovery so as not to delay 
receipt of adjuvant therapy, and guide patient expectations in terms of the impor-
tance of receiving adjuvant therapy when appropriate [54]. It is more important than 
ever that surgeons be familiar with different mutations in non-small cell lung cancer 
as guidelines regarding which biomarkers to screen for are lacking [54]. In this set-
ting, collaboration with other medical specialties through an MDT is paramount [58].

Patients with lung cancer who are discussed at an MDT meeting are more likely 
to receive treatment in general, and more likely to receive curative treatment [12, 13, 
58–61]. While being discussed at an MDT meeting does not increase the odds of 
undergoing surgical treatment overall [43], it does increase the likelihood of receiv-
ing surgical treatment for patients with stage I and stage II non-small cell lung 
cancer [62, 63], as well as for patients seen at regional centers associated with ter-
tiary care centers with thoracic surgery departments via the MDT [64], Patients 
discussed at an MDT meeting are also more likely to receive both palliative and 
curative radiation therapy than patients who are not [65]. Discussion at an MDT 
meeting is associated with increased utilization of chemotherapy [43, 65]; however, 
this increase has only been demonstrated in neoadjuvant chemotherapy [43], as 
opposed to adjuvant chemotherapy [66]. While it is expected that due to the com-
plexity of immunotherapy and targeted therapy, the MDT’s facilitation of collabora-
tion between medical oncology, thoracic surgery, pathology, and even geneticists 
will be vital to increasing utilization of these treatment modalities [54]; research 
providing empirical evidence on this topic is currently lacking [58].

 Patient-Reported Outcomes

There is strong quality evidence with conflicting conclusions that MDTs improve 
patient-reported outcomes [58, 67]. A randomized control trial of 103 patients 
undergoing radiation therapy with a 5-year estimated survival of less than 50% 
found that patients randomized to the MDT had significantly improved patient-
reported quality of life compared to baseline, while patients in the control arm expe-
rienced a decline in patient reported quality of life compared to their baseline [68]. 
A second randomized control trial found that patients randomized to treatment by 
an MDT had worse quality of life compared to patients who received normal stan-
dard of care, however, was limited by the fact that a larger proportion of patients in 
the MDT arm were receiving chemotherapy and may have experienced more treat-
ment-related side effect that impacted quality of life [69]. Current literature thus 
suggests that patients receiving care from an MDT may have worse overall quality 
of life compared to patients who do not receive care from an MDT secondary to 
receipt of more rigorous treatment, but treatment from an MDT may improve patient 
quality of life compared to baseline.
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 Improving Patient Survival

The impact of an MDT on survival in patients with lung cancer is unclear [58]. A 
review of the literature evaluating MDT care on patient outcomes between 2000 and 
2019 identified 15 studies assessing the impact of the MDT on lung cancer survival 
[58]. Of these 15 studies [58], 10 found significant improvements in survival [13, 
52, 60–62, 70–73], 1 found nonsignificant trends toward improvement in survival 
[10], and 4 found no difference in survival between patients treated by an MDT and 
patients who were treated in other settings [65, 66, 69, 74].

Evidence suggesting MDTs improve survival in patients with lung cancer comes 
largely from retrospective analyses [58]. A study of a heterogenous and robust sam-
ple of 4271 lung cancer patients diagnosed between 2002 and 2016 at a single ter-
tiary academic center in the USA found increased survival in the 1956 patients 
treated by an MDT compared to the 2315 patients who were not treated by an MDT 
[62]. Similarly, a study of 388 non-small cell lung cancer patients with nonmeta-
static disease treated between 2008 and 2014 at a single tertiary academic center in 
the USA found improved median survival in patients treated by an MDT [70].

While these studies highlight improvements in survival among patients with 
early-stage disease, MDTs have also demonstrated improved survival in patients 
with later-stage disease. Two studies of patients with inoperable stage III or stage IV 
non-small cell lung cancer found improved survival in patients treated by an MDT 
compared to those who were not [60, 72]. Other studies found the improvements in 
survival seen by MDT patients were consistent across all stages of lung cancer [11, 
62] or across all stages except stage IIIB [73].

Similar patterns of improved survival occur internationally. A retrospective 
Australian study of 386 MDT patients and 207 non-MDT patients diagnosed with 
cancer between 2009 and 2012 found that presentation at an MDT meeting prior to 
receiving treatment resulted in decreased mortality [13]. Another Australian study 
of 1197 lung cancer patients found improved survival in patients treated by an MDT 
1, 2, and 7 5-year post-treatment [73]. A retrospective study of 841 patients identi-
fied on a state cancer registry in Australia in 2003 found that survival was signifi-
cantly improved for patients discussed at an MDT meeting and that this improvement 
in survival was independent of prognostic factors [61]. In Italy, a retrospective study 
of patients with non-small cell lung cancer managed with surgery between 2008 and 
2015 found significant improvements in 1-year survival in patients seen by an MDT 
compared to patients treated prior to initiation of the MDT [52]. A large and more 
heterogenous retrospective study of 32,569 patients with newly diagnosed non-
small cell lung cancer identified from a national cancer registry in Taiwan between 
2005 and 2011 found improved 2-year survival in patients treated by an MDT and 
identified the use of an MDT as an independent predictor of survival [11].

These improvements in survival have also been demonstrated in older patient 
populations. A retrospective study of 542 patients aged over 70 and with non-small 
cell lung registered in a radiation oncology department in Southeast Scotland 
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between 1995 and 2000 found increased 1-year survival in patients treated by an 
MDT compared to those who were not [71].

These studies are limited by their retrospective nature [11, 13, 52, 60–62, 70–
73], homogenous sample [60, 70, 71], lack of a comparison group [70], and time 
effect in studies with a comparison non-MDT group treated years prior to the MDT 
group [11, 52, 58, 62, 71, 72, 75].

The strongest evidence against the use of MDTs improving patient survival may 
come from a randomized control trial that enrolled 88 patients with suspected lung 
cancer at 3 different clinics in the UK between 1998 and 2001 [69]. With 45 patients 
randomized to an MDT meeting and 43 patients to receiving conventional treat-
ment, no significant differences were found in overall survival between these groups 
or in survival of a subset of patients who did go on to receive radical treatment [69]. 
While this study has the benefit of being a randomized control trial, it is limited by 
a small homogenous sample size and by a high proportion of enrolled patients who 
were not diagnosed with lung cancer [58, 69]. Other evidence against MDTs 
improving survival in patients with lung cancer include retrospective analyses of 
patients registered at Veterans Affairs (VA) centers [66, 74]. Both a study of 24,616 
patients with small cell and non-small cell lung cancer [66] and a smaller study of 
345 patients with NSCLC [74] reported no differences in survival regardless of 
presentation at an MDT meeting [66]. Both studies are limited by their homogenous 
sample, limited enrollment of women, and retrospective nature [58, 66, 74]. This 
pattern of results has also been demonstrated internationally, as an Australian study 
of patients with non-small cell lung cancer treated between 2005 and 2008 also 
found no significant differences in survival between patients discussed at MDT 
meeting and those who were not [65]. Advances in treatment options for lung cancer 
have changed significantly since these studies were published and results may not 
be directly applicable in today’s landscape of lung cancer care.

More recent studies have demonstrated improvements in survival for patients 
treated by MDTs. A retrospective study of 9628 patients identified in the Victorian 
Lung Cancer Registry between 2011 and 2020 found patients discussed at an MDT 
meeting had a 25% lower risk of mortality compared to patients who were not pre-
sented at an MDT meeting [76]. This improvement in survival has been driven by 
increases in survival among patients with stage III and stage IV lung cancer. A ret-
rospective study of patients treated at a VA center between 2013 and 2016 found the 
use of an MDT was independent prognostic factor in patients with stage III non- 
small cell lung cancer [77]. Another retrospective study of 300 patients treated at a 
single institution found that treatment by an MDT improved overall survival and 
cancer-specific survival in patients with stage III and stage IV lung cancer [78]. In 
the setting of the COVID-19 pandemic, MDTs may have minimized worsening sur-
vival outcomes in patients with lung cancer [79]. However, these improvements in 
survival associated with patients being treated by MDTs may be confounded by 
MDTs being offered more often at academic institutions as opposed to community 
centers and academic center being better equipped to offer novel treatment methods 
[75, 80]. Although it appears MDTs may improve survival in lung cancer, a random-
ized control trial of a large heterogeneous sample is needed to truly determine 
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MDT’s impact [58, 75]. Although MDT’s effect on survival in lung cancer is cur-
rently unclear, rapid advancements in immunotherapy, chemotherapy, and surgical 
treatment modalities may reveal greater effects on survival in the future [67].

 Disparities in the Receipt of Multidisciplinary Care

Despite the aforementioned evidence in support of MDTs, not all patients have 
access to care from an MDT. A recent study of the Surveillance, Epidemiology and 
End Results (SEER) database analyzing trends in MDT prevalence in Medicare 
beneficiaries with surgically respectable breast, colorectal, or lung cancer over a 
10-year period found that patient, surgeon, neighborhood, and healthcare organiza-
tion factors significantly impede access to MDT [81]. Furthermore, patients who 
were Black, had comorbidities, had dual Medicare and Medicaid coverage, lived in 
rural areas, or lived in areas with higher proportions of black or Hispanic residents 
were less likely to receive care from an MDT than patients who did not have these 
factors [81]. Development of an MDT in under-resourced health systems, however, 
may not lead to the same benefits seen at more well-funded institutions. For exam-
ple, in one study, the implementation of an MDT lead to improvements in diagno-
sis, but failed to meet goals related to time between diagnosis and treatment due to 
the amount of patients successfully identified to have lung cancer by the MDT 
overwhelming the practice’s radiation oncology services [53]. Research around 
reducing barriers to access to MDT lung cancer care is essential to reduce these 
inequities and bring MDT care to underrepresented patients and under-
resourced areas.

 Conclusion

Multidisciplinary lung cancer care is here to stay; it is a national mandate, and in 
many states is part of accreditation for cancer care. “Multidisciplinary” means dif-
ferent things to different stakeholders. At present there is no categorization of what 
encompasses “multidisciplinary” care for lung cancer. In the near future, it behooves 
national and international cancer organizations to come up with comprehensive 
definitions of what constitutes different categories of multidisciplinary care in 
detail. In the meantime, each provider at the institutional level should define, best in 
writing, what multidisciplinary lung cancer care locally entails. Based on that local 
definition goals can be set, allowing for verification. Periodic review of outcome 
measures, objectives, programmatic needs, and patient and provider satisfaction is 
essential. At present it has to be acknowledged that data favoring multidisciplinary 
care is enthusiastic but not beyond scrutiny. Randomized studies to resolve this 
knowledge gap are not likely to take place when multidisciplinary care is standard 
of care. The added costs, hidden and real, and the future developments of the 
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healthcare market, policies, and economic outlook will be as influential as is the 
current enthusiasm for implementation of what is thought to be a logical and 
good idea.
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Chapter 13
Physiologic and Patient-Centered 
Considerations in Lung Cancer Care

Duc M. Ha

 Introduction

The goals of lung cancer treatment are to achieve a cure where possible and/or con-
trol tumor burden, improve symptoms, and enhance health-related quality of life 
(HRQL), depending on the stage of disease, patients’ fitness to tolerate the recom-
mended therapies, and their personal values and preferences [1]. Curative intent 
therapy of lung cancer usually includes surgical treatment, with anatomic lung 
resection (e.g., lobectomy) being the guideline-recommended approach for appro-
priately selected patients [2]. However, surgical treatment is accompanied by a risk 
of perioperative morbidity and mortality, with 1–5% of patients having major com-
plications including death [3]. This mortality risk can be even higher (e.g., 10–15%) 
depending on the patients’ fitness, surgical approach, extent of resection, surgical 
expertise, hospital volume, and other factors [2, 4, 5]. In addition, following lobec-
tomy, patients typically lose 10–15% of lung function (i.e., forced expiratory vol-
ume in 1 s, FEV1; diffusion capacity of the lungs for carbon monoxide, DLCO) [6, 7] 
or 3% per segment of lung resected [8], which can contribute to gas-exchange and 
other physiologic impairments. Also, many patients experience increased dyspnea 
and symptom burden, decrements in functional exercise capacity, and/or decreased 
HRQL [9–12]. Therefore, there is a need for risk assessment to weigh the probabili-
ties of harms against benefits in the management of patients with lung cancer being 
considered for curative intent therapy [13, 14].

The primary goal of the physiologic evaluation of patients with lung cancer 
being considered for surgical treatment is to identify those with increased risk for 
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perioperative complications and long-term disability using the least invasive tests 
possible, the results of which are used in informed decision-making and patient 
counseling regarding the treatment options and their associated risks [13]. In addi-
tion, identifying patients with an elevated surgical risk provides an opportunity for 
interventions to reduce the risk of perioperative complications and long-term dis-
ability associated with treatment [13]. This chapter will summarize the physiologi-
cal bases and supporting evidence for these evaluations. In addition, it will discuss 
other (physiologic and non-physiologic) measures and considerations that may 
guide decision-making for clinicians caring for patients with lung cancer being con-
sidered for curative intent therapy.

 Pulmonary Function Testing

The physiologic evaluation of patients with lung cancer being considered for cura-
tive intent therapy starts with pulmonary function testing to measure forced expira-
tory volume in 1  second (FEV1) and diffusion capacity of the lungs for carbon 
monoxide (DLCO). Reduced FEV1 and DLCO have been associated with increased 
respiratory morbidity and mortality among patients undergoing lung cancer resec-
tion surgery [15, 16], including in those undergoing open thoracotomy [17], video- 
assisted [18], and robotically assisted thoracoscopic surgery [19]. While the 
thresholds used to determine risk can vary, a preoperative FEV1 of <60% predicted 
has been associated with perioperative mortality and respiratory morbidity [20], 
with approximately 20% of patients experiencing adverse respiratory outcomes 
[17]. In addition, a reduced DLCO is an important predictor of surgical outcomes—
approximately 40% of patients with preoperative DLCO < 60% can have periopera-
tive respiratory morbidity [21]. This morbidity risk also exists in patients without 
spirometric airflow limitation [22, 23].

The predicted postoperative lung function (ppoFEV1 and ppoDLCO) is consid-
ered more useful than the measured values because it accounts for the quantity of 
lung tissue that would be resected. The ppoFEV1 and ppoDLCO values can be calcu-
lated using the anatomic or perfusion method. In the anatomic method, the ppo 
values are calculated as a fraction of the number of segments that would be removed 
with the planned surgery [8]:

 

ppoFEV or ppoDL preoperative FEV or DL predicted

pla
CO CO1 1

1

( ) = ( )
× − nnned number of lung segments to be resected ÷( )19

 

For instance, in a patient with preoperative FEV1 70% predicted being consid-
ered for right upper lobectomy, the ppoFEV1 would equal 70% × (1 − 3 ÷ 19), or 59%.

A limitation of the anatomic approach is the underlying assumption that all lung 
segments participate in gas-exchange equally, which may be highly inaccurate in 
some patients (e.g., in those with significant bullous emphysema). The perfusion 
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method uses quantitative radionuclide perfusion scanning to evaluate perfusion in 
the lung that would be resected to more accurately calculate the ppo values. This 
method is also known as a split-function study. In this method, the ppo values are 
calculated as a fraction of perfused lung that would be removed [24]:

 

ppoFEV or ppoDL preoperative FEV or DL predicted

fra
CO CO1 1

1

( ) = ( )
× − cction of perfusion for the lung planned to be resected( )  

For instance, for a patient with preoperative FEV1 70% predicted being consid-
ered for right pneumonectomy and quantitative radionuclide perfusion demonstrat-
ing 60% perfusion on the right lung, the ppoFEV1 would equal 70% × (1 − 0.60), or 
28%. The anatomic method is usually recommended for patients being considered 
for lobectomy and the perfusion method for those being considered for pneumonec-
tomy [13].

 Exercise Testing

 Cardiopulmonary Exercise Testing

In patients with impaired lung function, exercise testing to evaluate functional or 
peak exercise capacity can better delineate surgical risk. In exercising individuals, 
the physiologic responses to meet the metabolic demands of contracting skeletal 
muscles include changes in ventilation, cardiac output, pulmonary, and systemic 
blood flow, with a goal to ultimately preserve cellular oxygenation and acid-base 
homeostasis. Assessment of exercise capacity traditionally relies on cardiopulmo-
nary exercise testing (CPET) to measure oxygen consumption (VO2), reflecting the 
body’s ability to take in, transport, and use oxygen to produce adenosine triphos-
phate during exercise. In healthy individuals, VO2 increases with increasing exer-
cise intensity and reaches a plateau, at which point increasing exercise intensity no 
longer leads to increased VO2 due to the limited oxidative capacity of skeletal mus-
cles and/or cardiac output (maximal VO2, or VO2max). A normal VO2max usually 
excludes significant pulmonary, cardiovascular, hematologic, neuropsychological, 
and skeletal muscle disease. Therefore, VO2max is often regarded as the accepted 
standard measure of cardiopulmonary fitness. In individuals who do not reach 
VO2max during CPET, typically due to prohibitive symptoms, the term VO2peak is 
often used to indicate the highest VO2 reached.

In patients with lung cancer, VO2 may be low due to the effects of advanced age, 
comorbid cardiopulmonary or other conditions, and/or cancer. Among the largest 
studies, the cancer and leukemia group B performed a prospective, multi- institutional 
study to investigate the use of VO2peak in predicting surgical risk among patients with 
known or suspected resectable non-small cell lung cancer (NSCLC) [25]. This study 
used an algorithmic approach in which patients with ppoFEV1 < 33% underwent 
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CPET and found that, among 346 participants, those with VO2peak < 15 ml/min/kg 
(or <65% predicted) were more likely to experience a poor surgical outcome of 
respiratory failure or death [25]. A systematic review of 14 studies including 955 
patients also showed that preoperative VO2max was lower (by an average of 3 ml/kg/
min, or 8% predicted) among those who developed clinically relevant complications 
after curative lung resection [26]. Consequently, the measurement of VO2 is recom-
mended by the American College of Chest Physicians (ACCP) [13], British Thoracic 
Society (BTS) [27], and European Respiratory Society/European Society of 
Thoracic Surgery (ERS/ESTS) [28] clinical practice guidelines for patients with 
impaired lung function being considered for lung cancer resection surgery [29]. 
Differences in recommendations vary between societies and are discussed later in 
this chapter.

 Simple Field Exercise Tests

Despite its predictive usefulness however, VO2 measurement with CPET requires a 
high degree of equipment and technological expertise, with often complex interpre-
tation strategies [30]. Further, many lung cancer patients are not able to perform 
CPET due to significant comorbidities. For instance, one study identified that 
approximately 20% of patients undergoing evaluation for lung cancer resection sur-
gery are unable to perform CPET due to musculoskeletal disease, neurologic 
impairment, peripheral vascular disease, or psychiatric illness [31]. As such, low- 
technology and simple field exercise tests have been used to complement CPET 
[29]. These simple field exercise tests include the stair climbing test (SCT), incre-
mental shuttle walk test (ISWT), and 6-minute walk test (6MWT).

A study of 640 lung cancer patients undergoing lobectomy or pneumonectomy 
identified that those who climbed to SCT heights <12 m, compared to those who 
climbed >22 m, had 2.5- and 13-fold higher odds of having perioperative cardiopul-
monary complications and mortality, respectively [32]. The SCT height has also 
been shown to correlate well (r = 0.70) with VO2peak, with SCT height >22 m having 
a positive predictive value of 86% for VO2peak > 15 ml/kg/min [33]. A systematic 
review of six studies also showed that while there were high variations in the cutoffs 
of SCT height used (range 2.4–12.0 m), a pooled height of <10 m was associated 
with 2.3-fold increased odds of postoperative morbidity following lung cancer 
resection surgery, with positive and negative predictive values 62% and 75%, 
respectively [34]. Indeed, the height reached during the SCT is recommended by the 
ACCP to risk stratify patients being considered for lung cancer resection surgery 
[13]. However, a significant limitation of the SCT is the absence of standardization, 
including of test duration, instructions for speed of ascend, number of steps per 
flight, height per step, and test termination criteria [13].

The ISWT and 6MWT are simple field exercise tests with established standards 
for performance and interpretation in patients with chronic lung disease [35–37]. In 
the ISWT, patients are instructed to walk back and forth between two cones set 9 m 
apart, with increasing speed externally paced by a series of pre-recorded auditory 
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signals [36]. The test terminates when patients indicate not being able to continue 
(e.g., due to exhaustion) or by the assessor (e.g., deemed unfit or unsafe to continue) 
or until the maximum test duration of 20 min is reached [36]. The primary measure 
is total distance walked [37]. In a study of 125 patients with potentially operable 
lung cancer, the ISWT distance was found to correlate moderately well (r = 0.67) 
with VO2peak, with all 55 of those who achieved ISWT distance >400  m having 
VO2peak ≥ 15 ml/kg/min [38]. A retrospective study of 101 patients undergoing lung 
cancer resection surgery identified that ISWT distance cutoffs of <400  m and 
<250 m were associated with 3.0- and 2.5-fold increased odds of postoperative car-
diopulmonary complications in univariable analyses, respectively, with ISWT dis-
tance <400 m (but not <250 m) being associated with a 4.3-fold increased odds of 
postoperative cardiopulmonary complications in multivariable analyses [39]. A sys-
temic review identified three studies involving 236 patients found that while this 
one study described an association between the ISWT distance and perioperative 
complications, the other two studies found no association [40]. Albeit, given the 
degree of correlation between the ISWT distance and VO2, the ISWT is recom-
mended by the ACCP [13] and BTS [27] to risk stratify patients being considered 
for lung cancer resection surgery.

The 6MWT is a self-paced test in which patients are instructed to walk as far as 
possible, back and forth along a flat 30-m corridor, for 6 min [35]. The test termi-
nates after 6 min or if patients are unable to continue (e.g., due to symptoms or 
safety concerns). The primary measure is distance walked. In patients with lung 
cancer, 2 systematic reviews identified 6 studies involving 681 patients, all of which 
showed associations between the 6MWT distance (or % predicted) and periopera-
tive morbidity or mortality following lung cancer resection surgery [29, 40]. In 
addition, three studies by other investigators involving 1,100 patients showed simi-
lar findings [41–43]. Except for one older study, all more recent studies used 6MWT 
distance thresholds <400–500 m to indicate elevated surgical risk, with no study 
reporting additional exercise testing used beyond the 6MWT to determine risk and 
treatment selection [41–47]. The perioperative mortality rates for all these studies 
were <1% [41–47].

Among the prospective observational studies, 1 enrolled 416 participants under-
going lobectomy and identified that, among those with moderately reduced ppo 
lung function (i.e., ppoFEV1 or ppoDLCO < 60% and both >30%), participants with 
6MWT distance <400  m, compared to ≥400  m, had approximately eightfold 
increased odds of having cardiopulmonary complications; however only a small 
number of 14 participants were allocated to this “moderate-risk and short-distance” 
group, with perioperative mortality <1% and not analyzed separately [42]. Another 
similar prospective cohort study of 224 participants also identified that those with 
6MWT distance <400 m, compared to ≥400 m, had 2.4-fold increased hazards of 
death at 5 years following lobectomy; however, this threshold did not provide addi-
tional prognostic value beyond the Eastern Cooperative Oncology Group perfor-
mance status [44].

Physiologically, due to its self-paced nature, the 6MWT is traditionally consid-
ered a sub-maximal test and used to measure functional capacity [35]. A study of 20 
patients with stage I–IIIB lung cancer, 35% of whom had comorbid chronic 
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obstructive pulmonary disease (COPD), identified that the 6MWT distance corre-
lated poorly (r = 0.24) with VO2peak [48]. However, in patients with chronic lung 
disease, performance on the 6MWT is known to elicit a VO2peak response similar to 
that during CPET [36], with the 6MWT distance demonstrating high correlation 
(r  =  0.59–0.93) with VO2peak [37]. As such, the European Respiratory Society/
American Thoracic Society supports the use of the 6MWT to test functional exer-
cise capacity of patients with chronic lung disease (e.g., those with impaired lung 
function) [36, 37]. Given that simple field exercise tests are typically indicated in 
patients with impaired FEV1 and DLCO and ppo values, the 6MWT distance has both 
construct and predictive validity in the physiologic evaluation of patients being con-
sidered for lung cancer resection surgery. In addition, another study of 62 patients 
with lung cancer following curative intent therapy identified that the 6MWT dis-
tance correlated moderately well (r = 0.45) with HRQL [49], supporting its use to 
assess and predict other outcomes following curative lung resection.

 Additional Physiologic and Other Measures

 Adjunct Physiologic Measures

In addition to measuring or estimating VO2, exercise testing can elicit other physi-
ologic responses that can be used to predict perioperative outcomes in patients 
undergoing lung cancer resection surgery [29]. For instance, the relationship 
between minute ventilation (VE) and carbon dioxide production (VCO2) obtained 
up to peak exercise intensity during CPET, expressed as a linear regression line 
(ventilatory efficiency slope), has been shown to be associated with perioperative 
outcomes [50]. A VE/VCO2 slope > 35 has been associated with 3- and 12-fold 
increased odds of respiratory complications and mortality, respectively [51]. In 
addition, oxygen desaturation (>4% decrease during the SCT) has been shown to be 
associated a twofold increased odds of perioperative respiratory complications [52]. 
Impaired heart rate recovery (≤12 beats/min following the 6MWT)—a measure 
thought to reflect impaired parasympathetic nervous system function [53]—has 
been shown to be associated with a five-fold increased odds of perioperative cardio-
pulmonary complications following lung cancer resection surgery [54]. However, 
the use of these adjunct physiologic measures to guide clinical decision making is 
not well-established [13, 29].

 Other Measures

In addition to pulmonary function and exercise testing, other measures can be used 
to predict perioperative outcomes. A state of increased vulnerability to stressors is 
referred to as frailty, conceptualized as “physical” (and manifested by muscle 

D. M. Ha



283

weakness, low energy level, slowed motor performance, low physical activity, and 
unintentional weight loss [55]) or “cumulative deficit” (resulting from an accumula-
tion of medical conditions, functional, psychological, cognitive declines, and non-
specific health issues that include poor nutrition, over time [56, 57]). A study of the 
US National Inpatient Sample database identified that frailty, assessed by ICD-9 
diagnoses clustered around malnutrition or catabolic illness, incontinence, weight 
loss, social support needs, difficulty walking, and falls, was prevalent in 4% of 
adults who underwent anatomic lung resections [58]. This study identified that 
frailty was associated with 5.0- and 3.5-fold increased odds of postoperative non-
home discharge and mortality, respectively [58]. However, another retrospective, 
single- institutional study of 193 patients identified that preoperative patient-reported 
frailty, prevalent in 7% of patients, was not associated with surgical complications 
[59]. In this study, frailty was assessed by self-reported weight loss, fatigue, physi-
cal inactivity, poor grip strength (awareness of the presence of muscle weakness), 
and (awareness of) slow walking speed [59]. Another retrospective, single- 
institutional study of 552 patients with stage I–IIIA lung cancer, 44% of whom 
underwent surgical treatment, also identified significant associations of pre- 
diagnosis patient-reported physical inactivity with post-diagnosis acute health care 
utilization and overall survival [60]; however, postoperative complications were not 
assessed in this study [60]. A systematic review of 16 studies involving 4,183 lung 
cancer patients identified that 45% are frail, with frailty being associated with three-
fold increased hazards of death [61]. However, there was significant heterogeneity 
in the prevalence of frailty (e.g., range 0–80% among males assessed by the Fried 
frailty index), with only one study focusing on patients undergoing surgical treat-
ment [61].

Sarcopenia, or the age-related loss of muscle mass and strength or physical func-
tion [62], has also been associated with perioperative complications. In a retrospec-
tive study of 328 patients undergoing curative lung resection, sarcopenia, assessed 
by a psoas muscle mass index on computed tomography and prevalent in 56% of 
patients, was associated with postoperative complications [63]. However, another 
similar retrospective study of 391 patients showed no association between sarcope-
nia and postoperative complications [64]. A systematic review of 23 studies focus-
ing on patients with stage I–III NSCLC and surgical treatment identified that 
pretreatment nutritional status, conceptualized by multiple measures that include 
sarcopenia, functional or biochemical (e.g., serum albumin) tests, anthropometric 
characteristics (e.g., body-mass index), and nutrition risk indices, showed signifi-
cant associations of poor pretreatment nutritional status with posttreatment compli-
cations and mortality [65]. However, this study also identified a need for (and 
easy-to-use) pretreatment nutritional assessments that accurately identify patients 
who are at risk for treatment complications [65]. Other radiographic assessments 
include emphysema (e.g., by quantitative computed tomography) [66, 67] and pul-
monary hypertension (e.g., pulmonary artery-to-ascending-aorta size ratio) [68] 
also show promise, however with limited studies.
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 Practical Challenges and Considerations

 Variations in Guideline Recommendations

The ACCP, BTS, and ERS/ESTS clinical practice guidelines endorse the use of 
algorithms to risk stratify patients being considered for lung cancer resection sur-
gery [13, 27, 28], with the indications and thresholds used to guide testing and clini-
cal decision-making varying between them [29]. For instance, the ACCP 
recommends that patients with ppoFEV1 or ppoDLCO 30–60% to undergo SCT or 
ISWT and subsequently CPET if performance on the SCT or ISWT is impaired—
i.e., SCT height <22 m, or ISWT <400 m [13]. In such patients, lung cancer resec-
tion surgery is generally not recommended if VO2peak is <10 ml/kg/min (or <35% 
predicted), due to concerns of excessive/prohibitive operative risk [13]. In contrast, 
the ERS/ESTS recommends that all patients with FEV1 or DLCO < 80% predicted 
undergo CPET and does not endorse the use of any simple field exercise testing for 
risk stratification, with a similar VO2peak threshold used to indicate excessive/pro-
hibitive operative risk [28]. The BTS, on the other hand, recommends that patients 
with ppoFEV1 or ppoDLCO ≤ 40% undergo ISWT or CPET, with ISWT distance 
<400 m or VO2peak < 15 ml/kg/min indicating excessive and prohibitive risk [27] 
(Table 13.1).

Table 13.1 Summary of clinical guidelines on the physiologic evaluation for lung cancer 
resection surgery

Clinical question ACCP guideline [13] BTS guideline [27]
ERS/ESTS 
guideline [28]

Whom to test and 
which test

ppoFEV1 or ppoDLCO 
30–60%: SCT or ISWT

ppoFEV1 or 
ppoDLCO ≤ 40%: 
ISWT or CPET

FEV1 or 
DLCO < 80% 
predicted: CPETppoFEV1 or 

ppoDLCO < 30%: CPET
Functional cutoff 
indicating elevated 
surgical risk

SCT height < 22 m or 
ISWT distance <400 m 
and/or VO2peak < 20 ml/kg/
min (or <75% predicted)

ISWT distance 
<400 m or 
VO2peak < 15 ml/kg/
min

VO2peak < 20 ml/kg/
min (or <75% 
predicted)

Anatomic resection 
generally not 
recommended (i.e., 
“prohibitive risk”)

VO2peak < 10 ml/kg/min (or 
<35% predicted)

VO2peak < 10 ml/kg/
min (or <35% 
predicted)

ACCP American College of Chest Physicians, BTS British Thoracic Society, CPET cardiopulmo-
nary exercise testing, DLCO diffusion capacity of the lung for carbon monoxide, ERS/ESTS 
European Respiratory Society/European Society of Thoracic Surgery, FEV1 forced expiratory vol-
ume in 1 second, ISWT incremental shuttle walk test, ppo predicted postoperative, SCT stair climb-
ing test, VO2peak peak oxygen consumption
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 Defining Risk and Acceptable Thresholds

Due to the historically poor prognosis associated with lung cancer, a high surgical 
mortality risk has been accepted for the potential benefit of a cure. For instance, the 
ACCP defines high (and prohibitive) surgical risk as >10%, moderate 1–10%, and 
low risk as <1% chance of perioperative mortality following lung cancer resection 
surgery. However, advances in therapeutic techniques, including video-assisted tho-
racoscopic surgery and stereotactic body radiotherapy (SBRT), have improved sur-
vival rates for patients with early-stage lung cancer [69]. Concerns have been raised 
for patients deemed at “moderate” surgical risk as defined by guideline- recommended 
algorithms, with perioperative mortality rates of 8–9% following bi-lobectomy or 
pneumonectomy reported in one study [70]. The American Society of Clinical 
Oncology guideline recommends no more than a 5% perioperative mortality risk for 
patients being considered for surgical treatment of stage III NSCLC [71]. Moreover, 
there is not a well-accepted/validated definition of poor (and nonfatal) composite 
surgical outcomes, with some studies including clinical events of unclear signifi-
cance (e.g., atelectasis with or without therapeutic bronchoscopy) and possibly not 
related to cardiopulmonary function and/or fitness (e.g., intrathoracic or extratho-
racic bleeding). As such, concerns have been raised regarding the significance of the 
surgical outcomes commonly evaluated to date [72].

 Real-World Challenges

Despite the available physiologic predictors and associated algorithms, real-world 
challenges exist. Many patients with lung cancer are older and with significant 
comorbidities that render them unable to perform exercise testing, including simple 
field exercise testing such as the SCT [31, 73]. The inability to perform the indicated 
exercise test has been associated with worse perioperative outcomes [31, 73]. In 
addition, while VO2peak is a well-accepted physiologic predictor of perioperative 
morbidity and mortality, CPET has limited availability and the SCT height, despite 
its construct and predictive validity, does not have accepted standards for testing 
performance and interpretation. A 2021 survey of a panel of thoracic surgeons, pul-
monologists, and radiation oncologist suggested that the five most important risk 
factors considered in practice when assessing surgical risk for lung cancer resection 
surgery are: the use of home oxygen, frailty, ppo lung function (i.e., ppoFEV1; 
ppoDLCO), and functional status [74]. CPET and simple field exercise test were 
ranked 13th and tenth, respectively, out of the 16 risk factors considered [74].
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 Patient-Centered Care

In addition to physiologic measures and associated algorithms, a patient-centered 
approach can further guide clinical decision making for patients with lung cancer 
being considered for curative intent therapy [14, 29]. A cross-sectional study of 114 
patients with early-stage lung cancer at 4–6 months following surgical resection or 
SBRT showed high (about 50%) discordance between preferred and actual treat-
ment received, with more patients valuing independence and HRQL as “most 
important” compared to traditionally accepted clinical outcomes of survival or can-
cer recurrence [75]. This study also identified that an overwhelming majority (about 
80%) of patients were willing to accept no more than a 2% chance of perioperative 
death for one additional year of life [75]. Another cross-sectional study of 660 lung 
cancer patients identified that ≥90% ranked quality of life, maintaining indepen-
dence, and ability to perform normal activities as “very important” or “important,” 
regardless of disease stage (metastatic or not) or status (disease-free or not) [76]. 
Longitudinal studies have also shown that within 1 year following curative intent 
therapy of lung cancer, many patients experience increased dyspnea and symptom 
burden, impaired functional exercise capacity, and decreased HRQL [9–12]. A 
meta-synthesis of qualitative studies also showed that following surgical treatment, 
lung cancer patients “long to get back on track with their lives,” feeling that they are 
in “a pendulum between needing support and wanting independence,” and “bur-
dened with postoperative symptoms” [77]. A systematic review of qualitative and 
quantitative studies specifically identified that many lung cancer patients experience 
significant dyspnea, fatigue, sleep difficulties, and worrying about limitations on 
activities of daily life, losing independence, and physical disability [78]. Therefore, 
patient-centered care, particularly to incorporate patient preferences, values, and 
patient-centered outcomes such as HRQL and disability can guide decision-making 
[1, 13, 79]. A standard set of patient-centered outcomes has been proposed in lung 
cancer, to include patient-reported domains of HRQL (e.g., fatigue, dyspnea, and 
cough), in addition to complications during or within 6 months of treatment, and 
survival [80].

Moreover, shared decision-making is an essential component of patient-centered 
care [81]. The use of decision aids to facilitate shared decision-making has been 
shown to improve patient satisfaction, value agreement, and knowledge and decrease 
conflict and anxiety among patients undergoing elective surgery [82, 83]. In lung 
cancer, shared decision-making is recommended to facilitate decision making on 
screening [84, 85] and can be effective [86]. In patients with lung cancer being con-
sidered for curative intent therapy, shared decision-making has been shown to be 
suboptimal [87, 88]. The use of decision aids to facilitate shared decision-making 
with patients being considered for diagnostic procedures [89, 90] and lung cancer 
treatment [91] has been explored.
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 Additional Considerations

 Mitigating Risk

A component of risk evaluation also includes identification of strategies to mitigate 
risk. Given that low exercise capacity is associated with poor perioperative surgical 
outcomes, exercise training to improve exercise capacity has been attempted to 
reduce surgical risk. For instance, a randomized controlled trial (RCT) of 151 par-
ticipants with operable lung cancer, 38% of whom had comorbid COPD, demon-
strated that those in the high-intensity interval exercise training, compared to usual 
care group, had significant improvements in VO2peak and 6MWT distance [92]. Also, 
a subsequent systematic review and meta-analysis of RCTs identified 791 partici-
pants in 14 studies showed that compared to usual care, preoperative exercise train-
ing reduced overall, and clinically relevant postoperative complications [93]. The 
estimates of the effect of exercise training on mortality was imprecise (and statisti-
cally nonsignificant), with exercise training possibly improving exercise capacity, 
lung function, HRQL, although the clinical significance of these changes was 
unclear [93]. The preoperative exercise training program durations identified in this 
systematic review ranged 1–8 weeks [93].

In the posttreatment phase, a RCT of 61 participants who underwent surgical 
treatment, 30% of whom had comorbid COPD, demonstrated that compared to 
usual care, participants allocated to a 20-week high-intensity endurance and strength 
exercise training program, starting approximately 1 month posttreatment, experi-
enced improvements in VO2peak, leg muscle strength, total muscle mass, and HRQL 
[94]. A subsequent systematic review and meta-analysis of eight RCTs involving 
450 participants within 12  months of lung cancer resection surgery showed that 
exercise training improves exercise capacity and leg muscle strength, and possibly 
physical HRQL and dyspnea control [95]. Exercise training programs evaluated in 
this phase ranged 4–20 weeks [95]. Therefore, exercise training or rehabilitation 
programs can mitigate the risk of perioperative surgical complications and possibly 
improve HRQL posttreatment. Indeed, pulmonary rehabilitation is recommended 
for lung cancer patients with impaired lung function and exercise capacity in the 
pre- or postoperative settings [13].

Smoking cessation can also positively impact outcomes. A prospective study of 
517 current smokers with stage I–IIIA NSCLC, followed for an average of 7 years, 
identified that, compared to those who continued smoking postdiagnosis, those who 
had quit had an adjusted median overall survival time of 22 months longer; their 
5-year overall and progression-free survival rates were also significantly higher: 
61% vs. 49% and 54% vs. 44%, respectively [96]. In this study, smoking cessation 
was associated with approximately 30% decreased hazard of all-cause mortality, 
cancer-specific mortality, and disease progression, regardless of stage [96]. 
Moreover, smoking cessation prior to surgical treatment has been associated with 
lower rates of surgical complications, although this relationship has not been con-
sistently identified across studies [97–99]. Albeit, given its potential benefits, 
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smoking cessation is recommended to mitigate surgical risk for patients with lung 
cancer being considered for surgical treatment [13].

 Care Team Characteristics

Care team and hospital characteristics have been associated with outcomes in lung 
cancer. Surgical outcomes can depend on expertise (i.e., better with thoracic com-
pared to general surgery) [100] and surgeon or hospital volume (i.e., better with 
higher volumes compared to low) [101, 102], with guideline recommendations to 
have lung cancer resection surgery performed by thoracic surgeons in high volume 
centers (e.g., ≥20–25 cases/year) [2, 28]. In addition, involvement of multidisci-
plinary teams has been associated with better timeliness to treatment, treatment 
selection, adherence to clinical guideline recommendations, and lower health care 
costs and expenditures [103–107]. The ACCP recommends that multidisciplinary 
teams for patients being considered for lung cancer resection surgery include tho-
racic surgeons, radiation oncologists, medical oncologists, and pulmonologists [1, 
13]. However, approximately 30% of lung cancer resection surgery cases are per-
formed by general surgeons [2], with significant real-world disparities in outcomes 
with regard to medical center characteristics (better with specialized/complex com-
pared to nonspecialized/affiliate centers [108]), access to care (e.g., better in urban 
compared to rural areas [109]), and geography (by state and county levels in the 
USA [110, 111]). Therefore, considerations with regard to team- and center-level 
characteristics, as well as access to care, can guide clinical decision-making with 
patients with lung cancer being considered for curative intent therapy.

 A Consolidated Approach

The patient’s ability to survive surgical treatment is a principal consideration in the 
physiologic assessment for curative intent therapy of lung cancer. Traditionally, due 
to the absence of effective alternative treatment options, relatively high risks have 
been taken to achieve the potential benefit of a cure. As such, older studies of physi-
ologic evaluation for curative lung cancer resection reported much higher rates of 
surgical mortality (e.g., 20%) [16, 112]. Advances in surgical and radiation tech-
niques have allowed for safer, better-tolerated, and effective treatment modalities, 
with survival rates significantly improving for patients diagnosed with early-stage 
lung cancer [69]. Additional outcome measures, such as HRQL and disability, 
should be considered in clinical decision-making [3, 79].

Therefore, a consolidated physiologic and patient-centered approach may better 
guide treatment selection for patients with lung cancer being considered for curative 
intent therapy, with important considerations [3, 13, 14, 29]:
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 1. Physiologic measures and associated algorithms that incorporate pulmonary 
function testing and exercise capacity assessments can, to a reasonable extent, 
predict patients’ ability to tolerate the necessary stresses induced by curative 
lung resection, particularly on the cardiopulmonary system. The ability of direct 
or indirect measures of VO2peak with exercise testing (either with CPET or simple 
field exercise tests) to predict surgical outcomes is fairly well established in 
patients with impaired lung function. However, given the imprecise nature of 
risk assessments, including thresholds used and unclear acceptance of the clini-
cal outcomes traditionally considered, no single variable or algorithm involving 
physiologic measures should be used in decision-making.

 2. While perioperative mortality is an important and well-accepted outcome to 
assess surgical risk, the available literature and supporting evidence highlights 
the importance of patient-centered care, including the incorporation of patient- 
centered outcomes such as HRQL and disability, as well as eliciting patients’ 
preferences and values in shared decision-making.

 3. Clinical decision-making, especially regarding binary decisions (e.g., surgery or 
no surgery), is complex and multifaceted and should be made in a multidisci-
plinary approach, with access to care taken into account.

With these considerations, patients with ppoFEV1 and ppoDLCO > 60% can be 
considered low risk for perioperative morbidity and mortality for lung cancer resec-
tion surgery [13]. Patients with marginal ppoFEV1 and/or ppoDLCO 30–60% and 
acceptable performance on exercise testing can also be considered low risk. The 
decision to pursue exercise testing should consider patients’ ability to undergo the 
indicated test, testing availability, and interpretation to guide decision-making. 
Acceptable performance on simple field exercise tests can be defined as SCT 
height > 22 m, ISWT distance >400 m, or 6MWT distance >400–500 m. Poor per-
formance on exercise testing that indicates high (and usually prohibitive) surgical 
risk includes VO2peak < 10 ml/kg/min (or <35% predicted) on CPET, or if not avail-
able, the higher distance thresholds on simple field exercise tests (i.e., SCT height 
<22 m, ISWT distance <400 m, or 6MWT distance <500 m). Strategies to mitigate 
surgical risk in the preoperative setting, particularly for patients deemed at “moder-
ate” risk, should include exercise training programs to reduce perioperative compli-
cations, especially if such programs are accessible. Patients with ppoFEV1 or 
ppoDLCO < 30%, particularly with poor performance on exercise testing, can be 
considered high risk and offered nonsurgical treatment or sub-lobar resection. A 
perioperative mortality risk >5% can be used as a threshold to indicate high and 
prohibitive risk [71]. For all patients, a patient-centered approach with a goal of 
informed shared decision-making and optimal treatment selection should be pur-
sued. This patient-centered approach should incorporate patient preferences, values, 
and considerations of patient-centered outcomes such as HRQL, disability, and 
team- and center-level characteristics (Fig. 13.1).
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Fig. 13.1 A consolidated approach to the evaluation of patients being considered for lung cancer 
resection surgery. *Consider using the higher distance or height cutoff to suggest high surgical risk 
if CPET is not available. †Consider using simple field exercise testing (i.e., 6MWT, ISWT, or SCT) 
if CPET is not available (and higher distance or height cutoffs to suggest high surgical risk). 6MWT 
6-minute walk test, CPET cardiopulmonary exercise testing, DLCO diffusion capacity of the lungs 
for carbon monoxide, FEV1 forced expiratory volume in 1 s, HRQL health-related quality of life, 
ISWT incremental shuttle walk test, ppo predicted postoperative, SCT stair-climbing test, VO2peak 
peak oxygen consumption
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