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ABSTRACT
Immunotherapy has transformed lung cancer care in 
recent years. In addition to providing durable responses 
and prolonged survival outcomes for a subset of patients 
with heavily pretreated non- small cell lung cancer 
(NSCLC), immune checkpoint inhibitors (ICIs)— either 
as monotherapy or in combination with other ICIs or 
chemotherapy—have demonstrated benefits in first- 
line therapy for advanced disease, the neoadjuvant 
and adjuvant settings, as well as in additional thoracic 
malignancies such as small- cell lung cancer (SCLC) and 
mesothelioma. Challenging questions remain, however, on 
topics including therapy selection, appropriate biomarker- 
based identification of patients who may derive benefit, 
the use of immunotherapy in special populations such 
as people with autoimmune disorders, and toxicity 
management. Patient and caregiver education and support 
for quality of life (QOL) is also important to attain maximal 
benefit with immunotherapy. To provide guidance to 
the oncology community on these and other important 
concerns, the Society for Immunotherapy of Cancer (SITC) 
convened a multidisciplinary panel of experts to develop 
a clinical practice guideline (CPG). This CPG represents 
an update to SITC’s 2018 publication on immunotherapy 
for the treatment of NSCLC, and is expanded to include 
recommendations on SCLC and mesothelioma. The 
Expert Panel drew on the published literature as well as 
their clinical experience to develop recommendations 
for healthcare professionals on these important aspects 
of immunotherapeutic treatment for lung cancer and 
mesothelioma, including diagnostic testing, treatment 
planning, immune- related adverse events, and patient 
QOL considerations. The evidence- and consensus- 
based recommendations in this CPG are intended to give 
guidance to cancer care providers using immunotherapy to 
treat patients with lung cancer or mesothelioma.

INTRODUCTION
Lung cancer is the leading cause of cancer- 
related death globally1 and despite significant 

declines in the overall mortality rate, the 
disease is still expected to account for 21% of 
all cancer deaths in the US in 2022.2 The advent 
of immunotherapies, specifically immune 
checkpoint inhibitors (ICIs), has contributed 
to improved outcomes in lung cancer. Since 
the initial US Food and Drug Administration 
(FDA) approval of nivolumab for metastatic 
non- small cell lung cancer (NSCLC) after 
prior treatment with chemotherapy in 2015,3 
additional ICIs have become standard of care 
(SOC) options in earlier lines of therapy, as 
components of combination regimens, and 
in unresectable stage III NSCLC, as well as in 
the adjuvant and neoadjuvant settings. The 
FDA- approved ICIs for lung cancer and meso-
thelioma at the time of guideline publication 
are pembrolizumab, nivolumab, ipilimumab, 
atezolizumab, cemiplimab, and durvalumab, 
with specific indications for each.4–12 Addi-
tionally, ICIs have now been approved by 
the FDA for the treatment of other thoracic 
malignancies including small- cell lung cancer 
(SCLC),13 and pleural mesothelioma.14 
Immunotherapy has profoundly expanded 
and evolved the treatment landscape for lung 
cancers in recent years, and oncologists need 
practical guidance in the appropriate use of 
the available agents.

ICIs are monoclonal antibodies (mAbs) 
that target endogenous autoregulatory path-
ways to unleash antitumor immune responses. 
Even though many cancer cells present 
neoantigens that are recognized by cytotoxic 
T cells,15 tumors avoid eradication by the 
immune system through multiple mecha-
nisms, including T cell exclusion and suppres-
sion of effector functions.16 Contributing to 
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the immunosuppressive milieu are checkpoint proteins 
on tumor and/or immune cells, which inhibit T cell 
activation, proliferation, and receptor signaling through 
a variety of mechanisms.17 18 At the time of manuscript 
publication, the majority of FDA- approved ICIs target the 
programmed cell death protein 1 (PD- 1)/programmed 
death- ligand 1 (PD- L1) axis (ie, PD- (L)1), which is a 
receptor- ligand pair involved in tumor immune suppres-
sion that plays a role in the maintenance of peripheral 
tolerance in healthy tissues by inhibiting downstream 
signaling through CD28 upon T cell receptor activa-
tion.19 20 Anti- PD- (L)1 ICIs may have activity as mono-
therapies, but combinations with chemotherapies or 
anti- angiogenics may be necessary for maximal benefit for 
some tumors.6 9 21 22 Additionally, the nivolumab plus ipili-
mumab dual- ICI regimen has been approved for NSCLC 
and pleural mesothelioma.3 23 Dual ICI with 2 cycles of 
chemotherapy has also been approved for NSCLC.24 
Nivolumab is an anti- PD- 1 mAb and ipilimumab is a 
mAb against cytotoxic T lymphocyte antigen- 4 (CTLA- 4), 
which also functions by limiting CD28 co- stimulation at 
the T cell receptor.17 18 25 The identification of additional 
immune checkpoints beyond PD- (L)1 and CTLA- 4 is an 
ongoing area of investigation, as is the optimal chemo-
therapy or targeted therapy backbone for ICI combina-
tion therapies in specific disease settings.

Although some patients with lung cancer achieve deep 
and durable responses with ICIs, not all patients benefit 
and many tumors are resistant to treatment, either 
at baseline or through acquired mechanisms.26 27 To 
support the oncology community and provide evidence- 
and consensus- based recommendations on immuno-
therapy for lung cancer and mesothelioma, the Society 
for Immunotherapy of Cancer (SITC) convened a multi-
disciplinary panel of experts to develop a new clinical 
practice guideline (CPG) for NSCLC, SCLC and meso-
thelioma, covering immunotherapy- specific topics such 
as recommended immunotherapies, diagnostics and 
biomarkers, monitoring response to treatment, special 
patient populations, toxicity management, and quality of 
life (QOL) considerations. The recommendations within 
this guideline are not intended to supplant sound clinical 
judgment, but rather to provide clinicians with the most 
up- to- date expert recommendations regarding the inte-
gration of immunotherapy into the treatment of patients 
with lung cancer or mesothelioma.

GUIDELINE DEVELOPMENT METHODS
The Institute of Medicine’s (IOM) Standards for Devel-
oping Trustworthy Clinical Practice Guidelines28 were 
used as a model to develop the recommendations in this 
manuscript. IOM standards dictate that guideline devel-
opment is led by a multidisciplinary expert panel using 
a transparent process where both funding sources and 
conflicts of interest are readily reported. This clinical 
practice guideline is intended to provide guidance and 

is not a substitute for the professional judgment of indi-
vidual treating physicians.

Conflict of interest management
As outlined by IOM standards, all financial relationships 
of expert panel members that might result in actual, 
potential, or perceived conflicts of interest were individ-
ually reported. Disclosures were made prior to the onset 
of manuscript development and updated on an annual 
basis. In addition, panel members were asked to articu-
late any actual or potential conflicts at all key decision 
points during guideline development, so that participants 
would understand all possible influences, biases, and/
or the diversity of perspectives on the panel. Although 
some degree of relationships with outside interests are 
to be expected among experts, panel candidates with 
significant financial connections that may compromise 
their ability to fairly weigh evidence (either actual or 
perceived) were not eligible to participate in guideline 
development.

Recognizing that guideline panel members are among 
the leading experts on the subject matter under consid-
eration and guideline recommendations should have 
the benefit of their expertise, any identified potential 
conflicts of interests were managed as outlined in SITC’s 
disclosure and conflict of interest resolution policies. 
As noted in these policies, panel members disclosing a 
real or perceived potential conflict of interest may be 
permitted to participate in consideration and decision- 
making of a matter related to that conflict, but only if 
deemed appropriate after discussion and agreement by 
the expert panel.

The financial support for the development of this 
guideline was provided solely by SITC. No commercial 
funding was received.

Recommendation development
Panel recommendations are based on literature evidence, 
where possible, and clinical experience, where appro-
priate. Consensus for the recommendations herein was 
generated by open communication and scientific debate 
in small- group and whole- group settings, surveying and 
responses to clinical questionnaires, as well as formal 
voting in consensus meetings.

For transparency, a draft of this CPG was made publicly 
available for comment during the development process 
and prior to publication. All comments were evaluated 
and considered for inclusion into the final manuscript 
according to the IOM standard.

Evidence rating
The evidence- and consensus- based recommendations 
of the panel were refined throughout the development 
process in order to obtain the highest possible agreement 
among the experts, however, the minimum threshold was 
defined as 75% approval among the voting members. 
Evidence supporting panel recommendations was graded 
according to the Oxford Centre for Evidence- Based 
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Medicine (OCEBM) Levels of Evidence Working Group 
‘The Oxford Levels of Evidence 2’ (2016 version). A 
summary of the OCEBM grading scale may be found in 
table 1. The level of evidence (LE) for a given consensus 
recommendation is expressed in parentheses following 
the recommendation (eg, LE:1). Recommendations 
without an associated LE were based on expert consensus.

DIAGNOSTIC TESTS AND BIOMARKERS
Biomarker testing may identify patients who are more 
likely to derive benefit from regimens incorporating 
targeted therapies or immunotherapies as opposed to 
cytotoxic chemotherapy alone, and thus has become an 
essential component in determining the optimal treat-
ment of patients with NSCLC. Although biomarkers 
for patient selection for other thoracic malignancies 
are an ongoing area of research, PD- L1 expression in 
SCLC or mesothelioma is not known to be predictive of 
benefit withimmunotherapy at this time. While ICIs have 
improved clinical outcomes for some patients, only a 
subset of patients experience deep, durable responses as 
a result of ICI therapy.29

For immunotherapy specifically, research is ongoing to 
identify biomarkers with predictive value for response to 
ICIs for patients with lung cancer. Across solid tumors, 
three tumor biomarkers have been validated thus far to 
predict improved outcomes after ICI treatment: PD- L1 
expression, microsatellite instability (MSI), and tumor 
mutational burden (TMB). FDA- approved indications 
for some ICIs, including in lung cancer, are depen-
dent on PD- L1 expression above a specific cut- off by an 
approved companion diagnostic (discussed in the PD- L1 
expression section below); additionally, pembrolizumab 
is approved for tissue- agnostic use in tumors that are 
MSI- high (MSI- H) and/or deficient in mismatch repair 
(dMMR) as well as in tumors with high TMB (TMB- H).30

PD-L1 expression
At the time of manuscript writing, all FDA- approved ICI 
regimens for lung cancer and mesothelioma include one 
agent that targets the PD- (L)1 axis. As such, several clin-
ical trials have attempted to stratify patients by the level of 
PD- L1 expression in tumor cells (TCs) and/or infiltrating 
immune cells (ICs) in an effort to identify patients most 
likely to benefit from ICI therapy. Currently, eligibility for 
four of the ICIs indicated for the treatment of advanced 
NSCLC is conditional based on PD- L1 expression above 
a specific cut- off (currently, no FDA approvals for SCLC 
or mesothelioma are dependent on PD- L1 expression). 

Additionally, eligibility for ICI therapy in the adjuvant 
setting requires confirmed tumor PD- L1 expression by 
an FDA- approved test (data supporting the approval, as 
well as outcomes across PD- L1 expression subgroups, 
are described in the Resectable stage II to IIIA NSCLC 
section). For all of the agents with indications for PD- L1- 
positive NSCLC, the FDA has approved corresponding 
companion diagnostics that assess PD- L1 expression using 
immunohistochemistry (IHC). It is important to note 
that these assays are not all equivalent or interchange-
able, as will be discussed below in the Concordance in 
PD- L1 testing section. Additionally, different thresholds 
for PD- L1 expression define eligibility across indications. 
The most commonly used cut- off values are PD- L1 expres-
sion ≤1%, 1%–49%, and ≥50%. In real- world analyses, 
roughly 44% of tumors have PD- L1 expression <1%, 25% 
of tumors have PD- L1 expression 1%–49%, and around 
31% of tumors have PD- L1 expression ≥50%.31 A compre-
hensive review of PD- L1 as a predictive biomarker was 
published in 2021.32

The VENTANA PD- L1 SP142 assay is the FDA- approved 
companion diagnostic for atezolizumab, an anti- PD- L1 
ICI, which may be used in the treatment of PD- L1- high 
NSCLC as a first- line monotherapy in patients with no 
EGFR/ALK alterations.33 The SP142 assay defines high 
PD- L1 expression in lung cancer as ≥50% of TCs staining 
positive for PD- L1 (TC ≥50%), or as PD- L1- expressing 
ICs covering ≥10% of the tumor (IC ≥10%).33 The FDA 
approval of atezolizumab for this indication was based 
on data from IMpower110 (NCT02409342), in which the 
subgroup of patients with high PD- L1 expression exhib-
ited a significant overall survival (OS) advantage with ICI 
treatment compared with platinum- based chemotherapy, 
a benefit that was not seen for patients with tumors in 
other PD- L1 expression categories (TC ≥5% or IC ≥5%; 
TC ≥1% or IC ≥1%).34

The anti- PD- 1 ICI nivolumab is approved in combina-
tion with ipilimumab for the first- line treatment of meta-
static NSCLC, if no EGFR/ALK alterations are present 
and tumors are PD- L1 ≥1% (≥1% of TCs in the sample 
staining positive for PD- L1).3 23 The PD- L1 IHC 28–8 
pharmDx assay was used to evaluate PD- L1 expression 
during the CheckMate 227 trial (NCT02477826), and 
patients with PD- L1 ≥1% treated with nivolumab and 
ipilimumab exhibited a significant OS advantage over 
patients treated with platinum- doublet chemotherapy.35 
The 28–8 assay is FDA- approved for this indication as a 
companion diagnostic.

Table 1 Summary of ‘The Oxford Levels of Evidence 2’ (adapted from Oxford Centre for Evidence- Based Medicine Levels of 
Evidence Working Group)

Level 1 Level 2 Level 3 Level 4 Level 5

Systematic review or 
meta- analysis

Randomized trial or 
observational study 
with dramatic effect

Non- randomized, 
controlled cohort, or 
follow- up study

Case series, case–
control, or historically 
controlled study

Mechanism- based 
reasoning
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Pembrolizumab, an ICI that targets PD- 1, has two 
NSCLC indications that require PD- L1 testing. For both 
indications, PD- L1 expression is measured by the PD- L1 
IHC 22C3 pharmDx companion diagnostic, which 
measures PD- L1 expression on TCs only.30 In both cases, 
the threshold for PD- L1 positivity is tumor proportion 
score (TPS) ≥1%. Pembrolizumab may be used as a first- 
line monotherapy for PD- L1- positive tumors without 
EGFR/ALK alterations, if the disease is either metastatic 
or stage III and the patient is not a candidate for surgery 
or radiotherapy. Pembrolizumab is also indicated for the 
treatment of PD- L1- positive relapsed/refractory (R/R) 
NSCLC, if patients have previously received platinum- 
based chemotherapy and targeted therapies for EGFR/ALK 
alterations (if appropriate). During the KEYNOTE- 042 
trial (NCT02220894) evaluating pembrolizumab as a 
first- line monotherapy, statistically significant improve-
ments in OS over chemotherapy were observed for the 
TPS ≥1%, TPS ≥20%, and TPS ≥50% subgroups.8 Simi-
larly, both the TPS ≥1% and TPS ≥50% subgroups exhib-
ited significant improvements in OS and overall response 
rate (ORR) in comparison to docetaxel in KEYNOTE- 010 
(NCT01905657), a trial evaluating pembrolizumab in the 
R/R NSCLC setting.7 Progression- free survival (PFS) was 
also improved in the TPS ≥50% subgroup with pembroli-
zumab compared with docetaxel. Of note, the 28–8 assay 
has been found to be equivalent to the 22C3 assay,36 and 
these assays are used interchangeably for both nivolumab 
and pembrolizumab.

Cemiplimab, an anti- PD- 1 mAb, has also been approved 
for the treatment of NSCLC tumors that are PD- L1- 
positive. Both pembrolizumab and cemiplimab are indi-
cated for the treatment of tumors that are PD- L1- positive 
by the 22C3 assay. However, the threshold for PD- L1 
positivity for cemiplimab is TPS ≥50%. Cemiplimab 
monotherapy may be used for the first- line treatment 
of locally advanced (and not eligible for surgical resec-
tion or definitive chemoradiation) or metastatic NSCLC 
that is PD- L1- positive and has no EGFR, ALK, or ROS1 
genetic alterations.37 Approval was based on the phase 
III EMPOWER- Lung 1 trial (NCT03088540), which 
compared SOC chemotherapy to cemiplimab mono-
therapy and showed significant OS and PFS benefit in the 
PD- L1- positive (TPS ≥50%) population.11

Concordance in PD-L1 assays and considerations for testing
The existence of multiple assays that measure PD- L1 
expression, each developed for use with a different ICI 
and developed using different protocols, scoring algo-
rithms, and antibodies has raised questions of generaliz-
ability of positive results across IHC staining platforms. 
Harmonization efforts are ongoing, however, the predic-
tive value of individual PD- L1 assays for indications other 
than reported in the registrational clinical trials leading 
to each FDA approval is unknown. The Blueprint Phase 
1 study included 471 tumor samples and compared the 
SP142, 28–8, 22C3, and the VENTANA PD- L1 SP263 
(used for patient selection with durvalumab, but not in 

lung cancer diagnostics) assays. Through both manual 
and automated image analysis methods measuring the 
number of PD- L1 staining TCs (excluding ICs), the 
28–8, 22C3, and the SP263 assays showed high levels of 
concordance, while the SP142 assay did not correlate as 
strongly with any of the other assays.36 However, this study 
did not assess the concordance of IC staining. Results 
from Blueprint Phase 2 (in which ICs were included in 
the analysis) confirmed interchangeability of the 22C3, 
28–8, and SP263 assays.38 The SP142 assay has also been 
shown to stain fewer TCs compared with the other 
assays.39 40 A similar study that compared IHC using the 
22C3, SP263, SP142, and E1L3N antibody clones to test 
97 NSCLC samples found that E1L3N can be used inter-
changeably with the 22C3 and SP263 antibodies.41 The 
results of assay concordance studies to date, however, 
have not been based on head- to- head comparisons. Also 
of note, the E1L3N antibody has not received approval as 
a companion or complementary diagnostic—although in 
many cases institutions use it or other reagents as compo-
nents of in- house assays, also known as laboratory devel-
oped tests. Many laboratories do not offer multiple tests 
for PD- L1, but rather choose to validate only one or two 
of the four or five options. Notably, no major prospective 
studies have examined cross- assay correlations between 
PD- L1 expression and measurements of clinical outcome 
(eg, OS and PFS).32

Tissue-agnostic indications for ICIs
At the time of manuscript preparation, pembrolizumab 
is approved for two tissue- agnostic indications for tumors 
with high levels of genomic instability, namely MSI- H/
dMMR and TMB- H. To identify tumors that are MSI- H/
dMMR, no specific companion diagnostic was mandated 
in the original FDA approval,30 which was based on a 
pooled analysis of 149 patients with MSI- H solid tumors 
across five clinical trials (KEYNOTE- 016, KEYNOTE- 164, 
KEYNOTE- 012, KEYNOTE- 028, and KEYNOTE- 158). In 
February 2022, the FoundationOne CDx was approved 
as a companion diagnostic to identify patients with 
MSI- H solid tumors who may be appropriate for treat-
ment with pembrolizumab. It is important to note that it 
is uncommon for lung cancers to be MSI- H. In an anal-
ysis of 10,701 tumor- normal sample pairs from 39 cancer 
types, lung adenocarcinomas were MSI- H at a rate of 
0.53%, and lung squamous cell carcinomas were MSI- H 
at a rate of 0.60%.42

The FDA also approved pembrolizumab for the treat-
ment of patients with solid tumors that are TMB- H 
(defined as ≥10 mutations/megabase by the FDA- 
approved FoundationOne CDx companion diagnostic). 
Approval was based on KEYNOTE- 158, which included 
a total of 1,032 patients (none with NSCLC).43 Notably, 
data are lacking for the predictive and prognostic 
value of TMB- H in the context of lung cancers treated 
with immunotherapy. During the CheckMate 227 trial, 
which evaluated nivolumab in combination with ipili-
mumab in advanced NSCLC and stratified patients by 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://jitc.bmj.com/


5Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access

biomarker status, survival endpoints were met regardless 
of TMB status.44 The optimal cut- off threshold for TMB- H 
remains an ongoing area of investigation and variability 
across panel assays remains an obstacle. A recent effort 
pioneered by Friends of Cancer Research demonstrated 
that panel sizes of >667 Kbb are necessary for optimal 
concordance with whole- exome sequencing- based 
methods of assessing TMB, however, statistical methods 
can assist in filtering out pathogenic and germline vari-
ants for more consistent results.45

Tissue acquisition considerations for immunotherapy
For biomarkers that rely on IHC staining (ie, PD- L1 
testing), it is important to consider the conditions under 
which tissue samples are stored and tested. Acquisition 
of sufficient tissue for multiple assays is also paramount. 
There is evidence that, while archived specimens can be 
used to successfully measure PD- L1 expression, PD- L1 
immunoreactivity is gradually lost over time while the 
specimen is in storage. One analysis of formalin- fixed 
paraffin- embedded tissue samples from 1,546 patients 
with NSCLC found that concordance between recently- 
acquired (<3 months old) and archived samples was 
highest with archived samples less than 3 years old.46 
Regardless of the age of the sample, however, there is 
no evidence that results significantly differ between 
PD- L1 assays performed in in- house Clinical Laboratory 
Improvement Amendments (CLIA)- certified laborato-
ries compared with those returned from samples sent to 
centralized testing laboratories.

Molecular testing
Targeted therapies exist to inhibit the aberrant protein 
signaling resulting from common NSCLC genetic vari-
ants, including mutations or genetic alterations in EGFR, 
ALK and ROS1. Therefore, for some patients, molecular 
testing can guide eligibility for treatment with appro-
priate targeted therapies. Comprehensive recommen-
dations on genetic testing are beyond the scope of this 
immunotherapy- focused CPG, but several international 
organizations have published statements recommending, 
at minimum, routine testing for EGFR, ALK, ROS1, 
BRAF, MET exon 14, RET, NTRK, and KRAS G12C alter-
ations.47–50 It is likely that the list of genes selected for 
molecular testing in lung cancer will continue to increase 
as new targeted agents are approved by the FDA.

Panel recommendations
 ► Comprehensive next- generation sequencing (NGS) 

testing of tumor tissue is recommended for all 
patients with metastatic non- squamous NSCLC and 
select patients with squamous carcinoma of the lung 
(eg, never- smokers) if feasible (LE: 2).

 ► When NGS is not possible, tumor tissue should be 
tested for EGFR, ALK, ROS1, BRAF, MET ex14, RET, 
NTRK, and KRAS G12C alterations for all patients 
with non- squamous NSCLC and selected patients with 
squamous cell.

 ► Tumor tissue should be tested for molecular driver 
oncogenes for patients with metastatic NSCLC 
adenocarcinoma with any smoking history, and for 
patients with light or never smoking history with non- 
adenocarcinoma histology (LE: 3).

 ► ICIs should not be initiated until the results of molec-
ular driver mutation testing are available, regardless 
of tumor PD- L1 expression status.

 ► Testing for tumor PD- L1 expression should be 
performed for patients with metastatic (stage IV) 
NSCLC of any histology to predict the likelihood of 
clinical benefit from anti- PD- (L)1 ICI therapy (LE: 2).

 ► Testing for tumor PD- L1 expression can be consid-
ered, but is not required, for patients with stage III 
unresectable NSCLC to predict the likelihood of clin-
ical benefit from anti- PD(L)1 ICI therapy.

 ► For resectable stage II to IIIA NSCLC, testing for 
tumor PD- L1 expression should be performed to 
be considered for atezolizumab therapy in the adju-
vant setting following resection and platinum- based 
chemotherapy (LE:2).

 ► For PD- L1 assessment, the 22C3, 28–8, and SP263 
assays are interchangeable. The SP142 assay is not 
interchangeable and does not perform equivalently 
to the other assays listed (LE: 3).

 ► Archived or fresh biopsy material can be used for 
PD- L1 assessment (LE: 3). Previously cut slides that 
are less than 3 months old can be used for PD- L1 
assessment.

 ► Testing for PD- L1 expression in SCLC or mesothe-
lioma is not known to be predictive of benefit with 
immunotherapy at this time.

 ► TMB and MSI are the basis for tumor- agnostic indica-
tions for ICI therapy and have demonstrated clinical 
utility in many tumor types, but in lung cancer there 
are insufficient data to recommend routine testing for 
these biomarkers (LE: 2).

NON-SMALL CELL LUNG CANCER
The SOC for the treatment of NSCLC includes surgery, 
radiation, and systemic therapies. As discussed earlier, 
targeted therapies, especially those that specifically 
disrupt tumors with alterations in specific genes, such 
as EGFR, ALK, and ROS151–53 have been approved for 
the treatment of patients with advanced NSCLC and 
the respective genetic variants. The role for immuno-
therapy is limited in oncogene- driven NSCLC at the time 
of manuscript writing. ICI monotherapy has provided 
limited clinical benefit to patients with molecular driver 
gene mutated NSCLC—one retrospective analysis that 
included 551 patients with mutations in KRAS, BRAF, 
ROS1, MET, EGFR, HER2, RET, and ALK found ORRs of 
26%, 24%, 17%, 16%, 12%, 7%, 6%, 0%, respectively, 
with single- agent anti- PD- (L)1.54 Combination regimens 
involving ICIs and epidermal growth factor receptor 
(EGFR) tyrosine kinase inhibitors (TKIs) are not 
routinely used as severe hepatotoxicity leading to treat-
ment discontinuation was seen in early- stage trials.55 56 
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ICI treatment has been demonstrated to offer improved 
outcomes to patients with EGFR mutant NSCLC after 
disease progression on first- line TKIs in retrospective57 
and prospective trials21 (IMpower150 is discussed in 
more detail in the Tumors unselected by PD- L1 expres-
sion section). However, caution is warranted when ICIs 
are administered sequentially after TKIs as there may be 
increased risk for toxicity. A database study that included 
20,516 participants with NSCLC in the US FDA Adverse 
Event Reporting System found significantly higher rates 
of immune- related pneumonitis for patients treated with 
both an EGFR TKI and nivolumab (adjusted OR for inter-
action 4.31; 95% CI 2.37 to 7.86; p<0.001).58

Chemotherapy regimens are also used to treat NSCLC,59 
although targeted therapies and immunotherapy have 
shown better efficacy in specific patient subgroups (eg, 
targeted therapy for those with alterations in driver onco-
genes). A number of ICIs have been approved by the 
FDA for the treatment of NSCLC in the first- line, mainte-
nance, adjuvant, and R/R settings. Data from key clinical 
trials that supported the FDA approvals of immunothera-
pies for NSCLC are summarized in table 2, and discussed 
in more detail in the following paragraphs, organized by 
tumor PD- L1 expression.

Tumors with PD-L1 expression ≥50%
The approval of pembrolizumab as a first- line mono-
therapy for patients with NSCLC was based on results from 
the phase III, randomized, open- label KEYNOTE- 024 
and KEYNOTE- 042 trials (KEYNOTE- 042 is discussed 
in the Tumors with PD- L1 expression ≥1% section).30 
KEYNOTE- 024 (NCT02142738) enrolled patients with 
untreated, metastatic NSCLC and PD- L1 TPS ≥50% 
to receive either pembrolizumab or a platinum- based 
chemotherapy regimen. Patients assigned to the pembroli-
zumab arm had higher ORR, longer median OS and 
extended median PFS compared with the chemotherapy 
arm. The median duration of response (DOR) was not 
reached at the time of writing in the pembrolizumab 
arm versus 6.3 months for the chemotherapy arm.60 The 
toxicity profile was favorable for immunotherapy, where 
76.6% of patients in the pembrolizumab arm developed 
treatment- related adverse events (TRAEs) compared with 
90.0% of patients in the chemotherapy arm, 31.2% and 
53.3% of which were grade 3–5 TRAEs, respectively.61 
Long- term efficacy results in the intention- to- treat (ITT) 
population show a 5- year OS rate of 31.9% (95% CI 
24.5% to 39.5%) with pembrolizumab versus 16.3% (95% 
CI 10.6% to 23.0%) for chemotherapy.62 While the results 
of KEYNOTE- 024 lead to the initial approval of pembroli-
zumab monotherapy as a first- line option for patients 
with NSCLC and PD- L1 TPS ≥50% in October 2016, this 
indication was later expanded to tumors with TPS ≥1% 
based on results from KEYNOTE- 042 (discussed in the 
Tumors with PD- L1 expression ≥1% section).

Approval for atezolizumab monotherapy for first- line 
systemic therapy of metastatic PD- L1- positive disease 
was based on the phase III, randomized, open- label trial 

IMpower110 (NCT02409342).33 An interim analysis of 
the 572 chemotherapy- naïve patients who were enrolled 
and randomized to atezolizumab versus chemotherapy 
found benefit in median OS for patients in the PD- L1- 
high categories by the SP142 assay (PD- L1 staining on 
TCs ≥50% or ICs ≥10%). TRAEs occurred in 90.2% of 
patients in the atezolizumab arm and 94.7% of patients in 
the chemotherapy arm, and grade 3–4 TRAEs occurred 
in 30.1% and 52.5% of patients in the respective treat-
ment arms.34 The FDA granted approval for atezolizumab 
monotherapy for the first- line treatment of NSCLC for 
patients with tumors that have high PD- L1 expression and 
no EGFR/ALK alterations in May 2020.33

Cemiplimab has also received approval as a first- line 
monotherapy for the treatment of patients with locally 
advanced (not eligible for surgery or definitive chemora-
diation) or metastatic NSCLC tumors that do not harbor 
EGFR, ALK, or ROS1 genetic alterations with PD- L1 
TPS ≥50%.37 Approval in February 2021 was based on 
results of the phase III, open- label EMPOWER- Lung 1 
study, which enrolled patients with a history of smoking 
to receive either cemiplimab or SOC chemotherapy. 
Patients receiving cemiplimab experienced significantly 
better OS and PFS compared with chemotherapy regi-
mens. An exploratory analysis that stratified patients by 
PD- L1 expression (PD- L1 ≥90%; PD- L1 >60% to <90%; 
PD- L1 ≥50% to ≤60%) found that PD- L1 expression 
correlated with degree of change to tumor size, as well as 
with incremental improvements in OS, PFS, and ORR.11

The decision to offer ICI as monotherapy or in combi-
nation with chemotherapy for patients with tumor PD- L1 
expression 1%–49% is an ongoing area of controversy. 
Patient- related factors such as ability to tolerate chemo-
therapy may contribute to the decision to offer ICI 
monotherapy, while high disease burden disease- related 
symptoms may necessitate the addition of chemotherapy 
for rapid response induction. Improved ORR, OS and 
PFS with immunotherapy−chemotherapy combina-
tions compared with anti- PD- (L)1 monotherapy among 
patients with baseline bone, brain, liver, and adrenal 
metastases have been observed in retrospective real- world 
analyses.63 A recent exploratory analysis of pooled data 
from eight randomized controlled first- line NSCLC trials 
enrolling patients with PD- L1 expression 1%–49% found 
generally longer OS and PFS with anti- PD- (L)1 therapy 
in combination with chemotherapy compared with 
the monotherapy across most age, Eastern Cooperative 
Oncology Group (ECOG) performance status (PS), and 
smoking status subgroups. Only patients of age ≥75 had 
similar outcomes with monotherapy versus combination 
treatment.64

Tumors with PD-L1 expression ≥1%
Ipilimumab was approved for use in combination with 
nivolumab based on data from the phase III, random-
ized, open- label CheckMate 227 (NCT02477826) trial. In 
the study, patients were randomized 1:1:1:1 to one of four 
arms (nivolumab, nivolumab with ipilimumab, nivolumab 
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Table 2 Pivotal trial outcomes data for US Food and Drug Administration- approved immunotherapies for NSCLC

Trial Line of therapy Interventions

Results

ORR
Median 
DOR OS Median PFS

Tumors with PD- L1 expression ≥50%

IMpower110 
(NCT02409342)34

First- line Atezolizumab 38.3% (95% CI 
29.1% to 48.2%)

NE Median OS: 20.2 months 
(95% CI 16.5 to NE) (HR 
vs chemotherapy 0.59; 
95% CI 0.40 to 0.89; 
p=0.01)

8.1 months (95% CI) (HR 
vs chemotherapy 0.63; 
95% CI 0.45 to 0.88)

Platinum- based 
chemotherapy

28.6% (95% CI 
19.9% to 38.6%)

6.7 months Median OS: 13.1 months 
(95% CI 7.4 to 16.5)

5.0 months

KEYNOTE- 024 
(NCT02142738)60 61

First- line Pembrolizumab 44.8% (95% CI 
36.8% to 53.0%)

NR Median OS: 30.0 months 
(95% CI 18.3 to NR) (HR 
vs chemotherapy 0.63; 
95% CI 0.47 to 0.86; 
p=0.002)

10.3 months (95% 
CI 6.7 to NR) (HR vs 
chemotherapy 0.50; 95% 
CI 0.37 to 0.68; p<0.001)

Chemotherapy 27.8% (95% CI 
20.8% to 35.7%)

6.3 months Median OS: 14.2 months 
(95% CI 9.8 to 19.0)

6.0 months (95% CI 4.2 
to 6.2)

EMPOWER- Lung 1 
(NCT03088540)11

First- line Cemiplimab 39% (95% CI 
34% to 45%) (OR 
vs chemotherapy 
2.53; 95% CI 1.74 
to 3.69; p<0.0001)

16.7 months 
(95% CI 12.5 
to 22.8)

Median OS: NR (95% 
CI 17.9 to NE) (HR vs 
chemotherapy 0.57; 
95% CI 0.42 to 0.77; 
p=0.0002)

8.2 months (95% CI 
6.1 to 8.8) (HR vs 
chemotherapy 0.54; 
95% CI 0.43 to 0.68; 
p<0.0001)

Chemotherapy 20% (95% CI 
16% to 26%)

6.0 months
(95% CI 4.3 
to 6.5)

Median OS: 14.2 months 
(95% CI 11.2 to 17.5)

5.7 months (95% CI 4.5 
to 6.2)

Tumors with PD- L1 expression ≥1%

CheckMate 227 
(NCT02477826)35

First- line Nivolumab + ipilimumab 35.9% (95% CI 
31.1% to 40.8%)

23.2 months 
(95% CI 15.2 
to 32.2)

24- month OS:
40.1% (HR vs 
chemotherapy 0.79; 
97.72% CI 0.65 to 0.96; 
p=0.007)

5.1 months (95% CI 
4.1 to 6.3) (HR vs 
chemotherapy 0.82; 95% 
CI 0.69 to 0.97)

Platinum doublet 
chemotherapy

30.0% (95% CI 
25.5% to 34.7%)

6.2 months 
(95% CI 5.6 
to 7.4)

24- month OS: 32.8% 5.6 months (95% CI 4.6 
to 5.8)

KEYNOTE- 042 
(NCT02220894)8 178

First- line Pembrolizumab 27% (95% CI 
24% to 31%)

20.2 months 
(95% CI 16.6 
to NR)

Median OS: 16.7 months 
(95% CI 13.9 to 19.7) 
(HR vs chemotherapy 
0.81; 95% CI 0.71 to 
0.93; p=0.0018)

5.4 months (95% CI 
4.3 to 6.2) (HR vs 
chemotherapy 1.05; 95% 
CI 0.93 to 1.19)

Chemotherapy 27% (95% CI 
23% to 30%)

8.3 months 
(95% CI 6.5 
to 11.1)

Median OS: 12.1 months 
(95% CI 11.3 to 13.3)

6.6 months (95% CI 6.3 
to 7.3)

KEYNOTE- 010* 
(NCT01905657)7 67

Second- line Pembrolizumab 18% (95% CI 
14.1% to 22.5%)

NR (IQR 
4.2 to 10.5 
months)

36- month OS: 22.9% 
(95% CI 19.8% to 
26.1%) (HR vs docetaxel 
0.69; 95% CI 0.60 to 
0.80; p<0.00001)

4.0 months (95% CI 3.1 
to 4.1) (HR vs docetaxel 
0.83; 95% CI 0.72 to 
0.96; p<0.005)

Docetaxel 9.3% (95% CI 
6.5% to 12.9%)

6 months 
(IQR 2.7 to 
6.1)

36- month OS: 11.0% 
(95% CI 7.9% to 14.7%)

4.1 months (95% CI 3.8 
to 4.5)

Tumors unselected by PD- L1 expression

IMpower150† 
(NCT02366143)21 70

First- line Atezolizumab + paclitaxel +
carboplatin‡

40.6% (95% CI 
35.8% to 45.6%)‡

8.3 months‡ 24 month OS: 38.3% 
(95% CI 31.9% to 
44.8%) (HR vs BCP 
0.85; 95% CI 0.71 to 
1.03)‡

6.7 months (95% CI 5.7 
to 6.9) (HR vs BCP 0.91; 
95% CI 0.78 to 1.06)‡

Atezolizumab + 
bevacizumab +
paclitaxel + carboplatin

63.5% (95% CI 
58.2% to 68.5%)

9.0 months 24- month OS: 43.4% 
(95% CI 36.9% to 
49.9%) (HR vs BCP 
0.78; 95% CI 0.64 to 
0.96; p=0.02)

8.3 months (95% CI 7.7 
to 9.8) (HR vs BCP 0.62; 
95% CI 0.52 to 0.74; 
p<0.001)

Bevacizumab + paclitaxel +
carboplatin (BCP)

48.0% (95% CI 
42.5% to 53.6%)

5.7 months 24- month OS: 33.7% 
(95% CI 27.4% to 
40.0%)

6.8 months (95% CI 6.0 
to 7.1)

Continued
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with chemotherapy, and chemotherapy). PD- L1- postive 
patients (TPS ≥1%) in the nivolumab with ipilimumab 
arm exhibited higher OS than those in the chemotherapy 

arm at 24 months (40.1% vs 32.8%, respectively). Patients 
developed TRAEs at a rate of 76.7% (32.8% developed 
grade 3–4 TRAEs) versus 81.9% (36.0% developed grade 

Trial Line of therapy Interventions

Results

ORR
Median 
DOR OS Median PFS

IMpower130 † 
(NCT02367781)6

First- line Atezolizumab + nab- 
paclitaxel + carboplatin

49.2% (95% 
CI 44.5% to 
54.0%) (OR vs 
nab- paclitaxel + 
carboplatin 2.07; 
95% CI 1.48 to 
2.89)

8.4 months 
(95% CI 6.9 
to 11.8)

24- month OS: 39.6% 
(95% CI 33.6% 
to 45.7%) (HR vs 
chemotherapy 0.79; 
95% CI 0.64 to 0.98; 
p=0.033)

7.0 months (95% CI 
6.2 to 7.3) (HR vs 
chemotherapy 0.64; 
95% CI 0.54 to 0.77; 
p<0.0001)

Nab- paclitaxel + carboplatin 31.9% (95% CI 
25.8% to 38.4%)

6.1 months 
(95% CI 5.5 
to 7.9)

24- month OS: 30.0% 
(95% CI 21.7% to 
38.2%)

5.5 months (95% CI 4.4 
to 5.9)

OAK§ (NCT02008227)73 Second- line Atezolizumab 14.6% (95% CI 
11.4% to 18.3%)

16.3 months 
(95% CI 10.0 
to 26.3)

24 month OS: 30.9% 
(HR vs docetaxel 0.75; 
95% CI 0.64 to 0.89; 
p=0.0006)

2.8 months (95% CI 2.6 
to 3.0) (HR vs docetaxel 
0.93; 95% CI 0.80 to 
1.08; p=0.3495)

Docetaxel 13.4% (95% CI 
10.3% to 17.0%)

6.2 months 
(95% CI 4.9 
to 8.4)

24- month OS: 21.1% 4.0 months (95% CI 3.3 
to 4.2)

CheckMate 9LA 
(NCT03215706)12

First- line Nivolumab + ipilimumab +
chemotherapy

38.2% (95% CI 
33.2% to 43.5%)

11.3 months 
(95% CI 8.5 
to NR)

Median OS: 15.6 months 
(95% CI 13.9 to 20.0) 
(HR vs chemotherapy 
0.66; 95% CI 0.55 to 
0.80; p=0.0006)

6.7 months (95% CI 
5.6 to 7.8) (HR vs 
chemotherapy 0.68; 95% 
CI 0.57 to 0.82)

Chemotherapy 24.9% (95% CI 
20.5% to 29.7%)

5.6 months 
(95% CI 4.4 
to 7.5)

10.9 months (95% CI 9.5 
to 12.6)

5.0 months (95% CI 4.3 
to 5.6)

CheckMate 017 
(NCT01642004) and
CheckMate 057¶ 
(NCT01673867)74

Second- line Nivolumab 19% (95% CI 
16% to 24%) (OR 
vs docetaxel 1.91; 
95% CI 1.28 to 
2.86)

23.8 months 
(95% CI 11.4 
to 36.1)

36- month OS:
17% (95% CI 14% to 
21%) (HR vs docetaxel 
0.70; 95% CI 0.61 to 
0.81)

2.56 months (95% CI 
2.20 to 3.48) (HR vs 
docetaxel 0.80; 95% CI 
0.69 to 0.92)

Docetaxel 11% (95% CI 8% 
to 15%)

5.6 months 
(95% CI 4.4 
to 7.0)

36- month OS: 8% (95% 
CI 6% to 11%)

3.52 months (95% CI 
3.15 to 4.21)

KEYNOTE- 189 
(NCT02578680)9

First- line Pembrolizumab + 
chemotherapy

48.0% (95% CI 
43.1% to 53.0%)

12.4 months 24- month OS: 45.5% 
(HR vs chemotherapy 
0.56; 95% CI 0.45 to 
0.70)

9.0 months (95% CI 
8.1 to 9.9) (HR vs 
chemotherapy 0.48; 95% 
CI 0.40 to 0.58)

Chemotherapy 19.4% (95% CI 
14.2% to 25.5%)

7.1 months 24- month OS: 29.9% 4.9 months (95% CI 4.7 
to 5.5)

KEYNOTE- 407 
(NCT02775435)69

First- line Pembrolizumab + 
chemotherapy

62.6% (95% CI 
56.6% to 68.3%)

8.8 months Median OS: 17.1 months 
(95% CI 14.4 to 19.9) 
(HR vs chemotherapy 
0.71; 95% CI 0.58 to 
0.88)

8.0 months (95% CI 
6.3 to 8.4) (HR vs 
chemotherapy 0.57; 95% 
CI 0.47 to 0.69)

Chemotherapy 38.4% (95% CI 
32.7% to 44.4%)

4.9 months Median OS: 11.4 months 
(95% CI 10.1 to 13.7)

5.1 months (95% CI 4.3 
to 6.0)

PACIFIC 
(NCT02125461)**4 76

Maintenance Durvalumab 30.0% (95% CI 
25.8% to 34.5%) 
(p<0.001 vs 
placebo)

NR (95% CI 
27.4 months 
to NR)

36- month OS: 57.0% 
(95% CI 52.3% to 
61.4%) (unstratified HR 
vs placebo 0.67; 95% CI 
0.54 to 0.84)

17.2 months (95% CI 
13.1 to 23.9) (HR vs 
placebo 0.51; 95% CI 
0.41 to 0.63)

Placebo 17.8% (95% CI 
13.0% to 23.6%)

18.4 months 
(95% CI 6.7 
to 24.5)

36- month OS: 43.5% 
(95% CI 37.0% to 
49.9%)

5.6 months (95% CI 4.6 
to 7.7)

*ORR and DOR data are from patients treated with 2 mg/kg pembrolizumab. OS and PFS data are from updated pooled analyses including 2 mg/kg and 10 mg/kg doses.
†Study included patients with EGFR/ALK mutant tumors; ITT- wild–type population (no EGFR/ALK genetic alterations) data reported.
‡Updated analysis (January 2018) of ITT population (which includes patients with EGFR/ALK genetic alterations who had progression with, or intolerance to, at least one TKI).
§Primary efficacy population (ITT- 850) data reported.
¶Pooled population from CheckMate 017 and Checkmate 057 reported.
**Approval is for stage III, unresectable NSCLC.
DOR, duration of response; ITT, intention- to- treat; NE, not estimable; NR, not reached; NSCLC, non- small cell lung cancer; ORR, objective response rate; OS, overall survival; PD- L1, 
programmed death- ligand 1; PFS, progression- free survival; TKI, tyrosine kinase inhibitor.

Table 2 Continued
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3–4 TRAEs) in the nivolumab with ipilimumab arm versus 
the chemotherapy arm, respectively.35 Based on OS data 
from this trial, the FDA approved nivolumab with ipilim-
umab for first- line treatment of PD- L1- positive (TPS ≥1%) 
NSCLC with no EGFR/ALK alterations.3 23 CheckMate 
227 stratified patients by histology, and exploratory anal-
ysis with 4 years of follow- up found pronounced clinical 
benefit with ipilimumab plus nivolumab compared with 
chemotherapy among the 46 patients with squamous 
NSCLC in the study. The 4- year OS rate for patients 
with squamous NSCLC treated with ipilimumab plus 
nivolumab was 22% compared with 7% for chemotherapy 
(median OS 15.9 months vs 8.5 months; HR=0.53; 95% 
CI 0.34 to 0.84).5 Post- hoc analyses of CheckMate 227 
demonstrated a trend toward more pronounced clinical 
benefit with ipilimumab plus nivolumab for patients with 
baseline brain metastases. Median OS was 18.8 months 
for patients with brain metastases (95% CI 9.2 to 29.4) 
versus 17.1 months for patients without brain metastases 
(95% CI 15.3 to 19.9). The OS HR for nivolumab plus 
ipilimumab versus chemotherapy for patients with brain 
metastases was 0.57 (95% CI 0.38 to 0.85) versus 0.76 
(95% CI 0.66 to 0.88) for patients without brain metas-
tases.65 The combination of ipilimumab plus nivolumab 
was not FDA- approved for these specific patient popula-
tions at the time of manuscript preparation, nor for the 
treatment of patients with tumor PD- L1 expression ≤1%. 
Prospective trials are needed to establish clinical benefit 
in these populations.

Pembrolizumab monotherapy was FDA- approved as a 
first- line treatment for PD- L1- positive (TPS ≥1%) NSCLC 
without EGFR or ALK alterations in April 2019 for patients 
with metastatic disease or those who have stage III disease 
and are not candidates for surgery or radiation based 
on results from the KEYNOTE- 042 (NCT02220894) 
and KEYNOTE- 024 (NCT02142738; KEYNOTE- 024 is 
discussed in the Tumors with PD- L1 expression ≥50% 
section) trials, both of which were phase III, random-
ized, and open- label.30 In KEYNOTE- 042, patients with 
TPS ≥1% who were treated with pembrolizumab had 
significantly higher median OS compared with those 
receiving platinum- based chemotherapy. TRAEs were 
observed in 63% of patients receiving pembrolizumab 
(18% developed grade 3–5 TRAEs) and in 90% of 
patients receiving chemotherapy (41% developed grade 
3–5 TRAEs).8

Pembrolizumab was initially granted an accelerated 
approval from the FDA for the treatment of patients 
with R/R NSCLC (who have disease progression on or 
after platinum- containing chemotherapy or targeted 
therapy against ALK or EGFR, if appropriate) with PD- L1 
TPS ≥50% in October 2015. This approval was based off 
of results from the phase I, open- label KEYNOTE- 001 
(NCT01295827) trial, in which pembrolizumab- treated 
patients with NSCLC and high PD- L1 expression expe-
rienced durable responses (ORR 41% (95% CI 28.6% to 
54.3%)) and a tolerable safety profile.66 In the phase II/III, 
randomized, open- label KEYNOTE- 010 (NCT01905657) 

trial, multiple dosing regimens of pembrolizumab were 
compared against docetaxel in the R/R (after platinum- 
based chemotherapy) NSCLC setting. The trial enrolled 
1033 patients with PD- L1- positive disease (TPS ≥1%) to 
receive pembrolizumab at either 2 mg/kg every 3 weeks or 
10 mg/kg every 3 weeks, or chemotherapy. Patients in the 
2 mg/kg pembrolizumab arm (current clinical dosing) 
had significantly higher median OS at 10.4 months (95% 
CI 9.4 to 11.9; HR 0.71 (95% CI 0.58 to 0.88; p=0.0008)) 
for pembrolizumab versus 8.5 months (95% CI 7.5 to 
9.8) for docetaxel. Across all dosages pembrolizumab 
was associated with significantly higher OS at 36 months, 
ORR, and DOR—the pembrolizumab arms had not 
reached median DOR at the time of manuscript prepa-
ration, while median DOR was 6 months in the docetaxel 
arm.7 Long- term safety data have also been reported, with 
a median follow- up of 42.6 months (range 35.2–53.2); in 
the pembrolizumab arms, patients developed TRAEs at 
a rate of 67.7% (16.1% developed TRAEs of grade 3–5), 
and in the docetaxel arm patients developed TRAEs at a 
rate of 82.5% (36.6% developed TRAEs of grade 3–5). 
Notably, 14 patients received second courses of pembroli-
zumab after PFS events, which led to a partial response 
in six patients (43%) and stable disease in five patients 
(36%).67 The full approval of pembrolizumab in this 
setting was expanded to include patients with tumors with 
PD- L1 TPS ≥1% in October 2016.68

Tumors unselected by PD-L1 expression
During the phase III, randomized, quadruple- masked 
study KEYNOTE- 189 (NCT02578680), 616 patients were 
assigned to receive pembrolizumab with chemotherapy 
(pemetrexed and platinum) or chemotherapy alone as a 
first- line treatment for non- squamous NSCLC. Pembroli-
zumab treatment was associated with improved ORR, 
DOR, milestone OS at 24 months, and median PFS. All- 
cause adverse events (AEs) occurred in 99.8% of patients 
receiving pembrolizumab (71.9% of patients developed 
AEs of grade 3–5) and in 99.0% of patients receiving 
chemotherapy alone (66.8% of patients developed 
AEs of grade 3–5).9 Benefit with pembrolizumab plus 
chemotherapy was maintained across PD- L1 expression 
cutpoints and regardless of the presence of baseline liver 
or brain metastases.9 Based on KEYNOTE- 189, the FDA 
approved the use of pembrolizumab with pemetrexed 
and platinum chemotherapy for first- line treatment of 
non- squamous NSCLC with no EGFR/ALK genetic alter-
ations in May 2017.30

In KEYNOTE- 407 (NCT02775435), 559 patients with 
squamous NSCLC were assigned to receive pembroli-
zumab with chemotherapy (carboplatin and paclitaxel 
or nab- paclitaxel) or chemotherapy alone in a phase III, 
randomized, triple- masked clinical trial. In the protocol- 
specified final analysis, patients in the pembrolizumab arm 
had a higher ORR, median DOR, median OS, and median 
PFS. Patients in the pembrolizumab arm developed AEs 
at a rate of 98.6%, with 74.1% developing AEs of grade 
3–5. OS and PFS benefit for the ICI plus chemotherapy 
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combination was maintained across prespecified PD- L1 
expression subgroups, with an OS HR of 0.61 (95% CI 
0.38 to 0.98) for patients with PD- L1- negative tumors, 
0.57 (95% CI 0.36 to 0.90) for patients with tumor PD- L1 
expression 1%–49%, and 0.64 (95% CI 0.37 to 1.10) for 
patients with tumor PD- L1 expression ≥50%. Patients in 
the chemotherapy alone arm developed AEs at a rate of 
98.2%, and 69.6% developed AEs of grade 3–5.69 The FDA 
approved pembrolizumab with carboplatin and paclitaxel 
or nab- paclitaxel for the first- line treatment of metastatic, 
squamous NSCLC in May 2017.30

The FDA has also approved atezolizumab in combina-
tions with cytotoxic and targeted therapies for the first- line 
treatment of metastatic NSCLC. In the phase III, random-
ized, open- label IMpower150 trial (NCT02366143), 
1202 patients were assigned to receive atezolizumab, 
carboplatin, and paclitaxel (ACP); atezolizumab, beva-
cizumab, carboplatin, and paclitaxel (ABCP); or bevaci-
zumab, carboplatin, and paclitaxel (BCP). As described 
in table 2, the ABCP arm had higher ORR, DOR, OS, 
and PFS compared with the BCP arm in the ITT- wild- type 
(no EGFR/ALK alterations) population.70 Although statis-
tically significant OS benefit with ABCP compared with 
BCP was demonstrated in the ITT population, exploratory 
analyses revealed longer median OS with ABCP and ACP 
versus BCP in PD- L1- high and PD- L1- positive subgroups, 
whereas median OS was similar with ACP and ABCP 
versus BCP in patients with PD- L1- negative tumors.71 The 
ACP arm, in contrast, did not exhibit marked clinical 
advantages over the BCP arm in secondary analyses of 
the ITT population (including patients with EGFR/ALK 
genetic alterations who had progression with, or showed 
intolerance to at least one approved TKI). Importantly, 
ABCP was also associated with improved OS compared 
with BCP in the subgroup of patients with tumors with 
EGFR mutations (median OS not estimable with ABCP vs 
median OS 17.5 months with BCP; HR 0.31; 95% CI 0.11 
to 0.83).21 Patients developed grade 3–4 AEs at a rate of 
64% in the ABCP group and at 58% in the BCP group.21 
The FDA approved the ABCP combination regimen for 
the first- line treatment of metastatic NSCLC in December 
2019.33

During IMpower130 (NCT02367781), a phase 
III, randomized, open- label trial of patients with 
chemotherapy- naïve non- squamous NSCLC, atezoli-
zumab with chemotherapy (nab- paclitaxel and carbo-
platin) was compared with chemotherapy alone. Patients 
in the atezolizumab arm with no EGFR/ALK alterations 
(ITT wild- type population) had longer median OS, long- 
term (24- month) OS, median PFS, ORR, and median 
DOR. No difference in OS was seen across pre- stratifed 
PD- L1 expression subgroups. TRAEs were observed in 
96% of patients in the atezolizumab arm and 93% of 
patients in the chemotherapy alone arm, with 75% of 
patients receiving atezolizumab with chemotherapy and 
61% of patients receiving chemotherapy developing 
grade 3–5 TRAEs.6 In December 2018, the FDA approved 
atezolizumab with nab- paclitaxel and carboplatin for the 

first- line treatment of metastatic NSCLC with no EGFR/
ALK alterations.33

The CheckMate 9LA trial (NCT03215706), a phase III, 
randomized, open- label study, compared nivolumab and 
ipilimumab plus 2 cycles of platinum doublet chemo-
therapy versus platinum doublet chemotherapy alone 
in 719 patients with recurrent or metastatic NSCLC with 
no EGFR or ALK mutations. ORR was increased in the 
ICI- treated arm, as well as DOR, median OS, and median 
PFS. The 2- year OS rates were 38% and 26% for the ICI 
arm and the chemotherapy arm, respectively. Median OS 
was similar for the PD- L1 expression ≥1% group and the 
PD- L1 expression <1% group, at 15.8 months and 16.8 
months, respectively (HR vs chemotherapy 0.64 (95% 
CI 0.50 to 0.82) for PD- L1 expression ≥1%; HR versus 
chemotherapy 0.62 (95% CI 0.45 to 0.85) for PD- L1 
expression <1%). TRAEs of grade 3–4 were reported in 
47% of patients receiving ICIs versus 38% of patients 
receiving chemotherapy alone.12 In May 2020, the FDA 
approved nivolumab and ipilimumab plus 2 cycles of plat-
inum doublet chemotherapy for the first- line treatment 
of NSCLC with no EGFR or ALK alterations.3 23

Atezolizumab has also showed benefit in clinical trials 
for R/R (after platinum- based chemotherapy) NSCLC. 
In the phase III, randomized, open- label OAK trial 
(NCT02008227), patients were assigned to receive either 
docetaxel or atezolizumab.72 In the primary efficacy popu-
lation (n = 850), patients treated with atezolizumab had 
higher median OS, milestone (24- month) OS, and higher 
median DOR, although there was not a statistically signif-
icant advantage in PFS or ORR. The secondary efficacy 
population, which included 1,225 patients, had results 
consistent with the primary population. Patients receiving 
atezolizumab developed TRAEs at a rate of 64.0% (14.9% 
developed grade 3–5 TRAEs), while patients receiving 
docetaxel developed TRAEs at a rate of 86.2% (42.4% 
developed grade 3–5 TRAEs).73 Data from OAK led to 
the approval of atezolizumab for R/R NSCLC in patients 
who have received prior chemotherapy and EGFR/ALK 
targeted treatment, if appropriate, in April 2017.33

Nivolumab was the first anti- PD(L)−1 agent to be 
approved in lung cancer. In March 2015, the FDA 
approved nivolumab for the treatment of metastatic 
squamous NSCLC with progression on or after platinum- 
based chemotherapy based on CheckMate 017 and 
CheckMate 063. In October 2015, nivolumab’s indication 
was expanded to the treatment of metastatic NSCLC with 
progression on or after platinum- based chemotherapy 
based on results of CheckMate 057 with patients with 
metastatic non- squamous NSCLC.3 In a pooled analysis 
of CheckMate 017 (NCT01642004; patients with squa-
mous NSCLC) and CheckMate 057 (NCT01673867; 
patients with non- squamous NSCLC), patients treated 
with nivolumab exhibited improvements in ORR, 
median DOR, 36- month OS, and 3- year PFS rates (10% 
versus <1%; HR 0.80; 95% CI 0.69 to 0.92) compared with 
patients who received docetaxel.74 At 5- year update, the 
OS rates (13.4% vs 2.6%), and PFS rates (8% vs 0%; HR 
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0.79; 95% CI 0.68 to 0.92), continued to favor immuno-
therapy. No patients were treated with docetaxel for more 
than 2 years, however, at 5 years, 67.9% of the patients 
who received nivolumab experienced any grade TRAEs, 
with 10.9% being grade 3–4 events.75

Unresectable stage III NSCLC
Durvalumab, an anti- PD- L1 antibody, has been approved 
for use as a consolidation therapy in patients with stage III 
unresectable disease following concurrent chemoradio-
therapy who have not yet experienced disease progression. 
During the phase III, randomized, quadruple- masked 
PACIFIC trial (NCT02125461), patients were assigned 
to receive durvalumab or placebo following chemoradi-
ation therapy. Patients who received durvalumab expe-
rienced greater median OS, milestone (36- month) OS,4 
and higher median PFS. AEs were reported in 96.8% of 
patients receiving durvalumab (30.5% developed AEs of 
grade 3–5) and in 94.9% of patients receiving placebo 
(26.1% developed AEs of grade 3–5).76 OS improvements 
were seen across most PD- L1 expression subgroups (HR 
for TC ≥25% = 0.50, 95% CI 0.30 to 0.83; HR for TC <25% 
= 0.89, 95% CI 0.63 to 1.25; HR for TC ≥1% = 0.59, 95% 
CI 0.41 to 0.83; HR for TC 1%–24% = 0.67, 95% CI 0.41 to 
1.10; HR for unknown PD- L1=0.60, 95% CI 0.43 to 0.84), 
with the exception of patients with tumor PD- L1 expres-
sion <1% (HR=1.14, 95% CI 0.71 to 1.84).77 Durvalumab 
was approved as a maintenance therapy in this setting by 
the FDA in February of 201878 and approved by the Euro-
pean Medicines Agency for consolidation therapy for 
patients with PD- L1 positive tumors in October of 2018. 
Pembrolizumab is also indicated as a first- line treatment 
for patients with stage III NSCLC (for patients not eligible 
for surgery or definitive chemoradiation),8 discussed in 
the Tumors with PD- L1 expression ≥1% section.

Resectable stage II to IIIA NSCLC
The FDA approved atezolizumab as an adjuvant treatment 
following resection and platinum- based chemotherapy 
for patients with stage II to IIIA NSCLC whose tumors 
have PD- L1 expression on ≥ 1% of TCs on October 15, 
2021. The SP263 assay was approved as a companion diag-
nostic test with the new indication. Approval was based 
on IMpower010, a randomized, multicenter, open- label, 
phase III trial comparing 16 cycles of adjuvant atezoli-
zumab (1200 mg every 21 days) or best supportive care 
after tumor resection and completion of 1–4 cycles of adju-
vant platinum- based chemotherapy. Investigator- assessed 
disease- free survival (DFS) was the primary endpoint. At 
a median follow- up of 32.2 months (IQR 27.4–38.3), the 
primary endpoint was met for all patients with stage II−
IIIA disease. DFS events occurred in 173 (39%) of the 442 
patients with stage II−IIIA tumors receiving atezolizumab 
and 198 (45%) of the 440 in the group receiving best 
supportive care, leading to an HR of 0.79 (95% CI 0.64 to 
0.96; p=0.020). In the subgroup with stage II−IIIA tumors 
with PD- L1 expression ≥1%, 88 (35%) of 248 patients 
receiving atezolizumab and 105 (46%) of 228 patients 

receiving best supportive care group experienced DFS 
events for a stratified HR of 0.66 (95% CI 0.50 to 0.88; 
p=0.0039). The 3- year DFS rates for all patients were 
56% in the atezolizumab group versus 49% in the best 
supportive care group and among patients with tumors 
with PD- L1 expression ≥1% the 3- year DFS rates were 
60% and 48%, respectively. For the secondary endpoint 
of DFS in patients with tumor PD- L1 on 50% or more 
of TCs, the unstratified HR was 0.43 (95% CI 0.27 to 
0.68) and post- hoc exploratory analyses demonstrated an 
unstratified HR of 0.87 (95% CI 0.60 to 1.26) for patients 
with tumors PD- L1 expression of 1%–49%. OS data were 
immature at the cut- off date. Atezolizumab- related grade 
3 and 4 AEs occurred in 11% of patients (n=53 of 495) 
and there were 4 grade 5 events.79

Nivolumab in combination with platinum doublet 
chemotherapy every 3 weeks for up to 3 cycles prior 
to definitive surgery for adult patients with resectable 
NSCLC gained FDA approval on March 4, 2022. Approval 
was based on improvements in pCR rate and event- free 
survival (EFS) compared with neoadjuvant platinum 
doublet chemotherapy alone in the phase III, random-
ized, open- label trial CheckMate 816, which included a 
total of 358 patients with with resectable, histologically 
confirmed Stage IB (≥4 cm), II, or IIIA NSCLC (Amer-
ican Joint Commission on Cancer(AJCC)/Union for 
International Cancer Control (UICC) staging criteria) 
and measurable disease by Response Evaluation Criteria 
in Solid Tumors (RECIST) v1.1. Significantly increased 
pCR rates were observed for neoadjuvant nivolumab plus 
chemotherapy compared with chemotherapy alone in 
the ITT population (24.0% vs 2.2%; OR 13.94; 99% CI 
3.49 to 55.75; p<0.0001) as well as across all key subgroups 
including by disease stage (IB/II, 26.2% vs 4.8%; ≥IIIA, 
23.0% vs 0.9%), PD- L1 expression status (PD- L1 <1%, 
16.7% vs 2.6%; PD- L1 ≥1%, 32.6% vs 2.2%), and TMB 
(TMB low, 22.4% vs 1.9%; TMB- H, 30.8% vs 2.7%).80 
Neoadjuvant nivolumab plus chemotherapy did not 
impede the feasibility of surgery nor increase surgical 
complications. Definitive surgery rates were 83% with 
nivolumab plus chemotherapy (n=149) compared with 
75% with chemotherapy alone (n=135). An R0 resec-
tion was achieved in 83% patients in the nivolumab plus 
chemotherapy arm compared with 78% of patients in the 
chemotherapy alone arm and the median percentage 
residual viable tumor cells in the primary tumor bed 
were 10% and 74% across arms, respectively. Any- grade 
surgery- related AEs were reported in 41% versus 47% 
of patients in the nivolumab plus chemotherapy versus 
chemotherapy alone arms, and grade 3–4 AEs were 
reported in 11% versus 15% of patients in each arm, 
respectively.81 Median EFS was 31.6 months (95% CI 30.2 
to not reached) in the nivolumab plus chemotherapy arm 
and 20.8 months (95% CI 14.0 to 26.7) in the chemo-
therapy alone arm.
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Panel recommendations
 ► For patients with metastatic NSCLC with no action-

able mutations and TPS ≥50%, the panel recom-
mends first- line pembrolizumab, atezolizumab, or 
cemiplimab monotherapy, with consideration for 
chemo- immunotherapy for patients with high tumor 
disease burden or worrisome symptoms (LE:2).

 ► For patients with metastatic NSCLC with no action-
able mutations and TPS <50%, pembrolizumab with 
chemotherapy, atezolizumab with chemotherapy 
(with or without bevacizumab), or nivolumab with 
ipilimumab with or without 2 cycles of chemotherapy 
(in select cases) should be used (LE:2).

 ► For patients with metastatic NSCLC with no actionable 
mutations and tumor PD- L1 expression 1%–49% who 
are ineligible for or refuse chemotherapy, pembroli-
zumab monotherapy may be considered (LE:2).

 ► For patients with metastatic NSCLC with tumor PD- L1 
expression ≤1% and baseline brain metastases or 
squamous histology nivolumab in combination with 
ipilimumab may be considered (LE:3).

 ► For adult patients with resectable (tumors ≥4 cm or 
node positive) NSCLC, nivolumab in combination 
with platinum- doublet chemotherapy every 3 weeks 
for 3 cycles in the neoadjuvant setting may be consid-
ered (LE:2).

 ► For adult patients with stage II to IIIA NSCLC and 
PD- L1 expression ≥50%, atezolizumab is recom-
mended as an adjuvant treatment following resection 
and platinum- based chemotherapy (LE:2).

 ► For adult patients with stage II to IIIA NSCLC and 
PD- L1 expression 1%–49%, atezolizumab may be 
considered as an adjuvant treatment following resec-
tion and platinum- based chemotherapy (LE:2).

 ► In patients with non- squamous cell NSCLC tumors 
positive for EGFR, ALK, or ROS1 alterations, appro-
priate FDA- approved targeted therapy should be 
administered as first- line therapy (LE:1).

 ► In patients with non- squamous cell NSCLC tumors 
positive for EGFR, ALK, or ROS1 alterations that 
become refractory to TKIs, chemotherapy should be 
given, with consideration for the addition of immuno-
therapy (LE:2) and antiangiogenic therapy.

 ► In patients with non- squamous cell NSCLC with 
tumors positive for actionable molecular alterations 
other than EGFR, ALK, or ROS1 alterations, appro-
priate FDA- approved targeted therapies can be 
considered as first- line therapy.

 ► Whenever possible, patients should be offered partic-
ipation in clinical trials.

A treatment algorithm for advanced NSCLC summa-
rizing the panel recommendations is provided in figure 1. 
The treatment landscape for patients with NSCLC 
continues to evolve and there are a number of clinical 
trials underway, including many late- stage, phase III trials 
investigating additional ICIs and ICI combination thera-
pies for the treatment of NSCLC.

SMALL-CELL LUNG CANCER
The SOC for patients with SCLC has typically included 
platinum- based chemotherapy or radiotherapy, 
depending on disease staging (extensive- stage SCLC (ES- 
SCLC) or limited- stage SCLC).82 83 Recently, however, 
a number of approvals have led to ICIs entering wide-
spread clinical usage for the treatment of SCLC. Key data 
from landmark trials leading to the approvals for ICIs in 
SCLC are summarized in table 3. While there have been 
two post- marketing withdrawals of ICIs that did not meet 
their endpoints in subsequent studies after receiving 
accelerated approval, immunotherapy at various stages of 
disease and lines of therapy for the treatment of SCLC is 
an active and ongoing area of investigation.

First-line treatment of SCLC
Atezolizumab in combination with carboplatin and 
etoposide was approved for first- line therapy of SCLC 
in March 2019, based on OS and DOR data from the 
phase III, randomized, double- masked IMpower133 trial 
(NCT02763579).33 In the study, among the 403 patients 
randomized to receive atezolizumab with chemotherapy 
(carboplatin and etoposide) or placebo with chemo-
therapy for previously untreated ES- SCLC, the immu-
notherapy arm had longer OS and PFS than the control 
group. Importantly, the toxicity frequencies were compa-
rable across both groups: in the atezolizumab arm, 
patients developed AEs at a rate of 94.9% with 58.1% of 
grade 3–5, and in the chemotherapy alone arm the rate 
was 92.3% with 57.6% of grade 3–5 (85).

Although prophylactic cranial irradiation (PCI) and/
or thoracic radiation consolidation are often offered 
following completion of induction chemotherapy for 
ES- SCLC,84 these approaches may become de- empha-
sized as immunotherapy becomes incorporated into the 
SOC.85 Thoracic radiation has been linked to increased 
risk of developing immune- related pneumonitis in 
patients with NSCLC treated with anti- PD- (L)1.63 86 PCI 
demonstrated no OS benefit compared with MRI surveil-
lance in a randomized phase III trial that enrolled 224 
patients with ES- SCLC, however, this study was performed 
before ICIs were routinely used for any lung cancer indi-
cations.87 American Society for Radiation Oncology 
(ASTRO) guidelines conditionally recommend consid-
eration of offering PCI to ICI- treated patients with 
ES- SCLC,84 however, emerging evidence suggests that 
immunotherapy treatment may offer comparable bene-
fits against intracranial disease without risks of impaired 
cognition associated with PCI. The incidence of brain 
metastases was reduced among patients with NSCLC 
receiving durvalumab consolidation in PACIFIC (6.3% vs 
11.8%)4 and evidence from melanoma suggests that anti- 
PD- 1 (with or without anti- CTLA- 4) has activity against 
intracranial metastases.88 In IMpower133, a total of 44 
patients (22 in each arm) received PCI on study and 7 
patients (3 in immunotherapy arm and 4 in control arm) 
were treated with thoracic radiation. The incidence of 
central nervous system (CNS)- related related adverse 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://jitc.bmj.com/


13Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access

events was similar between arms among the patients 
who received PCI.8 Because data are sparse on the rela-
tive risks and benefits to patients when immunotherapy 
and radiotherapy are used together, the only appropriate 
setting for these modalities to be offered sequentially or 
in combination is in a clinical trial.

Durvalumab was FDA- approved in March 2020, as a 
first- line treatment for ES- SCLC, in combination with 

etoposide and either carboplatin or cisplatin,78 based 
on the phase III, randomized, open- label CASPIAN 
trial (NCT03043872). The 268 patients who received 
durvalumab with chemotherapy exhibited a significant 
advantage in median OS versus chemotherapy treatment 
(269 patients) alone. Similar rates of AEs were reported 
in both arms, with 98% for the durvalumab group and 
97% for the chemotherapy group. Both arms reported 

Figure 1 Advanced NSCLC immunotherapy treatment algorithm. Algorithm for the treatment of advanced NSCLC based on 
the evidence- and consensus- based recommendations of the SITC Lung Cancer and Mesothelioma Clinical Practice Guideline 
Expert Panel. In all cases, chemotherapy selection should be guided by histology. Whenever possible, patients should be 
offered participation in clinical trials.
*Select patients with stage III NSCLC may also be considered for PD- L1 expression testing to determine eligibility 
for adjuvant ICIs or predict clinical benefit in the unresectable setting in select cases. See the Diagnostics tests and 
biomarkers and Non- small cell lung cancer sections for more information on approved immunotherapy treatment 
options for stage III NSCLC.
†See the Contraindicated patient populations section for discussion of immunotherapy in special patient populations.
‡Comprehensive next- generation sequencing (NGS) is recommended for molecular testing. If NGS is not available, 
tumor tissue should be tested for molecular driver genetic alterations.
§For PD- L1 expression assessment, the 22C3, 28–8, and SP263 assays are interchangeable. The SP142 assay is not 
interchangeable and does not perform equivalently to the other assays listed.
Abbreviations: FDA, US Food and Drug Administration; ICI, immune checkpoint inhibitor; NSCLC, non- small cell lung 
cancer; PD- L1, programmed death- ligand 1; SITC, Society for Immunotherapy of Cancer; TKI, tyrosine kinase inhibitor; 
TPS, tumor proportion score.
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grade 3–5 AEs at a rate of 62%.89 Another arm of this trial 
examined the durvalumab plus chemotherapy regimen 
in combination with tremelimumab, an anti- CTLA- 4 ICI, 
but this combination did not meet the primary endpoint 
of improved OS compared with the chemotherapy combi-
nation regimen.90

Pembrolizumab in combination with chemotherapy 
has also been investigated in the first- line setting in the 
randomized, double- blind, phase III KEYNOTE- 604 
trial (NCT03066778), which compared pembroli-
zumab plus etoposide and platinum- based therapy with 
placebo plus etoposide and platinum- based therapy for 
patients with ES- SCLC. The addition of pembrolizumab 
to chemotherapy improved PFS compared with chemo-
therapy alone (median PFS 4.5 months vs 4.3 months, 12 
month PFS 13.6% vs 3.1%; HR 0.75; 95% CI 0.61 to 0.91; 
p=0.0023). Numerically superior OS was reported in the 
pembrolizumab arm, however the prespecified threshold 
for statistical significance was not met (median OS 10.8 
months vs 9.7 months, 12 month OS 22.5% vs 11.2%; HR 
0.80; 95% CI 0.64 to 0.98; p=0.0164).91

In the randomized, phase II ECOG- ACRIN EA5161 
(NCT03382561) trial, nivolumab in combination with 
etoposide and platinum- based therapy for first- line 
treatment of ES- SCLC demonstrated improved PFS (5.5 
months vs 4.6 months with chemotherapy alone; HR 0.65; 
95% CI 0.46 to 0.91; p=0.012) as well as OS (11.3 months 
vs 8.5 months; HR 0.67; 95% CI 0.46 to 0.98; p=0.038) in 
the ITT population. TRAEs grade 3–4 occurred in 77% 
of the patients in the nivolumab plus chemotherapy arm 
and 72% of patients in the chemotherapy arm.92

Treatment of relapsed/refractory SCLC
Both pembrolizumab and nivolumab were voluntarily 
withdrawn from the market for the treatment of patients 

with R/R SCLC after having received accelerated 
approvals. The withdrawals occurred against a backdrop 
of an industry- wide evaluation of accelerated approvals for 
drugs that did not meet post- marketing requirements by 
the FDA Oncologic Drugs Advisory Committee (ODAC). 
Furthermore, there is currently no evidence supporting 
the use of these two agents following the use of atezoli-
zumab or durvalumab in the first- line setting.

In addition to the withdrawals of pembrolizumab and 
nivolumab for R/R SCLC indications, in 2021, a public 
meeting was held to discuss the status of six additional 
accelerated approvals, during which SITC provided 
real- time coverage summarizing stakeholders’ posi-
tions (available at http://blog.sitcancer.org/2021/04/ 
sitc-meeting-report-april-27-fda-odac.html, http://blog. 
sitcancer.org/2021/04/sitc-meeting-report-april-28-fda- 
odac.html, and http://blog.sitcancer.org/2021/04/sitc- 
meeting-report-april-29-fda-odac.html). Of note, when 
additional studies are required for full approval, the 
design of the subsequent studies need not necessarily 
be identical to the indication for which the accelerated 
approval was granted.

Previously, the FDA had granted accelerated approval 
in August 2018 to nivolumab monotherapy for the treat-
ment of patients with SCLC who experienced disease 
progression after at least two lines of prior therapy, 
including one platinum- based agent, based on response 
rates and DORs from the phase I/II, randomized, open- 
label Checkmate 032 study (NCT01928394),3 which 
included a cohort of 109 patients with R/R SCLC.93 The 
subsequent randomized CheckMate 331 trial showed 
no OS benefit from second- line nivolumab compared 
with chemotherapy following first- line platinum- based 
chemotherapy.94 Similar findings were observed in the 

Table 3 Pivotal trial outcomes data for US Food and Drug Administration- approved immunotherapies for small- cell lung 
cancer

Trial Interventions

Results

ORR Median DOR OS Median PFS

First- line setting

IMpower133 
(NCT02763579)179

Atezolizumab 
+ carboplatin + 
etoposide

60.2% (95% 
CI 53.1% to 
67.0%)

4.2 months Median OS: 12.3 
months (95% CI 
10.8 to 15.9) (HR vs 
chemotherapy 0.70; 
95% CI 0.54 to 0.91; 
p=0.007)

5.2 months (95% CI 4.4 to 5.6) (HR vs 
chemotherapy 0.77; 95% CI 0.62 to 0.96; p
=0.02)

Placebo + carboplatin 
+ etoposide

64.4% (95% 
CI 57.3% to 
71.0%)

3.9 months Median OS: 10.3 
months (95% CI 9.3 
to 11.3)

4.3 months (95% CI 4.2 to 4.5)

CASPIAN (NCT03043872)89
Durvalumab + 
(carboplatin or 
cisplatin + etoposide)

68% (OR vs 
chemotherapy 
1.56; 95% CI 
1.10 to 2.22)

5.1 months Median OS: 13.0 
months (95% CI 
11.5 to 14.8) (HR vs 
chemotherapy 0.73; 
95% CI 0.59 to 0.91; 
p=0.0047)

5.1 months (95% CI 4.7 to 6.2) (HR vs 
chemotherapy 0.78; 95% CI 0.65 to 0.94)

Carboplatin or 
cisplatin + etoposide

58% 5.1 months Median OS: 10.3 
months (95% CI 9.3 
to 11.2)

5.4 months (95% CI 4.8 to 6.2)

DOR, duration of response; ORR, objective response rate; OS, overall survival; PFS, progression- free survival.
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maintenance phase after completion of first- line chemo-
therapy, where nivolumab, either alone or in combina-
tion with ipilimumab, did not show OS improvement 
compared with placebo.95

Pembrolizumab was originally approved for the treat-
ment of patients with metastatic SCLC with disease 
progression on or after platinum- based chemotherapy 
and at least one other prior line of therapy based on 
a pooled analysis of patients from the phase I, open- 
label KEYNOTE- 028 (NCT02054806) and the phase 
II, open- label KEYNOTE- 158 (NCT02628067) trials 
(including 131 patients from the SCLC cohorts in both 
studies).30 96 Nevertheless, there were no clinical trials 
comparing pembrolizumab to standard chemotherapy 
in patients with previously treated SCLC. Furthermore, 
as discussed in the First- line therapy for SCLC section, 
first- line pembrolizumab plus chemotherapy improved 
PFS but not OS compared with chemotherapy alone in 
KEYNOTE- 604.91 In 2021, despite disease setting evalu-
ated being in first- line rather than in previously treated 
patients with SCLC, the outcomes of KEYNOTE- 604 were 
described as the rationale for the voluntary withdrawal 
of the pembrolizumab indication for patients with meta-
static SCLC with disease progression on or after platinum- 
based chemotherapy and at least one other prior line of 
therapy.97

Panel recommendations
 ► Patients with ES- SCLC and no contraindication for 

the use of ICIs should be treated with first- line carbo-
platin, etoposide, and atezolizumab or platinum- 
based chemotherapy, etoposide, and durvalumab, 
both during induction chemotherapy and as mainte-
nance (LE:2).

 ► For patients with ES- SCLC following the completion of 
induction chemotherapy plus ICI, PCI is not currently 
recommended outside of a clinical trial setting.

 ► The use of thoracic radiation following completion 
of induction chemotherapy plus ICI in patients with 
ES- SCLC is not recommended outside of a clinical 
trial setting.

 ► Whenever possible, patients should be offered partic-
ipation in clinical trials.

MESOTHELIOMA
Mesothelioma can affect the mesothelium in any part of 
the body, although it most commonly occurs in the pleura 
surrounding the lungs (pleural mesothelioma). About 
3,000 new cases are diagnosed in the US each year and 
mesothelioma was the primary cause of death for 45,221 
persons age ≥25 years from 1999 to 2015.98 99

Diagnosis and biomarkers
Prognostic factors that are associated with survival in 
patients with pleural mesothelioma include performance 
status, white blood cell count, gender, and sarcomatoid 
subtype.100–102 While there have been efforts to iden-
tify molecular biomarkers of prognosis or response, no 

biomarkers have been validated for clinical use, and 
molecular biomarkers remain limited to research use at 
this time. One gene, BRCA1- associated protein 1 (BAP1), 
is commonly mutated in malignant mesothelioma.103 
While BAP1 has not demonstrated utility as a prognostic 
biomarker for mesothelioma,104 it is important to note 
that germline pathogenic mutations in the BAP1 gene 
predispose patients (or their relatives) to mesothe-
lioma or other types of cancer (including uveal mela-
noma, cutaneous melanoma, renal cell carcinoma, and 
meningiomas).105–107

First-line treatment of mesothelioma
Historically, the first- line treatment of mesothelioma has 
consisted of chemotherapy, with regimens that include 
combination pemetrexed and cisplatin with or without 
bevacizumab.108 109 However, a new approval by the FDA 
introduced dual immunotherapy as an option for the first- 
line treatment of pleural mesothelioma in October 2020. 
CheckMate 743 (NCT02899299), a phase III, randomized 
open- label trial, assigned 605 patients with unresectable 
malignant pleural mesothelioma to receive combination 
nivolumab and ipilimumab or chemotherapy (peme-
trexed with cisplatin or carboplatin).3 23 The median 
OS was significantly increased for patients receiving 
nivolumab plus ipilimumab versus chemotherapy at 18.1 
months (95% CI 16.8 to 21.5) and 14.1 months (95% 
CI 12.5 to 16.2), respectively (HR 0.74; 95% CI 0.61 to 
0.89; stratified log- rank p=0.002). Notably, there was a 
dramatic difference in OS between histological subtypes, 
with patients with non- epithelioid mesothelioma expe-
riencing a greater benefit from ICI therapy. While the 
median OS in patients with epithelioid mesothelioma 
was similar between the ipilimumab and nivolumab and 
chemotherapy treatment groups at 18.7 months (95% 
CI 16.9 to 22) versus 16.5 months (95% CI 14.9 to 20.5), 
respectively, patients with non- epithelioid histology had 
a median OS of 18.1 months (95% CI 12.2 to 22.8) with 
ipilimumab and nivolumab and 8.8 months (95% CI 7.4 
to 10.2) with chemotherapy.110 There was no significant 
difference when comparing ICIs to chemotherapy in 
median PFS (6.8 months vs 7.2 months), ORR (40% vs 
43%), or median DOR (11.0 months vs 6.7 months). The 
3- year duration of response rate was 28% with nivolumab 
plus ipilimumab and 0% with chemotherapy. Any- grade 
TRAEs occurred in 80% and 82% of the patients in the 
nivolumab plus ipilimumab and chemotherapy arms, 
respectively. Grade 3–4 TRAEs were experienced in 31% 
of patients treated with nivolumab plus ipilimumab and 
32% of patients treated with chemotherapy.111

Several ongoing clinical trials are determining the effi-
cacy and safety of additional immunotherapies for patients 
with pleural mesothelioma. These trials include ICI ther-
apies, immunotherapy plus chemotherapy combinations 
(such as durvalumab plus platinum- based chemotherapy, 
which was associated with improved OS in the phase II 
PrE0505 trial112) as well as chimeric antigen receptor 
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(CAR) T cells, vaccines, and immune- modulating gene 
therapies.

Panel recommendations
 ► For the diagnosis of mesothelioma, an adequate 

tissue biopsy should be used. The pathology report 
for mesothelioma should preferably include the histo-
logic subtype, specifically epithelioid, biphasic, or 
sarcomatoid.

 ► Germline genetic testing for BAP1 mutation should be 
considered for patients with mesothelioma especially 
those with a family history of mesothelioma or other 
BAP1 associated cancers such as uveal melanoma, 
cutaneous melanoma, kidney or bladder cancer, or 
age less than 60 years (LE:4).

 ► In newly diagnosed patients with mesothelioma, a 
multidisciplinary approach that includes consulta-
tion with thoracic surgeons, pulmonologists, radia-
tion oncologists, and medical oncologists should be 
considered to determine if they are candidates for 
maximum cytoreductive operation such pleurectomy 
and decortication or extrapleural pneumonectomy 
with or without radiation therapy.

 ► Whenever possible, patients should be offered partic-
ipation in clinical trials.

 ► For patients with epithelioid subtype mesothelioma, 
treatment with nivolumab plus ipilimumab may be 
considered based on comparable outcomes to SOC 
chemotherapy. However, treatment decisions should 
be individualized and take into account the differing 
side effect profiles of combination immunotherapy 
and chemotherapy (LE:2).

 ► For patients with non- epithelioid subtype mesothe-
lioma, treatment with nivolumab plus ipilimumab is 
strongly recommended based on an almost twofold 
increase in median OS compared with SOC chemo-
therapy (LE:2).

 ► For patients with mesothelioma, routine PD- L1 testing 
is not recommended, as benefit from immunotherapy 
with nivolumab plus ipilimumab was seen regardless 
of PD- L1 expression (LE:2).

 ► Routine TMB testing is not recommended for patients 
with mesothelioma.

 ► For patients with mesothelioma that has progressed 
following front- line treatment with nivolumab and 
ipilimumab, platinum- based chemotherapy with 
pemetrexed should be considered (LE:2).

 ► Patients with mesothelioma that have progressed 
following immunotherapy and pemetrexed with 
platinum- based chemotherapy should be encouraged 
to enroll in clinical trials.

RADIOGRAPHIC RESPONSE TO IMMUNOTHERAPY
RECIST was developed for radiographic evaluation of 
response to cytotoxic therapy,113 with an updated version, 
RECIST v1.1, developed in 2009.114 115 RECIST defines 
progressive disease as the appearance of new lesions 
or an increase in the sum of target lesion diameters 

of ≥20%. However, the assumption that increases in 
lesion size or number reflect disease progression (and 
therefore treatment failure) does not always hold true for 
patients treated with ICIs. In patients treated with ICIs, 
a phenomenon known as pseudoprogression has occa-
sionally been observed, in which a lesion appears to grow 
at the first imaging check, but then stabilizes and begins 
to shrink.116 The incidence of pseudoprogression is low: 
of 2,400 patients across multiple cancer types, 6% exhib-
ited atypical response. In the same systematic review, the 
pooled rate of atypical responses for patients with NSCLC 
was 5% (from a total of 794 patients evaluated).117 The 
temporary expansion described as pseudoprogression is 
hypothesized to be associated with a delay in treatment 
action as the immune response develops, or may be due 
to inflammation caused by immune cell infiltration.118–120

Although pseudoprogression is uncommon, conven-
tional RECIST inadequately predicts outcomes in patients 
treated with ICIs, motivating the development of alterna-
tive response criteria. These alternative response criteria 
include the immune- related response criteria (irRC),121 
immune RECIST (iRECIST),122 immune- modified 
RECIST (imRECIST),123 and immune- related RECIST 
(irRECIST),124 as well as a revised modified response 
criteria specific for mesothelioma.125 All of these alter-
native criteria incorporate different methods to assess 
and assign progressive disease versus pseudoprogres-
sion. RECIST and its derivatives recommend scheduling 
assessments on a regular calendar, ideally coinciding with 
treatment cycles (eg, intervals of 6–8 weeks while on treat-
ment). Although formal response criteria can be cumber-
some to apply in the SOC setting, response evaluation 
should be performed regularly to inform whether consid-
eration should be given to switching therapy.

For patients with lung cancer specifically, a single- 
institution analysis of 166 patients with NSCLC receiving 
anti- PD- 1 therapy compared RECIST v1.1, irRC, and 
iRECIST for response evaluation. Fifteen (9%) of these 
patients were clinically suspected of pseudoprogression, 
and follow- up determined that three patients (2% of the 
total) experienced genuine pseudoprogression. In all 
three cases, the RECIST v1.1 criteria would assign these 
patients a status of progressive disease, but both irRC 
and iRECIST would flag these patients for additional 
follow- up to distinguish between pseudoprogression and 
true progression.126 For this reason, treatment beyond 
progression for a limited time period is reasonable. 
However, if disease progression continues to be observed 
in subsequent follow- up, a delayed response should not 
necessarily be expected.

Similarly to pseudoprogression, an event known as nodal 
immune flare (NIF) was occasionally observed in patients 
participating in the phase II, open- label NEOSTAR trial 
(NCT03158129), in which neoadjuvant nivolumab with 
or without ipilimumab was compared with historical 
controls of neoadjuvant chemotherapy for patients with 
NSCLC. NIF is a clinically observed phenomenon of an 
apparent radiographic lymph node (mediastinal and 
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systemic) disease progression, but without pathological 
evidence of cancer within the lymph node. Rather, these 
lymph nodes exhibit the evidence of de novo sarcoid- 
type non- caseating granulomata on pathologic evaluation 
following the administration of ICI therapy. NIF occurred 
in 5 of 44 patients (11%) in the NEOSTAR trial.127

Another atypical pattern of response occasionally 
observed with ICI treatment is hyperprogression, where 
a profound increase in tumor growth rate is seen after 
therapy. While hyperprogression is also uncommon, it is 
a serious event that is associated with significantly shorter 
median OS. In an analysis of 406 patients with NSCLC 
that received ICI treatment, 13.8% of patients experi-
enced hyperprogression, and patients who developed 
hyperprogression within the first 6 weeks of ICI treat-
ment had median OS of 3.4 months (95% CI 2.8 to 7.5), 
compared with a median OS of 6.2 months (95% CI 5.3 to 
7.9) in patients with typical progressive disease (HR 2.18; 
95% CI 1.29 to 3.69; p=0.003).128

As new indications emerge for immunotherapy, further 
challenges in radiographic assessment are likely to arise. 
For example, clinical trials are currently exploring the 
role of neoadjuvant chemo- immunotherapy for the treat-
ment of lung cancer. In the NEOSTAR trial, pathologic 
response was positively correlated with radiographic 
response.127 However, results from the phase II, open- 
label NA_00092076 trial (NCT02259621) did not show 
a correlation between radiographic and pathologic 
response following neoadjuvant nivolumab,129 indi-
cating that neoadjuvant ICI treatment may carry unique 
concerns for radiographic imaging.

Panel recommendations
 ► For patients commencing ICI- based therapy for lung 

cancer, a baseline CT should be performed within 4 
weeks before the first dose of therapy.

 ► The first follow- up CT imaging on therapy should be 
performed 6–9 weeks (approximately 2–3 treatment 
cycles) after the commencement of ICI- based therapy, 
and the timing should be adapted to the dosing 
schedule of the systemic therapy.

 ► If a patient is clinically stable or improved, it is reason-
able to continue therapy beyond radiographic progres-
sion. Repeat CT imaging should be performed within 
4–8 weeks to rule out continued disease progression 
and monitor for toxicities.

 ► For a patient who has been treated with immuno-
therapy beyond radiographic progression and has 
continued disease progression at the time of follow- up 
imaging and/or clinical deterioration, strong consid-
eration should be given to looking for an alternative 
systemic therapy.

UNDERSTUDIED PATIENT POPULATIONS
Because of concerns about the potential for increased 
toxicity and compromised efficacy, patients with pre- 
existing autoimmunity have been largely excluded from 
prospective randomized trials of ICI therapy for cancer. 

Available information comes mostly from retrospective 
case series, which may carry selection and confounding 
biases toward relatively lower risk autoimmune disorders. 
Some case series have attempted to differentiate between 
a flare of the patient’s underlying autoimmune disorder 
versus a de novo immune- related adverse event (irAE).130 
However, the patients in these case series had a wide 
variety of autoimmune disorders, complicating the risk 
calculation for flares with ICI therapy associated with any 
specific disorder.

Small studies have indicated that flares on ICI treat-
ment are generally manageable and ORRs in patients with 
pre- existing autoimmunity are comparable to the general 
population. A retrospective multi- institutional analysis 
of 56 patients with NSCLC and an existing autoimmune 
disease including rheumatoid arthritis, polymyalgia rheu-
matica, thyroiditis, ulcerative colitis/Crohn’s disease, 
and psoriasis found that during ICI treatment, 23% of 
patients experienced flares of their existing autoimmune 
conditions, and irAEs occurred in 38% of patients. Only 
5% of these patients developed both an irAE and a flare 
of their autoimmune disease. The majority (87%) of 
autoimmune flares were grade 1 or 2, and the flares were 
generally manageable; no patients that experienced a 
flare permanently discontinued anti- PD- (L)1 treatment. 
The ORR for the previously treated patients in this study 
was 22%, and no association was found between flares 
and response to ICIs.131 A phase I, open- label clinical 
trial (NCT03816345) is ongoing at the time of guide-
line preparation to study the use of nivolumab to treat a 
variety of advanced, metastatic, and unresectable cancers 
in patients with existing autoimmune disorders.

Similarly, patients who have received solid organ 
transplants (SOTs) have largely been excluded from ICI 
clinical trials due to concerns that ICI- induced immune 
activation could result in transplant rejection, and 
therefore the safety of treating these patients with ICIs is 
largely unknown. A limited number of reports including 
patients with SOTs and metastatic cancers treated with 
ICI therapies suggest that rejection is not universal, but 
is sufficiently frequent to warrant concern.132–134 In a 
systematic review of 39 patients treated for a variety of 
tumor types with ICIs that had received SOTs, 16 (41%) 
experienced allograft rejection, which progressed 
to graft loss in 13 patients. The immunosuppressive 
regimen patients were receiving at the time of ICI 
therapy initiation may have influenced the likelihood of 
allograft rejection; patients who received single- agent 
prednisone appeared to be more likely to experience 
graft rejection than those who received single- agent 
calcineurin inhibitors. The mortality rate for patients 
with SOTs that received ICIs was high, since 18 patients 
(46%) died, most commonly due to allograft rejection 
or associated complications.133

Irrespective of risk of transplant rejection, however, 
objective responses after ICI treatment have been 
reported, and may vary by tumor type in the presence 
of allograft immunosuppression.132–134 Thus, in the 
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case of metastatic NSCLC for which no other treatment 
options exist, it may be appropriate in some cases to 
weigh the risks of rejection against the potential benefit 
of inducing an antitumor response and prolonging 
survival. For example, a patient who has undergone a 
kidney transplant may consider treatment with an ICI as, 
in the event of acute rejection, dialysis is an option. By 
contrast, a patient who has undergone a liver or cardiac 
transplant risks fatality should acute rejection occur. 
A phase I, open- label clinical trial (NCT03816332) is 
enrolling patients with renal transplants and unre-
sectable or metastatic cancers to examine the use of 
tacrolimus, nivolumab, and ipilimumab as a treatment 
regimen for these patients.

Patients receiving baseline treatment with cortico-
steroids may experience worse outcomes during ICI 
treatment for NSCLC, depending on the dose and 
reason for immunosuppressive use (eg, palliative vs 
cancer- unrelated reasons). A retrospective analysis of 
650 patients with NSCLC who received ICI treatment 
found that those who had received ≥10 mg of pred-
nisone within 24 hours of beginning treatment with 
ICIs (n=93) exhibited a lower ORR of 10.8% (95% 
CI 5.9% to 18.6%) compared with 19.7% (95% CI 
16.5% to 23.3%) in patients who had received 0 to <10 
mg of prednisone (n=557; p=0.04). Patients who had 
received ≥10 mg of prednisone also exhibited shortened 
median PFS, at 2.0 months versus 3.4 months (HR 1.36; 
95% CI 1.08 to 1.73; p=0.01), and shortened median 
OS, at 4.9 months versus 11.2 months (HR 1.68; 95% 
CI 1.30 to 2.17; p<0.001). However, when the patient 
group treated with ≥10 mg prednisone was divided into 
patients who received prednisone for palliative, cancer- 
related reasons and patients who received prednisone 
for indications unrelated to cancer, only those patients 
who received prednisone for cancer palliation exhibited 
significantly worse ORR, median PFS, and median OS. 
Further, patients who received prednisone for cancer 
palliation were more likely to have a lower ECOG PS. 
These results indicate that patients who receive ≥10 
mg prednisone for non- cancer indications experience 
similar outcomes to those who receive 0–10 mg pred-
nisone, and in turn suggest that corticosteroids may 
not impair response to immunotherapy in patients with 
good performance status.135

Patients with ECOG PS 2 are also under- represented in 
clinical trials. Some studies, such as CheckMate 812, have 
found a consistent safety profile for dual immunotherapy 
in special populations with metastatic NSCLC, including 
participants with asymptomatic untreated brain metas-
tases, hepatic or renal impairment, or HIV.136 Additional 
trials are needed to validate safety and efficacy in these 
populations with high unmet need.

Panel recommendations
 ► For patients with advanced lung cancers and 

active autoimmune conditions or SOTs, the use of 

immunotherapy merits a thoughtful multidisciplinary 
approach requiring a discussion with the treating 
team, including subspecialists and the oncologist, and 
the patient regarding the risk of autoimmune activa-
tion against the potential for benefit with ICI treat-
ment. Given the lack of prospective clinical trial data, 
whenever possible patients in these groups should be 
encouraged to enroll in clinical trials.

 ► Baseline interstitial lung disease and/or a high risk 
for pneumonitis are relative contraindications to ICI 
therapy (LE:3).

 ► For patients with pre- existing autoimmune disorders 
that are controlled with chronic low dose immuno-
suppression, ICI therapy is not necessarily absolutely 
contraindicated. However, immunotherapy should 
be avoided in patients with poor control of autoim-
mune disease (requiring high doses of immunosup-
pressants) and in patients with life- threatening and/
or CNS autoimmune disease (LE:3).

 ► For patients with SOTs, the impact of graft rejection 
should be weighed against the potential benefit of ICI 
treatment. In most cases, the ramifications of graft 
rejection will outweigh the palliative benefits of ICI 
treatment, although renal transplant patients may 
represent an exception (LE:1).

RECOGNITION AND MANAGEMENT OF IRAES
Immunotherapies are associated with a distinct profile of 
toxicities compared with conventional cancer treatments, 
which are known as irAEs. A number of guidelines exist on 
general principles concerning the diagnosis and manage-
ment of irAEs, including from SITC,137 138 the National 
Comprehensive Cancer Network,139 and the American 
Society of Clinical Oncology.140 In addition to a CPG138 
SITC has also published a guidebook141 to assist in the 
management of toxicity. Patients with lung cancer may 
be at increased risk for developing specific lung- related 
irAEs, which is why the recognition and management 
of these toxicities is critical before proceeding with an 
immunotherapy treatment plan. As described in SITC’s 
guideline, ruling out other potential causes of pneumo-
nitis is vitally important to safely manage irAEs in ICI- 
treated patients.

While most irAEs occur during or shortly after the 
period of treatment, they may also occur months after 
treatment has concluded.142 Two analyses of ICI- treated 
patients who developed pneumonitis found similar 
median times to onset, at 2.8 months (multiple tumor 
types)143 and 82 days (patients with NSCLC).144

A particular concern when administering ICIs to 
patients with lung cancer is an increased incidence of 
pneumonitis, a potentially serious irAE that is associ-
ated with lower survival in patients who receive immuno-
therapy for lung cancer.145 146 A meta- analysis of clinical 
trials of anti- PD- 1 ICIs found that patients with NSCLC 
developed pneumonitis at a higher rate than patients 
with melanoma, both for all- grade pneumonitis (4.1% 
vs 1.6%; p=0.002) and for grade ≥3 pneumonitis (1.8% 
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vs 0.2%; p<0.001). This analysis also found that combi-
nation therapies that included ICIs also carried a signifi-
cantly higher risk of pneumonitis compared with ICI 
monotherapy, with higher odds for all- grade (OR 2.04; 
95% CI 1.69 to 2.50; p<0.001) and grade ≥3 (OR 2.86; 
95% CI 1.79 to 4.35; p<0.001) pneumonitis.147 Additional 
risk factors for ICI- induced pneumonitis include prior 
radiotherapy (curative- intent, chest)86 and squamous 
histology (as compared with adenocarcinoma histology) 
for patients with NSCLC,144 and pneumonitis that does 
not respond to corticosteroid treatment may be more 
common in patients with a history of other lung condi-
tions or smoking.143

Another potentially serious irAE of particular concern 
for patients with NSCLC is ICI- associated interstitial lung 
disease (ILD). An analysis of 83 patients with NSCLC 
treated with ICIs found that the presence of pre- existing 
interstitial lung abnormalities (specifically ground- glass 
attenuation) was associated with significantly higher 
(p<0.001) incidence of ICI- associated ILD.148

Panel recommendations
 ► For patients with lung cancer receiving ICI therapy 

who develop symptoms of irAEs, management should 
follow established guidelines. The management of 
ICI- related toxicity in patients with lung cancer is 
identical to management in other malignancies.

PATIENT SUPPORT AND QOL
A vital component of any cancer treatment plan is patient 
education, with the potential to reduce anxiety and 
enhance patients’ ability to manage fatigue.149 Patient 
education can be given in a variety of formats, and ideally 
can be tailored to accommodate patients with different 
styles of learning or with barriers that may inhibit under-
standing.150 For patients being treated with immuno-
therapies, specifically, it is important to emphasize that 
the mechanism of action responsible for the anticancer 
activity of the therapies they receive and that, therefore, 
the AEs associated with immunotherapy agents are both 
drastically different from conventional chemotherapies 
and radiotherapy. It is also important to provide patients 
with information on the symptoms and expected timing of 
irAEs.151 Beyond verbal instruction, tools to assist patients 
and caregivers in the monitoring of potentially serious 
irAEs include symptom checklists, wallet cards, and tele-
phone triage guidelines specific to immunotherapy could 
assist healthcare professionals in effectively assessing and 
managing irAEs.

It is also important to consider the patient’s QOL 
during and after completion of therapy. A survey of 
660 patients with lung cancer found that patients rated 
QOL, maintaining independence, ability to perform 
normal activities, ability to sleep, and fatigue as their most 
important concerns.152 Assessments of health- related 
QOL (HRQOL) have found that both the symptoms of 
lung cancer (commonly including fatigue, loss of appe-
tite, dyspnea, cough, and pain)153 and treatments for lung 

cancer can have significant impacts on HRQOL. These 
can contribute to higher levels of distress, anxiety, and 
depression in patients with lung cancer compared with 
other cancers.154 155 While treatment for lung cancer 
typically enhances HRQOL, this is dependent on both 
the patient’s symptom burden and on the treatment 
regimen.156–158 However, HRQOL indicators (mental, 
physical, social, spiritual, and emotional) often remain 
unrecognized and under- reported, which can lead to 
increased symptom burden, decreased adherence to treat-
ment, lower satisfaction with care, and worse outcomes 
including decreased survival.159–163

Financial toxicity is an increasingly important factor 
affecting patient QOL, especially considering that immu-
notherapies may be among the most expensive drugs 
on the market. A prospective study of 1,000 patients 
with lung or colorectal cancer found that 48% reported 
difficulty living on their household income, and finan-
cial distress was associated with poorer QOL.164 Patients 
with worse financial burden exhibit worse psychological 
outcomes, and an assessment of 654 patients with a variety 
of solid tumor types found that the risk of depression 
was three times higher in patients reporting increased 
cancer- related financial stress (OR 2.79; 95% CI 1.87 to 
4.17) or cancer- related financial strain (OR 3.56; 95% CI 
2.23 to 5.67). Patients under increased financial burden 
were similarly at increased risk of anxiety and distress.165 
Finally, financial toxicity may result in patients being 
unable to fully adhere to treatment plans, by taking less 
than the prescribed amount of medication, partially 
filling prescriptions, or not filling prescriptions at all.166 
Even for patients with health insurance coverage, the 
high cost of medications may result in financial toxicity 
due to incomplete coverage and additional costs beyond 
the price of the drugs themselves, such as, for example, 
out- of- pocket expenses associated with frequent hospital 
visits or unexpected inpatient stays due to AEs.

A number of tools have been developed to assess 
HRQOL, including several that rely on patient- reported 
outcomes (PROs). PROs may be general assessments of 
QOL or HRQOL, as in the European Quality of Life Five 
Dimensions,167 European Organization for Research and 
Treatment of Cancer (EORTC) Quality of Life Ques-
tionnaire Core 30 items (QLQ- C30),168 and the Func-
tional Assessment of Cancer Therapy (FACT)169 or they 
may be specific to a disease state, as in the Lung Cancer 
Symptom Scale,170 the EORTC Quality of life Question-
naire Lung Cancer 13 items (QLQ- LC13),168 and the 
FACT- Lung.171 172 Tools have also been developed to more 
specifically assess PROs in patients receiving immuno-
therapy, including the Functional Assessment of Chronic 
Illness Therapy Immunotherapy item library173 and the 
FACT- Immune Checkpoint Modulator.174

A number of clinical trials involving ICIs have shown 
the HRQOL effects for immunotherapies compare favor-
ably to other modalities. For example, the KEYNOTE- 024 
trial, which used the QLQ- C30 and QLQ- LC13 to assess 
changes in QOL and time to deterioration of symptoms, 
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reported that patients receiving pembrolizumab exhib-
ited significantly improved changes in QOL scores 
compared with patients receiving chemotherapy, with 
a scoring difference between the two treatment groups 
of 7.8 (95% CI 2.9 to 12.8; p=0.002) from baseline to 
15 weeks of treatment. Patients who received pembroli-
zumab also had higher median time to deterioration, 
with the median not reached (95% CI 8.5 months to not 
reached) for pembrolizumab compared with 5.0 months 
(95% CI 3.6 to not reached) for chemotherapy (HR 0.66; 
95% CI 0.44 to 0.97; p=0.029).175 PRO results from the 
OAK study comparing atezolizumab to docetaxel showed 
similarly positive results for atezolizumab treatment. 
Patients treated with atezolizumab exhibited significantly 
longer time to deterioration in physical function, with 
the median not estimable (95% CI 13.2 months to not 
estimable) for atezolizumab and 6.7 months (95% CI 5.1 
to not estimable) for docetaxel (HR 0.75; 95% CI 0.58 
to 0.98; p=0.0329). However, differences in HRQOL were 
not significant between the two arms of this study.176

Panel recommendations
 ► All patients receiving treatment with ICIs should 

receive detailed education about the potential 
immune- related toxicities associated with therapy.

 ► Support tools should be provided to guide patients 
and caregivers in self- monitoring to support appro-
priate intervention.

 ► It is important to discuss the financial impact of 
immunotherapy treatment with patients and their 
care- partners, and to assist in identifying resources for 
them to find support.

CONCLUSION
Lung cancer has been and continues to be one of the 
foremost disease settings in which the incoporation of 
immunotherapy agents into the SOC has lead to durable 
responses and significant improvements in survival in 
many treatment settings, and the field continues to 
rapidly evolve. Still, lung cancer exerts a substantial 
health burden in the US and around the world, and is 
a major cause of cancer- related mortality. This guideline 
provides an update to SITC’s previous NSCLC CPG,177 
with additional guidance on new indications for immuno-
therapy agents in NSCLC, as well as the SCLC and meso-
thelioma disease settings. While checkpoint blockade has 
become a cornerstone for the treatment of late- stage or 
R/R disease, the efficacy of immunotherapy in earlier 
stages of disease is an ongoing area of investigation that 
may potentially expand the population of patients who 
benefit. Additionally, combination regimens including 
one or more immune- targeting agents with synergistic 
activity to ‘conventional’ modalities such as chemo-
therapy, radiotherapy, or targeted therapies may further 
increase response rates and expand the landscape of 
treatment options. Future prospective trials to identify 
and validate biomarkers of response to immunotherapy 
will also be key to providing optimal care to patients 

with lung cancer and mesothelioma. Exciting areas for 
future research include the use of circulating- tumor DNA 
for response assessment in the metastatic setting as well 
as measurement of minimal residual disease to guide 
adjuvant treatment for resectable tumors. With several 
ongoing, large- scale clinical trials in progress at the time of 
guideline preparation, the existing indications for immu-
notherapy in lung cancer will likely continue to expand. 
These guidelines will be updated as the field continues 
to develop and updates will be available on SITC’s CPG 
application (www.sitcancer.org/cpg-app).

Author affiliations
1Department of Medicine, Oncology Division, Medical Oncology, Washington 
University School of Medicine in Saint Louis, St Louis, Missouri, USA
2Division of Hematology- Oncology, Department of Medicine, Abramson Cancer 
Center, University of Pennsylvania, Philadelphia, Pennsylvania, USA
3Division of Medical Oncology, Department of Medicine, Duke Cancer Institute 
Center for Cancer Immunotherapy, Durham, North Carolina, USA
4Yale School of Nursing, Yale Cancer Center, New Haven, Connecticut, USA
5Division of Pulmonary and Critical Care Medicine, Department of Medicine, 
University of California Los Angeles David Geffen School of Medicine, Los Angeles, 
California, USA
6LUNGevity Foundation, Chicago, Illinois, USA
7Upper Aerodigestive Division, Department of Oncology, Johns Hopkins University 
School of Medicine, Baltimore, Maryland, USA
8Division of Hematology/Oncology, Department of Medicine, University of California 
Los Angeles David Geffen School of Medicine, Los Angeles, California, USA
9Section of Medical Oncology, Yale University School of Medicine, Yale Cancer 
Center, New Haven, Connecticut, USA
10Thoracic and GI Malignancies Branch, National Cancer Institute, Bethesda, 
Maryland, USA
11Memorial Sloan Kettering Cancer Center, New York, New York, USA
12Center for Thoracic Oncology, Tisch Cancer Institute and Icahn School of Medicine 
at Mount Sinai, New York, New York, USA
13Sarah Cannon Research Institute, Nashville, Tennessee, USA
14Tennessee Oncology/One Oncology, Nashville, Tennessee, USA
15Division of Cancer Treatment & Diagnosis, CTEP, National Cancer Institute, 
Rockville, Maryland, USA
16Stanford Cancer Institute, Stanford University, Stanford, California, USA
17Robert H. Lurie Comprehensive Cancer Center, Northwestern University, Evanston, 
Illinois, USA
18Department of Pathology, Yale University School of Medicine, New Haven, 
Connecticut, USA
19Department of Radiology, Vagelos College of Physicians and Surgeons, Columbia 
University Medical Center, New York, New York, USA
20Department of Thoracic and Cardiovascular Surgery, Division of Surgery, 
University of Texas MD Anderson Cancer Center, Houston, Texas, USA

Acknowledgements The authors acknowledge SITC staff for their contributions 
to the development and publication of this guideline including Sam Million- Weaver, 
PhD, and Emily Gronseth, PhD, for medical writing support; Lionel Lim for project 
management assistance; and Angela Kilbert and Claire Griffiths, MD, MPH for 
editorial support. Additionally, the authors wish to thank the society for supporting 
the manuscript development.

Contributors All authors served on the SITC Lung Cancer and Mesothelioma 
Immunotherapy Guideline Expert Panel, drafted content, and provided critical review 
during the manuscript development. RG and RSH provided leadership as Chairs of 
the Expert Panel and provided guidance on the manuscript structure and content 
and thus are first and last authors; all other authors are listed alphabetically by last 
name. AF was the patient advocate representative.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests CA—Consulting fees: AstraZeneca, Celgene, Eli Lilly, 
Genetech, Merck. SJA—Advisory board: Bristol Myers Squibb, Celsius, Merck, 
Samyang Biopharma, AstraZeneca/Medimmune; Consultant: Bristol Myers Squibb, 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

www.sitcancer.org/cpg-app
http://jitc.bmj.com/


21Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access

Celsius, Merck, Samyang Biopharma, AstraZeneca/Medimmune, CBMG, Memgen, 
RAPT, Venn, Achilles Therapeutics, GlaxoSmithKline, Amgen; Scientific advisory 
board: CBMG, Memgen, RAPT, Venn, Achilles Therapeutics, GlaxoSmithKline, 
Amgen. MD—Speaker bureaus: Genentech, Merck, Bristol Myers Squibb and 
AstraZeneca (all have been discontinued as of November 2019). SMD—Scientific 
advisory boards: Johnson & Johnson Scientific, T- Cure Bioscience, LungLife 
AI, Early Diagnostics; Contracted research: Jansen. PMF—Consulting fees: 
Amgen, AstraZeneca, Bristol Myers Squibb, Iteos, Novartis, Janssen; Contracted 
research: AstraZeneca, Bristol Myers Squibb, Kyowa, Novartis; DSMB: Polaris, 
Flame. EBG—Consulting fees: ABL- Bio, Boehringer Ingelheim, Bristol Myers 
Squibb, Dracen, EMD Serono, Eisai, GlaxoSmithKline, Merck, Novartis; Contracted 
research: AstraZeneca, Bristol Myers Squibb, Dynavax, EMD Serono, Eli Lilly, 
Genentech, Merck, Iovance Biotherapeutics, Mirati Therapeutics, Neon, Novartis. 
SBG—Consulting fees: AstraZeneca, Blueprint Medicine, Bristol Myers Squibb, 
Boehringer Ingelheim, Genentech, Sanofi Genzyme, Daiichi Sankyo, Regeneron, 
Takeda, Janssen; Contracted research: AstraZeneca, Boehringer Ingelheim. 
RG—Consulting fee: Achilles, GenePlus, Inivata, Roche. RH—Contracted research: 
My institution receives funds for conducting clinical trials from Bayer and TCR2 
under a cooperative research and development agreement with NCI. MDH—
Consulting fees: Merck, Bristol Myers Squibb, AstraZeneca, Genentech/Roche, 
Nektar, Syndax, Mirati, Shattuck Labs, Immunai, Blueprint Medicines, Achilles, 
Arcus; Contracted research: Bristol Myers Squibb; IP rights: A patent filed by his 
institution related to the use of tumor mutation burden to predict response to 
immunotherapy (PCT/US2015/062208), which has received licensing fees from 
PGDx; Ownership interest: Arcus, Shattuck Labs, Immunai. RSH—Consulting 
fees: AbbVie Pharmaceuticals, ARMO Biosciences, AstraZeneca, Bayer HealthCare 
Pharmaceuticals, Bolt Biotherapeutics, Bristol Myers Squibb, Candel Therapeutics, 
Cybrexa Therapeutics, eFFECTOR Therapeutics, Eli Lilly and Company, EMD Serono, 
Foundation Medicine, Genentech/Roche, Genmab, Gilead, Halozyme Therapeutics, 
Heat Biologic, I- Mab Biopharma, Immunocore, Infinity Pharmaceuticals, Loxo 
Oncology, Merck and Company; Mirati Therapeutics, Nektar, Neon Therapeutics, 
NextCure, Novartis, Ocean Biomedical, Oncternal Therapeutics, Pfizer, Ribbon 
Therapeutics, Ventana Medical Systems, Sanofi, Seattle Genetics, Shire PLC, 
Spectrum Pharmaceuticals, STCube Pharmaceuticals, Symphogen, Takeda, Tesaro, 
Tocagen, WindMIL Therapeutics, Xencor; Contracted research: AstraZeneca, Eli 
Lilly and Company, Genentech/Roche, Merck and Company; Board member (non- 
executive/independent): Immunocore Holdings Limited, Junshi Pharmaceuticals. 
FRH—Consulting fees: Merck, Bristol Myers Squibb, Genentech/Roche, Lilly/Loxo, 
Daiichi, Novartis, AstraZeneca, Boehringer Ingelheim, OncoCyte, Amgen, Sanofi/
Regeneron; Contracted research through University of Colorado: Amgen, AbbVie, 
Biodesix, Rain Therapeutics, Aurora Oncology, Mersana; IP rights through University 
of Colorado: EGFR protein and EGFR Gene Copy Number as Predictive Biomarker 
for EGFR Therapy. MLJ—Consulting fees – all payments made to my institution: 
Achilles Therapeutics, Amgen, AstraZeneca, Atreca, Boehringer Ingelheim, Bristol 
Myers Squibb, Daiichi Sankyo, EMD Serono, G1 Therapeutics, Roche/Genentech, 
GlaxoSmithKline, Gritstone, Incyte, Janssen, Lilly, Merck, Mirati, Novartis, Pfizer, 
Sanofi- Aventis, WindMIL Therapeutics; Contracted research – all payments made 
to my institution: AbbVie, Adaptimmune, Amgen, Apexigen, Array Biopharma, 
AstraZeneca, Atreca, BeiGene, BerGenBio, Boehringer Ingelheim, Calithera, 
Checkpoint Therapeutics, Corvus Pharmaceuticals, CytomX, Daiichi Sankyo, Lilly, 
EMD Serono, Roche/Genentech, Genmab, Genocea, GlaxoSmithKline, Gritstone 
Oncology, Guardant Health, Hengrui Therapeutics, Immunocore, Incyte, Janssen, 
Jounce, Mirati, Neovia Oncology, Novartis, Pfizer, Regeneron, Sanofi, Shattuck Labs, 
Syndax, Takeda, Tarveda, University of Michigan, WindMIL Therapeutics, TCR2 
Therapeutics, Arcus, Ribon, Rubius Therapeutics, Tmunity Therapeutics, Seven 
and Eight Biosciences, Foundation Medicine; Partner consulting Fees: Otsuka. 
DM—Consulting fees: Gilead, G1 Therapeutics, AbbVie. JWN—Grants and personal 
fees: Takeda (during the conduct of the study), AstraZeneca; Grants (non- financial 
support): Genentech/Roche, Exelixis, Jounce Therapeutics, Eli Lilly and Company, 
Calithera Biosciences, Amgen, Iovance Biotherapeutics, Blueprint Pharmaceuticals, 
Regeneron Pharmaceuticals, Natera; Grants and non- financial support: Merck, 
Novartis, Boehringer Ingelheim, Nektar Therapeutics, Adaptimmune, GSK, Janssen, 
AbbVie. JDP—Consulting fees: AstraZeneca, AbbVie, Takeda; Contracted research: 
Bristol Myers Squibb, Takeda, RAIN. DLR—Consulting fees: AstraZeneca, Agendia, 
Amgen, BMS, Cell Signaling Technology, Cepheid, Danaher, Daiichi Sankyo, 
Genoptix/Novartis, GSK, Konica Minolta, Merck, NanoString, PAIGE.AI, Perkin 
Elmer, Roche, Sanofi, Ventana and Ultivue; Laboratory support: Amgen, Cepheid, 
NavigateBP, NextCure, and Konica Minolta. SS—Gift cards: Healthcasts- Syneos, 
ZOOM RX Surveys, Schlesinger Group, Impact Rx; Monetary compensation: Global 
M3. LHS—Contracted research: Merck, Bristol Myers Squibb, Regeneron. BS—
Consulting fees: Bristol Myers Squibb. SITC staff: SMW—Shares owned: Pacific 
Biosciences, Editas Medicine; AK, LL, CG--Nothing to disclose

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Edward B Garon http://orcid.org/0000-0001-7077-8801
Matthew D Hellmann http://orcid.org/0000-0002-2670-9777
David L Rimm http://orcid.org/0000-0001-5820-4397

REFERENCES
 1 Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 

2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394–424.

 2 Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA 
Cancer J Clin 2022;72:7–33.

 3 Food and Drug Administration. Bristol- Myers Squibb. OPDIVO 
(nivolumab) prescribing information. Available: https://www. 
accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview. 
process&ApplNo=125554

 4 Gray JE, Villegas A, Daniel D, et al. Three- Year overall survival with 
Durvalumab after chemoradiotherapy in stage III NSCLC- Update 
from Pacific. J Thorac Oncol 2020;15:288–93.

 5 Paz- Ares LG, Ciuleanu T- E, Lee J- S, et al. Nivolumab (NIVO) 
plus ipilimumab (IPI) versus chemotherapy (chemo) as first- line 
(1L) treatment for advanced non- small cell lung cancer (NSCLC): 
4- year update from CheckMate 227. Journal of Clinical Oncology 
2021;39:9016.

 6 West H, McCleod M, Hussein M, et al. Atezolizumab in combination 
with carboplatin plus nab- paclitaxel chemotherapy compared 
with chemotherapy alone as first- line treatment for metastatic 
non- squamous non- small- cell lung cancer (IMpower130): a 
multicentre, randomised, open- label, phase 3 trial. Lancet Oncol 
2019;20:924–37.

 7 Herbst RS, Baas P, Kim D- W, et al. Pembrolizumab versus 
docetaxel for previously treated, PD- L1- positive, advanced non- 
small- cell lung cancer (KEYNOTE- 010): a randomised controlled 
trial. Lancet 2016;387:1540–50.

 8 Mok TSK, Wu Y- L, Kudaba I, et al. Pembrolizumab versus 
chemotherapy for previously untreated, PD- L1- expressing, locally 
advanced or metastatic non- small- cell lung cancer (KEYNOTE- 042): 
a randomised, open- label, controlled, phase 3 trial. Lancet 
2019;393:1819–30.

 9 Gadgeel S, Rodríguez- Abreu D, Speranza G, et al. Updated analysis 
from KEYNOTE- 189: pembrolizumab or placebo plus pemetrexed 
and platinum for previously untreated metastatic Nonsquamous 
non- small- cell lung cancer. J Clin Oncol 2020;38:1505–17.

 10 Horn L, Spigel DR, Vokes EE, et al. Nivolumab versus docetaxel 
in previously treated patients with advanced non- small- cell lung 
cancer: two- year outcomes from two randomized, open- label, 
phase III trials (CheckMate 017 and CheckMate 057). J Clin Oncol 
2017;35:3924–33.

 11 Sezer A, Kilickap S, Gümüş M, et al. Cemiplimab monotherapy for 
first- line treatment of advanced non- small- cell lung cancer with 
PD- L1 of at least 50%: a multicentre, open- label, global, phase 3, 
randomised, controlled trial. Lancet 2021;397:592–604.

 12 Paz- Ares L, Ciuleanu T- E, Cobo M, et al. First- Line nivolumab 
plus ipilimumab combined with two cycles of chemotherapy in 
patients with non- small- cell lung cancer (CheckMate 9LA): an 
international, randomised, open- label, phase 3 trial. Lancet Oncol 
2021;22:198–211.

 13 Reck M, Liu SV, Mansfield AS, et al. IMpower133: updated overall 
survival (OS) analysis of first- line (1L) atezolizumab (atezo) + 
carboplatin + etoposide in extensive- stage SCLC (ES- SCLC). 
Annals of Oncology 2019;30:v710–1.

 14 Baas P, Scherpereel A, Nowak AK, et al. First- Line nivolumab 
plus ipilimumab in unresectable malignant pleural mesothelioma 
(CheckMate 743): a multicentre, randomised, open- label, phase 3 
trial. The Lancet 2021;397:375–86.

 15 Boon T, Cerottini JC, Van den Eynde B, et al. Tumor antigens 
recognized by T lymphocytes. Annu Rev Immunol 1994;12:337–65.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7077-8801
http://orcid.org/0000-0002-2670-9777
http://orcid.org/0000-0001-5820-4397
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.3322/caac.21708
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
http://dx.doi.org/10.1016/j.jtho.2019.10.002
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.9016
http://dx.doi.org/10.1016/S1470-2045(19)30167-6
http://dx.doi.org/10.1016/S0140-6736(15)01281-7
http://dx.doi.org/10.1016/S0140-6736(18)32409-7
http://dx.doi.org/10.1200/JCO.19.03136
http://dx.doi.org/10.1200/JCO.2017.74.3062
http://dx.doi.org/10.1016/S0140-6736(21)00228-2
http://dx.doi.org/10.1016/S1470-2045(20)30641-0
http://dx.doi.org/10.1093/annonc/mdz264
http://dx.doi.org/10.1016/S0140-6736(20)32714-8
http://dx.doi.org/10.1146/annurev.iy.12.040194.002005
http://jitc.bmj.com/


22 Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access 

 16 Chen DS, Mellman I. Oncology meets immunology: the cancer- 
immunity cycle. Immunity 2013;39:1–10.

 17 Krummel MF, Allison JP. CD28 and CTLA- 4 have opposing 
effects on the response of T cells to stimulation. J Exp Med 
1995;182:459–65.

 18 Sharma P, Allison JP. Immune checkpoint targeting in cancer 
therapy: toward combination strategies with curative potential. Cell 
2015;161:205–14.

 19 Sharpe AH, Wherry EJ, Ahmed R, et al. The function of programmed 
cell death 1 and its ligands in regulating autoimmunity and infection. 
Nat Immunol 2007;8:239–45.

 20 Ishida Y, Agata Y, Shibahara K, et al. Induced expression of PD- 1, 
a novel member of the immunoglobulin gene superfamily, upon 
programmed cell death. Embo J 1992;11:3887–95.

 21 Reck M, Mok TSK, Nishio M, et al. Atezolizumab plus bevacizumab 
and chemotherapy in non- small- cell lung cancer (IMpower150): key 
subgroup analyses of patients with EGFR mutations or baseline 
liver metastases in a randomised, open- label phase 3 trial. Lancet 
Respir Med 2019;7:387–401.

 22 Rudin CM, Awad MM, Navarro A, et al. KEYNOTE- 604: 
pembrolizumab (pembro) or placebo plus etoposide and platinum 
(EP) as first- line therapy for extensive- stage (ES) small- cell lung 
cancer (SCLC). Journal of Clinical Oncology 2020;38:9001.

 23 Food and Drug Administration. Bristol- Myers Squibb. YERVOY 
(ipilimumab) prescribing information. Available: https://www. 
accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview. 
process&ApplNo=125377

 24 Reck M, Ciuleanu T- E, Dols MC, et al. Nivolumab (NIVO) + 
ipilimumab (IPI) + 2 cycles of platinum- doublet chemotherapy 
(chemo) vs 4 cycles chemo as first- line (1L) treatment (tx) for stage 
IV/recurrent non- small cell lung cancer (NSCLC): CheckMate 9LA. 
Journal of Clinical Oncology 2020;38:9501.

 25 Buchbinder EI, Desai A. Ctla- 4 and PD- 1 pathways: similarities, 
differences, and implications of their inhibition. Am J Clin Oncol 
2016;39:98–106.

 26 Gettinger S, Choi J, Hastings K, et al. Impaired HLA class I 
antigen processing and presentation as a mechanism of acquired 
resistance to immune checkpoint inhibitors in lung cancer. Cancer 
Discov 2017;7:1420–35.

 27 Kluger HM, Tawbi HA, Ascierto ML, et al. Defining tumor resistance 
to PD- 1 pathway blockade: recommendations from the first meeting 
of the SITC immunotherapy resistance Taskforce. J Immunother 
Cancer 2020;8:e000398.

 28 Editors- Graham R, Mancher M, et al, Institute of Medicine 
Committee on Standards for Developing Trustworthy Clinical 
Practice Guidelines. Clinical practice guidelines we can trust. 
National Academies Press (US), 2011.

 29 Haslam A, Prasad V. Estimation of the percentage of US 
patients with cancer who are eligible for and respond to 
checkpoint inhibitor immunotherapy drugs. JAMA Netw Open 
2019;2:e192535-. e.

 30 Food and Drug Administration. Merck sharp Dohme. KEYTRUDA 
(pembrolizumab) prescribing information. Available: https://www. 
accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview. 
process&ApplNo=125514

 31 Evans M, O'Sullivan B, Hughes F, et al. The clinicopathological and 
molecular associations of PD- L1 expression in non- small cell lung 
cancer: analysis of a series of 10,005 cases tested with the 22C3 
assay. Pathol Oncol Res 2020;26:79–89.

 32 Doroshow DB, Bhalla S, Beasley MB, et al. PD- L1 as a biomarker 
of response to immune- checkpoint inhibitors. Nat Rev Clin Oncol 
2021;18:345- 362.

 33 Food and Drug Administration, Genentech Inc. TECENTRIQ 
(atezolizumab) prescribing information. Available: https://www. 
accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview. 
process&ApplNo=761034

 34 Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab for first- 
line treatment of PD- L1- Selected patients with NSCLC. N Engl J 
Med 2020;383:1328–39.

 35 Hellmann MD, Paz- Ares L, Bernabe Caro R, et al. Nivolumab plus 
ipilimumab in advanced Non–Small- Cell lung cancer. N Engl J Med 
Overseas Ed 2019;381:2020–31.

 36 Widmaier M, Wiestler T, Walker J, et al. Comparison of continuous 
measures across diagnostic PD- L1 assays in non- small cell 
lung cancer using automated image analysis. Mod Pathol 
2020;33:380–90.

 37 Food and Drug Administration. Regeneron pharmaceuticals. 
LIBTAYO (cemiplimab) prescribing information. Available: https://
www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event= 
overview.process&ApplNo=761097

 38 Tsao MS, Kerr KM, Kockx M, et al. Pd- L1 immunohistochemistry 
comparability study in real- life clinical samples: results of blueprint 
phase 2 project. J Thorac Oncol 2018;13:1302–11.

 39 Rimm DL, Han G, Taube JM, et al. A prospective, multi- institutional, 
Pathologist- Based assessment of 4 immunohistochemistry assays 
for PD- L1 expression in non- small cell lung cancer. JAMA Oncol 
2017;3:1051–8.

 40 Hirsch FR, McElhinny A, Stanforth D, et al. PD- L1 
immunohistochemistry assays for lung cancer: results from phase 
1 of the blueprint PD- L1 IHC assay comparison project. J Thorac 
Oncol 2017;12:208–22.

 41 Kim H, Kwon HJ, Park SY, et al. PD- L1 immunohistochemical 
assays for assessment of therapeutic strategies involving immune 
checkpoint inhibitors in non- small cell lung cancer: a comparative 
study. Oncotarget 2017;8:98524–32.

 42 Bonneville R, Krook MA, Kautto EA, et al. Landscape of 
microsatellite instability across 39 cancer types. JCO Precis Oncol 
2017;2017:1–15.

 43 Leighl NB, Page RD, Raymond VM, et al. Clinical utility of 
comprehensive cell- free DNA analysis to identify genomic 
biomarkers in patients with newly diagnosed metastatic non- small 
cell lung cancer. Clin Cancer Res 2019;25:4691.

 44 Hellmann MD, Ciuleanu T- E, Pluzanski A, et al. Nivolumab plus 
ipilimumab in lung cancer with a high tumor mutational burden. N 
Engl J Med 2018;378:2093–104.

 45 Vega DM, Yee LM, McShane LM, et al. Aligning tumor mutational 
burden (TMB) quantification across diagnostic platforms: phase II 
of the friends of cancer research TMB harmonization project. Ann 
Oncol 2021;32:1626–36.

 46 Midha A, Sharpe A, Scott M, et al. Pd- L1 expression in advanced 
NSCLC: primary lesions versus metastatic sites and impact of 
sample age. Journal of Clinical Oncology 2016;34:3025.

 47 Planchard D, Popat S, Kerr K, et al. Metastatic non- small cell lung 
cancer: ESMO clinical practice guidelines for diagnosis, treatment 
and follow- up. Annals of Oncology 2018;29:iv192–237.

 48 Ettinger DS, Aisner DL, Wood DE, et al. NCCN guidelines insights: 
non- small cell lung cancer, version 5.2018. J Natl Compr Canc 
Netw 2018;16:807–21.

 49 Wu Y- L, Planchard D, Lu S, et al. Pan- Asian adapted clinical 
practice guidelines for the management of patients with metastatic 
non- small- cell lung cancer: a CSCO- ESMO initiative endorsed by 
JSMO, KSMO, mos, Sso and TOS. Ann Oncol 2019;30:171–210.

 50 Kalemkerian GP, Narula N, Kennedy EB, et al. Molecular testing 
guideline for the selection of patients with lung cancer for treatment 
with targeted tyrosine kinase inhibitors: American Society of clinical 
oncology endorsement of the College of American pathologists/
international association for the study of lung cancer/association for 
molecular pathology clinical practice guideline update. J Clin Oncol 
2018;36:911.

 51 Haspinger ER, Agustoni F, Torri V, et al. Is there evidence for 
different effects among EGFR- TKIs? systematic review and 
meta- analysis of EGFR tyrosine kinase inhibitors (TKIs) versus 
chemotherapy as first- line treatment for patients harboring EGFR 
mutations. Crit Rev Oncol Hematol 2015;94:213–27.

 52 Elliott J, Bai Z, Hsieh S- C, et al. Alk inhibitors for non- small cell lung 
cancer: a systematic review and network meta- analysis. PLoS One 
2020;15:e0229179.

 53 Vuong HG, Nguyen TQ, Nguyen HC, et al. Efficacy and safety of 
crizotinib in the treatment of advanced non- small- cell lung cancer 
with ROS1 rearrangement or Met alteration: a systematic review 
and meta- analysis. Target Oncol 2020;15:589–98.

 54 Mazieres J, Drilon A, Lusque A, et al. Immune checkpoint inhibitors 
for patients with advanced lung cancer and oncogenic driver 
alterations: results from the IMMUNOTARGET registry. Ann Oncol 
2019;30:1321–8.

 55 Yang JC- H, Gadgeel SM, Sequist LV, et al. Pembrolizumab in 
combination with erlotinib or gefitinib as first- line therapy for 
advanced NSCLC with sensitizing EGFR mutation. J Thorac Oncol 
2019;14:553–9.

 56 Creelan BC, Yeh TC, Kim S- W, et al. A phase 1 study of gefitinib 
combined with durvalumab in EGFR TKI- naive patients with EGFR 
mutation- positive locally advanced/metastatic non- small- cell lung 
cancer. Br J Cancer 2021;124:383–90.

 57 Tian T, Yu M, Li J, et al. Front- Line ICI- Based combination therapy 
Post- TKI resistance may improve survival in NSCLC patients with 
EGFR mutation. Front Oncol 2021;11:739090.

 58 Oshima Y, Tanimoto T, Yuji K, et al. EGFR- TKI- Associated interstitial 
pneumonitis in Nivolumab- Treated patients with non- small cell lung 
cancer. JAMA Oncol 2018;4:1112–5.

 59 NSCLC Meta- Analyses Collaborative Group. Chemotherapy in 
addition to supportive care improves survival in advanced non- 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1084/jem.182.2.459
http://dx.doi.org/10.1016/j.cell.2015.03.030
http://dx.doi.org/10.1038/ni1443
http://dx.doi.org/10.1002/j.1460-2075.1992.tb05481.x
http://dx.doi.org/10.1016/S2213-2600(19)30084-0
http://dx.doi.org/10.1016/S2213-2600(19)30084-0
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.9001
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125377
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125377
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125377
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.9501
http://dx.doi.org/10.1097/COC.0000000000000239
http://dx.doi.org/10.1158/2159-8290.CD-17-0593
http://dx.doi.org/10.1158/2159-8290.CD-17-0593
http://dx.doi.org/10.1136/jitc-2019-000398
http://dx.doi.org/10.1136/jitc-2019-000398
http://dx.doi.org/10.1001/jamanetworkopen.2019.2535
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
http://dx.doi.org/10.1007/s12253-018-0469-6
http://dx.doi.org/10.1038/s41571-021-00473-5
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761034
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761034
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761034
http://dx.doi.org/10.1056/NEJMoa1917346
http://dx.doi.org/10.1056/NEJMoa1917346
http://dx.doi.org/10.1056/NEJMoa1910231
http://dx.doi.org/10.1056/NEJMoa1910231
http://dx.doi.org/10.1038/s41379-019-0349-y
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761097
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761097
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761097
http://dx.doi.org/10.1016/j.jtho.2018.05.013
http://dx.doi.org/10.1001/jamaoncol.2017.0013
http://dx.doi.org/10.1016/j.jtho.2016.11.2228
http://dx.doi.org/10.1016/j.jtho.2016.11.2228
http://dx.doi.org/10.18632/oncotarget.21567
http://dx.doi.org/10.1200/PO.17.00073
http://dx.doi.org/10.1158/1078-0432.CCR-19-0624
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1016/j.annonc.2021.09.016
http://dx.doi.org/10.1016/j.annonc.2021.09.016
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.3025
http://dx.doi.org/10.1093/annonc/mdy275
http://dx.doi.org/10.6004/jnccn.2018.0062
http://dx.doi.org/10.6004/jnccn.2018.0062
http://dx.doi.org/10.1093/annonc/mdy554
http://dx.doi.org/10.1200/JCO.2017.76.7293
http://dx.doi.org/10.1016/j.critrevonc.2014.11.005
http://dx.doi.org/10.1371/journal.pone.0229179
http://dx.doi.org/10.1007/s11523-020-00745-7
http://dx.doi.org/10.1093/annonc/mdz167
http://dx.doi.org/10.1016/j.jtho.2018.11.028
http://dx.doi.org/10.1038/s41416-020-01099-7
http://dx.doi.org/10.3389/fonc.2021.739090
http://dx.doi.org/10.1001/jamaoncol.2017.4526
http://jitc.bmj.com/


23Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access

small- cell lung cancer: a systematic review and meta- analysis of 
individual patient data from 16 randomized controlled trials. J Clin 
Oncol 2008;26:4617–25.

 60 Reck M, Rodríguez- Abreu D, Robinson AG, et al. Pembrolizumab 
versus chemotherapy for PD- L1–Positive Non–Small- Cell lung 
cancer. N Engl J Med Overseas Ed 2016;375:1823–33.

 61 Reck M, Rodríguez- Abreu D, Robinson AG, et al. Updated Analysis 
of KEYNOTE- 024: Pembrolizumab Versus Platinum- Based 
Chemotherapy for Advanced Non- Small- Cell Lung Cancer With 
PD- L1 Tumor Proportion Score of 50% or Greater. J Clin Oncol 
2019;37:537–46.

 62 Reck M, Rodríguez- Abreu D, Robinson AG, et al. Five- year 
outcomes with pembrolizumab versus chemotherapy for metastatic 
non- small- cell lung cancer with PD- L1 tumor proportion score ≥ 50. 
J Clin Oncol 2021;39:2339–49.

 63 Hwang WL, Niemierko A, Hwang KL, et al. Clinical outcomes in 
patients with metastatic lung cancer treated with PD- 1/PD- L1 
inhibitors and thoracic radiotherapy. JAMA Oncol 2018;4:253–5.

 64 Akinboro O, Vallejo JJ, Mishra- Kalyani PS, et al. Outcomes of 
anti- PD- (L1) therapy in combination with chemotherapy versus 
immunotherapy (IO) alone for first- line (1L) treatment of advanced 
non- small cell lung cancer (NSCLC) with PD- L1 score 1- 49%: FDA 
pooled analysis. Journal of Clinical Oncology 2021;39:9001.

 65 Borghaei H, Pluzanski A, Caro RB. Abstract CT221: nivolumab 
(NIVO) + ipilimumab (IPI) as first- line (1L) treatment for patients 
with advanced non- small cell lung cancer (NSCLC) with brain 
metastases: results from CheckMate 227. Cancer Research 
2020;80:CT221–CT.

 66 Sul J, Blumenthal GM, Jiang X, et al. FDA approval summary: 
pembrolizumab for the treatment of patients with metastatic non- 
small cell lung cancer whose tumors express programmed Death- 
Ligand 1. Oncologist 2016;21:643–50.

 67 Herbst RS, Garon EB, Kim D- W, et al. Long- term outcomes and 
retreatment among patients with previously treated, programmed 
Death- Ligand 1‒Positive, advanced Non‒Small- Cell lung cancer in 
the KEYNOTE- 010 study. J Clin Oncol 2020;38:1580–90.

 68 Pai- Scherf L, Blumenthal GM, Li H, et al. FDA approval summary: 
pembrolizumab for treatment of metastatic non- small cell lung 
cancer: first- line therapy and beyond. Oncologist 2017;22:1392–9.

 69 Paz- Ares L, Vicente D, Tafreshi A, et al. A randomized, placebo- 
controlled trial of pembrolizumab plus chemotherapy in patients 
with metastatic squamous NSCLC: Protocol- Specified final analysis 
of KEYNOTE- 407. J Thorac Oncol 2020;15:1657–69.

 70 Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first- 
line treatment of metastatic Nonsquamous NSCLC. N Engl J Med 
2018;378:2288–301.

 71 Socinski MA, Nishio M, Jotte RM, et al. IMpower150 final overall 
survival analyses for Atezolizumab plus bevacizumab and 
chemotherapy in first- line metastatic Nonsquamous NSCLC. J 
Thorac Oncol 2021;16:1909–24.

 72 Roche H- L. A study of Atezolizumab compared with docetaxel 
in participants with locally advanced or metastatic non- small cell 
lung cancer who have failed Platinum- Containing therapy (oak). 
Available: https://clinicaltrials.gov/ct2/show/NCT02008227

 73 Fehrenbacher L, von Pawel J, Park K, et al. Updated efficacy 
analysis including secondary population results for oak: a 
randomized phase III study of Atezolizumab versus docetaxel 
in patients with previously treated advanced non- small cell lung 
cancer. J Thorac Oncol 2018;13:1156–70.

 74 Vokes EE, Ready N, Felip E, et al. Nivolumab versus docetaxel in 
previously treated advanced non- small- cell lung cancer (CheckMate 
017 and CheckMate 057): 3- year update and outcomes in patients 
with liver metastases. Ann Oncol 2018;29:959–65.

 75 Borghaei H, Gettinger S, Vokes EE, et al. Five- year outcomes from 
the randomized, phase III trials CheckMate 017 and 057: nivolumab 
versus docetaxel in previously treated non- small- cell lung cancer. J 
Clin Oncol 2021;39:723–33.

 76 Antonia SJ, Villegas A, Daniel D, et al. Overall survival with 
Durvalumab after chemoradiotherapy in stage III NSCLC. N Engl J 
Med Overseas Ed 2018;379:2342–50.

 77 Paz- Ares L, Spira A, Raben D, et al. Outcomes with durvalumab by 
tumour PD- L1 expression in unresectable, stage III non- small- cell 
lung cancer in the Pacific trial. Ann Oncol 2020;31:798–806.

 78 Food and Drug Administration. AstraZeneca. IMFINZI (durvalumab) 
prescribing information. Available: https://www.accessdata.fda. 
gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo= 
761069

 79 Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab after 
adjuvant chemotherapy in resected stage IB- IIIA non- small- cell lung 
cancer (IMpower010): a randomised, multicentre, open- label, phase 
3 trial. Lancet 2021;398:1344–57.

 80 Forde PM, Spicer J, Lu S, et al. Abstract CT003: nivolumab 
(NIVO) + platinum- doublet chemotherapy (chemo) vs chemo as 
neoadjuvant treatment (tx) for resectable (IB- IIIA) non- small cell lung 
cancer (NSCLC) in the phase 3 CheckMate 816 trial. Cancer Res 
2021;81:CT003–CT.

 81 Spicer J, Wang C, Tanaka F, et al. Surgical outcomes from the 
phase 3 CheckMate 816 trial: nivolumab (NIVO) + platinum- doublet 
chemotherapy (chemo) vs chemo alone as neoadjuvant treatment 
for patients with resectable non- small cell lung cancer (NSCLC). 
Journal of Clinical Oncology 2021;39:8503.

 82 Pujol JL, Carestia L, Daurès JP. Is there a case for cisplatin in the 
treatment of small- cell lung cancer? A meta- analysis of randomized 
trials of a cisplatin- containing regimen versus a regimen without this 
alkylating agent. Br J Cancer 2000;83:8–15.

 83 Pignon J- P, Arriagada R, Ihde DC, et al. A meta- analysis of thoracic 
radiotherapy for small- cell lung cancer. N Engl J Med Overseas Ed 
1992;327:1618–24.

 84 Simone CB, Bogart JA, Cabrera AR, et al. Radiation therapy for 
small cell lung cancer: an ASTRO clinical practice guideline. Pract 
Radiat Oncol 2020;10:158–73.

 85 Nesbit EG, Leal TA, Kruser TJ. What is the role of radiotherapy for 
extensive- stage small cell lung cancer in the immunotherapy era? 
Transl Lung Cancer Res 2019;8:S153–62.

 86 Voong KR, Hazell SZ, Fu W, et al. Relationship between prior 
radiotherapy and Checkpoint- Inhibitor pneumonitis in patients 
with advanced non- small- cell lung cancer. Clin Lung Cancer 
2019;20:e470–9.

 87 Takahashi T, Yamanaka T, Seto T, et al. Prophylactic cranial 
irradiation versus observation in patients with extensive- disease 
small- cell lung cancer: a multicentre, randomised, open- label, 
phase 3 trial. Lancet Oncol 2017;18:663–71.

 88 Long GV, Atkinson V, Lo S, et al. Combination nivolumab and 
ipilimumab or nivolumab alone in melanoma brain metastases: 
a multicentre randomised phase 2 study. Lancet Oncol 
2018;19:672–81.

 89 Paz- Ares L, Dvorkin M, Chen Y, et al. Durvalumab plus platinum–
etoposide versus platinum–etoposide in first- line treatment of 
extensive- stage small- cell lung cancer (Caspian): a randomised, 
controlled, open- label, phase 3 trial. The Lancet 2019;394:1929–39.

 90 Goldman JW, Dvorkin M, Chen Y, et al. Durvalumab, with or without 
tremelimumab, plus platinum- etoposide versus platinum- etoposide 
alone in first- line treatment of extensive- stage small- cell lung 
cancer (Caspian): updated results from a randomised, controlled, 
open- label, phase 3 trial. Lancet Oncol 2021;22:51–65.

 91 Rudin CM, Awad MM, Navarro A, et al. Pembrolizumab or placebo 
plus etoposide and platinum as first- line therapy for extensive- 
stage small- cell lung cancer: randomized, double- blind, phase III 
KEYNOTE- 604 study. J Clin Oncol 2020;38:2369–79.

 92 Leal T, Wang Y, Dowlati A, et al. Randomized phase II clinical trial 
of cisplatin/carboplatin and etoposide (Ce) alone or in combination 
with nivolumab as frontline therapy for extensive- stage small cell 
lung cancer (ES- SCLC): ECOG- ACRIN EA5161. Journal of Clinical 
Oncology 2020;38:9000.

 93 Antonia SJ, López- Martin JA, Bendell J, et al. Nivolumab alone 
and nivolumab plus ipilimumab in recurrent small- cell lung cancer 
(CheckMate 032): a multicentre, open- label, phase 1/2 trial. Lancet 
Oncol 2016;17:883–95.

 94 Spigel DR, Vicente D, Ciuleanu TE, et al. Second- line nivolumab 
in relapsed small- cell lung cancer: CheckMate 331☆. Ann Oncol 
2021;32:631–41.

 95 Owonikoko TK, Park K, Govindan R, et al. Nivolumab and 
ipilimumab as maintenance therapy in extensive- disease small- cell 
lung cancer: CheckMate 451. J Clin Oncol 2021;39:1349–59.

 96 Chung HC, Piha- Paul SA, Lopez- Martin J, et al. Pembrolizumab 
after two or more lines of previous therapy in patients with 
recurrent or metastatic SCLC: results from the KEYNOTE- 028 and 
KEYNOTE- 158 studies. J Thorac Oncol 2020;15:618–27.

 97 Merck Provides Update on KEYTRUDA® (pembrolizumab) 
Indication in Metastatic Small Cell Lung Cancer in the US [press 
release] 2021.

 98 Mazurek JM, Syamlal G, Wood JM, et al. Malignant Mesothelioma 
Mortality - United States, 1999- 2015. MMWR Morb Mortal Wkly 
Rep 2017;66:214–8.

 99 Jain SV, Wallen JM. Malignant mesothelioma. Treasure Island (FL): 
StatPearls, 2021.

 100 Curran D, Sahmoud T, Therasse P, et al. Prognostic factors in 
patients with pleural mesothelioma: the European organization 
for research and treatment of cancer experience. J Clin Oncol 
1998;16:145–52.

 101 Meyerhoff RR, Yang C- FJ, Speicher PJ, et al. Impact of 
mesothelioma histologic subtype on outcomes in the 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1200/JCO.2008.17.7162
http://dx.doi.org/10.1200/JCO.2008.17.7162
http://dx.doi.org/10.1056/NEJMoa1606774
http://dx.doi.org/10.1200/JCO.18.00149
http://dx.doi.org/10.1200/JCO.21.00174
http://dx.doi.org/10.1001/jamaoncol.2017.3808
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.9001
http://dx.doi.org/10.1634/theoncologist.2015-0498
http://dx.doi.org/10.1200/JCO.19.02446
http://dx.doi.org/10.1634/theoncologist.2017-0078
http://dx.doi.org/10.1016/j.jtho.2020.06.015
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1016/j.jtho.2021.07.009
http://dx.doi.org/10.1016/j.jtho.2021.07.009
https://clinicaltrials.gov/ct2/show/NCT02008227
http://dx.doi.org/10.1016/j.jtho.2018.04.039
http://dx.doi.org/10.1093/annonc/mdy041
http://dx.doi.org/10.1200/JCO.20.01605
http://dx.doi.org/10.1200/JCO.20.01605
http://dx.doi.org/10.1056/NEJMoa1809697
http://dx.doi.org/10.1056/NEJMoa1809697
http://dx.doi.org/10.1016/j.annonc.2020.03.287
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761069
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761069
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761069
http://dx.doi.org/10.1016/S0140-6736(21)02098-5
http://dx.doi.org/10.1158/1538-7445.AM2021-CT003
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.8503
http://dx.doi.org/10.1054/bjoc.2000.1164
http://dx.doi.org/10.1056/NEJM199212033272302
http://dx.doi.org/10.1016/j.prro.2020.02.009
http://dx.doi.org/10.1016/j.prro.2020.02.009
http://dx.doi.org/10.21037/tlcr.2019.05.01
http://dx.doi.org/10.1016/j.cllc.2019.02.018
http://dx.doi.org/10.1016/S1470-2045(17)30230-9
http://dx.doi.org/10.1016/S1470-2045(18)30139-6
http://dx.doi.org/10.1016/S0140-6736(19)32222-6
http://dx.doi.org/10.1016/S1470-2045(20)30539-8
http://dx.doi.org/10.1200/JCO.20.00793
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.9000
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.9000
http://dx.doi.org/10.1016/S1470-2045(16)30098-5
http://dx.doi.org/10.1016/S1470-2045(16)30098-5
http://dx.doi.org/10.1016/j.annonc.2021.01.071
http://dx.doi.org/10.1200/JCO.20.02212
http://dx.doi.org/10.1016/j.jtho.2019.12.109
http://dx.doi.org/10.15585/mmwr.mm6608a3
http://dx.doi.org/10.15585/mmwr.mm6608a3
http://dx.doi.org/10.1200/JCO.1998.16.1.145
http://jitc.bmj.com/


24 Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access 

surveillance, epidemiology, and end results database. J Surg Res 
2015;196:23–32.

 102 Mansfield AS, Symanowski JT, Peikert T. Systematic review of 
response rates of sarcomatoid malignant pleural mesotheliomas in 
clinical trials. Lung Cancer 2014;86:133–6.

 103 Cigognetti M, Lonardi S, Fisogni S, et al. BAP1 (BRCA1- 
associated protein 1) is a highly specific marker for differentiating 
mesothelioma from reactive mesothelial proliferations. Mod Pathol 
2015;28:1043–57.

 104 Pulford E, Huilgol K, Moffat D, et al. Malignant mesothelioma, BAP1 
immunohistochemistry, and VEGFA: does BAP1 have potential 
for early diagnosis and assessment of prognosis? Dis Markers 
2017;2017:1–10.

 105 Carbone M, Ferris LK, Baumann F, et al. BAP1 cancer syndrome: 
malignant mesothelioma, uveal and cutaneous melanoma, and 
MBAITs. J Transl Med 2012;10:179.

 106 Shankar GM, Abedalthagafi M, Vaubel RA, et al. Germline and 
somatic BAP1 mutations in high- grade rhabdoid meningiomas. 
Neuro Oncol 2017;19:535–45.

 107 Popova T, Hebert L, Jacquemin V, et al. Germline BAP1 
mutations predispose to renal cell carcinomas. Am J Hum Genet 
2013;92:974–80.

 108 Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phase III study 
of pemetrexed in combination with cisplatin versus cisplatin alone 
in patients with malignant pleural mesothelioma. J Clin Oncol 
2003;21:2636–44.

 109 Zalcman G, Mazieres J, Margery J, et al. Bevacizumab for newly 
diagnosed pleural mesothelioma in the mesothelioma Avastin 
cisplatin pemetrexed study (maps): a randomised, controlled, open- 
label, phase 3 trial. Lancet 2016;387:1405–14.

 110 Baas P, Scherpereel A, Nowak AK, et al. First- line nivolumab 
plus ipilimumab in unresectable malignant pleural mesothelioma 
(CheckMate 743): a multicentre, randomised, open- label, phase 3 
trial. Lancet 2021;397:375–86.

 111 Peters S, Scherpereel A, Cornelissen R, et al. First- line nivolumab 
plus ipilimumab versus chemotherapy in patients with unresectable 
malignant pleural mesothelioma: 3- year outcomes from CheckMate 
743. Ann Oncol 2022. doi:10.1016/j.annonc.2022.01.074. [Epub 
ahead of print: 03 Feb 2022].

 112 Forde PM, Anagnostou V, Sun Z, et al. Durvalumab with platinum- 
pemetrexed for unresectable pleural mesothelioma: survival, 
genomic and immunologic analyses from the phase 2 PrE0505 trial. 
Nat Med 2021;27:1910–20.

 113 Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to 
evaluate the response to treatment in solid tumors. European 
Organization for Research and Treatment of Cancer, National 
Cancer Institute of the United States, National Cancer Institute of 
Canada. J Natl Cancer Inst 2000;92:205–16.

 114 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer 2009;45:228–47.

 115 Schwartz LH, Litière S, de Vries E, et al. RECIST 1.1- Update 
and clarification: from the RECIST committee. Eur J Cancer 
2016;62:132–7.

 116 Chiou VL, Burotto M. Pseudoprogression and immune- related 
response in solid tumors. J Clin Oncol 2015;33:3541–3.

 117 Queirolo P, Spagnolo F. Atypical responses in patients with 
advanced melanoma, lung cancer, renal- cell carcinoma and other 
solid tumors treated with anti- PD- 1 drugs: a systematic review. 
Cancer Treat Rev 2017;59:71–8.

 118 Di Giacomo AM, Danielli R, Guidoboni M, et al. Therapeutic efficacy 
of ipilimumab, an anti- CTLA- 4 monoclonal antibody, in patients with 
metastatic melanoma unresponsive to prior systemic treatments: 
clinical and immunological evidence from three patient cases. 
Cancer Immunol Immunother 2009;58:1297–306.

 119 Hodi FS, Butler M, Oble DA, et al. Immunologic and clinical effects 
of antibody blockade of cytotoxic T lymphocyte- associated antigen 
4 in previously vaccinated cancer patients. Proc Natl Acad Sci U S 
A 2008;105:3005–10.

 120 Hodi FS, Oble DA, Drappatz J, et al. CTLA- 4 blockade with 
ipilimumab induces significant clinical benefit in a female 
with melanoma metastases to the CNS. Nat Clin Pract Oncol 
2008;5:557–61.

 121 Wolchok JD, Hoos A, O'Day S, et al. Guidelines for the evaluation of 
immune therapy activity in solid tumors: immune- related response 
criteria. Clin Cancer Res 2009;15:7412–20.

 122 Seymour L, Bogaerts J, Perrone A, et al. iRECIST: guidelines for 
response criteria for use in trials testing immunotherapeutics. 
Lancet Oncol 2017;18:e143–52.

 123 Hodi FS, Ballinger M, Lyons B, et al. Immune- modified response 
evaluation criteria in solid tumors (imRECIST): refining guidelines to 

assess the clinical benefit of cancer immunotherapy. J Clin Oncol 
2018;36:850–8.

 124 Nishino M, Giobbie- Hurder A, Gargano M, et al. Developing a 
common language for tumor response to immunotherapy: immune- 
related response criteria using unidimensional measurements. Clin 
Cancer Res 2013;19:3936–43.

 125 Armato SG, Nowak AK. Revised modified response evaluation 
criteria in solid tumors for assessment of response in 
malignant pleural mesothelioma (version 1.1). J Thorac Oncol 
2018;13:1012–21.

 126 Katz SI, Hammer M, Bagley SJ, et al. Radiologic pseudoprogression 
during anti- PD- 1 therapy for advanced non- small cell lung cancer. J 
Thorac Oncol 2018;13:978–86.

 127 Cascone T, William WN, Weissferdt A, et al. Neoadjuvant 
nivolumab or nivolumab plus ipilimumab in operable non- small 
cell lung cancer: the phase 2 randomized NEOSTAR trial. Nat Med 
2021;27:504–14.

 128 Ferrara R, Mezquita L, Texier M, et al. Hyperprogressive disease in 
patients with advanced non- small cell lung cancer treated with PD- 
1/PD- L1 inhibitors or with single- agent chemotherapy. JAMA Oncol 
2018;4:1543–52.

 129 Forde PM, Chaft JE, Smith KN, et al. Neoadjuvant PD- 1 
blockade in resectable lung cancer. N Engl J Med Overseas Ed 
2018;378:1976–86.

 130 Kennedy LC, Bhatia S, Thompson JA, et al. Preexisting autoimmune 
disease: implications for immune checkpoint inhibitor therapy in 
solid tumors. J Natl Compr Canc Netw 2019;17:750–7.

 131 Leonardi GC, Gainor JF, Altan M, et al. Safety of programmed 
death- 1 pathway inhibitors among patients with non- small- cell 
lung cancer and preexisting autoimmune disorders. J Clin Oncol 
2018;36:1905–12.

 132 Barnett R, Barta VS, Jhaveri KD. Preserved renal- allograft 
function and the PD- 1 pathway inhibitor nivolumab. N Engl J Med 
2017;376:191–2.

 133 Abdel- Wahab N, Safa H, Abudayyeh A, et al. Checkpoint inhibitor 
therapy for cancer in solid organ transplantation recipients: an 
institutional experience and a systematic review of the literature. J 
Immunother Cancer 2019;7:106.

 134 Lai H- C, Lin J- F, Hwang TIS, et al. Programmed cell death 1 (PD- 1) 
inhibitors in renal transplant patients with advanced cancer: a 
double- edged sword? Int J Mol Sci 2019;20:2194.

 135 Ricciuti B, Dahlberg SE, Adeni A, et al. Immune checkpoint 
inhibitor outcomes for patients with non- small- cell lung cancer 
receiving baseline corticosteroids for palliative versus Nonpalliative 
indications. J Clin Oncol 2019;37:1927–34.

 136 Barlesi F, Audigier- Valette C, Felip E, et al. OA04.02 CheckMate 
817: first- line nivolumab + ipilimumab in patients with ECoG PS 2 
and other special populations with advanced NSCLC. Journal of 
Thoracic Oncology 2019;14:S214–5.

 137 Puzanov I, Diab A, Abdallah K, et al. Managing toxicities 
associated with immune checkpoint inhibitors: consensus 
recommendations from the Society for immunotherapy of cancer 
(SITC) toxicity management Working group. J Immunother Cancer 
2017;5:95.

 138 Brahmer JR, Abu- Sbeih H, Ascierto PA, et al. Society for 
immunotherapy of cancer (SITC) clinical practice guideline on 
immune checkpoint inhibitor- related adverse events. J Immunother 
Cancer 2021;9:e002435.

 139 Thompson JA. New NCCN guidelines: recognition and management 
of Immunotherapy- Related toxicity. J Natl Compr Canc Netw 
2018;16:594–6.

 140 Brahmer JR, Lacchetti C, Schneider BJ, et al. Management 
of immune- related adverse events in patients treated with 
immune checkpoint inhibitor therapy: American Society of 
clinical oncology clinical practice guideline. J Clin Oncol 
2018;36:1714–68.

 141 Butterfield LH, Kaufman HL, Johnson DH. SITC’s Guide to 
Managing Immunotherapy Toxicity. 1 ed. New York: Springer 
Publishing Company.

 142 Couey MA, Bell RB, Patel AA, et al. Delayed immune- related events 
(DIRE) after discontinuation of immunotherapy: diagnostic hazard of 
autoimmunity at a distance. J Immunother Cancer 2019;7:165.

 143 Naidoo J, Wang X, Woo KM, et al. Pneumonitis in patients treated 
with anti- programmed death- 1/programmed death ligand 1 therapy. 
J Clin Oncol 2017;35:709–17.

 144 Suresh K, Voong KR, Shankar B, et al. Pneumonitis in non- small cell 
lung cancer patients receiving immune checkpoint immunotherapy: 
incidence and risk factors. J Thorac Oncol 2018;13:1930–9.

 145 Suresh K, Psoter KJ, Voong KR, et al. Impact of checkpoint inhibitor 
pneumonitis on survival in NSCLC patients receiving immune 
checkpoint immunotherapy. J Thorac Oncol 2019;14:494–502.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.jss.2015.01.043
http://dx.doi.org/10.1016/j.lungcan.2014.08.017
http://dx.doi.org/10.1038/modpathol.2015.65
http://dx.doi.org/10.1155/2017/1310478
http://dx.doi.org/10.1186/1479-5876-10-179
http://dx.doi.org/10.1093/neuonc/now235
http://dx.doi.org/10.1016/j.ajhg.2013.04.012
http://dx.doi.org/10.1200/JCO.2003.11.136
http://dx.doi.org/10.1016/S0140-6736(15)01238-6
http://dx.doi.org/10.1016/S0140-6736(20)32714-8
http://dx.doi.org/10.1016/j.annonc.2022.01.074
http://dx.doi.org/10.1038/s41591-021-01541-0
http://dx.doi.org/10.1093/jnci/92.3.205
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1016/j.ejca.2016.03.081
http://dx.doi.org/10.1200/JCO.2015.61.6870
http://dx.doi.org/10.1016/j.ctrv.2017.07.002
http://dx.doi.org/10.1007/s00262-008-0642-y
http://dx.doi.org/10.1073/pnas.0712237105
http://dx.doi.org/10.1073/pnas.0712237105
http://dx.doi.org/10.1038/ncponc1183
http://dx.doi.org/10.1158/1078-0432.CCR-09-1624
http://dx.doi.org/10.1016/S1470-2045(17)30074-8
http://dx.doi.org/10.1200/JCO.2017.75.1644
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1016/j.jtho.2018.04.034
http://dx.doi.org/10.1016/j.jtho.2018.04.010
http://dx.doi.org/10.1016/j.jtho.2018.04.010
http://dx.doi.org/10.1038/s41591-020-01224-2
http://dx.doi.org/10.1001/jamaoncol.2018.3676
http://dx.doi.org/10.1056/NEJMoa1716078
http://dx.doi.org/10.6004/jnccn.2019.7310
http://dx.doi.org/10.1200/JCO.2017.77.0305
http://dx.doi.org/10.1056/NEJMc1614298
http://dx.doi.org/10.1186/s40425-019-0585-1
http://dx.doi.org/10.1186/s40425-019-0585-1
http://dx.doi.org/10.3390/ijms20092194
http://dx.doi.org/10.1200/JCO.19.00189
http://dx.doi.org/10.1016/j.jtho.2019.08.424
http://dx.doi.org/10.1016/j.jtho.2019.08.424
http://dx.doi.org/10.1186/s40425-017-0300-z
http://dx.doi.org/10.1136/jitc-2021-002435
http://dx.doi.org/10.1136/jitc-2021-002435
http://dx.doi.org/10.6004/jnccn.2018.0047
http://dx.doi.org/10.1200/JCO.2017.77.6385
http://dx.doi.org/10.1186/s40425-019-0645-6
http://dx.doi.org/10.1200/JCO.2016.68.2005
http://dx.doi.org/10.1016/j.jtho.2018.08.2035
http://dx.doi.org/10.1016/j.jtho.2018.11.016
http://jitc.bmj.com/


25Govindan R, et al. J Immunother Cancer 2022;10:e003956. doi:10.1136/jitc-2021-003956

Open access

 146 Suresh K, Naidoo J. Lower survival in patients who develop 
pneumonitis following immunotherapy for lung cancer. Clin Lung 
Cancer 2020;21:e169–70.

 147 Nishino M, Giobbie- Hurder A, Hatabu H, et al. Incidence of 
programmed cell death 1 Inhibitor- Related pneumonitis in patients 
with advanced cancer: a systematic review and meta- analysis. 
JAMA Oncol 2016;2:1607–16.

 148 Nakanishi Y, Masuda T, Yamaguchi K, et al. Pre- Existing interstitial 
lung abnormalities are risk factors for immune checkpoint inhibitor- 
induced interstitial lung disease in non- small cell lung cancer. 
Respir Investig 2019;57:451–9.

 149 Valenti RB. Chemotherapy education for patients with cancer: a 
literature review. Clin J Oncol Nurs 2014;18:637–40.

 150 Lasa- Blandon M, Stasi K, Hehir A, et al. Patient education issues 
and strategies associated with immunotherapy. Semin Oncol Nurs 
2019;35:150933.

 151 Ledezma B, Heng A. Real- world impact of education: treating 
patients with ipilimumab in a community practice setting. Cancer 
Manag Res 2013;6:5–14.

 152 Gralla RJ, Hollen PJ, Msaouel P, et al. An evidence- based 
determination of issues affecting quality of life and patient- reported 
outcomes in lung cancer: results of a survey of 660 patients. J 
Thorac Oncol 2014;9:1243–8.

 153 Iyer S, Taylor- Stokes G, Roughley A. Symptom burden and quality 
of life in advanced non- small cell lung cancer patients in France and 
Germany. Lung Cancer 2013;81:288–93.

 154 Sung MR, Patel MV, Djalalov S, et al. Evolution of symptom 
burden of advanced lung cancer over a decade. Clin Lung Cancer 
2017;18:274–80.

 155 Linden W, Vodermaier A, Mackenzie R, et al. Anxiety and 
depression after cancer diagnosis: prevalence rates by cancer type, 
gender, and age. J Affect Disord 2012;141:343–51.

 156 Win T, Sharples L, Wells FC, et al. Effect of lung cancer surgery on 
quality of life. Thorax 2005;60:234–8.

 157 Salvo N, Hadi S, Napolskikh J, et al. Quality of life measurement in 
cancer patients receiving palliative radiotherapy for symptomatic 
lung cancer: a literature review. Curr Oncol 2009;16:16–28.

 158 Wintner LM, Giesinger JM, Zabernigg A, et al. Quality of life during 
chemotherapy in lung cancer patients: results across different 
treatment lines. Br J Cancer 2013;109:2301–8.

 159 Morrison EJ, Novotny PJ, Sloan JA, et al. Emotional problems, 
quality of life, and symptom burden in patients with lung cancer. 
Clin Lung Cancer 2017;18:497–503.

 160 Leung B, Laskin J, Wu J, et al. Assessing the psychosocial needs of 
newly diagnosed patients with nonsmall cell lung cancer: identifying 
factors associated with distress. Psychooncology 2019;28:815–21.

 161 Polanski J, Jankowska- Polanska B, Rosinczuk J, et al. Quality of life 
of patients with lung cancer. Onco Targets Ther 2016;9:1023–8.

 162 Zaorsky NG, Zhang Y, Tuanquin L, et al. Suicide among cancer 
patients. Nat Commun 2019;10:207.

 163 Sullivan DR, Forsberg CW, Ganzini L, et al. Longitudinal 
changes in depression symptoms and survival among patients 
with lung cancer: a national cohort assessment. J Clin Oncol 
2016;34:3984–91.

 164 Zafar SY, McNeil RB, Thomas CM, et al. Population- based 
assessment of cancer survivors' financial burden and quality of life: 
a prospective cohort study. J Oncol Pract 2015;11:145–50.

 165 Sharp L, Carsin A- E, Timmons A. Associations between cancer- 
related financial stress and strain and psychological well- 
being among individuals living with cancer. Psychooncology 
2013;22:745–55.

 166 Zafar SY, Peppercorn JM, Schrag D, et al. The financial toxicity 
of cancer treatment: a pilot study assessing out- of- pocket 
expenses and the insured cancer patient's experience. Oncologist 
2013;18:381–90.

 167 EuroQol. EQ- 5D. Available: https://euroqol.org/
 168 European Organization for Research and Treatment of Cancer. 

Quality of life group website. Available: https://qol.eortc.org/
 169 Cella DF, Tulsky DS, Gray G, et al. The functional assessment of 

cancer therapy scale: development and validation of the general 
measure. J Clin Oncol 1993;11:570–9.

 170 Hollen PJ, Gralla RJ, Kris MG, et al. Quality of life assessment in 
individuals with lung cancer: testing the lung cancer symptom scale 
(LCSS). Eur J Cancer 1993;29A Suppl 1:S51–8.

 171 Cella DF, Bonomi AE, Lloyd SR, et al. Reliability and validity of the 
functional assessment of cancer therapy- lung (FACT- L) quality of life 
instrument. Lung Cancer 1995;12:199–220.

 172 Cella D. The functional assessment of cancer therapy- 
lung and lung cancer Subscale assess quality of life and 
meaningful symptom improvement in lung cancer. Semin Oncol 
2004;31:11–15.

 173 Webster KA, O'Connor ML, Hansen AR, et al. Development of 
a functional assessment of chronic illness therapy item library 
and primary symptom list for the assessment of patient- reported 
adverse events associated with immune checkpoint modulators. J 
Cancer Metastasis Treat 2020;6:8.

 174 Hansen AR, Ala- Leppilampi K, McKillop C, et al. Development of 
the functional assessment of cancer therapy- immune checkpoint 
modulator (FACT- ICM): a toxicity subscale to measure quality of 
life in patients with cancer who are treated with ICMs. Cancer 
2020;126:1550–8.

 175 Brahmer JR, Rodríguez- Abreu D, Robinson AG, et al. Health- related 
quality- of- life results for pembrolizumab versus chemotherapy in 
advanced, PD- L1- positive NSCLC (KEYNOTE- 024): a multicentre, 
international, randomised, open- label phase 3 trial. Lancet Oncol 
2017;18:1600–9.

 176 Bordoni R, Ciardiello F, von Pawel J, et al. Patient- reported 
outcomes in oak: a phase III study of Atezolizumab versus 
docetaxel in advanced non- small- cell lung cancer. Clin Lung Cancer 
2018;19:441–9.

 177 Brahmer JR, Govindan R, Anders RA, et al. The Society for 
Immunotherapy of Cancer consensus statement on immunotherapy 
for the treatment of non- small cell lung cancer (NSCLC). J 
Immunother Cancer 2018;6:75.

 178 TSK M, Wu Y, Kudaba I, et al. Final analysis of the phase 3 
KEYNOTE- 042 study: pembrolizumab (PEMBRO) versus platinum- 
based chemotherapy (chemo) as first- line therapy for patients (PTS) 
with PD- L1–POSITIVE locally advanced/metastatic NSCLC. Ann 
Oncol 2019;30:ii38–68.

 179 Horn L, Mansfield AS, Szczęsna A, et al. First- line atezolizumab 
plus chemotherapy in extensive- stage small- cell lung cancer. N 
Engl J Med 2018;379:2220–9.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003956 on 31 M

ay 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.cllc.2019.10.009
http://dx.doi.org/10.1016/j.cllc.2019.10.009
http://dx.doi.org/10.1001/jamaoncol.2016.2453
http://dx.doi.org/10.1016/j.resinv.2019.05.002
http://dx.doi.org/10.1188/14.CJON.637-640
http://dx.doi.org/10.1016/j.soncn.2019.08.012
http://dx.doi.org/10.2147/CMAR.S52543
http://dx.doi.org/10.2147/CMAR.S52543
http://dx.doi.org/10.1097/JTO.0000000000000244
http://dx.doi.org/10.1097/JTO.0000000000000244
http://dx.doi.org/10.1016/j.lungcan.2013.03.008
http://dx.doi.org/10.1016/j.cllc.2016.12.010
http://dx.doi.org/10.1016/j.jad.2012.03.025
http://dx.doi.org/10.1136/thx.2004.031872
http://dx.doi.org/10.3747/co.v16i2.376
http://dx.doi.org/10.1038/bjc.2013.585
http://dx.doi.org/10.1016/j.cllc.2017.02.008
http://dx.doi.org/10.1002/pon.5025
http://dx.doi.org/10.2147/OTT.S100685
http://dx.doi.org/10.1038/s41467-018-08170-1
http://dx.doi.org/10.1200/JCO.2016.66.8459
http://dx.doi.org/10.1200/JOP.2014.001542
http://dx.doi.org/10.1002/pon.3055
http://dx.doi.org/10.1634/theoncologist.2012-0279
https://euroqol.org/
https://qol.eortc.org/
http://dx.doi.org/10.1200/JCO.1993.11.3.570
http://dx.doi.org/10.1016/S0959-8049(05)80262-X
http://dx.doi.org/10.1016/0169-5002(95)00450-F
http://dx.doi.org/10.1053/j.seminoncol.2004.04.008
http://dx.doi.org/10.20517/2394-4722.2019.38
http://dx.doi.org/10.20517/2394-4722.2019.38
http://dx.doi.org/10.1002/cncr.32692
http://dx.doi.org/10.1016/S1470-2045(17)30690-3
http://dx.doi.org/10.1016/j.cllc.2018.05.011
http://dx.doi.org/10.1186/s40425-018-0382-2
http://dx.doi.org/10.1186/s40425-018-0382-2
http://dx.doi.org/10.1093/annonc/mdz063
http://dx.doi.org/10.1093/annonc/mdz063
http://dx.doi.org/10.1056/NEJMoa1809064
http://dx.doi.org/10.1056/NEJMoa1809064
http://jitc.bmj.com/

	Society for Immunotherapy of Cancer (SITC) clinical practice guideline on immunotherapy for the treatment of lung cancer and mesothelioma
	Abstract
	Introduction
	Guideline development methods
	Conflict of interest management
	Recommendation development
	Evidence rating

	Diagnostic tests and biomarkers
	PD-L1 expression
	Concordance in PD-L1 assays and considerations for testing
	Tissue-agnostic indications for ICIs
	Tissue acquisition considerations for immunotherapy
	Molecular testing
	Panel recommendations

	Non-small cell lung cancer
	Tumors with PD-L1 expression ≥50%
	Tumors with PD-L1 expression ≥1%
	Tumors unselected by PD-L1 expression
	Unresectable stage III NSCLC
	Resectable stage II to IIIA NSCLC
	Panel recommendations

	Small-cell lung cancer
	First-line treatment of SCLC
	Treatment of relapsed/refractory SCLC
	Panel recommendations

	Mesothelioma
	Diagnosis and biomarkers
	First-line treatment of mesothelioma
	Panel recommendations

	Radiographic response to immunotherapy
	Panel recommendations

	Understudied patient populations
	Panel recommendations

	Recognition and management of irAEs
	Panel recommendations

	Patient support and QOL
	Panel recommendations

	Conclusion
	References


