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Purpose: Immune checkpoint inhibitors are a standard treatment option for many patients with cancer and are most frequently used to
treat lung cancer. Chronic obstructive pulmonary disease (COPD) is the most common comorbidity of patients with lung cancer. As
the cancer-specific survival of patients with lung cancer continues to increase with modern treatments, it is critical to optimize
comorbidities to improve overall survival. This literature review aimed to summarize current research on the impact of COPD upon
immunotherapy outcomes.

Methods: A comprehensive search was conducted in the PubMed database using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Inclusion criteria focused on peer-reviewed articles published between 2010 and
2024 that addressed COPD, cancer, and immune checkpoint inhibitors. The study team screened the studies for relevance and then
synthesized them narratively.

Results: This review identified 37 studies that met the inclusion criteria. Findings suggest that COPD is predictive of improved
efficacy but slightly worse toxicity from immune checkpoint inhibitor therapy. The chronic inflammation of COPD leads to immune
exhaustion including the overexpression of immune checkpoints on T-cells. Particularly within “hot” tumors that have higher
concentrations of tumor-infiltrating lymphocytes, the COPD-related increase in programmed cell death protein 1 (PD-1) signaling
likely creates sensitivity to immune checkpoint inhibitors. However, COPD can also lead to respiratory dysfunction, debility, and
interstitial lung disease; each of which increases the severity of immune-related adverse events.

Conclusion: COPD is a critical comorbidity that has a significant impact on many patients with cancer who receive treatment with
immune checkpoint inhibitors. Future research is needed to design interventions to optimize COPD care in this high-risk patient
population.
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Introduction
The routine use of immune checkpoint inhibitors for cancer treatment has rapidly expanded over the past ten years.
Contrary to cytotoxic chemotherapy’s immunosuppressive effect, these drugs block inhibitory signals that allow cancer
cells to evade the immune system.' The most common cancer types treated with these drugs are associated with tobacco
abuse (eg lung cancer),” and a personal history of smoking is associated with improved immunotherapy efficacy.”®
Among patients with a history of inhaled tobacco dependence, chronic obstructive pulmonary disease (COPD) is
frequently underdiagnosed and undertreated in the general population and among patients with cancer.”” The prevalence
of smoking remains unacceptably high and remains the major modifiable risk factor for cancer-related mortality in the
United States.'” As novel interventions incrementally prolong survival in patients with cancer, it becomes increasingly
essential to manage toxicity and the comorbidities, such as COPD, of the many patients treated for two years or more
with a maintenance immune checkpoint inhibitor."!

There are many reasons why a patient can develop respiratory symptoms while receiving immunotherapy for cancer.
Checkpoint inhibitor pneumonitis (CIP) is one of the most common dose-limiting toxicities of these drugs and can
sometimes be fatal. COPD patients may be at higher risk for developing immune-related adverse events, which can lead
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to treatment interruption or discontinuation, potentially compromising the effectiveness of immunotherapy. It has been
hypothesized that COPD complicates the safe administration of immune checkpoint inhibitors by worsening bronchial

12.13 necessitating corticosteroids, which may suppress the efficacy of immunotherapy,'* and potentially

inflammation,
increase the risk of CIP via an unknown mechanism.'”> Besides CIP and comorbidities, bulky tumors within the lung
parenchyma are another frequent cause of respiratory symptoms. In addition to lung cancer, which by definition has
respiratory involvement, other types of cancer that are frequent indications for immunotherapy (eg, head and neck
squamous cell carcinoma, kidney cancer, melanoma) have high rates of metastases to the lungs.'® Thoracic tumors can
cause respiratory symptoms by developing central airway obstruction, post-obstructive pneumonia, pulmonary emboli,
and radiation pneumonitis if the tumors have been targeted with external beam radiotherapy.

It is critical to better understand the impact of COPD comorbidity on clinical outcomes among patients receiving
immunotherapy for cancer, given its high prevalence. However, COPD data collection has been limited in cancer
research due to the variable phenotypes of COPD and the restrictive eligibility criteria of registration clinical trials.
This paper aims to systematically review the existing literature to explore the relationship between COPD and clinical
outcomes in cancer patients receiving immunotherapy. Our hypothesis is that COPD is associated with improved
treatment efficacy in terms of cancer control but a higher incidence and increased severity of respiratory adverse events.
The findings of this review will provide insights into future clinical trial design to inform the development of strategies to
optimize immunotherapy administration of patients with COPD and cancer.

Methods

The search strategy for our review focused on the National Center for Biotechnology Information (NCBI)/PubMed
database and was guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.'” We used the following search terms in different combinations within medical subject headings, titles, and
abstracts: “pulmonary disease, chronic obstructive”, “immune checkpoint inhibitors”, “lung neoplasms/drug therapy”,
“COPD”, “pneumonitis”, and “immunotherapy”. All unfiltered results were entered into Covidence, a web-based
collaboration software platform that streamlines the production of systematic reviews (Veritas Health Innovation,
Melbourne, Australia). The study team then conducted a systematic literature review, summarized the findings in
a narrative synthesis, and developed a conceptual model to organize the relationships between key variables.

Backward snowballing by citation tracking was used during the review to identify additional relevant sources.

Results

Literature Review
The PubMed and citation searches identified 270 studies published up to August 2024, which then underwent review by
the co-investigators as shown in the PRISMA flow diagram (Supplementary Figure 1). The study team screened the titles

and abstracts of all the studies and included only the studies that referenced immune checkpoint inhibition, cancer, and
obstructive lung disease (n = 93) as relevant. The study team then assessed the full text of these studies for eligibility,
with 56 studies excluded due to the wrong study population (ie, participants without either COPD or cancer; n = 26),
wrong intervention (ie, participants did not receive an immune checkpoint inhibitor; n = 15), wrong study design (ie,
review, expert opinion, or commentary; n = 14), or lack of availability in the English language (n = 1). Additional studies
were identified among references, particularly from a recent meta-analysis.'® The 42 studies identified by this systematic
literature review were included in the narrative synthesis, conceptual model, and table summary of key findings (Table 1).

Narrative Synthesis

COPD Pathophysiology and Immunotherapy

Neutrophils and Macrophages

Neutrophils and macrophages are the innate immune cells that are the primary mediators of the chronic inflammatory
damage of COPD.® Neutrophils and macrophages also have a supplementary role in the mechanism of immune
checkpoint inhibitors, as the adaptive immune response leads to increased levels of inflammatory mediators which
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Table | Summary of Key Findings from Studies

Topic n Key COPD-related Finding Citation
Innate immunity
Prospective 156 Low IL-8 and IL-2R were associated with better outcomes. [19]
Prospective 95 Immunotherapy increased FeNO in some patients with COPD. [20]
Prospective 82 COPD was associated with increased Treg and Thl7 cells. [21]
Other immunity
Prospective 101 ICI response was associated with CD8+ MAIT cells. [22]
Prospective 31 ICl response was associated with active natural killer cells. [23]
Mouse study n/a Lipopolysaccharide-induced inflammation helps ICI activity. [24]
Adaptive immunity
Prospective 230 COPD down-regulated HHLA2, increased memory T cells. [25]
Retrospective 125 COPD has expanded Thl cells associated with ICI response. [26]
Retrospective 39 COPD has increased sensitivity of CD8 T lymphocytes. [27]
Pneumonitis
Meta-analysis n/a COPD was associated with higher risk of pneumonitis. [18]
Prospective 138 Baseline symptoms and obstruction were associated with ILD. [28]
Prospective 99 Severe COPD was associated with immunotoxicity. [29]
Retrospective 284 FEVI was not associated with pneumonitis incidence. [30]
Retrospective 164 COPD was associated with pneumonitis. [31]
Retrospective 123 Baseline pulmonary fibrosis was associated with pneumonitis. [32]
Retrospective 122 COPD was not associated with higher risk of pneumonitis. [33]
Retrospective 88 CPFE had similar toxicity but worse ICI efficacy than COPD. [34]
Retrospective 83 COPD was associated with incidence of pneumonitis. [35]
Retrospective 43 Baseline spirometry was associated with pneumonitis risk. [36]
Retrospective 34 COPD was associated with lack of ICI after chemoradiation. [37]
Acute exacerbations of COPD
Retrospective 234 COPD had similar ICl outcomes with or without pneumonitis. [38]
Retrospective Il Immunotherapy was associated with stable COPD control. [39]
Case series Patients on ICI can have worsening COPD exacerbations. [40]
Case series ICl can cause tracheobronchitis. [41]
Other complications of COPD
Retrospective 958 Intratumoral Escherichia DNA had improved ICI efficacy. [42]
Retrospective 298 COPD had higher risk of hospitalization. [43]
Retrospective 166 COPD was a risk factor for venous thromboembolism. [44]
Predictive marker of clinical outcomes
Retrospective 447 COPD was associated with worse immunotoxicity. [45]
Retrospective 133 Spirometry-defined COPD had improved ICl outcomes. [46]
Retrospective 74 COPD was associated with improved ICl outcomes. [47]
Retrospective 39 Frail patients with COPD can tolerate attenuated treatments. [48]
Radiomics
Retrospective 240 COPD had lower uptake on PET/CT imaging. [49]
Retrospective 257 Primary tumor adjacent to COPD bullae improved outcomes. [50]
Retrospective 153 Radiographic emphysema improved some ICl outcomes. [51]
(Continued)
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Table | (Continued).

Topic n Key COPD-related Finding Citation
Retrospective 90 COPD did not predict pneumonitis after adapted radiotherapy. [52]
Retrospective 56 Emphysema was associated with improved ICl outcomes. [53]
Prospective 39 COPD predicted for pneumonitis after adapted radiotherapy. [54]

Genetic profiling

Retrospective 435 COPD had different patterns of tumor genetic alterations. [55]
Retrospective 151 COPD had upregulated ZNF[43 expression. [56]
Retrospective 139 COPD was associated with higher tumor mutational burden. [57]

Future directions

Retrospective 13,113 | COPD was documented in 27% of the patient population. [58]
Mouse study n/a Tumor growth was decreased in Il-17c deficient mice. [59]

Abbreviations: COPD, chronic obstructive pulmonary disease; Treg, regulatory T cells; Th17, T helper cell 17; IL, interleukin;
ICl, immune checkpoint inhibitor; CD, cluster of differentiation; MAIT, mucosal-associated invariant T; HHLA2, HERV-H LTR-
associating protein; ILD, interstitial lung disease; CPFE, combined pulmonary fibrosis/emphysema; PET/CT, combined positron
emission and computed tomography.

activate innate immune cells to cause inflammation in the tumor microenvironment.®' Peripheral blood tests to measure
the levels of these mediators are minimally invasive, can be collected longitudinally as part of routine lab draws, and
seem to change in response to immunotherapy. However, changes in levels often seem to be non-specific and therefore
difficult to interpret. A prospective observational study of 82 patients with both COPD and lung cancer found that
programmed cell death protein 1 (PD-1) inhibitors increased levels of interleukin (IL)-17, IL-6, and tumor necrosis
factors (eg, TNF-o. and TGF-p), several of the critical mediators of neutrophilic inflammation in COPD.?! Increased
baseline blood levels of two other key mediators, IL-8 and IL-2 receptors, were also associated with longer responses to
immunotherapy.'® Another retrospective study found that a higher baseline level of IL-8 was associated with a lower
incidence of checkpoint inhibitor pneumonitis.®' In contrast, a retrospective cohort of 178 patients found that baseline
high levels of inflammatory markers (including IL-8) were associated with worse progression-free survival for
immunotherapy.

Other Innate Immune Cells

Other innate immune cells (eg, natural killer T-cells, eosinophils, mast cells) have supplementary roles in the progression
of COPD.®® In a prospective study that collected peripheral blood from patients receiving the PD-1 inhibitor nivolumab,
high levels of natural killer T-cells were associated with COPD and with improved progression-free survival.>®

Mucosal-associated invariant T (MAIT) cells are a large subset of T lymphocytes that are innate immune cells with
some adaptive characteristics. In patients with COPD, MAIT cells tend to have dysfunctional signaling with an
exaggerated inflammatory response to healthy bronchial epithelial cells and a decreased response to infected bronchial
epithelial cells.®* A study that collected surgically resected lung cancer after neoadjuvant (ie, pre-operative) immu-
notherapy found that higher concentrations of tumor-infiltrating MAITs were associated with a major pathologic response
to immunotherapy. The presence of COPD was found to be associated with markers of immune exhaustion, including
higher levels of PD-1 and lower levels of cluster of differentiation (CD) 69, Granzyme B (GZMB), and interferon gamma
(IFN-y) as compared to samples collected from patients without COPD. The investigators also found that in a mouse
model, the stimulation of MAIT cells using 5-(2-oxopropylideneamino)-6-D-ribitylaminouracil (5-OP-RU) increased
antitumor efficacy of an anti-PD1 immune checkpoint inhibitor.*?

Eosinophilic COPD is another phenotype of chronic airway inflammation and is associated with a higher risk of acute
exacerbations.®® A prospective observational study of 95 patients with lung cancer found that four cycles of nivolumab
slightly increased the levels of eosinophils in peripheral blood (171 to 229 cells/mm®), but this difference was seen
primarily among the subset of patients without COPD (142 to 226 cells/mm®) and less in patients with COPD (208 to 233
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cells/mm®). The overall cohort had improvements in functional testing (increased FVC, FEV1) and no worsening of
symptoms by dyspnea scale or incidence of acute exacerbations.”” Among patients with COPD, there was an increase in
the fraction of exhaled nitric oxide (FeNO) that was not seen among patients without COPD. The FeNO is a surrogate
marker of local inflammation in the small airways®* (eg, asthma, eosinophilic pneumonia) which may be exacerbated by
immune checkpoint inhibitors.

Adaptive Immune Cells

The primary mechanism of action of immune checkpoint inhibitors is through the activation of adaptive immune cells.
The most used immunotherapies are monoclonal antibodies that target the PD-1 axis of adaptive immune cells; an
immunosuppressive signaling pathway that can be pirated by cancer but is more commonly up-regulated as the body’s
response to control the severity of chronic inflammation.! In COPD pathophysiology, adaptive immune cells have
a supplementary role through the stimulation of innate immune cells to cause chronic inflammation in the lungs.?***% In
lung tissue, COPD is associated with increased PD-1 expression among T-cells along with a diminished response to viral
infection.®® The immune dysregulation of COPD can lead to T-cell exhaustion and may contribute to lung
carcinogenesis.®’

The key distinction for when COPD has an impact on immunotherapy efficacy may be limited to the patients that
have higher concentrations of tumor-infiltrating lymphocytes (so-called “hot” tumors).® A retrospective study analyzing
surgical pathology from 435 patients with lung cancer found that COPD was associated with similar immune cell density
in the tumor microenvironment, similar programmed death-ligand 1 (PD-L1) expression in tumor cells, and similar tumor
mutational burden as compared to patients without COPD. But among the patients who had higher concentrations of
CDS8+ tumor-infiltrating lymphocytes, there was increased expression of T-cell immunoglobulin and mucin domain-
containing protein 3 (TIM-3), co-expression of PD-1/TIM-3, and functional exhaustion among CD8+ tumor-infiltrating
lymphocytes.”” These COPD-associated tumor-infiltrating lymphocytes are likely a mechanism for immunotherapy
response. A study of resected lung tumors after neoadjuvant immunotherapy found that COPD was associated with
higher levels of CD8+ CD103+ tissue-resident memory T cells and also with a treatment response to immunotherapy.*>
A previously noted prospective study of patients receiving the PD-1 inhibitor nivolumab found that COPD was
associated with higher levels of CD8+ T-cells expressing PD-L1 in tumor tissue and in the peripheral blood and was
also associated with improved progression-free survival.>®

Other Triggers of Airway Inflammation

The lung microbiome of patients with COPD tends to have higher rates of bacterial colonization, most notably with
Gram-negative bacteria, as compared to patients without COPD.%""° The presence of lung cancer likely also changes the
lung microbiome.”"’*> Bacterial colonization of the airway may contribute to chronic inflammation and improved
immunotherapy efficacy. An observational study of 958 patients with lung cancer found that 52% of patients had
intratumoral DNA consistent with Escherichia coli colonization. The presence of intratumoral Escherichia was associated
with improved survival of single-agent immunotherapy.** Airway colonization by Pseudomonas aeruginosa is found in
a high-risk subset of patients with COPD (~4%)"*"* and was tested in a preclinical study to see if its presence modulated
immunotherapy efficacy.®* A mouse model of lung cancer found that repeated exposure to lipopolysaccharide from
Pseudomonas aeruginosa led to a stronger tumor response to immune checkpoint inhibitors over the short term. The
immune gene signatures from these mice correlated with the gene signatures from a retrospective cohort of human
patients with lung cancer who responded to immunotherapy.

COPD as a Complicating Comorbidity of Immunotherapy

Overview

Compared to cytotoxic chemotherapies, immune checkpoint inhibitors typically have improved quality of life, less risk of
toxicity, and similar or even enhanced treatment efficacy. As a result, patients with debility due to COPD may be better
suited to receive attenuated systemic therapy with single-agent immunotherapy.””> But COPD may conversely increase
the risk of immunotoxicity; as a retrospective cohort of patients found that patients with a documented history of COPD
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(n = 40) had a higher treatment-related discontinuation rate compared to the patients without COPD (n = 407).*° It is
likely that if COPD increases immunotoxicity, it is in the form of respiratory complications. In some cases, uncontrolled
respiratory symptoms due to COPD may complicate or even preclude immunotherapy, both because of the potential
increased risk of CIP but also due to the difficulty differentiating whether an increased symptom burden is secondary to
poorly controlled COPD or the onset of CIP.*’

Pneumonitis
Observational and some limited clinical trial data have indicated that the presence of COPD increases the risk of
developing CIP."® For example, the KEYNOTE-001 registration trial of pembrolizumab for non-small cell lung cancer
found a higher incidence of CIP among patients with a history of either COPD or asthma as compared to patients without
either of those diagnoses (5.4% vs 3.1%).”° A prospective cohort study of 138 patients with lung cancer found that
obstruction on pre-treatment spirometry (i.e, decreases in forced expiratory volume in one second [FEV 1] or forced vital
capacity [FVC]) or daily symptoms of dyspnea measured using the modified Medical Research Council (mMRC) scale
were associated with a higher risk of pneumonitis.”® A retrospective cohort study of 315 patients who received either
nivolumab or pembrolizumab for lung cancer found that the presence of any one of the three indicators of COPD: (i)
a recorded history of COPD in the medical record, (ii) emphysema on baseline chest computed tomography (CT) scan, or
(iii) obstruction on pre-treatment spirometry (ratio of FEV1/FVC less than lower limit of normal) was associated with
a higher incidence of CIP.”” Another retrospective cohort study of 164 patients that used the above diagnostic criteria and
added the presence of clinical symptoms of COPD (ie, chronic cough, expectoration, and exertional dyspnea) also found
a higher incidence of CIP.>’ When stratifying COPD by functional severity using the predicted FEV1 (ie, mild >80%,
moderate 50-79%, severe 30—49%, extremely severe <30%), another retrospective cohort of 99 patients with lung cancer
found a higher rate of immune-related adverse events (56%) among patients with severe or extremely severe COPD, as
well as an indication of decreased efficacy.””"’® Another retrospective cohort of 43 patients also found an association
between worse FEV1 and higher incidence of CIP.*® When COPD is defined solely by reported medical history (ie, not
confirmed by spirometry or indicated by symptoms/imaging), several retrospective studies have failed to show an
association between COPD and pneumonitis risk.*>*® While a diagnosis of COPD may indicate a modestly increased
risk of CIP, there are subgroups of COPD that have increased risk.”® Interstitial lung abnormalities (eg, interlobular septal
thickening, honeycombing) and emphysema (eg, low-attenuation areas indicative of reduced tissue density) are common
radiographic changes among patients with COPD.***! A retrospective cohort of 123 patients with lung cancer treated
with programmed cell death protein 1 (PD-1) inhibitors found that pre-treatment fibrotic changes (but not emphysema-
tous changes) had a higher risk of CIP.** A retrospective study of 122 patients did not find a higher incidence of CIP
(16% vs 18%) among patients with COPD but found an indication of higher risk among patients with pulmonary fibrosis
evident on baseline CT.** Another retrospective study found that the radiographic evidence of combined pulmonary
fibrosis and emphysema as per Cottin’s 2005 criteria®® appeared to have a higher rate of respiratory immune-related
adverse events as compared to patients with clinically diagnosed COPD (5/28 [18%] vs 7/78 [9%)]).} 4

Prior radiation therapy involving the lungs is an additional cause of pneumonitis among patients being treated with
immunotherapy. The typical treatment course for unresectable stage III lung cancer is thoracic chemoradiation followed
by the anti-programmed death-ligand 1 (PD-L1) inhibitor durvalumab for one year. Among patients with lung cancer
receiving post-radiation immunotherapy, it is possible that patients with COPD are at higher risk for CIP as compared to
patients without COPD."® A small prospective study (n = 39) found a higher risk of CIP among patients with COPD.>*
A larger retrospective study (n = 264) did not find an association between pretreatment FEV1 and the incidence of CIP.*

Acute Exacerbations of COPD (AECOPD)

A multidisciplinary panel recommended that if a patient develops an AECOPD that immunotherapy should be suspended
until symptoms have improved and performance status has recovered.®> Based on low-level data, it is possible that
immunotherapy may worsen the frequency and severity of AECOPDs in some patients. Defined by responsiveness to
corticosteroids but in the absence of radiographic signs of pneumonitis, AECOPD have been described in case series
among patients started on immunotherapy.*>*' Other competing factors may contribute to this — most notably, the loss of
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functional airspace by tumor and the continued natural progression of COPD — and further research is needed to delineate
the course of COPD among patients who live for years with advanced lung cancer. Interestingly, a retrospective cohort
study of 142 patients with COPD found that the 34 patients who had immune-related adverse events did not have
a higher frequency of AECOPD than the 108 patients who did not have immunotoxicity.*® A small retrospective study (n
= 82) found that the 11 patients who received immune checkpoint inhibitors had a similar frequency of AECOPD but did
have different changes to their maintenance inhaler regimens as compared to patients who received other cancer
treatments.”® Immune checkpoint inhibitors can also cause immune-related respiratory dysfunction (eg,
tracheobronchitis)*' and it is not clear how to distinguish this from worsening COPD control. A meta-analysis of 22
randomized controlled trials did not find evidence that immunotherapy can increase the risk of developing new onset of
COPD.* There are clinical trials currently in progress (eg, National Clinical Trial registrations NCT04253964,
NCTO05696782) that are collecting validated COPD patient-reported outcome measures (eg, the COPD Assessment
Test and the modified Medical Research Council tool); these data should provide additional insight into COPD control
during immunotherapy.®’

It is not certain which signaling pathway mediates immunotherapy and worsening control of COPD. One possible
pathway is through toll-like receptors (TLRs); proteins that detect microbial antigens and activate the innate immune
system. In particular, double-stranded DNA of respiratory viruses activates TLR3 which decreases the expression of
immune checkpoints (eg, PD-1),%¢ contributes to airway remodeling,®’” and worsens COPD control.***? In this way it is
possible that patients who are receiving immune checkpoint inhibitors are sensitized to immune activation by respiratory
viral infections.

Pulmonary Embolism

Thrombotic risk is increased among patients with active cancer, and pulmonary embolism is one of the most common
respiratory problems in patients being treated with an immune checkpoint inhibitor. A meta-analysis of 22 randomized
controlled trials did not find evidence that immune checkpoint inhibitors increase the risk of pulmonary embolism,** and
likely have a relatively lower thrombotic risk compared to other systemic cancer therapies (eg, anti-angiogenic therapy,
chemotherapy).** However, COPD is associated with a higher risk of pulmonary embolism among the general

9091 and among patients with cancer treated with immunotherapy.**

population
Infections
Mechanistically, the alleviation of immunosuppression by immune checkpoint inhibitors should allow effector T-cells to
respond more aggressively to bacterial antigens and clear respiratory infections, a common cause of AECOPDs.”*??
However, it is not clear whether this proposed mechanism has any clinical relevance. A retrospective cohort of 298
patients treated with immunotherapy with or without chemotherapy had a slim majority of patients (162, 54%) diagnosed
with an infection at any point from initiation of treatment until three months after treatment discontinuation.*® Patients
with COPD had a higher incidence of hospitalization for infection, and patients who recently received corticosteroids
(likely as treatment for AECOPD) had a higher risk of admission to an intensive care unit. Interestingly, the investigators
found that the inability to discern between infection and an immune-related adverse event (40, 12%) was also associated
with hospitalization, a clinical challenge that was previously identified in another review.”*

COPD as a Predictive Marker for Immunotherapy

Overview

The chronic inflammation of COPD often leads to immune exhaustion, including the overexpression of immune
checkpoints on T-cells; within the tumor microenvironment, this reliance on PD-1/PD-L1 signaling likely creates
sensitivity to immune checkpoint inhibitors.”> Several retrospective studies have reported that the presence of COPD
(whether symptom-defined or spirometry-based) is associated with improved progression-free and overall survival
among patients with non-small cell lung cancer treated with an immune checkpoint inhibitor.'**"**-%° Two retrospective
studies found a benefit in progression-free but not overall survival,”® and one of these studies also found a benefit in
tumor response rate.”' In the neoadjuvant setting, a retrospective cohort found a higher pathological complete response
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rate among patients with spirometry-confirmed COPD (n = 30, 43%) as compared to patients without COPD (n = 44,
21%).*” Among patients with COPD, the development of an immune-related adverse event was not associated with
worse outcomes in terms of incidence of AECOPDs, hospitalization, or cancer progression.’® Even among higher-risk
patients (eg, elderly, decreased performance status, multiple comorbidities), the presence of COPD is not an absolute
contraindication to the use of an immune checkpoint inhibitor as part of an attenuated treatment plan for lung cancer.*®

Radiomics

Since nearly all patients with lung cancer have serial thoracic imaging for response assessment, radiomics is a promising
predictive biomarker for immune checkpoint inhibitors. The presence of emphysematous changes on baseline chest CT
(whether using a low attenuation area cut-off value of either >1% or >25% of the total surface area) was associated with
better efficacy in two retrospective cohorts.”'>> A retrospective cohort of 257 patients with lung cancer treated in Japan
with either nivolumab, pembrolizumab, or atezolizumab monotherapy tested the predictive value of lung tumors being
physically adjacent to emphysematous bullae (n = 55), a radiographic finding associated with smoking.’® The investi-
gators found that adjacent bullac were an independent predictor of progression-free and overall survival after controlling
for age, sex, and smoking history. This finding was not previously seen with another cohort of patients treated with
chemotherapy.®” Therefore, the investigators hypothesized that emphysematous bullae were likely a surrogate marker for
heavier smoking exposure and a greater accumulation of genetic alterations by cancer, which enhanced the targeting
ability of immunotherapy. Cancer staging typically requires a pre-treatment [ 18F][FDG-PET/CT scan which visualizes the
uptake of glucose by tumors as well as non-tumorous lung tissue, which may be predictive of increased inflammation and
a higher risk of drug-induced pneumonitis. A retrospective study found that patients with COPD (n = 57) had decreased
glucose uptake at baseline as compared to patients without COPD (n = 183), likely due to the emphysematous loss of
density in lung tissue.*’

Novel imaging techniques may provide further insight into the association between COPD and immunotherapy
outcomes. Flakus et al collected functional ventilation imaging (ie, four-dimensional computed tomography) and found
that radiation treatments to higher functional lung volumes — which differed from static three-dimensional lung volumes
— were associated with a higher risk of radiation pneumonitis and that the subgroup of patients who received adjuvant
immunotherapy did not have a higher risk than patients who did not receive adjuvant immunotherapy.’? Thomas et al
collected functional perfusion imaging (ie, Technetium-99m macro-aggregated albumin SPECT/CT) and found that
patients reported to have COPD had increased volumes of perfused lung compared to patients not reported to have
COPD.>

Genetic Profiling

In patients with COPD, lung tumors often have different profiles of gene expression and mutations as compared to
patients without COPD. The recognition of tumor mutations that are related to smoking is well established in lung cancer
care.”® Retrospective cohort studies have shown that COPD is associated with an increased prevalence of mutations that
may be targetable (eg, Kirsten Rat Sarcoma Viral Oncogene Homolog [KRAS]) or informative (eg, Serine/Threonine
Kinase 11 [STK11], Kelch-like ECH-associated protein 1 [KEAP1], Retinoblastoma 1 [RB1]); and a lower prevalence of
other “driver” mutations associated with non-small cell lung cancer in never-smokers (eg, Epidermal Growth Factor
Receptor [EGFR]). Two commonly used biomarkers for immunotherapy, PD-L1 expression and tumor mutational
burden, are not associated with COPD.>>->7-%%%

Human endogenous retrovirus-H long terminal repeat-associating 2 (HHLA2, also known as B7-H7), is an inhibitory
immune checkpoint that may be a novel PD-L1-independent pathway for tumors to evade the immune system and is
being evaluated as a potential target for cancer drug development.'® An observational study of resected lung tumors
after neoadjuvant immunotherapy (n = 62) found that COPD was associated with decreased HHLA?2 expression, higher
levels of CD8+ tissue-resident memory T cells and with a major pathologic response to immunotherapy. This study found
COPD-related differences in the expression levels of 10 other genes as well.>> Zinc finger protein 143 (ZNF143) is
another gene with higher levels of expression associated with both COPD and lung cancer, as compared to patients with
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lung cancer alone or without either condition. Known to be related to COPD, higher expression of ZNF143 was
correlated with PD-L1 and other predictive biomarkers of immunotherapy efficacy.”®

Future Directions

The mechanisms by which COPD increases the efficacy of immunotherapy may have insights into the development of
novel cancer drugs. The pro-inflammatory cytokine IL-17C is overexpressed in airway epithelial cells of patients with
COPD and contributes to lung cancer progression. The knockout of the IL-17C gene in a mouse model of KRAS-mutated
lung cancer led to the increased expression of PD-L1 and improved tumor responsiveness to anti-PD-1 treatment.'®’ The
investigators hypothesized that blocking of IL-17C may augment the response of some lung cancers to immune
checkpoint inhibitors. One literature review discussed how the long-standing success of inhaled immunomodulating
therapies for COPD (eg, corticosteroids, PDE3/4 inhibitors) can inform the development of inhaled immunotherapies for
cancer.' In particular, the review cites nanoparticles as a potential means to deliver immunotherapies to the lung
microenvironment,'® an avenue of drug development that could provide a safer option for patients with extra-thoracic
immune comorbidities (eg, transplanted kidney, inflammatory bowel disease). Additionally, it is likely that some future
immunotherapies for cancer will have a higher risk of COPD-related complications via shared signaling pathways (eg,
TLR3 agonists' **'%%).

The presence and severity of COPD are important variables among patients receiving immunotherapy and should be
consistently assessed as a baseline comorbidity using validated diagnostic criteria. One clinical trial currently in progress
is specifically testing immunotherapy efficacy and safety among patients with lung cancer and a confirmed diagnosis of
COPD.* Clinical trials testing neoadjuvant or shorter pre-operative “window of opportunity” regimens will allow for the
procurement of surgical lung specimens after neoadjuvant immunotherapy; this will allow for better studies of the
immune microenvironment.'°® Retrospective studies should address the presence of underlying lung disease as
a potential confounder, for example, by matching cases and controls.’®

Conceptual Model

We developed a conceptual model (Figure 1) to provide an overarching graphical description of this literature review.
COPD was selected as the independent variable due to its much greater prevalence than lung cancer. Immunotherapy
outcomes, defined as the response rate of the cancer treatments, progression-free survival, and risk of immunotherapy-

|Functional status decreases safety of
| chemotherapy as alternative option

1Checkpoint inhibitor pneumonitis

Dose interruptions due to: I(_jack of tumof;.dnver RUtatI?nj
- Acute exacerbations ecreases efficacy of targete

- Need for immunosuppressives COPD therapies as alternative option
- Respiratory infections 1Sensitivity of tumors to immune
- Decreased functional status checkpoint inhibitors

- Interstitial lung disease
- Pulmonary embolism Pre-treatment functional exhaustion of
immune cells in lungs

Use of an immune
checkpoint inhibitor
to treat cancer

Figure | Conceptual model for immunotherapy outcomes among patients with COPD and cancer.
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related toxicity, were chosen as the dependent variable because it is clinically meaningful and readily measurable. This
model can help to inform the design of immunotherapy research studies so that they can better account for each of these
variables.

Discussion

This review found that although current evidence supports the routine use of immune checkpoint inhibitors to treat lung
cancer among patients who have COPD, there is a critical need for data to inform interventions to reduce their risk to
cause respiratory failure or worsen the underlying disease control. In general, the presence of COPD complicates the
course of immunotherapy by increasing the risk of respiratory failure and modestly increasing the risk of CIP. However,
it also predicts improved efficacy by the immune checkpoint inhibitor in treating lung cancer for progression-free and
overall survival. Given the high prevalence of COPD among patients with lung cancer (40-80%),'”” even among
participants enrolled in clinical trials for immunotherapy (25%),'*® the presence of uncomplicated COPD should not
preclude this standard-of-care modality of cancer treatment. Even among patients with COPD and interstitial lung
abnormalities (10-30%), immunotherapies can be considered.*'**'' But a notable exception is the presence of COPD
complicated by interstitial lung disease with severe features — eg, radiographic honeycombing (<1%),* requiring anti-
fibrotic therapies — which conveys an exceptionally high risk of CIP and should be considered a relative contraindication
to immunotherapy.

Despite nearly all of the studies being concordant with their findings, there was an overall low level of evidence
supporting these conclusions. Surprisingly, despite the large scope and high acuity of this medical problem, we found few
studies on it. Lung cancer is the leading cause of cancer death in the United States, and COPD is its most common
comorbidity and by itself the sixth leading cause of death in the United States.''' Yet there were only 176 studies
identified that studied the management of these two problems together. As a relatively new drug modality, that has
emerged in the last decade, the inclusion of immunotherapy narrowed the review down to just 61 relevant studies. With
the increased utilization of immune checkpoint inhibitors to treat lung cancer, there will likely be growing opportunities

1920 411 studies

to study this patient population in the future. Secondly, apart from two prospective observational studies,
were either retrospective or animal models. Many of the retrospective studies were case series or single-institution
cohorts. Although treatment trials nearly always collect past medical history from participants, there has been little data
analysis on COPD as a pre-treatment comorbidity among registration trials testing the use of immune checkpoint
inhibitors in lung cancer. Additionally, lung cancer treatment trials have not routinely collected measures of COPD
phenotype (self-reported, radiographic changes), severity (eg, spirometry), or outcomes (eg, incidence of acute exacer-
bations while on study).

We propose that future studies designed to optimize the care of COPD among patients receiving immunotherapy for
lung cancer should focus on the risk reduction of acute respiratory failure due to any cause. This review found that
uncontrolled COPD contributes to acute respiratory failure via a wide variety of mechanisms, either direct (eg, acute
exacerbations, pneumonia, worsening obstruction) or indirect (eg, CIP, missed doses of cancer-directed therapy con-
tributing to the progression of cancer, debility contributing to pulmonary embolism). Therefore, focusing on only one of
these outcomes does not address the full impact of COPD on patients. Additionally, the ability to discern between
etiologies of acute respiratory failure is challenging at the point of care. Even after diagnostic testing and follow-up, the
retrospective determination of the specific etiology of acute respiratory failure is often subjective.!'* Therefore, lumping
these causes together as a syndrome of acute respiratory failure is likely the best approach for research.

Several future aims identified by the narrative synthesis would benefit from additional study. One open question is
whether the categorization of COPD by clinical phenotype (eg, chronic bronchitis, emphysema, overlap COPD-asthma),
inflammatory phenotype (eg, neutrophilic, eosinophilic), and severity (eg, high or low risk for exacerbation, high or low
FEV1) could be predictive markers for immunotherapy. The above studies indicate that the presence of individual
markers of COPD (eg, airway colonization by Pseudomonas, emphysematous bullae) can be predictive so it stands to
reason that clinical categorization of COPD could be a valuable tool at the point of care. Given the high prevalence of
this comorbidity among patients receiving immune checkpoint inhibitors, this information could be tested and then
validated with an observational cohort study at a single institution.
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Another opportunity for further study is the routine inclusion of COPD-related variables and outcomes in registration
trials for lung cancer. COPD-related variables would start with confirmation and severity assessment of COPD
functionally (ie, by spirometry) and quantification of symptoms by validated questionnaires such as the COPD assess-
ment tool (CAT) and the mMRC dyspnea index. These could be expanded to include its phenotype radiographically as
airway dominant or emphysematous patterns. COPD-related outcomes would start with additional characterization of the
acute and chronic respiratory failure syndromes. The incidence of this life-threatening adverse event is always measured
as the routine safety monitoring of treatment trials, but study analysis and reporting often provide limited information on
the type of acute respiratory failure and its attribution. This would benefit from protocol standardization for defining the
etiology of acute respiratory failure on a case-by-case basis. Finally, lung cancer research should include COPD therapies
as possible confounders of immunotherapy efficacy and toxicity, given the frequent use of corticosteroids and the
emerging use of long-term immunomodulating drugs (eg, dupilumab) for COPD.'"* This would provide valuable
prospective toxicity data to supplement what is already known.

Conclusion

COPD is the most common comorbidity among patients with lung cancer, and it is predictive of improved efficacy but
slightly worse toxicity from immune checkpoint inhibitor therapy. Further research is needed to design interventions to
optimize the diagnosis and management of COPD to reduce the risk of acute respiratory failure in this high-risk patient
population.
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