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Abstract

Objectives—Immune checkpoint inhibitors (IClIs) have changed the landscape of lung cancer
therapy. However significant proportions of patients have primary or acquired resistance to ICIs.
Molecular characterization is critical for patient selection and overcoming resistance to checkpoint
inhibitors. The purpose of this study is to investigate the molecular characteristics associated with
ICls outcomes in advanced non-small cell lung cancer (NSCLC) patients.

Materials and methods—All advanced stage NSCLC patients at City of Hope who received
ICls (pembrolizumab, nivolumab, atezolizumab, and durvalumab) were identified retrospectively.
Overall survival (OS, from the start of the ICls), Pathology and information on genomic alterations
(GAs) including next-generation sequencing (NGS) data, tumor mutation burden (TMB), and
Programmed death-ligand 1 (PD-L1) levels were collected. Chi-square and Fisher’s exact test,
Log-rank test were used for comparison of demographics, and survival curves respectively.
Univariate and multivariate COX proportional hazards model was used for survival analysis.

Results: 346 NSCLC patients were identified. Univariate and multivariate analysis found the
association of OS with PD-L1 level 250% (Hazard ratio [HR], 0.19; 95% confidence interval [CI],
0.06-0.59; P<0.01), EGFR (HR 7.38; 95% ClI, 1.15-47.42; P<0.05), and TET2 (HR 0.15; 95% Cl,
0.03-0.90; P<0.05). The median OS was not reached [NR] for the 12 patients who had genomic
alterations (GASs) in TET2 (12/108, 11%) versus (vs) 11.5 months in TET2 negative patients
(98/108, 89%). Interestingly, GAs in TET2 and FANCA were mutually exclusive and patients who
had GAs in FANCA gene (6%) had shorter OS (5.5 months vs 14.5 months, Log-rank test,
P<0.05).

Conclusions: We described the clinical and molecular features of NSCLC patients treated with
ICls. The association of GAs in TET2 with longer OS and its mutual exclusivity with FANCA
GAs were insightful for developing novel therapeutic strategies to improve ICIs outcomes in
NSCLC.

Keywords

Lung cancer; molecular; next-generation sequencing (NGS); immune checkpoint inhibitors;
TET2; FANCA; PD-L1; TMB; immunotherapy

Introduction

Immune checkpoint inhibitors (ICIs) are currently used as monotherapy or combination
therapy in frontline and subsequent lines for metastatic lung cancer including
adenocarcinoma, squamous cell carcinoma, and small cell lung cancer (SCLC) [1-5].
Furthermore, ICls before or after surgery showed efficacy in patients with resectable disease,
highlighting the potential of ICls to improve outcomes in these patients and expand the use
of IClIs in the neoadjuvant and adjuvant settings [6, 7]. Despite higher response rates, longer
duration of response, and less toxicity of ICIs compared with chemotherapy, many lung
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cancer patients have primary and acquired resistance to ICls. Specifically, response rates to
ICls are ~20% for monotherapy and ~ 40% for combination therapy, but eventually, most
patients have progression of disease [8, 9]. Therefore, clinical and molecular profiling to
understand the underlying mechanisms behind response and resistance is needed for the
selection of patients, and identification of novel therapeutic targets and strategies to improve
the response to ICls.

To date, programmed death-ligand 1 (PD-L1) protein expression is the only US FDA-
approved biomarker to select metastatic lung cancer patients for first-line pembrolizumab
monotherapy [10]. However, studies using nivolumab or atezolizumab monotherapy, and
combination therapy with chemotherapy or ipilimumab, show responses to treatment
regardless of the PD-L1 levels [1, 5, 11-13]. Analysis of 5-year survivors of nivolumab
treated non-small cell lung cancer (NSCLC) patients showed that only 70% of the survivors
had > 1% PD-L1 expression at baseline, indicating that patients without PD-L1 expression
may still have durable responses from ICIs [14]. Besides, FDA-approved
immunohistochemistry (IHC) tests show variable concordance for evaluation of the PD-L1
expression, as indicated in the Blueprint project [15], there was poor reliability on immune
cells PD-L1 scoring and different sensitivities between antibodies, which is further
complicated by the inter- and intratumoral heterogeneity [16]. Exploratory analyses had
shown tumor mutation burden (TMB) could be a potential predictive marker for ICIs in lung
cancer as patients with higher TMB seemed to fare better when treated with nivolumab and
ipilimumab combination therapy [17, 18]. However, larger datasets for confirmation and
standardization of TMB thresholds across different platforms and samples (whole exon
DNA sequencing versus (vs) targeted gene panel sequencing using tissues vs circulating
tumor DNA) are needed [19].

Studies using next-generation sequencing (NGS) to identify genomic alterations (GASs) that
drive response and resistance to ICIs appear promising. GAs in tumors could shape the
immune microenvironment to affect the outcomes of checkpoint inhibitors [20]. The meta-
analysis demonstrated no overall survival (OS) benefit for patients who had EGFR mutant
tumors treated with 1CIs compared with chemotherapy [21]. Lack of responses to ICIs in
EGFR mutated patients was consistently observed in multiple studies [22, 23]. Co-mutation
of KRAS and KEAP1/NFE2L2 was reported to be an independent prognostic factor with
shorter OS [24]. GAs such as STK11/LKB1 mutations was identified as the genomic drivers
for primary resistance to immune checkpoint inhibitors in KRAS-mutated lung
adenocarcinoma [25]. It was also reported that increased expression of PD-L1 was
associated with TP53 mutation and MET amplification [26]. However, the role of TP53 was
not very prominent in other studies and KRAS mutations were not different in the overall
population compared with patients who had durable clinical benefits [23, 27-29]. To date,
correlations of GAs with ICls outcomes in NSCLC vary between different cohorts;
validation of the results in larger and different populations are needed. Furthermore,
identifying specific mutations in patients who survived longer with ICIs will be helpful to
explore signaling pathways important in tumor responses to ICls and to develop novel
therapeutic strategies. Therefore, in the present study, we used clinical and molecular
information of 346 advanced NSCLC patients treated with ICls including available NGS
data to identify molecular features associated with overall survival.
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Total 346 patients with advanced NSCLC in City of Hope, who received ICls
(pembrolizumab, nivolumab, atezolizumab, and durvalumab) in different settings including
standard of care, compassionate use, and clinical trials, were identified retrospectively at the
cutoff date of 11/8/2018. All lines of therapy were not available during analysis and the
cohort includes a heterogeneous population of lung cancer patients who received
immunotherapy. Demographic, clinical, and pathological information was collected with
approval by the institutional review board (IRB) of City of Hope. Informed consent was
waivered per IRB requirements since it was a retrospective observational study. Overall
survival (OS, from the start of the ICIs) were calculated if available at the study time point.

Molecular information

The information of tumor GAs was extracted from the available clinical data including
EGFR, ALK/ROS rearrangement, KRAS, TP53 and TMB from patients who had next-
generation sequencing (NGS) using various platforms such as FoundationOne (Foundation
Medicine, Cambridge, MA, USA), Caris (Caris life science, Phoenix, AZ, USA), Paradigm
(Paradigm diagnostics, Phoenix, AZ, USA), Guardant360 (Guardant, Redwood City, CA,
USA), Neogenomics (NeoGenomics Laboratories, Fort Myers, FL, USA) or targeted gene
sequencing panels at City of Hope. TMB was reported by FoundationOne. PD-L1 (22C3)
expression detected by paraffin IHC was reported as Tumor Proportion Score (TPS), which
is defined as the percentage of viable tumor cells showing partial or complete membrane
staining (= 1+) relative to all viable tumor cells present in the sample (positive and negative).
Negative PD-L1 is defined as < 1% of viable tumor cells showing membranous staining.

Statistical analysis

Results

The OS was defined from the start of 1CIs until death due to any cause. The association of
clinical and molecular features with OS was analyzed first by univariate COX proportional
hazards model independently. Based on the results of the univariate analysis, clinically and
biologically relevant features with statistical significance (cutoff P value 0.05) were selected
for the multivariate COX proportional hazards model. TMB was categorized to low,
intermediate, and high groups as reported by Foundation. PD-L1 expression was categorized
as negative (<1%), 1% - <50% and = 50%. The Kaplan-Meier method was used to estimate
overall survival (OS) and the Log-rank test was used to compare the survival curves.
Statistical analyses and data visualization were performed using GraphPad Prism 8
(GraphPad Software) and R (open source for statistical computing and data visualization).
All tests were two-sided and P<0.05 was considered statistically significant. Lollipops
diagram for TET2 gene and its mutations was generated using Lollipops application [30].

Patient characteristics

The baseline characteristics of 346 patients were summarized in Table 1. The median age
was 69 years (range 34-100) with 164 (47%) patients was age = 70 and 182 (53%) were <70
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years old at the treatment of ICls. 160 (46%) were female and 186 (54%) were male. 102
(29%) were never smokers, 211 (61%) former smokers and 33 (10%) were current smokers.
Histology included 257 (74%) adenocarcinoma, 67 squamous cell lung cancer (19%), and
22 (6%) other types (9 poorly differentiated tumors including non-small cell carcinoma, not
otherwise specified (NSCC-NQS), 4 large cell lung cancer, 2 neuroendocrine tumors, 1 lung
atypical carcinoid, 1 adenosquamous tumor, 1 basaloid squamous cancer, 1 mixed large cell
with neuroendocrine tumor, 1 giant cell carcinoma, 1 mixed adenocarcinoma with large cell
neuroendocrine tumor, and 1 adenoid cystic adenoid carcinoma). PD-L1 was tested in 212
patients: 72 (34%) were negative (<1%), 89 (42%) were = 50%, 51 (24%) were 1% - <50%.
TMB was reported in 52 patients (8 high, 26 intermediate, 18 low). EGFR was tested in 307
patients with 50 (16%) positive and 257 (84%) negative patients.

Univariate COX analysis revealed the association of OS with PD-L1 level =50% and the
statistical significance was retained in the multivariate analysis (HR 0.19; 95% CI, 0.06—
0.59; £<0.01). The median OS was NR for patients who had PD-L1 level 250% vs 12.2
months with PD-L1 level 1%-50% and 6.9 months with negative PD-L1 (Figure 1A). No
statistical significance was found in age, gender, smoking status, TMB, histology associated
with OS in the multivariate analysis.

Recurrently detected GAs and OS

TET2 GAs

Top detected GAs and the patients’ clinical information (Figure 2) were sorted by the
detected positive rate of GAs among tested patients (number of tested patients for each gene
varied due to different gene panels in the testing platforms). TP53 ranked as the most
frequently detected GAs (123 patients) with 50% positive rate in the 246 patients tested for
TP53, followed by KRAS (84/301, 28%) and LRP1B (28/108, 26%). Univariate analysis
showed statistically significant (P<0.05) association of OS with GAs in EGFR, FANCA,
TET2 and CDKN2A/B loss (Hazard Ratio in Figure 2), which were included for the
multivariate analysis. The association of OS with GAs in EGFR (HR, 7.38; 95% CI, 1.15-
47.42; P<0.05) and TET2 (HR, 0.15; 95% ClI, 0.03-0.90; P<0.05) was retained in the
multivariate COX proportional hazards model, as indicated in Table 2. The median OS for
patients who had EGFR GAs was 7.2 months and for patients who were EGFR negative, the
median OS was 14.8 months (Figure 1B). CDKN2A/B loss (HR, 2.51; 95% Cl, 1.27-4.96;
F£<0.01) and FANCA (HR, 2.69; 95% CI, 1.28-5.69; £<0.01) was associated with worse OS
(Figure 3) in the univariate analysis but was not statistically significant in the multivariate
analysis.

We found that TET2 GAs were associated with longer OS. As shown in Figure 2C, the
median survival was not reached (NR) for the 12 patients who had GAs in TET2 among 108
patients tested for TET2 (positive rate 11%) compared with 11.5 months in the 96 negative
patients (89%) (Log-rank test, £<0.05). Interestingly we found none of the patients were
positive for GAs in both TET2 and FANCA. Shorter survival was found in patients who
harbored FANCA GAs. The median survival was 5.5 months for the 8 patients who had GAs
among 132 patients tested for FANCA (positive rate 6%) vs 14.5 months in the patients who
tested negative (124/132, 94%) for FANCA GAs (Log-rank test, A<0.05). However, in the
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multivariate analysis, there is no statistical significance in the association of FANCA GAs
and OS. We summarized the information of patients who had GAs in TET2 (Table 3).
Among the 12 positive patients, there were 8 lung adenocarcinomas, 2 NSCC-NOS, 1 lung
squamous cancer, and 1 basaloid squamous lung cancer. All 12 patients had non-
synonymous mutations and 4 of them had nonsense mutations. 3 mutations located in the
oxygenase domain as shown in the Lollipops diagram (Figure S1).

Discussion

In this study, we investigated the clinical and molecular features associated with survival of
NSCLC patients treated with IClIs at City of Hope. Consistent with previous studies [21],
EGFR mutated patients (n=50, 16%) had worse OS (median, 7.2 months) compared with
patients who were negative for EGFR GAs (median, 14.8 months) (multivariate COX
analysis, HR, 7.38; 95% CI, 1.15-47.42; £<0.05). Longer OS (median, not reached) was
observed in patients who had PD-L1 >50% than patients with PD-L1 1%-50% (median,
12.2 months) or negative PD-L1 (median, 6.9 months) (Log-rank test, A< 0.01). However,
patients with PD-L1 level =50% likely received ICls at first-line rather than later lines of
therapy; thus, the results might be confounded by the lines of therapy. Detailed therapy
information including previous tyrosine kinase inhibitors for EGFR mutated patients was not
available for analysis, but for the OS analysis the OS was defined from the start of the
immunotherapy rather than cancer diagnosis. Despite the heterogeneity of the study
population, our findings are consistent with previous reports that patients with PD-L1 =50%
fare better with ICls and patients who had EGFR mutations had worse OS than patients who
were EGFR negative treated with ICIs [10]. The underline mechanism of lack of benefits in
EGFR mutated tumors remains unclear and a recent study of T cell receptor repertoire
analysis showed that EGFR-mutated tumors had lower clonal T cell expansion compared
with EGFR non-mutated tumors [31]. Our real-world experience with patient populations in
different settings from clinical trials validated the role of PD-L1 level 250% and EGFR
mutations in ICls. The top 3 detected GAs in our cohort were TP53 (50%), KRAS (28%),
and LRP1B (26%). None of these was associated with OS. STK11 mutations were reported
to be associated with resistance to ICls but no statistically significant association of STK11
mutations (31/243, 13%) with OS was detected in our cohort (Figure 2) [25]. We did not
find an association of TMB with OS. This may be due to the limited sample size (n=52) for
TMB analysis.

In univariate analysis, patients who had GAs in FANCA gene (8/132, 6%) had shorter OS
(median, 5.5 months vs 14.5 months, Log-rank test, A<0.05) compared to patients who were
negative (124/132, 94%). Worse OS was also found in CDKN2A/B loss (13/132, 10%)
patients (7.1 months vs 14.7 months, Log-rank test, 7<0.05) compared to patients who were
negative (119/132, 90%) for CDKN2A/B loss in the univariate analysis but the results were
not statistically significant in the multivariate analysis. Fanconi anemia complementation
group A (FANCA) is a core component of Fanconi anemia complex and important for DNA
damage (double-strand breaks) repair [32]. GAs in DNA damage response and repair genes
including FANCA were reported to be associated with higher response rates to PD-1/PD-L1
in metastatic renal cell carcinoma[33]. Targeting DNA damage response proteins has been
shown to increase PD-L1 expression and enhance the anti-tumor effect of PD-L1 blockade
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in small cell lung cancer via the activation of the STING pathway [34, 35]. The worse
survival of FANCA mutated patients treated with ICls in our cohort might imply different
mechanisms underneath. FANCA mutations were reported to cause adult immunodeficiency
and be involved in impaired lymphomagenesis likely due to the accumulated DNA
replication stress [36]. In our cohort, we had 18 patients (18/241, 7%, Figure 2) tested
positive for BRCA2 GAs but there was no association with OS on ICls with BRCA2 GAs.
The role of GAs in DNA damage repair genes in ICIs outcomes warrants further studies in
lung cancer.

Interestingly, we found longer OS (median, NR vs 11.5 months, £<0.05) in patients who had
TET2 mutations and the statistical significance was confirmed in the multivariate COX
model (HR, 0.15; 95% ClI, 0.03-0.90; A<0.05). TET2 encodes the Ten-eleven translocation
(TET) demethylase which is important in epigenetic modification by converting 5-
methylcytosine (5mC) to 5-hydroxymethylcytosine (5ShmC) with a-ketoglutarate (a-KG)-
dependent hydroxylase activity and by recruiting acetylglucosamine transferase (OGT)
enzyme for histones modifications to increase gene expression [37, 38]. TETZ2 inactivation
was common in myeloid and lymphoid malignancies and its mutations were loss of function
[39]. Loss of TET2 function has been shown to increase self-renewal and expansion and
TET2 is a proposed tumor suppressor [40]. Interestingly, TET2 determines the fate of CD8+
T cells by promoting CD8+ T cell memory differentiation [41]. Recently, a single clone of
chimeric antigen receptors (CARs)-T cell with disrupted TET2 and a hypomorphic mutation
in the second TET2 allele induced complete remission of a chronic lymphocytic leukemia
(CLL) patient and central memory phenotype of CAR-T cells were detected after 4.2 years
[42]. In our cohort, all the GAs of TET2 identified in the 12 patients were non-synonymous
mutations, with 4 of them nonsense mutations. Functions of these mutations were rarely
reported but they are potentially pathogenic since they caused amino acid/protein changes.
The role of TET2 mutations in solid tumors and ICIs outcomes is unclear. Ablation of TET2
in myeloid cells suppressed melanoma growth /n vivo [43]. In primary breast cancer and
colorectal cancer, upregulated TET2 with PD-L1 promoter hypomethylation as well as PD-
L1 expression in peripheral blood contributed to immunosuppressive microenvironment
compared with healthy donors and methylation patterns in tumor tissues were different from
blood cells [44]. In our cohort, TET2 mutations were present in both lung adenocarcinoma
and squamous histology and the PD-L1 level was tested in tumor cells not immune cells in
lung cancer tissue samples. As listed in Table 3, the PD-L1 levels in the 12 TET2 positive
patients ranged from >50% (n=4) to negative (n=4) with 2 patients no tested and 2 patients
were 1% to<50%. TET2 mutations on the PD-L1 expression on immune cells in lung cancer
are unclear. However, it is possible that the TET2 mutated tumors had altered epigenetics or
metabolism and thus, modulated the tumor microenvironment and affected T cells function
and anti-tumor responses. TET2 mutations were previously observed to be mutually
exclusive with isocitrate dehydrogenase 1 and 2 (IDH1/2) mutations, as cytosolic IDH1 and
mitochondrial IDH2 were important for a-KG production and TET dioxygenase activity
[45]. To the best of our knowledge, mutual exclusivity of TET2 and FANCA mutations have
not been reported. However, by querying public databases using cBioPortal, we found
mutual exclusivity of TET2 GAs and FANCA GAs existed in the pan-cancer sequencing of
12089 samples that included MSK-IMPACT clinical sequencing cohort (n=10945), pan-lung
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cancer cohort from TCGA (n=1144) (Figure S2) [46—49]. The underlying mechanisms for
the mutual exclusivity of TET2 and FANCA GAs remain poorly understood. It is possible
that TET2 could bind to the FANCA promoter and upregulate its gene expression as shown
in diffuse large B cell lymphoma (DLBCL) [50]. TET2 mutations are not well characterized
in NSCLC and ICls, along with FANCA GAs. Our results of longer OS in patients who had
TET2 mutations with ICls and mutual exclusivity with FANCA GAs suggest further
investigation of TET2, FANCA is warranted, and TET2 may be a therapeutic target for
improving outcomes of NSCLC treated with ICls.

Limitations

Despite the promising results, the present study does suffer from some caveats. First, it is a
single institution study with a modest cohort for which NGS data were available. Second, it
includes a heterogeneous population with different settings of ICls used including
monotherapy, combination therapy, and different lines of therapy. Third, we included results
from different NGS platforms and the sample size for TMB analysis is small with only 52
patients. Finally, less than half of our patients were tested for TET2 (n=108), FANCA
(n=132), CDKN2A/B (n=132) and the number of positive patients for TET2 (n=12),
FANCA (n=8), CDKN2A/B (n=13) were limited. Analyzing larger datasets in the future
would be helpful to explore the molecular features of ICIs outcomes in NSCLC. EGFR
mutated patients would also need to be further evaluated in a future study to determine the
effect of IClIs before, after, and concurrently with EGFR-TKIs.

Conclusions

We have summarized the clinical and molecular features of patients with NSCLC treated
with ICls. Our results validated the role of EGFR mutations and PD-L1 =50% in the
outcomes of ICIs. We identified a novel association of TET2 mutations with longer OS and
mutual exclusivity of mutations in TET2 and FANCA genes. Due to limited sample sizes
and non-conforming NGS platforms, studies with a larger dataset and with different
populations are warranted. Exploring the role of TET2, FANCA, CDKN2A/2B loss in
NSCLC and ICls appears a promising strategy to discern potential prognostic biomarkers for
survival and to investigate novel targets for improving outcomes of NSCLC treated with
ICls.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the members of the thoracic disease team, department of medical oncology and center for clinical
informatics at City of Hope for the buildup of this clinical and molecular database.

Sources of funding:

This work was supported by the National Cancer Institute of the National Institutes of Health under awards number
R0O1CA218545, P30CA033572 and U54CA209978.

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al. Page 9

References

[1]. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, Chow LQ, Vokes EE, Felip E,
Holgado E, Barlesi F, Kohlhaufl M, Arrieta O, Burgio MA, Fayette J, Lena H, Poddubskaya E,
Gerber DE, Gettinger SN, Rudin CM, Rizvi N, Crino L, Blumenschein GR Jr., Antonia SJ,
Dorange C, Harbison CT, Graf Finckenstein F, Brahmer JR, Nivolumab versus Docetaxel in
Advanced Nonsquamous Non-Small-Cell Lung Cancer, The New England journal of medicine
373(17) (2015) 1627-39. [PubMed: 26412456]

[2]. Brahmer JR, Govindan R, Anders RA, Antonia SJ, Sagorsky S, Davies MJ, Dubinett SM, Ferris A,
Gandhi L, Garon EB, Hellmann MD, Hirsch FR, Malik S, Neal JW, Papadimitrakopoulou VA,
Rimm DL, Schwartz LH, Sepesi B, Yeap BY, Rizvi NA, Herbst RS, The Society for
Immunotherapy of Cancer consensus statement on immunotherapy for the treatment of non-small
cell lung cancer (NSCLC), Journal for immunotherapy of cancer 6(1) (2018) 75. [PubMed:
30012210]

[3]. Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F, Domine M, Clingan
P, Hochmair MJ, Powell SF, Cheng SY, Bischoff HG, Peled N, Grossi F, Jennens RR, Reck M,
Hui R, Garon EB, Boyer M, Rubio-Viqueira B, Novello S, Kurata T, Gray JE, Vida J, Wei Z,
Yang J, Raftopoulos H, Pietanza MC, Garassino MC, Pembrolizumab plus Chemotherapy in
Metastatic Non-Small-Cell Lung Cancer, The New England journal of medicine 378(22) (2018)
2078-2092. [PubMed: 29658856]

[4]. Horn L, Mansfield AS, Szczesna A, Havel L, Krzakowski M, Hochmair MJ, Huemer F, Losonczy
G, Johnson ML, Nishio M, Reck M, Mok T, Lam S, Shames DS, Liu J, Ding B, Lopez-Chavez
A, Kabbinavar F, Lin W, Sandler A, Liu SV, First-Line Atezolizumab plus Chemotherapy in
Extensive-Stage Small-Cell Lung Cancer, The New England journal of medicine (2018).

[5]. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gumus M, Mazieres J, Hermes B, Cay Senler F, Csoszi
T, Fulop A, Rodriguez-Cid J, Wilson J, Sugawara S, Kato T, Lee KH, Cheng Y, Novello S,
Halmos B, Li X, Lubiniecki GM, Piperdi B, Kowalski DM, Pembrolizumab plus Chemotherapy
for Squamous Non-Small-Cell Lung Cancer, The New England journal of medicine (2018).

[6]. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, Yokoi T, Chiappori A, Lee KH,
de Wit M, Cho BC, Bourhaba M, Quantin X, Tokito T, Mekhail T, Planchard D, Kim YC,
Karapetis CS, Hiret S, Ostoros G, Kubota K, Gray JE, Paz-Ares L, de Castro Carpeno J,
Wadsworth C, Melillo G, Jiang H, Huang Y, Dennis PA, Ozguroglu M, Durvalumab after
Chemoradiotherapy in Stage 111 Non-Small-Cell Lung Cancer, The New England journal of
medicine 377(20) (2017) 1919-1929. [PubMed: 28885881]

[7]. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD, Zahurak M, Yang SC,
Jones DR, Broderick S, Battafarano RJ, Velez MJ, Rekhtman N, Olah Z, Naidoo J, Marrone KA,
Verde F, Guo H, Zhang J, Caushi JX, Chan HY, Sidhom JW, Scharpf RB, White J, Gabrielson E,
Wang H, Rosner GL, Rusch V, Wolchok JD, Merghoub T, Taube JM, Velculescu VE, Topalian
SL, Brahmer JR, Pardoll DM, Neoadjuvant PD-1 Blockade in Resectable Lung Cancer, The New
England journal of medicine 378(21) (2018) 1976-1986. [PubMed: 29658848]

[8]. Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, Zhao S, Das S, Beckermann KE, Ha
L, Rathmell WK, Ancell KK, Balko JM, Bowman C, Davis EJ, Chism DD, Horn L, Long GV,
Carlino MS, Lebrun-Vignes B, Eroglu Z, Hassel JC, Menzies AM, Sosman JA, Sullivan RJ,
Moslehi JJ, Johnson DB, Fatal Toxic Effects Associated With Immune Checkpoint Inhibitors: A
Systematic Review and Meta-analysis, JAMA oncology (2018).

[9]. Borghaei H, Langer CJ, Gadgeel S, Papadimitrakopoulou VA, Patnaik A, Powell SF, Gentzler RD,
Martins RG, Stevenson JP, Jalal SI, Panwalkar A, Chih-Hsin Yang J, Gubens M, Sequist LV,
Awad MM, Fiore J, Saraf S, Keller SM, Gandhi L, 24-Month Overall Survival from
KEYNOTE-021 Cohort G: Pemetrexed and Carboplatin with or without Pembrolizumab as First-
Line Therapy for Advanced Nonsquamous Non-Small Cell Lung Cancer, Journal of thoracic
oncology : official publication of the International Association for the Study of Lung Cancer
(2018).

[10]. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, Gottfried M, Peled N,
Tafreshi A, Cuffe S, O’Brien M, Rao S, Hotta K, Leiby MA, Lubiniecki GM, Shentu Y,
Rangwala R, Brahmer JR, Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Page 10

Cell Lung Cancer, The New England journal of medicine 375(19) (2016) 1823-1833. [PubMed:
27718847]

Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E, Antonia S, Pluzanski
A, Vokes EE, Holgado E, Waterhouse D, Ready N, Gainor J, Aren Frontera O, Havel L, Steins
M, Garassino MC, Aerts JG, Domine M, Paz-Ares L, Reck M, Baudelet C, Harbison CT, Lestini
B, Spigel DR, Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung
Cancer, The New England journal of medicine 373(2) (2015) 123-35. [PubMed: 26028407]
Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, Gadgeel SM, Hida T,
Kowalski DM, Dols MC, Cortinovis DL, Leach J, Polikoff J, Barrios C, Kabbinavar F, Frontera
OA, De Marinis F, Turna H, Lee JS, Ballinger M, Kowanetz M, He P, Chen DS, Sandler A,
Gandara DR, Atezolizumab versus docetaxel in patients with previously treated non-small-cell
lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial, Lancet
(London, England) 389(10066) (2017) 255-265.

Antonia SJ, Lopez-Martin JA, Bendell J, Ott PA, Taylor M, Eder JP, Jager D, Pietanza MC, Le
DT, de Braud F, Morse MA, Ascierto PA, Horn L, Amin A, Pillai RN, Evans J, Chau |, Bono P,
Atmaca A, Sharma P, Harbison CT, Lin CS, Christensen O, Calvo E, Nivolumab alone and
nivolumab plus ipilimumab in recurrent small-cell lung cancer (CheckMate 032): a multicentre,
open-label, phase 1/2 trial, The Lancet. Oncology 17(7) (2016) 883-895. [PubMed: 27269741]
Gettinger S, Horn L, Jackman D, Spigel D, Antonia S, Hellmann M, Powderly J, Heist R, Sequist
LV, Smith DC, Leming P, Geese WJ, Yoon D, Li A, Brahmer J, Five-Year Follow-Up of
Nivolumab in Previously Treated Advanced Non-Small-Cell Lung Cancer: Results From the
CA209-003 Study, Journal of clinical oncology : official journal of the American Society of
Clinical Oncology 36(17) (2018) 1675-1684. [PubMed: 29570421]

Tsao MS, Kerr KM, Kockx M, Beasley MB, Borczuk AC, Botling J, Bubendorf L, Chirieac L,
Chen G, Chou TY, Chung JH, Dacic S, Lantuejoul S, Mino-Kenudson M, Moreira AL, Nicholson
AG, Noguchi M, Pelosi G, Poleri C, Russell PA, Sauter J, Thunnissen E, Wistuba I, Yu H, Wynes
MW, Pintilie M, Yatabe Y, Hirsch FR, PD-L1 Immunohistochemistry Comparability Study in
Real-Life Clinical Samples: Results of Blueprint Phase 2 Project, Journal of thoracic oncology :
official publication of the International Association for the Study of Lung Cancer 13(9) (2018)
1302-1311.

Buttner R, Gosney JR, Skov BG, Adam J, Motoi N, Bloom KJ, Dietel M, Longshore JW, Lopez-
Rios F, Penault-Llorca F, Viale G, Wotherspoon AC, Kerr KM, Tsao MS, Programmed Death-
Ligand 1 Immunohistochemistry Testing: A Review of Analytical Assays and Clinical
Implementation in Non-Small-Cell Lung Cancer, Journal of clinical oncology : official journal of
the American Society of Clinical Oncology 35(34) (2017) 3867-3876. [PubMed: 29053400]
Hellmann MD, Nathanson T, Rizvi H, Creelan BC, Sanchez-Vega F, Ahuja A, Ni A, Novik JB,
Mangarin LMB, Abu-Akeel M, Liu C, Sauter JL, Rekhtman N, Chang E, Callahan MK, Chaft
JE, Voss MH, Tenet M, Li XM, Covello K, Renninger A, Vitazka P, Geese WJ, Borghaei H,
Rudin CM, Antonia SJ, Swanton C, Hammerbacher J, Merghoub T, McGranahan N, Snyder A,
Wolchok JD, Genomic Features of Response to Combination Immunotherapy in Patients with
Advanced Non-Small-Cell Lung Cancer, Cancer cell 33(5) (2018) 843-852.e4.

Zappasodi R, Budhu S, Hellmann MD, Postow MA, Senbabaoglu Y, Manne S, Gasmi B, Liu C,
Zhong H, Li Y, Huang AC, Hirschhorn-Cymerman D, Panageas KS, Wherry EJ, Merghoub T,
Wolchok JD, Non-conventional Inhibitory CD4(+)Foxp3(=)PD-1(hi) T Cells as a Biomarker of
Immune Checkpoint Blockade Activity, Cancer cell 33(6) (2018) 1017-1032.e7.

Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, Peters S, Development
of tumor mutation burden as an immunotherapy biomarker: utility for the oncology clinic, Annals
of oncology : official journal of the European Society for Medical Oncology 30(1) (2019) 44-56.
[PubMed: 30395155]

Skoulidis F, Byers LA, Diao L, Papadimitrakopoulou VA, Tong P, 1zzo J, Behrens C, Kadara H,
Parra ER, Canales JR, Zhang J, Giri U, Gudikote J, Cortez MA, Yang C, Fan Y, Peyton M, Girard
L, Coombes KR, Toniatti C, Heffernan TP, Choi M, Frampton GM, Miller V, Weinstein JN,
Herbst RS, Wong KK, Zhang J, Sharma P, Mills GB, Hong WK, Minna JD, Allison JP, Futreal A,
Wang J, Wistuba Il, Heymach JV, Co-occurring genomic alterations define major subsets of
KRAS-mutant lung adenocarcinoma with distinct biology, immune profiles, and therapeutic
vulnerabilities, Cancer discovery 5(8) (2015) 860—77. [PubMed: 26069186]

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

Page 11

Lee CK, Man J, Lord S, Cooper W, Links M, Gebski V, Herbst RS, Gralla RJ, Mok T, Yang JC,
Clinical and Molecular Characteristics Associated With Survival Among Patients Treated With
Checkpoint Inhibitors for Advanced Non-Small Cell Lung Carcinoma: A Systematic Review and
Meta-analysis, JAMA oncology 4(2) (2018) 210-216. [PubMed: 29270615]

Lee CK, Man J, Lord S, Links M, Gebski V, Mok T, Yang JC, Checkpoint Inhibitors in
Metastatic EGFR-Mutated Non-Small Cell Lung Cancer-A Meta-Analysis, Journal of thoracic
oncology : official publication of the International Association for the Study of Lung Cancer
12(2) (2017) 403-407.

Rizvi H, Sanchez-Vega F, La K, Chatila W, Jonsson P, Halpenny D, Plodkowski A, Long N,
Sauter JL, Rekhtman N, Hollmann T, Schalper KA, Gainor JF, Shen R, Ni A, Arbour KC,
Merghoub T, Wolchok J, Snyder A, Chaft JE, Kris MG, Rudin CM, Socci ND, Berger MF, Taylor
BS, Zehir A, Solit DB, Arcila ME, Ladanyi M, Riely GJ, Schultz N, Hellmann MD, Molecular
Determinants of Response to Anti-Programmed Cell Death (PD)-1 and Anti-Programmed Death-
Ligand 1 (PD-L1) Blockade in Patients With Non-Small-Cell Lung Cancer Profiled With
Targeted Next-Generation Sequencing, Journal of clinical oncology : official journal of the
American Society of Clinical Oncology 36(7) (2018) 633-641. [PubMed: 29337640]

Arbour KC, Jordan E, Kim HR, Dienstag J, Yu HA, Sanchez-Vega F, Lito P, Berger M, Solit DB,
Hellmann M, Kris MG, Rudin CM, Ni A, Arcila M, Ladanyi M, Riely GJ, Effects of Co-
occurring Genomic Alterations on Outcomes in Patients with KRAS-Mutant Non-Small Cell
Lung Cancer, Clinical cancer research : an official journal of the American Association for
Cancer Research 24(2) (2018) 334-340. [PubMed: 29089357]

Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann MD, Awad MM, Gainor JF, Schrock AB,
Hartmaier RJ, Trabucco SE, Gay L, Ali SM, Elvin JA, Singal G, Ross JS, Fabrizio D, Szabo PM,
Chang H, Sasson A, Srinivasan S, Kirov S, Szustakowski J, Vitazka P, Edwards R, Bufill JA,
Sharma N, Ou SI, Peled N, Spigel DR, Rizvi H, Aguilar EJ, Carter BW, Erasmus J, Halpenny
DF, Plodkowski AJ, Long NM, Nishino M, Denning WL, Galan-Cobo A, Hamdi H, Hirz T, Tong
P, Wang J, Rodriguez-Canales J, Villalobos PA, Parra ER, Kalhor N, Sholl LM, Sauter JL,
Jungbluth AA, Mino-Kenudson M, Azimi R, Elamin Y'Y, Zhang J, Leonardi GC, Jiang F, Wong
KK, Lee JJ, Papadimitrakopoulou VA, Wistuba I1, Miller VA, Frampton GM, Wolchok JD, Shaw
AT, Janne PA, Stephens PJ, Rudin CM, Geese WJ, Albacker LA, Heymach JV, STK11/LKB1
Mutations and PD-1 Inhibitor Resistance in KRAS-Mutant Lung Adenocarcinoma, Cancer
discovery 8(7) (2018) 822—835. [PubMed: 29773717]

Albitar M, Sudarsanam S, Ma W, Jiang S, Chen W, Funari V, Blocker F, Agersborg S, Correlation
of MET gene amplification and TP53 mutation with PD-L1 expression in non-small cell lung
cancer, Oncotarget 9(17) (2018) 13682-13693. [PubMed: 29568386]

Biton J, Mansuet-Lupo A, Pecuchet N, Alifano M, Ouakrim H, Arrondeau J, Boudou-Rouquette
P, Goldwasser F, Leroy K, Goc J, Wislez M, Germain C, Laurent-Puig P, Dieu-Nosjean MC,
Cremer |, Herbst R, Blons H, Damotte D, TP53, STK11, and EGFR Mutations Predict Tumor
Immune Profile and the Response to Anti-PD-1 in Lung Adenocarcinoma, Clinical cancer
research : an official journal of the American Association for Cancer Research 24(22) (2018)
5710-5723.

Dong ZY, Zhong WZ, Zhang XC, Su J, Xie Z, Liu SY, Tu HY, Chen HJ, Sun YL, Zhou Q, Yang
JJ, Yang XN, Lin JX, Yan HH, Zhai HR, Yan LX, Liao RQ, Wu SP, Wu YL, Potential Predictive
Value of TP53 and KRAS Mutation Status for Response to PD-1 Blockade Immunotherapy in
Lung Adenocarcinoma, Clinical cancer research : an official journal of the American Association
for Cancer Research 23(12) (2017) 3012-3024.

Blons H, Garinet S, Laurent-Puig P, Oudart JB, Molecular markers and prediction of response to
immunotherapy in non-small cell lung cancer, an update, Journal of thoracic disease 11(Suppl 1)
(2019) S25-s36. [PubMed: 30775025]

Jay JJ, Brouwer C, Lollipops in the Clinic: Information Dense Mutation Plots for Precision
Medicine, PloS one 11(8) (2016) e0160519.

Miyauchi E, Matsuda T, Kiyotani K, Low SK, Hsu YW, Tsukita Y, Ichinose M, Sakurada A,
Okada Y, Saito R, Nakamura Y, Significant differences in T cell receptor repertoires in lung
adenocarcinomas with and without epidermal growth factor receptor mutations, Cancer science
110(3) (2019) 867-874. [PubMed: 30582659]

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

Page 12

Benitez A, Liu W, Palovcak A, Wang G, Moon J, An K, Kim A, Zheng K, Zhang Y, Bai F, Mazin
AV, Pei XH, Yuan F, Zhang Y, FANCA Promotes DNA Double-Strand Break Repair by
Catalyzing Single-Strand Annealing and Strand Exchange, Molecular cell 71(4) (2018) 621-
628.e4.

Ged Y, Chaim J, Knezevic A, Carlo MlI, Foster A, Feldman DR, Teo MY, Riaz N, Lee C-H, Patil
S, Chan T.A.-t., Hakimi AA, Motzer RJ, Voss MH, Alterations in DNA damage repair (DDR)
genes and outcomes to systemic therapy in 225 immune-oncology (10) versus tyrosine kinase
inhibitor (TKI) treated metastatic clear cell renal cell carcinoma (mccRCC) patients (pts), Journal
of Clinical Oncology 37(7_suppl) (2019) 551-551.

Sen T, Rodriguez BL, Chen L, Della Corte C, Morikawa N, Fujimoto J, Cristea S, Nguyen T,
Diao L, LiL, Fan, Yang Y, Wang J, Glisson BS, Wistuba Il, Sage J, Heymach JV, Gibbons DL,
Byers LA, Targeting DNA damage response promotes anti-tumor immunity through STING-
mediated T-cell activation in small cell lung cancer, Cancer discovery (2019).

Pilie PG, Tang C, Mills GB, Yap TA, State-of-the-art strategies for targeting the DNA damage
response in cancer, Nature reviews. Clinical oncology 16(2) (2019) 81-104.

Sekinaka Y, Mitsuiki N, Imai K, Yabe M, Yabe H, Mitsui-Sekinaka K, Honma K, Takagi M, Arai
A, Yoshida K, Okuno Y, Shiraishi Y, Chiba K, Tanaka H, Miyano S, Muramatsu H, Kojima S,
Hira A, Takata M, Ohara O, Ogawa S, Morio T, Nonoyama S, Common Variable
Immunodeficiency Caused by FANC Mutations, Journal of clinical immunology 37(5) (2017)
434-444. [PubMed: 28493158]

Ito S, D’Alessio AC, Taranova OV, Hong K, Sowers LC, Zhang Y, Role of Tet proteins in 5mC to
5hmC conversion, ES-cell self-renewal and inner cell mass specification, Nature 466(7310)
(2010) 1129-33. [PubMed: 20639862]

Chen Q, Chen Y, Bian C, Fujiki R, Yu X, TET2 promotes histone O-GIcNAcylation during gene
transcription, Nature 493(7433) (2013) 561-4. [PubMed: 23222540]

Solary E, Bernard OA, Tefferi A, Fuks F, Vainchenker W, The Ten-Eleven Translocation-2
(TET2) gene in hematopoiesis and hematopoietic diseases, Leukemia 28(3) (2014) 485-96.
[PubMed: 24220273]

Moran-Crusio K, Reavie L, Shih A, Abdel-Wahab O, Ndiaye-Lobry D, Lobry C, Figueroa ME,
Vasanthakumar A, Patel J, Zhao X, Perna F, Pandey S, Madzo J, Song C, Dai Q, He C, Ibrahim
S, Beran M, Zavadil J, Nimer SD, Melnick A, Godley LA, Aifantis I, Levine RL, Tet2 loss leads
to increased hematopoietic stem cell self-renewal and myeloid transformation, Cancer cell 20(1)
(2011) 11-24. [PubMed: 21723200]

Carty SA, Gohil M, Banks LB, Cotton RM, Johnson ME, Stelekati E, Wells AD, Wherry EJ,
Koretzky GA, Jordan MS, The Loss of TET2 Promotes CD8(+) T Cell Memory Differentiation,
Journal of immunology (Baltimore, Md. : 1950) 200(1) (2018) 82-91.

Fraietta JA, Nobles CL, Sammons MA, Lundh S, Carty SA, Reich TJ, Cogdill AP, Morrissette
JJD, DeNizio JE, Reddy S, Hwang Y, Gohil M, Kulikovskaya I, Nazimuddin F, Gupta M, Chen
F, Everett JK, Alexander KA, Lin-Shiao E, Gee MH, Liu X, Young RM, Ambrose D, Wang Y,
Xu J, Jordan MS, Marcucci KT, Levine BL, Garcia KC, Zhao Y, Kalos M, Porter DL, Kohli RM,
Lacey SF, Berger SL, Bushman FD, June CH, Melenhorst JJ, Disruption of TET2 promotes the
therapeutic efficacy of CD19-targeted T cells, Nature 558(7709) (2018) 307-312. [PubMed:
29849141]

Pan W, Zhu S, Qu K, Meeth K, Cheng J, He K, Ma H, Liao Y, Wen X, Roden C, Tobiasova Z,
Wei Z, Zhao J, Liu J, Zheng J, Guo B, Khan SA, Bosenberg M, Flavell RA, Lu J, The DNA
Methylcytosine Dioxygenase Tet2 Sustains Immunosuppressive Function of Tumor-Infiltrating
Myeloid Cells to Promote Melanoma Progression, Immunity 47(2) (2017) 284-297.e5.

Elashi AA, Sasidharan Nair V, Taha RZ, Shaath H, Elkord E, DNA methylation of immune
checkpoints in the peripheral blood of breast and colorectal cancer patients, Oncoimmunology
8(2) (2019) e1542918.

Figueroa ME, Abdel-Wahab O, Lu C, Ward PS, Patel J, Shih A, Li Y, Bhagwat N,
Vasanthakumar A, Fernandez HF, Tallman MS, Sun Z, Wolniak K, Peeters JK, Liu W, Choe SE,
Fantin VR, Paietta E, Lowenberg B, Licht JD, Godley LA, Delwel R, Valk PJ, Thompson CB,
Levine RL, Melnick A, Leukemic IDH1 and IDH2 mutations result in a hypermethylation

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

[46].

[47].

[48].

[49].

[50].

Page 13

phenotype, disrupt TET2 function, and impair hematopoietic differentiation, Cancer cell 18(6)
(2010) 553-67. [PubMed: 21130701]

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, Sun Y, Jacobsen A, Sinha R,
Larsson E, Cerami E, Sander C, Schultz N, Integrative analysis of complex cancer genomics and
clinical profiles using the cBioPortal, Science signaling 6(269) (2013) pl1.

Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, Jacobsen A, Byrne CJ, Heuer
ML, Larsson E, Antipin Y, Reva B, Goldberg AP, Sander C, Schultz N, The cBio cancer
genomics portal: an open platform for exploring multidimensional cancer genomics data, Cancer
discovery 2(5) (2012) 401-4. [PubMed: 22588877]

Campbell JD, Alexandrov A, Kim J, Wala J, Berger AH, Pedamallu CS, Shukla SA, Guo G,
Brooks AN, Murray BA, Imielinski M, Hu X, Ling S, Akbani R, Rosenberg M, Cibulskis C,
Ramachandran A, Collisson EA, Kwiatkowski DJ, Lawrence MS, Weinstein JN, Verhaak RG,
Wu CJ, Hammerman PS, Cherniack AD, Getz G, Artyomov MN, Schreiber R, Govindan R,
Meyerson M, Distinct patterns of somatic genome alterations in lung adenocarcinomas and
squamous cell carcinomas, Nature genetics 48(6) (2016) 607-16. [PubMed: 27158780]

Zehir A, Benayed R, Shah RH, Syed A, Middha S, Kim HR, Srinivasan P, Gao J, Chakravarty D,
Devlin SM, Hellmann MD, Barron DA, Schram AM, Hameed M, Dogan S, Ross DS, Hechtman
JF, DeLair DF, Yao J, Mandelker DL, Cheng DT, Chandramohan R, Mohanty AS, Ptashkin RN,
Jayakumaran G, Prasad M, Syed MH, Rema AB, Liu ZY, Nafa K, Borsu L, Sadowska J,
Casanova J, Bacares R, Kiecka 1J, Razumova A, Son JB, Stewart L, Baldi T, Mullaney KA, Al-
Ahmadie H, Vakiani E, Abeshouse AA, Penson AV, Jonsson P, Camacho N, Chang MT, Won
HH, Gross BE, Kundra R, Heins ZJ, Chen HW, Phillips S, Zhang H, Wang J, Ochoa A, Wills J,
Eubank M, Thomas SB, Gardos SM, Reales DN, Galle J, Durany R, Cambria R, Abida W,
Cercek A, Feldman DR, Gounder MM, Hakimi AA, Harding JJ, lyer G, Janjigian Y'Y, Jordan EJ,
Kelly CM, Lowery MA, Morris LGT, Omuro AM, Raj N, Razavi P, Shoushtari AN, Shukla N,
Soumerai TE, Varghese AM, Yaeger R, Coleman J, Bochner B, Riely GJ, Saltz LB, Scher HlI,
Sabbatini PJ, Robson ME, Klimstra DS, Taylor BS, Baselga J, Schultz N, Hyman DM, Arcila
ME, Solit DB, Ladanyi M, Berger MF, Mutational landscape of metastatic cancer revealed from
prospective clinical sequencing of 10,000 patients, Nature medicine 23(6) (2017) 703-713.

Jiao J, Jin'Y, Zheng M, Zhang H, Yuan M, Lv Z, Odhiambo W, Yu X, Zhang P, Li C, Ma Y, Ji Y,
AID and TET2 co-operation modulates FANCA expression by active demethylation in diffuse
large B cell lymphoma, Clinical and experimental immunology 195(2) (2019) 190-201.
[PubMed: 30357811]

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhao et al.

Page 14

Highlights
. 346 Lung Cancer patients including next generation sequencing data were
analyzed
. EGFR mutations were associated with shorter overall survival
. PD-L1 =50% was associated with longer overall survival
. TET2 muations was associated with longer overall survival
. TET2 mutations were mutually exclusive with FANCA gene mutations.

Lung Cancer. Author manuscript; available in PMC 2021 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Zhao et al.

A
1.00
=
3 0.75
[]
Eel
2
Q
g 0.50
2
=}
12} 0.25
0.00
0
No. at risk

PD-L1 Negative 72
PD-L1 1% - <50% 51
PD-L1250% 89

19

41

20
Time, mo

DN W

30

40

coo

2
3
[}
o
2
Q
T
e
&
-1
1]
No. at risk

EGFR negative 257 101 24 12 1
EGFR postive 50 14 4 0 0
1.00
2
3 075
©
Qo
2
Q
< 0.50
=
>
5
@ 025
0.00
0 10 20 30 40
Time, mo
No. at risk
TET2 negative 96 39 8 4 0
TET2 postive 12 7 1 0 0

Figure 1: PD-L1, EGFR and TET2 genomic alterations (GAs) with overall survival (OS).
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Survival curves of OS according to levels of PD-L1 (A), mutation status of EGFR (B), and

TET2 (C). The Kaplan Meier curves and Log-rank tests were performed using R.
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Figure 2. Top detected genomic alterations (GAs) and overall survival (OS)
Oncoplot showed clinical information and top detected genomic alterations in 346 patients

sorted by the rate of positive patients among tested patients (Mutation Positive %) with
results of Hazard Ratio (HR) and 95% confidence interval (CI) by univariate COX analysis
of overall survival (OS). Statistical analyses and data visualization were performed in R
(open source for statistical computing and data visualization).
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Figure 3: Overall survival (OS) with genetic alterations (GAs) of FANCA and CDKN2A/B.
Overall survival (OS) according to genomic alterations of CDKN2A/B loss (A) and FANCA

(B). The Kaplan Meier curves and Log-rank teste were performed using R.
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Table 1.

Baseline patient characteristics

Characteristics

No. (%)

Age, years, at ICls
<70

=70

Gender

Women

Men

Smoking status
Current

Former

Never

Histology

Lung adenocarcinoma

Lung squamous

Others?
EGFR
Positive
Negative
Total tested
PD-L1
Negative
1%-<50%
=>50%
Total tested
TMB

High
Interme ‘iat
Low

Total tested

182 (53)
164 (47)

160 (46)
186 (54)

33 (10)
211 (61)
102 (29)

257 (74)
67 (19)
22 ()

50 (16)
257 (84)
307

72 (34)

51 (24)

89 (42)
212

8 (15)

26 (50)

18 (35)
52

Page 18

a . . . . . . A -
Others included 9 poorly differentiated lung tumors including non-small cell carcinoma, not otherwise specified (NSCC-NOS), 4 large cell lung

cancer, 2 neuroendocrine tumors, 1 lung atypical carcinoid, 1 lung adenosquamous tumor, 1 basaloid squamous lung cancer, 1 mixed large cell with

neuroendocrine tumor, 1 lung giant cell carcinoma, 1 mixed lung adenocarcinoma with large cell neuroendocrine tumor, and 1 lung adenoid cystic

adenoid carcinoma.

Lung Cancer. Author manuscript; available in PMC 2021 August 01.
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Multivariate analysis of overall survival (OS)

All Cohort HR (95% CI for *p value
Age

<70 Reference

270 1.46 (0.62-3.46)  0.3841
Gender

Female Reference

Male 0.92 (0.41 -2.04) 0.8321
Histology

Adenocarcinoma Reference

Squamous 0.39 (0.08 - 1.82) 0.2291
Others 0.63 (0.11-3.70) 0.6081
Smoking Status

Never Reference

Current 0.68 (0.17 — 2.68) 0.5773
Former 1.00 (0.35-2.88) 0.9988
PD-L1

Negative Reference

1%-<50% 1.6 (0.63-4.2) 0.3170
=50% 0.19 (0.06 -0.59)  0.0037
Genomic alterations

CDKN2A/B 2/°5(0.73-6.95)  0.1572
EGFR ©.38(1.15-47.42) 0.0353
FANCA 2.31(0.59 -9.03) 0.2304
TET2 0.15 (0.03 - 0.90) 0.0381

*
Multivariate COX proportional hazards model.
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