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Abstract

Immune checkpoint inhibitor (ICI) therapy is now in widespread clinical use for the treatment of
lung cancer. Although patients with autoimmune disease and other comorbidities were excluded
from initial clinical trials, emerging real-world experience suggests that these promising
treatments may be administered safely to individuals with inactive low-risk autoimmune disease
such as rheumatoid arthritis or psoriasis, mild-to-moderate renal and hepatic dysfunction, and
certain chronic viral infections. Considerations for ICI in autoimmune disease populations include
exacerbations of the underlying autoimmune disease, increased risk of ICI-induced immune-
related adverse events, and potential for compromised efficacy if patients are receiving chronic
immunosuppression. ICI use in higher-risk autoimmune conditions, such as myasthenia gravis or
multiple sclerosis, requires careful evaluation on a case-by-case basis. ICI use in individuals with
solid organ transplant carries a substantial risk of organ rejection. Ongoing research into the
prediction of ICI efficacy and toxicity may help in patient selection, treatment, and monitoring.
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Immune checkpoint inhibitors (ICI) are now in widespread clinical use for the treatment of
lung cancer and multiple other malignancies. Indeed, it is estimated that approximately 44%
of patients with advanced cancer may be candidates for ICI-based therapy (1). In some
cases, ICI have truly revolutionized cancer treatment. In metastatic melanoma, a cancer
highly resistant to conventional chemotherapy, combination ICI results in profound and
prolonged responses in a majority of patients (2). In a minority of patients, ICI has
complicated the assessment of efficacy, as clinicians may need to distinguish between
progression, hyperprogression, and pseudoprogression (3).

From a clinician’s standpoint, it is the potential for autoimmune toxicity that truly sets ICI
apart from chemotherapy and molecularly targeted therapies. So-termed immune-related
adverse events (irAE) occur when ICI-induced immune cell activation cross-reacts with
normal tissues. irAE may affect almost any organ, including the brain, pituitary, eyes,
thyroid, lungs, heart, liver, pancreas, colon, kidneys, adrenal, skin, joints, and muscles (4). In
contrast to the well-characterized onset of classical chemotherapy toxicities—such as
alopecia, nausea/vomiting, and myelosuppression—irAE may occur at almost any point
during ICI treatment. In some cases, they may not develop until months after the last ICI
dose (4).

As have individual clinicians, the field of immuno-oncology has gained experience and
wisdom related to irAE. In early clinical trials of anti-programmed death 1 (PD1) and anti-
PD1 ligand (PDL-1) therapies in lung cancer, nearly 3% of patients developed fatal
autoimmune pneumonitis (5). Now that medical oncologists and their colleagues
immediately consider the possibility of this irAE in patients with new clinical or
radiographic respiratory findings, lethal cases are exceedingly rare (6). Similarly, ICI effects
on complex physiologic pathways such as the hypothalamic-pituitary-adrenal axis have led
to recommendations for routine monitoring of endocrine function and early consultation
with relevant experts.

Occasionally, combination therapies have revealed largely unanticipated toxicities. For
instance, a study of combined atezolizumab (anti-PDL1) and the epidermal growth factor
receptor inhibitor osimertinib demonstrated a pulmonary toxicity rate exceeding 50%, even
though each agent independently causes pneumonitis in fewer than five percent of cases (7).
In contrast, certain combinations anticipated to cause substantial toxicity have been
surprisingly well tolerated. In a phase 3 clinical trial, the administration of consolidation
durvalumab (anti-PDL1) for up to one year after chemoradiation for locally advanced non-
small cell lung cancer (NSCLC) led to high-grade pneumonitis in only 3% of patients,
comparable to rates seen with chemoradiation alone (8).

Although ICI has introduced new toxicities, in other areas ICI therapy clearly presents fewer
risks than other treatments. The classic toxicities of cytotoxic chemotherapy are alopecia,
nausea/vomiting, and myelosuppression leading to cytopenias. These events occur only
rarely with ICI. Particularly relevant to patient safety, effects on bone marrow or circulating
blood cells occur in well under five percent of individuals (9).
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Approach to comorbidities

Based on these observations and experiences, it has become abundantly clear that patient
selection and monitoring for ICI differ substantially from those for chemotherapy and
molecularly targeted therapy. Nevertheless, which clinical factors truly influence ICI
efficacy and safety remain unclear. We searched clinicaltrials.gov for completed and resulted
lung cancer trials using the terms immune checkpoint inhibitors, checkpoint inhibitors, ICI,
nivolumab, ipilimumab, pembrolizumab, atezolizumab, avelumab, and durvalumab. As
shown in Table 1 and Supplemental Table 1, eligibility criteria vary widely among these
trials. We also searched clinicaltrials.gov with the same search terms to identify currently
recruiting trials to characterize recent trends in eligibility criteria (Supplemental Table 2).
Over time, we found relatively little change in trial eligibility, with frequent and arbitrary
exclusion of autoimmune disease (AID), immunosuppression, organ dysfunction, and
chronic viral infections. Although expansion of ICI to these populations represents an area
of major interest to researchers and clinicians, we identified only five active or forthcoming
trials specifically investigating ICI use in patients with comorbidities (NCT 04499053,
04108026, 04473703, 04514484, 03313544).

Understanding the efficacy and safety of ICI in diverse patient populations will be critical to
realizing the full potential of these therapies. It is estimated that stringent eligibility criteria
may exclude up to 70% of patients with lung cancer from ICI clinical trials (10, 11). Lung
cancer populations may be particularly susceptible to such exclusions. In the U.S., the
average at diagnosis is over 70 years, substantially older than average age for other common
malignancies such as breast and colorectal cancer (12). Directly relevant to ICI
considerations, incidence of AID increases with age (13). Renal function also decreases with
age (14). Separately, more than 80% of individuals with lung cancer are current or former
smokers (15), an exposure that conveys risk of both chronic pulmonary conditions and
autoimmune diseases (16, 17).

To fill the immense gap between rarefied ICI clinical trial populations and actual lung cancer
patients seen in clinical practice, numerous observational studies from real-world settings
have emerged. Some of these reveal clear differences with trial reports. For instance, single-
agent anti-PD1/PDL1 trials generally report rates of pneumonitis between 3-5% (18).
However, observational patient series describe incidence closer to 20% (18). Whether this
discrepancy reflects characteristics of the treated populations or the inherent challenges of
diagnosing and characterizing irAE (19) is not clear. Additionally, retrospective data—
particularly for small case series and case reports—may be susceptible to publication bias,
with authors and editors choosing to publish events with unexpectedly good or particularly
poor outcomes (20).

For this review, we identified relevant publications by performing Ovid MEDLINE and Ovid
Embase searches of articles published from inception through June 2020 using the terms
lung, pulmonary, respiratory, cancer, neoplasm, tumor, malignancy, comorbidity,
autoimmune disease, immunotherapy, checkpoint inhibitor, ipilimumab, nivolumab,
pembrolizumab, atezolizumab, avelumab, durvalumab, anti-PD1, anti-PDL1, anti-CTLA4,
infection, and performance status. Because concerns such as flare of pre-existing AID or
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irAE do not appear to reflect tumor biology, we included reports of all cancer types. Based
on this literature, we provide an overview of the medical comorbidities that have potential
relevance to ICI therapy, and discuss how these conditions influence trial design, treatment
selection, and clinical monitoring.

Autoimmune disease

An estimated 20 to 50 million individuals in the U.S. have an AID, including up to 14 to
25% of patients with lung cancer (21). While these conditions have not generally
represented a major consideration for conventional chemotherapy or molecularly targeted
therapies, they are generally restricted or excluded entirely from ICI clinical trials. Some
trials have excluded patients with “active” AID (such as those requiring corticosteroids
equivalent to prednisone >10 mg daily) (22). Some studies have excluded patients with any
history of autoimmune disease (23). Other trials determine eligibility according to the
potential morbidity of the AID, allowing enrollment of patients with low-risk AID, such as
psoriasis and vitiligo (24).

Complicating these considerations is the inherent challenge of diagnosing AID. Establishing
a cancer diagnosis is generally a straightforward process relying on pathologic evaluation of
biopsy material. By contrast, an AID diagnosis may incorporate clinical history, physical
examination findings, laboratory, radiology, and histologic data. Individual diagnostic
components may be neither sufficiently sensitive nor specific. For instance, antinuclear
antibodies—a characteristic finding of such AID as lupus, scleroderma, Sjogren’s, and
dermatomyositis/polymyositis—may be elevated in more than one quarter of healthy adults
(25). The impact of this diagnostic uncertainty is apparent in the wide range of estimated
AID cases among the general population and among individuals with cancer (21).

AID-related concerns center on potential toxicity, including heightened rates of irAE and
exacerbation of the underlying AID. AID flares represent a wide spectrum of potential
clinical severity. Worsening of conditions such as rheumatoid arthritis and psoriasis are
unlikely to be life threatening. However, an acute exacerbation of myasthenia gravis could
result in phrenic nerve paresis, diaphragmatic dysfunction, and respiratory failure. Similarly,
a flare of multiple sclerosis could have immediate and profound effects on critical functions
such as vision.

Given the almost universal exclusion of patients with AID from ICI clinical trials, clinicians
have published a number of observational series of patients with AID treated with approved
ICI regimens (Table 2). These studies vary in size, cohort characteristics, and outcomes. One
study reported occurrence of AID flare in 23% of patients, but no apparent increase in risk
of ICl-associated irAE (26). Most AID flares were minor and responded to
immunosuppression; none required I1CI therapy discontinuation (26). Another series
identified increased incidence of grade 1 and 2 irAE in those with a history of AID
(including both “active” and “inactive” cases), but no increased risk of grade 3 and 4 irAE
(27). Other observational studies have similarly found increased risk of irAE in those with
pre-existing AID (28, 29). Patients with an isolated high anti-nuclear antibody titer without
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associated clinical features of AID appear to tolerate ICI therapy, although those with titers
>1:320 may require heightened monitoring due to increased risk of irAE (30).

There is relatively little data on ICI use in high-risk AID. ICI administration may induce
relapse of multiple sclerosis, in some instances leading to rapid neurological progression and
death (31). A case report has described the feasibility of ICI in a patient with granulomatosis
with polyangiitis (a form of vasculitis affecting the respiratory and renal systems), although
the disease was not clinically active and the patient was receiving immunosuppression (32).

Relevant to ICI administration and monitoring, some cancer diagnoses predispose patients to
autoimmune phenomena. Autoimmune paraneoplastic conditions may affect multiple organ
systems, including the nervous system, connective tissue and skin, and blood cells. These
events arise from immune cross-reactivity between tumor cells and healthy tissue. For
autoimmune paraneoplastic neurologic syndromes (eg, limbic encephalitis, cerebellar
degeneration, and myasthenia gravis), overrepresented cancer types tend to either (1)
produce neuroendocrine proteins (eg, small cell lung cancer, neuroblastoma), (2) contain
neuronal components (eg, teratoma), (3) involve immunoregulatory organs (eg, thymic
tumors), or (4) affect immunoglobulin production (eg, lymphoma, myeloma) (33). The
safety profile of ICI in these malignancies varies widely. Despite one of the highest
associations with paraneoplastic neurologic syndromes of any cancer, small cell lung cancer
treated with ICI has rates of irAE and other autoimmune phenomena comparable to those of
other lung cancer subtypes (34, 35). By contrast, ICI trials in thymic tumors have
demonstrated rates of grade =3 irAE up to 40% (36-38), suggesting that, independent of a
patient’s history of autoimmune disease, these rare malignancies represent at least a relative
contraindication to ICI use.

Immunosuppression

Use of immunosuppressive therapies in patients with lung cancer is relatively common. AID
and solid organ transplant are common indications for chronic immunosuppression. These
regimens may include corticosteroids, calcineurin inhibitors, mammalian target of
rapamycin inhibitors, and antimetabolites. Additionally, corticosteroids are frequently
employed for their anti-inflammatory and anti-emetic properties in this population, with
specific indications including management of brain metastasis, spinal cord compression,
dyspnea, fatigue, decreased appetite, chronic obstructive pulmonary disease, and prevention
of nausea and vomiting (39, 40).

Given the immunosuppressive effects of corticosteroids, in particular negative effects on T-
cell function (41, 42), there is concern that concurrent steroid use may reduce the efficacy of
ICI. Accordingly, patients taking steroids above specified thresholds (eg, prednisone
equivalent =10 mg/day) are frequently excluded from ICI clinical trials. Early observational
studies found statistically significant and clinically meaningful associations between
baseline corticosteroid use and worse outcomes in patients receiving ICI therapy, with an
overall survival hazard ratio 1.7 for those receiving baseline steroids (95% confidence
interval 1.3-2.2) (43, 44). Subsequent analyses have found that the poor prognosis associated
with steroid indications—such as neurologic symptoms or anorexia—may drive these
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observations, with no difference in progression-free or overall survival between patients
receiving less than 10 mg prednisone equivalent per day versus those receiving greater than
10 mg prednisone equivalent per day for non-cancer related indications (45). In contrast,
treatment of ICI-induced immune-related adverse events (irAE) with corticosteroids does
not appear to worsen outcomes (46). It seems plausible that these findings reflect the clear
link between irAE and ICI benefit, which may counteract the potential negative effects of
ICl interruption and corticosteroid administration.

Case reports have described patients with active AID receiving immunosuppression
achieving good outcomes with cancer immunotherapy (47, 48), but evidence is limited and
subject to publication bias. To optimize ICI efficacy, some experts advocate transitioning
from non-selective immunosuppression (eg, corticosteroids) to targeted agents (such as
infliximab and tocilizumab) for specific AIDs prior to ICI initiation (49), an approach that
would require validation in prospective trials.

ICI use in individuals with solid organ transplants appears to convey substantial clinical risk
(Table 3). One review of these cases found that transplant rejection was common (37%) and
was the most common cause of death (50). Nevertheless, there are several reports of ICI
administration resulting in anti-tumor efficacy without inducing graft rejection. However, the
potential for reporting and publication bias in these instances seems quite high. Accordingly,
ICI use in solid organ transplant recipient should be approached with extreme caution. On a
case-by-case basis, some clinicians may distinguish between organ transplants for which
there is routinely available alternate support (eg, hemodialysis for kidney transplant) and
those lacking such options (eg, heart, lung, liver transplant) when considering potential use
of ICI in this population.

End-organ dysfunction

For conventional chemotherapy and molecularly targeted therapies, laboratory evidence of
end-organ dysfunction (eg, elevated creatinine, elevated bilirubin, or reduced blood counts
indicating renal, hepatic, and bone marrow dysfunction, respectively) may require avoidance
or adjustment of certain agents. Specific thresholds are regularly included among clinical
trial eligibility criteria (51). Such guidance reflects the potential for increased toxicity on
already compromised organ systems (pharmacodynamic effects) or reduced clearance of the
anti-neoplastic agent (pharmacokinetic effects). For ICI therapies, these pharmacokinetic
considerations may not apply, as their clearance is not substantially impacted by renal or
hepatic function, and instead relies predominantly on non-specific degradation within
plasma and tissues (52). However, baseline organ function may be relevant to
pharmacodynamic concerns.

The most widely used measure of medical comorbidities is the Charlson comorbidity index,
which includes conditions such as heart disease and cancer, and predicts one year mortality
(53). Trials specifically evaluating ICI therapy in patients with high comorbidity scores or
organ dysfunction are limited (53). A small observational study evaluating ICI therapy use in
those with mild cardiac, renal, and/or liver dysfunction found that ICI was well tolerated did
not worsen baseline organ function (54).
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Because most patients with lung cancer are current or former smokers, a substantial
proportion have comorbid pulmonary disease. A number of retrospective studies have
demonstrated that pre-existing interstitial lung disease (ILD) increases risk of immune-
mediated pneumonitis in patients receiving ICI (55-57). A single-center series of 102
patients also showed a trend towards increased risk of ICI-associated pneumonitis in patients
with pre-existing chronic obstructive pulmonary disease (COPD) (58). This observation may
reflect the inflammatory nature of COPD, which features increased CD8 T-cell numbers and
PD-L1 expression (59). However, other studies suggest no detrimental effect on pulmonary
function or symptoms in patients with COPD receiving ICI (60).

Cardiac irAE are well characterized but quite rare, with myocarditis estimated to occur in
fewer than 1% of patients treated with ICI (61). Although one case series found myocarditis
occurs more frequently in those with underlying cardiovascular risk factors, most patients
who develop myocarditis have previously normal cardiac function (61). Unfortunately,
further data on the safety of these therapies in individuals with underlying cardiac disease is
limited (62). Nevertheless, recommendations for monitoring for these events in this
population have emerged, including baseline cardiology evaluation and assessment of
cardiac enzymes (including high-sensitivity troponin) every six weeks for at least twelve
weeks after ICI initiation (63). While it is not clear whether individuals with reduced
ejection fraction at baseline have increased risk of ICI-induced myocarditis, these patients
do have less functional reserve should such as event occur.

ICI therapy may cause autoimmune hepatitis. While anti-PD1 therapy has been studied in
and is now approved for hepatocellular carcinoma, reports of ICI use in patients with
underlying liver failure or cirrhosis are extremely limited (64). ICI use in patients with viral
hepatitis is discussed in the infectious disease section below.

The development of clinically significant ICI-induced nephrotoxicity is relatively rare
(approximately 2% of irAEs (65)), and risk factors for immune-mediated nephritis are
poorly understood (65). Furthermore, it is unclear if renal disease impacts the development
of other irAE. A study of 78 patients found increased risk of irAE in those with stage 3 to 4
chronic kidney disease (CrCl < 60 mL/min) (28), but this finding has not been replicated in
other studies. A retrospective analysis of 414 patients found worse baseline renal function
and use of proton pump inhibitors were associated with ICl-induced acute kidney injury
(66).

Performance status/Age

Historically, patients with poor performance status (Eastern Cooperative Oncology Group
[ECOG] =2) and elderly patients have been excluded from or underrepresented in clinical
trials, even though these individuals account for more than 50% of the overall lung cancer
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population (67). Although early ICI clinical trials restricted enroliment to ECOG 0-1
performance status (PS), more recent studies have included patients with worse functional
status. The phase Il CheckMate 171 trial of nivolumab in advanced squamous NSCLC
reported no difference in treatment-related adverse events in ECOG 2 patients compared to
the ECOG 0-1 population; however, ECOG 2 patients had inferior overall survival (median
5.4 months in ECOG PS 2 cohort versus 9.9 months in total cohort)(68), consistent with
historical data in this population (69). Comparable findings were reported in the phase H1/IV
CheckMate 153 study of nivolumab for previously treated advanced NSCLC (70). A meta-
analysis across cancer types found no difference in outcomes between patients with ECOG 0
and ECOG 1-2, although there were relatively few patients in the ECOG 2 category (71).
Other observational studies reported no safety concerns in patients with worse PS, but again
identified inferior survival (72-77). However, one single retrospective evaluation of 190
patients identified an increased risk of high-grade irAE in those with ECOG PS 2 to 3 (78).
There are clearly substantial challenges to determining the benefit of ICI therapy in patients
with poor functional status, as they tend to have inherently poor prognosis independent of
treatment (53, 79). The phase 111 eNERGY trial (NCT 03351361) comparing first-line
combination ICI therapy to cytotoxic therapy in elderly patients and those with poor
performance status has completed enrollment and will provide more insights into these
under-studied populations.

A single-center study of 75 patients found that older patients (age =70 years) tolerated ICI
therapy without an increased safety signal, and that the poor overall survival in this group
was driven by poor PS (median survival 13.7 months for ECOG 0 to 1, compared to 3.8
months for ECOG =2) (80). A larger study of 245 patients found no increased risk of
toxicity with age, although patients age >80 years had substantially lower overall survival
(median 3.6 months) compared to those age 70 to 79 years (median 12.9 months) (81).
Additional observational evidence found no new safety signals in older patients receiving
ICI therapy (82, 83). Furthermore, two meta-analyses of ICI clinical trials found that patients
age =65 years derive similar clinical benefit to younger patients, and actually may have a
lower incidence of grade 3 and 4 irAE (84, 85). These findings suggest that advanced age
alone should not be considered a contraindication to ICI therapy.

Infectious disease

A number of studies have evaluated ICI use in individuals with human immunodeficiency
virus (HIV) infection. Hypothetically, administration of immunotherapy to a population with
suppressed and dysregulated immunity raises both efficacy and safety concerns.
Nevertheless, a growing body of evidence supports the safety and efficacy of ICI therapy in
patients infected with HIV (86-88). Specifically, ICI responses have been documented in
patients with low CD4+ counts (89). While a single study identified a heightened risk of
irAE, particularly pneumonitis (24%), in patients with HIV (90), other studies have not
replicated this observation (91). Ongoing clinical trials are evaluating ICI use in this
population prospectively (92).
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To date, relatively little information is available on ICI use in chronic viral hepatitis. Limited
case series have demonstrated ICI safety and efficacy in patients with hepatitis B and
hepatitis C (93, 94).

Historically, acute infections have been considered relative contraindications to the
administration of chemotherapy due to concerns that myelosuppression could worsen
severity and prolong duration of the infection. For ICI, there have been few studies
addressing this clinical question. It has been observed that concurrent diagnosis of lung
cancer and respiratory tract infection is associated with worse ICI outcomes, although may
be due to reduced treatment exposure (95). Recent or ongoing infection may also influence
efficacy of ICI through possible alteration of host microbiome and immune system (96).
Additionally, there appears to be a link between antibiotic exposure and ICI outcomes (97).
The underlying mechanism appears to be dysregulation of the fecal microbiome, which may
persist for months after antibiotic use. Microbiome changes appear not only to influence ICI
efficacy, but may also increase the risk or irAE, in particular colitis (97-99).

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has
implications on ICI therapy for patients with lung cancer. Patients with lung cancer are at
particular risk of Coronavirus Disease 2019 (COVID-19) given their underlying malignancy
and frequent comorbidities (100). Diagnosis of COVID-19 in lung cancer patients receiving
ICI is particularly difficult, as its non-specific symptoms of dyspnea, cough, and fever could
also represent tumor progression, pulmonary embolism, exacerbation of respiratory
comorbidities such as COPD, or immune-mediated pneumonitis (which may have similar
radiographic features as COVID-19) (100, 101). ICI administration raises hypothetical
concerns about increasing COVID-19 severity, as morbidity and death may result from
cytokine storm (102). Indeed, tocilizumab (an interleukin-6 receptor antibody occasionally
used to treat severe ICI-induced irAE) has been investigated as a potential treatment for
COVID-19 (102). At this time, there is limited clinical evidence of the safety and efficacy of
ICI therapy in patients with COVID-19 infection. For patients currently on ICI therapy
without COVID-19 infection, it may be reasonable to continue therapy, with consideration
of increasing the dosing interval (such as pembrolizumab 400 mg every 6 weeks) to
minimize exposure risk (100). Some experts have recommended ICI treatment breaks for
patients with long-term disease control during the COVID-19 pandemic (100). Nevertheless,
recent observations suggest that patients with lung cancer and recent COVID-19 infection
treated with ICI had outcomes comparable to similar patients receiving other therapies
(103). In newly diagnosed, treatment-naive patients with history of COVID-19 infection, the
optimal therapeutic approach is even less clear. Based on the hypothetical risk of cytokine
storm, some authors have suggested initially withholding ICI therapy in favor of cytotoxic
chemotherapy (100).

Published guideline recommendations

While oncology society guidelines infrequently address specific comorbidities, treatment
recommendations routinely incorporate functional status. In many cases, this guidance
reflects the data available from clinical trials. The most recent European Society for Medical
Oncology (ESMO) guidelines recommend first-line ICI therapy for ECOG 0-1 patients, but
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they extend ICI recommendations to those with ECOG 2 in the second-line setting (104).
Likewise, the latest American Society of Clinical Oncology (ASCO) guidelines endorse
first-line ICI therapy for ECOG 0-1 patients, but do not comment on those with worse
performance status (105). The ESMO and ASCO guidelines do not address specific
comorbidities.

The National Comprehensive Cancer Network (NCCN) guidelines consider AID, use of
immunosuppression, or presence of a driver oncogene (which may correlate with lack of
therapeutic benefit from ICI) as potential contraindications to ICI therapy (106). The NCCN
does not specify a PS threshold for single-agent ICI therapy in those with tumor PD-L1
expression =50%, but does restrict recommendations for combination 1CI and chemotherapy
to ECOG 0 to 1 patients (106). For patients with squamous non-small cell lung cancer and
ECOG 2, the NCCN recommends cytotoxic chemotherapy rather than ICI therapy.

Discussion and Recommendations

Although ICI therapy has been in widespread use for lung cancer and other malignancies for
several years, relatively little is known about the use of these agents in patients with
comorbidities. Based on the available evidence, we have developed a suggested approach to
ICI therapy in this population (Figure 1).

In considering the relevance of medical comorbidities to ICI administration, it is important
to note clear differences between these agents and conventional chemotherapy and targeted
therapies: (1) the clearance of immune checkpoint inhibitors does not depend on renal and
hepatic function to the extent that other treatments do; (2) ICI almost never cause
cytopenias, substantial nausea and vomiting, or alopecia—the classic triad of chemotherapy
toxicities; (3) ICI have a unique mechanism of action, relying on the patient’s own immune
system to induce cancer cell death; (4) they have also introduced novel toxicities, namely
immune-related adverse events; (5) there is no option for dose modification of ICI; these
drugs are either given at full dose, temporary withheld, or permanently discontinued.

An important consideration in the use of ICI is the role of clinical monitoring. Currently,
recommended laboratory assessments include renal, hepatic, thyroid, pituitary, and adrenal
function. Radiographic surveillance for pulmonary toxicities is not routinely performed, so
regular thoracic imaging may only occur if indicated for assessment of response to therapy.
Nor is routine monitoring for cardiac or intestinal toxicities undertaken. As clinicians
consider administering ICI to patients at higher risk for toxicities, adjusting the components
and frequency of monitoring may mitigate potential risk. Additionally, biomarkers for the
prediction of immune-related adverse events represent an area of ongoing investigation
(107-110).

Perhaps more so than for other cancer treatments, comorbidities may affect the efficacy of
ICI, as well as safety. Conditions requiring chronic immunosuppression may render an
individual less likely to benefit from immune checkpoint inhibition. Similarly, antibiotic
exposure may reduce ICI efficacy through modification of the microbiome. Understanding
the influence of these clinical factors is important because lung cancer patients who progress
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on an initially selected therapy may not be able to receive subsequent treatment if they
decline clinically at the time of progression. Additionally, ICI are costly therapies that may
lead to substantial financial burden on patients and their families (111). Indeed, some
economic analyses suggest that many of these agents are not cost-effective for their standard
of care indications (112, 113).

In conclusion, at this point in the clinical development of ICI for lung cancer treatment,
there are few prospective studies evaluating the safety and efficacy of these therapies in
patients with comorbidities. While trials in selected populations such as certain AID are
currently underway, clinicians must make real-world decisions now about which patients to
offer these promising but potentially toxic treatments. Retrospective, observational studies
suggest that ICI administration may be feasible in the elderly, individuals with HI\V, HCV, or
HBYV infection, and patients with low-risk and inactive AID. Use of ICI in transplant
recipients and patients with high-risk AID (such as myasthenia gravis and multiple sclerosis)
appears to convey substantial morbidity, is unlikely to be studied in future clinical trials, and
cannot be routinely recommended.
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Indication for ICI for lung
cancer therapy

Solid organ transplant?

Yes No
Avoid ICl or approach Autoimmune disease?

with extreme caution *

| S A R B S - ‘
Yes—high riskt / active** Yes—Ilow risk¥ / inactive No
|
|
Consider ICI carefully on a Comanagement “{ith
base-by-case basis. rheumatology. Tailor
Comanagement with toxicity, AID flare
rheumatology. Modify monitoring.
immunosuppressive agents ‘
as tolerated. Tailor toxicity,
AID flare monitoring. ‘ ‘
|
|
‘ End-organ dysfunction? |
1
i
Moderate to Severe | ‘ None or mild

Cardiac: EF<40% “
Renal: CrCI<30 mL/min

Liver chemistries:
AST/ALT/Bilirubin >3x

Proceed with ICI therapy
Consider ICI carefully on a with routine monitoring
case-by-case basis.

ULIN . itial Comanagement with
Pulmonary mo.nar Interstitia specialty service. Tailor
lung disease

toxicity monitoring.

Figurel.
Algorithm for treating lung cancer with ICI in patients with comorbidities.

*In rare cases, potential exception for kidney transplant (see text).
**Receiving prednisone =10 mg daily or other immunosuppressive agents.
tEg, myasthenia gravis, multiple sclerosis

tEg, psoriasis, rheumatoid arthritis

Cancer J. Author manuscript; available in PMC 2021 November 01.



Page 22

Cancer J. Author manuscript; available in PMC 2021 November 01.

X G2 10 NN X

§Z2 1V/LSY

10 “quasald

71/ 60T X 00T sasejselsw ulw/w
<Unod38Rkeld | JaAIl JI NTIN X 0S< 1210

1 §'Z2 10 ‘NN NN (5€22250010N)
/60T XG'T <INV X Z< |9N9] XG'zZ> 2712S 10 DT1OSN
/b6= uignaiiq [exol auluieald papnjoxa YU s108lgns pareanun
pspnjox3 | papnjox3 uiqojfowaH 110§ papn|ox3 wniss asn p10Jals d1uoIyD pspnox3 | 2102 1] AIsnoinaid ur qewnwijid
(9T¥9¥8TOLON)
[d14] 010SN
Jl1e]ISels|A 10 P3JURAPY
A11ea07 aAsod
T71-Ad UMM Siuedioned
*x *x xx €10 1] Ul gewnz1jozaly
(8S¥TE0Z0LON)
(HOY19) O10SN
Jl1e]ISe18|A 10 P3JURAPY
Al1e207 2A1ISOd
T71-Ad YuM siuedioied
papnjox3 | papnjox3g papnjox3 papniox3 | €102 1] Ul gewnz1jozaly
(#17) (020200Z0LON)
papn|oxe (S20-3LONAIM
uoissaid /S20-GL¥E-MIN)
papnjoxa dnsounwiwi OT1DSN PasueApy
sAep € ulym 10 sp1oJaIs Y siuedionued
papnjox3 uolssaiddnsounwiw| Buunbal qiv | €102 =1l Ul qewnzijoiquiad

_ NN

/682 [y e sugnng

urgojfowisH ‘Juasaid

/60T Ssase)selaW
X 0§ < s19fereld Jan| (6£.T222010N)
1/60T XTI ONV JININXSS NN O71OSN dnelsER Ul
/60T X2 NINXGZS X0€sS gewnwi|id] pue uonelpey
209Mm 1v/1SsvY aulunealn papnjox3 papnox3 | 102 1] Buiziuo| psuiquiod
(T5987820LON)
(1s¥T4-9) OT1OSN
papnjoxa 211€ISeIBIA 10 PadUBAPY
sAep T ulyum Joy Adeiayjouo|n auij
papnox3 | papnjox3 | papnjox3 papnjox3 *x xx xx uoissaiddnsounwiw| pspnox3 | 9102 1] -1S114 Se qewnzij0zaly

a5essI1g
siujedsH ain|red Bun7
eI AH vesH | enise| MO e |\ suog BAIT feuey uosse Jddns

aunwiw | asessIp 0L B JPY
uoipuny ueb Jo-pug o1WRISAS aunwuwioiny | resA | aseud J#1DN/eul

von ltzstein et al.

"A0B's[eLeaIuld
uo paseq ‘sanipigowo?d Jo) el Aljiqibifs Jo uostiedwod pue Adelayiowayd INOYUM S|el] J0aigiyul Jutodyasyd aunwiwil 13dued Bun| palos)as

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript


http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02848651
https://clinicaltrials.gov/ct2/show/NCT02221739
https://clinicaltrials.gov/ct2/show/NCT02007070
https://clinicaltrials.gov/ct2/show/NCT02031458
https://clinicaltrials.gov/ct2/show/NCT01846416
https://clinicaltrials.gov/ct2/show/NCT00527735

Page 23

von ltzstein et al.

JewJou Jo Hwij-taddn — NN

J1aoued Buny 1189 fews — D10S

Jaoued Buny [189 |fews-uou — DTOSN

90UBJB3|D BUIUIE3ID — [DID

aseJajsuelioulwe ayeyedse — | Sy

1uno9 [1IydoJinau ainjosge — DNV

9SeJajSuBJIOUIWE BUIUB[R — |V

aseasIp sunwwiomne — v

AOB"S[eLI[e21U1|D Ul PalSI] UOIeWIOUl OU a¥edlpul s|j3d Adw3

A0B's[eLea1ulD Ul paiy1oads Jou Ing paiinbal sisisweled

(ex)

(277) (€€5TY02Z0.LON)
(920 8¥rRIN3YD)
O710SN +171-Add
1UB1INJ3Y 10 A abe1S
104 Adesayiowayd ao10yd
s,J01efnsanu| snsisn

papn|ox3 ¥T0Z 11 JewIn|OAIN aulT-1sl14

(9771) (228962T0LON)
(T00-ILONATM)
(T00-3LONAIM
/T00-GL¥E-MIN/066.0d)
OTOSN Jo ‘ewoue|sy
»mEOC_uEU Jljeisels|N
10 paoueApY A]1e207]

papn|ox3 | pspnjox3 papnjox3 xx o xx papn|ox3 papnjox3 | TT0Z I ul qewnzijoiquiad
p/be=
uigojfowaH
7/6v0T
x 00TZ s19fereld
1/6v0T x G0
2 sa1fooydwA
/60T NINXGZS
xGTIONV | 17V pue 1SV papn|oxa (5T71) (2£796€20L0ON)
/60T x G'C NINXGTS ulw/qw | Aepysuosiupaid Bw 0T pamoe (00z Bun NIT3AWT)
2s0aM uignaiig 0£< 1010 < JudfeAInba p1oia)s alv pe1sIss | 10z 1 O710SN Ul gewnjany
juasaid
sase)selawl
JaAIL 4 NTIN
a5essIg
siujedsH ain|re4 Bun
UIA AIH ueaH | ferseu MO1Je  BUDg BAIT reuay uosse.ddns
aunwiw | asessIp 0L B JPY
uoipuny ueb Jo-pug o1WRISAS aunwuwioiny | resA | aseud J#1DN/eul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer J. Author manuscript; available in PMC 2021 November 01.


https://clinicaltrials.gov/ct2/show/NCT02395172
https://clinicaltrials.gov/ct2/show/NCT01295827
https://clinicaltrials.gov/ct2/show/NCT02041533
http://clinicaltrials.gov
http://clinicaltrials.gov

Page 24

von ltzstein et al.

1139 poo|q aym — DdM

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer J. Author manuscript; available in PMC 2021 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

von ltzstein et al.

Table 2.

Page 25

Summary of published reports of immune checkpoint inhibitor use in patients with autoimmune disease.

Autoimmune Summary of Findings Reference
Disease
Category
Gastrointestinal Case reports including five patients (3 CD, 2 UC), multiple cancer and ICI types, concurrent (47, 48, 118,
(Inflammatory immunosuppression, two with AID flare, no irAE, three with anti-tumor response. 119)
Bowel Disease)
Observational study with six patients (3 CD, 3 UC), NSCLC, treated with anti-PD-(L)1 therapy, none | (26)
with AID flare, three with irAE. Individual efficacy not reported.
Observational studies with nine patients (5 UC, 4 CD), melanoma treated with ipilimumab, two with (120, 121)
AID flare, two with irAE, one with anti-tumor response.
Observational study with six patients (3 CD, 2 UC, 1 Celiac disease), melanoma treated with anti-PD- | (122)
(L)1 therapy, none with AID flare. Individual efficacy and irAE not reported.
Observational study with one patient with UC, melanoma treated with anti-PD-(L)1 therapy, with (123)
AID flare, without irAE, with anti-tumor response.
Observational studies with 17 patients (14 unspecified, 3 CD), multiple cancers treated with multiple (27, 124)
ICI therapies, 11 with AID flare, seven with irAE. Individual efficacy not reported.
Overall: 44 patients, 16 with AID flare, 12 with irAE, 20 with no irAE, 5 with anti-tumor
response, 8 with no anti-tumor response.
Neurologic Observational study with three patients (2 MS, 1 MG), NSCLC treated with anti-PD-(L)1 therapy, (26)
none with AID flare, two with irAE. Individual efficacy not reported.
Observational studies with four patients (3 MS, 1 LETM), melanoma treated with ipilimumab, one (120, 121)
with AID flare, two with irAE, none with anti-tumor response.
Observational study with five patients (2 GBS, 1 MG, 1 CIDP, 1 Bell’s palsy), melanoma treated with | (122)
anti-PD-(L)1 therapy, none with AID flare. Individual efficacy and irAE not reported.
Review of 13 patients with MG, multiple cancer types treated with anti-PD-1 therapy, 11 with AID (125)
flare. Individual efficacy and irAE not reported.
Case reports of two patients with MS, melanoma treated with ipilimumab, with AID flare, no irAE, (126, 127)
with anti-tumor response.
Observational study with two patients (1 MS, 1 GBS), melanoma treated with anti-PD-(L)1 therapy, (123)
none with AID flare, one with irAE, none with anti-tumor response.
Observational studies with five patients (3 MS, 2 MG), multiple cancer and ICI types, none with AID | (124, 128)
flare. Individual efficacy and irAE not reported.
Observational study with one patient with optic neuritis, unspecified cancer and ICI type, with AID (27)
flare, with with irAE. Individual efficacy not reported.
Overall: 35 patients, 14 with AID flare, 4 with irAE, 7 with no ir AE, 1 with anti-tumor
response, 5 with no anti-tumor response.
Rheumatologic Observational study with 25 patients (11 RA, 5 PMR, 4 seronegative arthritis, 2 scleroderma, 2 (26)
psoriatic arthritis, 1 SLE), NSCLC treated with anti-PD-(L)1 therapy, 10 with AID flare, six with
irAE. Individual efficacy not reported.
Observational studies with 30 patients (20 RA, 4 sarcoidosis, 3 spondylitis, 2 SLE, 1 CREST (120, 121,
syndrome) melanoma treated with ipilimumab, 15 with AID flare, 12 with irAE, eight with anti- 129)
tumor response.
Observational study with 27 patients (13 RA, 3 sarcoidosis, 3 PMR, 2 SLE, 2 scleroderma, 2 psoriatic | (122)
arthritis, 2 SS), melanoma treated with anti-PD-(L)1 therapy, 14 with AID flare. Individual efficacy
and irAE not reported.
Case reports with two patients with RA, melanoma treated with multiple ICI types, no AID flare, no (126, 130)
irAE, two with anti-tumor response.
Observational study with seven patients (2 sarcoidosis, 2 spondylitis, 1 RA, 1 PMR, 1 myositis), (123)
melanoma treated with anti-PD-(L)1 therapy, five with AID flare, two with irAE, three with anti-
tumor response.
Observational study with seven patients (4 SS, 2 RA, 1 PMR), multiple cancer and ICI types, one (128)

with AID flare. Individual efficacy and irAE not reported.

Cancer J. Author manuscript; available in PMC 2021 November 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

von ltzstein et al.

Page 26

Autoimmune
Disease
Category

Summary of Findings

Observational studies with 62 patients (24 RA, 9 PMR, 9 SLE, 5 spondylitis, 4 sarcoidosis, 4
systemic sclerosis, 3 SS, 1 APS, 1 DM, 1 unspecified CTD), multiple cancer and ICI types, 19 with
AID flare, 20 with irAE. Individual efficacy not reported.

Observational study with 16 patients (5 RA, 5 PMR, 2 SS, 2 SLE, 1 spondylitis, 1 sarcoidosis),
multiple cancer and ICI types, two with AID flare, five with irAE, six with anti-tumor response.

Overall: 176 patients, 66 with AID flare, 45 with irAE, 97 with no irAE, 19 with anti-tumor
response, 33 with no anti-tumor response.

Reference

(27, 124)

(131)

Endocrine

Observational study with nine patients (5 Graves’ thyroiditis, 4 Hashimoto’s thyroiditis), NSCLC
treated with anti-PD-(L)1 therapy, one with AID flare, three with irAE. Individual efficacy not
reported.

(26)

Observational studies with 17 patients (12 unspecified thyroiditis, 5 Hashimoto’s thyroiditis)
melanoma treated with ipilimumab, two with AID flare, two with irAE, one with anti-tumor response.

Observational study with four patients with Grave’s disease, melanoma treated with anti-PD-(L)1
therapy, one with AID flare. Individual efficacy and irAE not reported.

Observational study with six patients with autoimmune thyroiditis, melanoma treated with anti-PD-
(L)1 therapy, one with AID flare, one with irAE, one with anti-tumor response.

Observational studies with 17 patients (8 autoimmune thyroiditis, 4 Grave’s disease, 3 Hashimoto’s
thyroiditis, 1 type 1 diabetes, 1 autoimmune hypophysitis), multiple cancer and ICI types, one with
AID flare. Individual efficacy and irAE not reported.

Observational study with 51 patients (10 Grave’s disease, 41 autoimmune thyroiditis), multiple
cancer and ICI types, 22 with AID flare, 19 with irAE. Individual efficacy not reported.

Overall: 104 patients, 28 with AID flare, 29 with ir AE, 54 with no ir AE, 1 with anti-tumor
response, 22 with no anti-tumor response.

(120, 121)

(122)

(123)

(124, 128)

@n

Dermatologic

Observational study with 16 patients (14 psoriasis, 1 alopecia areata, 1 discoid lupus), NSCLC treated
anti-PD-(L)1 therapy, four with AID flare, seven with irAE. Individual efficacy not reported.

(26)

Observational studies with 14 patients (12 psoriasis, 2 autoimmune urticaria), melanoma treated with
ipilimumab, four with AID flare, six with irAE, five with anti-tumor response.

Observational study with eight patients (6 psoriasis, 1 eczema, 1 erythema nodosum), melanoma
treated with anti-PD-(L)1 therapy, three with AID flare. Individual efficacy and irAE not reported.

Case report of patient, melanoma treated with sequential ipilimumab and pembrolizumab, severe AID
flare, no irAE, with anti-tumor response.

Observational study with three patients with psoriasis, melanoma treated with anti-PD-(L)1 therapy,
one with AID flare, none with irAE, none with anti-tumor response.

Observational study with 33 patients (17 vitiligo, 12 psoriasis, 4 unspecified), multiple cancer and ICI
types, eight with AID flare. Individual efficacy and irAE not reported.

Observational study with 45 patients (45 psoriasis), multiple cancer and ICI types, 28 with AID flare,
17 with irAE. Individual efficacy not reported.

Overall: 120 patients, 49 with AID flare, 30 with ir AE, 50 with no ir AE, 6 with anti-tumor
response, 13 with no anti-tumor response.

(120, 121)

(122)

(132)

(123)

(128)

(27, 124)

Overall

Overall: 479 patients, 171 with AID flare, 120 with ir AE, 228 with no ir AE, 32 with anti-tumor
response, 81 with no anti-tumor response.

AID - autoimmune disease

APS - anti-phospholipid syndrome

BD — Behcet’s disease

CD - Crohn’s disease

CIDP - chronic inflammatory demyelinating polyneuropathy

CTD - connective tissue disease

DM - dermatomyositis

GBS - Guillain-Barre syndrome
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ICI — immune checkpoint inhibitor
irAE — immune-related adverse event
LETM - longitudinal extensive transverse myelitis
MG — myasthenia gravis

MS — multiple sclerosis

NSCLC - non-small cell lung cancer
PMR - polymyalgia rheumatica
PD-(L) — programmed death-(ligand)
RA - rheumatoid arthritis

SLE - systemic lupus erythematosus
SS - Sjogren’s syndrome

UC - ulcerative colitis
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Table 3.

Summary of Evidence for ICI use in organ transplant.

Organ | Total Cases | Graft Reection | Anti-tumor | Comment

Response
Kidney | 32 13 10 Most responses (6) occurred in patients with no graft rejection.
Liver 20 7 5 All 5 responses occurred in patients with no graft rejection.
Heart 5 1 1 Single response occurred in patient with no graft rejection.

Adapted from Fisher et a/ (50).
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