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Background: Programmed cell death ligand 1 (PD-L1) tumor proportion score (TPS) is the primary clinically-available
biomarker of response to immunotherapy in non-small-cell lung cancer (NSCLC), but factors associated with PD-L1
expression are not well understood.
Materials and methods: Consecutive nonsquamous NSCLCs with successful PD-L1 assessment and targeted nextgeneration sequencing were included in this retrospective study. Clinicopathological characteristics, gene mutations,
and copy number changes in gene and chromosomal arms were compared among three PD-L1 expression groups:
negative (TPS < 1%), low (TPS 1%e49%), and high (TPS  50%). A Q-value <0.25 was considered signiﬁcant after
multiple comparisons correction.
Results: A total of 909 nonsquamous NSCLCs were included. High PD-L1 expression compared with low and negative
PD-L1 expression was associated with increased tobacco exposure (median pack-years: 25 versus 20 versus 20,
respectively; P ¼ 0.01), advanced stage at diagnosis (76% versus 67% versus 61% with advanced stage of disease,
respectively; P < 0.001), and higher tumor mutational burden (TMB) (median 12.2 versus 10.6 versus 10.6 mutations/
megabase, respectively; P < 0.001). Negative PD-L1 expression when compared with high PD-L1 expression was
associated with: mutations in STK11 (19% versus 5%; Q < 0.001), EGFR (22% versus 11%; Q < 0.001), CTNNB1 (4.3%
versus 0.4%; Q ¼ 0.04), APC (5% versus 1%; Q ¼ 0.17), and SMARCA4 (9% versus 4%; Q ¼ 0.20); copy number loss of
CD274 (PD-L1, 28% versus 6%; Q < 0.001), PDCD1LG2 (PD-L2, 28% versus 6%; Q < 0.001), and JAK2 genes (27%
versus 7%; Q < 0.001), loss of chromosomal arm 9p (23% versus 10%; Q ¼ 0.04), and gain of 1q (46% versus 21%;
Q < 0.001). High PD-L1 expression compared with negative PD-L1 expression was associated with copy number gain
of CD274 (11% versus 3%; Q ¼ 0.01) and PDCD1LG2 (11% versus 3%; Q ¼ 0.01). NSCLCs with CD274 loss, compared
with those without loss, had a lower response rate (23% versus 9%; P ¼ 0.006) and shorter progression-free survival
(3.3 versus 2.0 months; P ¼ 0.002) on immunotherapy.
Conclusions: PD-L1 expression is associated with speciﬁc genomic alterations and clinicopathologic characteristics in
nonsquamous NSCLC.
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INTRODUCTION
Treatment with immune checkpoint inhibitors (ICIs)
directed against programmed cell death 1 (PD-1) or its
ligand (PD-L1) improves survival in metastatic non-small-cell
lung cancer (NSCLC), but only a subset of patients beneﬁt
from treatment, and biomarkers of response to
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immunotherapy are limited.1 The PD-L1 tumor proportion
score (TPS), deﬁned as the percent of PD-L1-positive tumor
cells by immunohistochemistry, is the primary clinicallyavailable predictive factor of response to immunotherapy
in NSCLC, and increasing PD-L1 expression levels are associated with improved survival in patients treated with
immunotherapy.1,2 Despite the important impact of PD-L1
on immunotherapy efﬁcacy, the factors associated with its
expression are not well understood.
In various cancers, PD-L1 expression can be stimulated by
extrinsic factors such as interferon-gamma,3 or tumorintrinsic factors, including activation of the mammalian
target of rapamycin (mTOR) and mitogen-activated protein
https://doi.org/10.1016/j.annonc.2020.02.017
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kinase pathways,4,5 and transcriptional regulation of the
CD274 gene, which is located at chromosome 9p24.1 and
encodes PD-L1.6,7 In NSCLC, activating genomic alterations
in KRAS, EGFR, and ALK, and loss of PTEN can inﬂuence
PD-L1 expression.4,8e10 CD274 ampliﬁcation in NSCLC may
be associated with increased PD-L1 expression,11,12 while
STK11 mutations are associated with absence of PD-L1
expression and decreased response to immunotherapy.13
A deeper characterization of the factors associated with
PD-L1 expression can help elucidate mechanisms of primary
response or resistance to immunotherapy. We sought to
analyze clinicopathological and genomic factors associated
with PD-L1 expression in nonsquamous NSCLC.
MATERIALS AND METHODS
Clinicopathological data were collected from all consecutive
patients with nonsquamous NSCLC with successful PD-L1
assessment and targeted next generation sequencing
(NGS) through OncoPanel at the Dana-Farber Cancer Institute. Gene mutations and copy number changes in genes
and chromosomal arms were compared among PD-L1

expression groups. Gene mutations were ﬁltered by
considering only alterations annotated as oncogenic by
OncoKB. A Q-value <0.25 was considered signiﬁcant after
multiple comparisons correction. Signiﬁcant genomic alterations were tested as predictive factors in a cohort of
immunotherapy-treated patients. Detailed methods are
reported in the supplementary Materials, available at
Annals of Oncology online.
RESULTS
Clinicopathologic correlates of PD-L1 expression
A total of 909 patients with nonsquamous NSCLC with PDL1 assessment and successful targeted NGS were identiﬁed
and grouped into the following categories: PD-L1-negative
with a TPS <1% (N ¼ 304, 33%), PD-L1-low with a TPS
1%e49% (N ¼ 326, 36%), and PD-L1-high with a TPS 50%
(N ¼ 279, 31%) (Table 1). High PD-L1 tumors, compared
with low and negative PD-L1 tumors, were more commonly
diagnosed at an advanced stage at diagnosis (stage IIIBeIV:
76% versus 67% versus 61%, respectively; P < 0.001) and

Table 1. Patient characteristics by PD-L1 expression groups

N ¼ 909
Sex (n)
Male (360)
Female (549)
Age at diagnosis (years)
Median (range)
Smoking status (n)
Never (185)
Current/former (724)
Pack-years
Median (IQR)
ECOG PS (n)
0e1 (693)
2 (133)
Stage at diagnosis (n)
I-IIIA (297)
IIIB-IV (612)
Histology (n)
Adenocarcinoma (851)
Other (58)
Biopsy tumor site (n)
Primary (424)
Metastasis (485)
Tissue of origin (n)
Lung (446)
Lymph node (175)
Pleural/pericardium (90)
Bone (41)
Liver (40)
Brain (64)
Adrenal gland (18)
Other (35)
Timing of biopsy
At diagnosis
After ﬁrst line of treatment
After second or further line of treatment
TMB (Mut/Mb)
Median (IQR)

PD-L1 <1%

PD-L1 1%e49%

PD-L1 ‡50%

304 (33%)

326 (36%)

279 (31%)

125 (41%)
179 (59%)

130 (40%)
196 (60%)

105 (38%)
174 (62%)

66 (35e91)
68 (22%)
236 (78%)
20 (1.2e40.0)

64 (22e88)
68 (21%)
258 (79%)
20 (3.5e37.0)

P

0.69

67 (29e92)

0.21

49 (18%)
230 (82%)

0.34

25 (7.5e40.5)

0.01

228 (84%)
42 (16%)

255 (84%)
49 (16%)

212 (83%)
42 (17%)

0.95

120 (39%)
184 (61%)

109 (33%)
217 (67%)

68 (24%)
211 (76%)

<0.001

287 (94%)
17 (6%)

311 (95%)
15 (5%)

253 (91%)
26 (9%)

0.047

150 (49%)
154 (51%)

148 (45%)
178 (55%)

126 (45%)
153 (55%)

0.51

152
57
24
14
16
26
7
8

164
61
34
15
14
17
9
12

130
57
32
12
10
21
2
15

(48%)
(20%)
(11%)
(4%)
(4%)
(7%)
(1%)
(5%)

0.55

0.31

(50%)
(19%)
(8%)
(5%)
(5%)
(8%)
(2%)
(3%)

(50%)
(19%)
(10%)
(5%)
(4%)
(5%)
(3%)
(4%)

253 (83%)
28 (9%)
23 (8%)

279 (86%)
24 (7%)
23 (7%)

247 (88%)
21 (8%)
11 (4%)

10.6 (7.3e14.5)

10.6 (6.8e15.2)

12.2 (8.4e18.2)

<0.001

ECOG PS, Eastern Cooperative Oncology Group Performance Status; IQR, interquartile range; Mut/Mb, mutations per megabase; PD-L1, programmed-death ligand 1; TMB, tumor
mutational burden.
P values <0.05 are indicated in bold and italics.
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had greater tobacco exposure [median pack-years (range):
25 (7.5e40.5) versus 20 (3.5e37.0) versus 20 (1.2e40.0),
respectively; P ¼ 0.01, Table 1], with a slight correlation
between tobacco pack-years and PD-L1 TPS {r ¼ 0.08
[95% conﬁdence interval (CI): 0.01e0.14]; P ¼ 0.02;
supplementary Figure S1, available at Annals of Oncology
online}. Nonsquamous tumors with non-adenocarcinoma
histology were more common in the high PD-L1 group
compared with the low and negative PD-L1 groups (nonadenocarcinoma: 9% versus 5% versus 6%, respectively; P ¼
0.04). Pleomorphic carcinoma histology was enriched in the
PD-L1-high group compared with the PD-L1-low and
-negative groups (3% versus 1% versus 0%, respectively; P ¼
0.006) (supplementary Table S1, available at Annals of
Oncology online).

Mutational correlates of PD-L1 expression
The 25 most frequently altered genes in the overall cohort
(including oncogenic mutations, deep deletions in tumor
suppressors, and high ampliﬁcation in oncogenes) grouped
by PD-L1 expression levels, are summarized in
supplementary Figure S2, available at Annals of Oncology
online. The median TMB was signiﬁcantly higher in the PDL1-high group than in the PD-L1-low and -negative groups
[median (interquartile range) 12.2 mut/Mb (8.4e18.2)
versus 10.6 mut/Mb (6.8e15.2) versus 10.6 mut/Mb (7.3e
14.5), respectively; P < 0.001] (supplementary Figure S3A,
available at Annals of Oncology online), with a modest but
signiﬁcant linear correlation between TMB and PD-L1 TPS
[r ¼ 0.12 (95% CI: 0.05e0.18); P < 0.001] (supplementary
Figure S3B, available at Annals of Oncology online). Because
the higher TMB in the PD-L1-high group could introduce a
bias in our mutational frequency analysis, a permutation
test was performed to control for the confounding

difference in mutation rate observed between different PDL1 expression groups to minimize this bias (see detailed
Methods, available at Annals of Oncology online).
The PD-L1-negative group, compared with the PD-L1high group, was, respectively, enriched for mutations in
STK11 (19% versus 6%; P < 0.001), EGFR (22% versus 11%;
P < 0.001), CTNNB1 (4% versus 0.4%; P < 0.001), APC
(5% versus 1%; P ¼ 0.005), SMARCA4 (9% versus 4%; P ¼
0.007), and RB1 (4% versus 1%; P ¼ 0.018) (Figure 1A and
B). After correcting for multiple comparisons, STK11
(Q < 0.001), EGFR (Q < 0.001), CTNNB1 (Q ¼ 0.04), APC
(Q ¼ 0.17), and SMARCA4 (Q ¼ 0.20) retained a signiﬁcant
association with PD-L1 negativity (Figure 1A). By contrast,
the PD-L1 high group, compared with the PD-L1-negative
group, was associated with mutations in TP53 (48% versus
33%; P ¼ 0.009), EP300 (3% versus 0.3%; P ¼ 0.01), MET
(7% versus 2%; P ¼ 0.01), and CDKN2A (9% versus 3%;
P ¼ 0.02) (Figure 1A and B). After correcting for multiple
comparisons, none of these enrichments retained signiﬁcance (Figure 1A).

PD-L1 expression in oncogenic driver subgroups
Because there is an interest in understanding whether
NSCLCs with speciﬁc oncogenic driver mutations respond
differently to immunotherapy,14 we also conducted a PD-L1
expression analysis focused on oncogenes, without performing permutation testing and correction for multiple
comparisons. The PD-L1-high group, when compared with
the PD-L1-low and PD-L1-negative groups, was, respectively,
associated with KRAS mutations (44% versus 32% versus
33%; P ¼ 0.004), BRAF V600E mutations (3% versus 1%
versus 0.3%; P ¼ 0.023), and MET exon 14 skipping alterations (7% versus 4% versus 2%; P ¼ 0.018). Conversely,
EGFR mutations were associated with PD-L1 negativity

Figure 1. Gene mutations associated with programmed cell death ligand 1 (PD-L1) expression levels.
(A) Oncogenic mutations associated with programmed cell death ligand 1 (PD-L1) expression levels by permutation test (by P value and by Q value after correction for
multiple comparisons). Points annotated with a gene name label have a P-value <0.05, and blue shading highlights genes with a Q-value <0.25. (B) Frequency of
oncogenic gene mutations signiﬁcantly associated (P < 0.05) with PD-L1 <1% (upper row) and with PD-L1 50% (lower row), ranked by decreasing signiﬁcance of
association.
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when compared with the PD-L1-low and PD-L1-high groups
(22% versus 21% versus 11%; P < 0.001) (supplementary
Figure S4, available at Annals of Oncology online).
Co-occurring mutation analysis
We next examined whether commonly co-occurring mutations impacted PD-L1 expression levels. Since KRAS mutations often co-occur with STK11 and TP53 mutations in
nonsquamous NSCLC15 and each of these genes was associated with PD-L1 expression in our analysis, we evaluated
the association between co-occurring mutations and PD-L1
expression levels (supplementary Table S2, available at
Annals of Oncology online). In KRAS-mutant tumors, a
concurrent STK11 mutation was associated with PD-L1
negativity (PD-L1 negativity: 37% in STK11 wild-type
versus 80% STK11-mutant; P < 0.001). By contrast, in
STK11-mutant NSCLC, KRAS mutational status did not
impact PD-L1 expression (PD-L1 negativity: 81% in KRAS
wild-type versus 80% in KRAS-mutant; P ¼ 1.000). However,
among STK11 wild-type tumors, KRAS mutations were
associated with high PD-L1 expression (high PD-L1: 63% in
KRAS-mutant versus 45% in KRAS wild-type; P < 0.001). This
suggests that STK11 mutation is associated with PD-L1
negativity regardless of KRAS mutation status, while KRAS
mutation impacts PD-L1 expression mainly in STK11-wildtype tumors. Similarly, among KRAS-mutant tumors, TP53
co-mutation was associated with high PD-L1 expression
(high PD-L1: 77% in TP53 mutant versus 45% in TP53-wildtype; P < 0.001).
Since EGFR mutation was associated with low PD-L1 and
TP53 was associated with high PD-L1, we tested the

interaction between these commonly co-occurring mutations.15 Among EGFR-mutant tumors, there was no difference in the proportion of PD-L1-high samples with or
without concurrent TP53 (40% versus 23%, respectively;
P ¼ 0.083, supplementary Table S2, available at Annals of
Oncology online).
Gene copy number variations
We next examined gene copy number variations (CNVs)
including shallow deletions, deep deletions, low gains, and
ampliﬁcations by PD-L1 expression level (detailed in the
supplementary Figure S5, available at Annals of Oncology
online). Because CNV assessment is limited in samples with
low tumor purity,16 cases with <20% tumor content were
excluded, leaving 873 of the 909 sequenced cases (96%)
available for CNV analysis. There were no signiﬁcant differences in tumor content among the PD-L1 expression
groups (supplementary Figure S6A, available at Annals of
Oncology online). PD-L1-negative tumors were more likely
to have a greater number of CNVs than PD-L1-high tumors
[median (interquartile range) number of CNVs per tumor
37 (6e64) versus 20 (4e53), respectively, P ¼ 0.003,
supplementary Figure S6B, available at Annals of Oncology
online]. The PD-L1-negative group, compared with the
PD-L1 high group was, respectively, associated with copy
number loss of CD274 (28% versus 6%; Q < 0.001),
PDCD1LG2 (28% versus 6%; Q < 0.001), and JAK2 (27%
versus 7%; Q < 0.001) (Figure 2). Loss of the 9p24.1 chromosomal locus (deﬁned as concurrent loss of CD274,
PDCD1LG2, and JAK2) was signiﬁcantly associated with the
PD-L1-negative group compared with the PD-L1-high group

Figure 2. Chromosomal arm and gene copy number variations associated with programmed cell death ligand 1 (PD-L1) expression levels (Q < 0.25).
Chromosomal arm copy changes associated with PD-L1 expression levels are listed in rank order of signiﬁcance. Within each chromosomal arm, individual genes with
copy number variations (CNVs) associated with PD-L1 expression are then ranked by their level of signiﬁcance. Only chromosomal arms with at least two signiﬁcantly
enriched genes are displayed.
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(25% versus 6%, respectively; P < 0.001) (supplementary
Figure S7A, available at Annals of Oncology online).
Among the gene copy gains most signiﬁcantly enriched in
PD-L1-high tumors compared with PD-L1-negative tumors
there were CD274 (11% versus 3%; Q ¼ 0.01), PDCD1LG2
(11% versus 3%; Q ¼ 0.01), and JAK2 (9% versus 3%; Q ¼
0.05) (Figure 2). Copy number gain of the 9p24.1 chromosomal locus (deﬁned as co-gain of CD274, PDCD1LG2, and
JAK2) was more commonly detected in PD-L1-high NSCLC
compared with PD-L1-negative NSCLC (9% versus 3%,
respectively; P ¼ 0.004) (supplementary Figure S7B, available at Annals of Oncology online). When using more
stringent criteria to include only those genes with either
two-copy deletion or high-level ampliﬁcation call, only
CDKN2A and CDKN2B two-copy deletion were signiﬁcantly
associated with absence of PD-L1 expression (CDKN2A
deleted in 13% of PD-L1-negative versus 5% of PD-L1-high
tumors, Q ¼ 0.05; CDKN2B deleted in 11% of PD-L1negative versus 4% of PD-L1-high tumors; Q ¼ 0.05)
(supplementary Figure S8, available at Annals of Oncology
online).
Arm-level CNVs
We also analyzed the association of chromosomal arm-level
copy number changes and PD-L1 expression levels. Data
were available for 446 samples (49%) for this analysis. The
absence of PD-L1 expression, compared with high PD-L1
expression, was associated with loss of the 9q (24%
versus 10%; Q ¼ 0.04), 9p (23% versus 10.1%; Q ¼ 0.05), 6q
(22% versus 10%; Q ¼ 0.07), and 19p arms (26% versus
13%; Q ¼ 0.07), and gain of the 1q (46% versus 21%;
Q < 0.001) (supplementary Figure S9, available at Annals of
Oncology online). Only 18q arm-level loss was associated
with the PD-L1-high group when compared with the PD-L1negative group (36% versus 24%; Q ¼ 0.15), but this result
may be limited by a relative paucity of gene coverage on
this particular gene arm. Frequencies of the signiﬁcantly
associated arm-level copy number changes are shown in
supplementary Figure S10, available at Annals of Oncology
online.
When considering whole chromosome copy number
changes, we found that PD-L1-negative tumors compared
with the PD-L1 high tumors were associated with gains of
chromosome 20 (20% versus 5%; Q ¼ 0.006) and loss of
chromosome 9 (15% versus 4%; Q ¼ 0.05) (supplementary
Figure S11, available at Annals of Oncology online), while
there were no signiﬁcant enrichments in the PD-L1-high
group.
Multivariable analysis
We then ﬁtted clinicopathological characteristics and mutations signiﬁcantly associated with PD-L1 expression by a
permutation test in a multivariable model. High PD-L1
expression was associated with advanced stage at diagnosis [odds ratio (OR): 2.48 (95% CI: 1.67e3.67); P < 0.001]
and higher TMB [OR: 1.02 (95% CI: 1.01e1.05); P ¼ 0.04],
while the absence of PD-L1 expression was associated with
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STK11 mutation [OR: 0.19 (95% CI: 0.10e0.37); P < 0.001],
EGFR mutation [OR: 0.30 (95% CI: 0.18e0.49); P < 0.001],
CTNNB1 mutation [OR: 0.10 (95% CI: 0.01e0.83); P ¼ 0.03],
APC mutation [OR: 0.28 (95% CI: 0.09e0.90); P ¼ 0.03],
and SMARCA4 mutation [OR: 0.35 (95% CI: 0.16e0.76);
P ¼ 0.008] (supplementary Table S3, available at Annals of
Oncology online).
Because NSCLCs with very high PD-L1 expression (TPS 
90%) might be more responsive to treatment with PD-1
inhibitors than NSCLC with TPS 50%e89%,2 we also
compared clinicopathological and genomic features in
NSCLC with PD-L1 TPS < 1% versus 90% (N ¼ 118,
supplementary Table S4, available at Annals of Oncology
online). Overall, we noted that associations in terms of gene
mutations (supplementary Figure S12A, available at Annals
of Oncology online), gene CNVs (supplementary
Figure S12B, available at Annals of Oncology online), and
arm-level CNVs (supplementary Figure S12C, available at
Annals of Oncology online), and their ﬁt in a multivariable
analysis (supplementary Table S5, available at Annals of
Oncology online), were similar to the analysis comparing
PD-L1 TPS < 1% versus 50% tumors (supplementary text,
available at Annals of Oncology online).
Impact on outcomes to immunotherapy
Among a cohort of 486 patients with nonsquamous NSCLC
treated with ICIs (supplementary Table S6, available at
Annals of Oncology online), we evaluated the predictive
value of the genomic alterations we identiﬁed that were
associated with PD-L1 expression. Patients whose tumors
had CD274 copy loss compared with those without loss,
respectively, showed signiﬁcantly lower objective response
rates [ORR 9% (95% CI: 3e18) versus 23% (95% CI: 19e27);
P ¼ 0.006] and signiﬁcantly shorter median progressionfree survival [mPFS 2.0 versus 3.3 months, HR: 1.52 (95%
CI: 1.17e1.99); P ¼ 0.002], while there was no difference in
median overall survival (mOS) (Figure 3). Similar results
were seen in NSCLCs with 9p24.1 loss and chromosomal
arm 9p loss (supplementary Figure S13A and B, available at
Annals of Oncology online). By contrast, ORR was similar in
tumors with and without CD274 copy number gain [ORR:
24% (95% CI: 11e42) versus 20% (95% CI: 17e25),
respectively; P ¼ 0.656]. Patients with EGFR-mutant
compared with EGFR-wild-type tumors treated with ICIs
had, respectively, signiﬁcantly shorter mPFS [1.5 versus 3.4
months, HR: 2.20 (95% CI: 1.59e3.05); P < 0.001] and mOS
[3.8 versus 12.0 months, hazard ratio (HR): 1.82 (95% CI:
1.29e2.55); P < 0.001] (supplementary Figure S13C, available at Annals of Oncology online), despite a similar ORR.
Similarly, patients with STK11-mutant compared with those
with STK11-wild-type tumors had a signiﬁcantly shorter
mPFS [2.1 versus 3.0 months, HR: 1.41 (95% CI: 1.06e1.87);
P ¼ 0.02] and mOS [8.9 versus 11.7, HR: 1.37 (95% CI:
1.00e1.87); P ¼ 0.05] (supplementary Figure S13D, available at Annals of Oncology online), while ORR was not
signiﬁcantly different. We found no statistically signiﬁcant
difference in mPFS or mOS among patients with or without
https://doi.org/10.1016/j.annonc.2020.02.017
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PD-L1 tumor proportion score

Figure 3. Correlation of CD274 gene copy loss with programmed cell death ligand 1 (PD-L1) expression and outcomes to immune checkpoint inhibition in non-small
cell lung cancer.
(A) Frequency of CD274 copy loss across PD-L1 expression levels, (B) response rate, (C) Kaplan-Meier estimates of progression-free survival, and (D) overall survival in
the groups without and with CD274 copy loss.
CI, conﬁdence interval; HR, hazard ratio; OS, overall survival.

other aforementioned genomic alterations, although these
analyses may be limited by small sample sizes for these
molecular subsets (supplementary Figure S14, available at
Annals of Oncology online).
After adjusting for potential confounding factors, an
objective response to ICIs was signiﬁcantly associated with
higher PD-L1 expression and TMB, but not with CD274 copy
loss (supplementary Table S7, available at Annals of Oncology
online). PFS was signiﬁcantly associated with EGFR mutation
[HR: 2.03 (95% CI: 1.29e3.19); P ¼ 0.002], PD-L1 expression
[HR: 0.41 (95% CI: 0.28e0.62); P < 0.001], and TMB [HR: 0.97
(95% CI: 0.95e0.99); P ¼ 0.002] (supplementary Table S8,
available at Annals of Oncology online), while OS was
signiﬁcantly associated with PD-L1 expression [HR:0.59 (95%
CI: 0.38e0.93); P ¼ 0.02] (supplementary Table S9, available
at Annals of Oncology online).
DISCUSSION
Expression of PD-L1 in NSCLC is highly variable, but our
understanding of factors related to different PD-L1 levels is
very limited. We took a comprehensive, unbiased approach,
to examine the clinical factors and genomic alterations,
812
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including mutations and CNVs, that are associated with
different levels of PD-L1 expression. We found that high
PD-L1 expression is associated with tobacco exposure,
advanced stage at diagnosis, a higher TMB, and gain of
CD274 chromosomal locus 9p24.1. Conversely, PD-L1
negativity is associated with mutations in EGFR, STK11,
CTNNB1, APC, and SMARCA4, as well as gene copy loss of
CD274, PDCD1LG2, and JAK2, loss of the chromosomal locus
9p24.1, loss of chromosomal arm 9p, and gain of the
chromosomal arm 1q.
In addition to conﬁrming previously-reported ﬁndings
that NSCLCs with STK11 or EGFR mutations are more likely
to have absent PD-L1 expression and are less likely to
respond to immunotherapy,13,17 our study identiﬁed a novel
genomic association, to our knowledge, of oncogenic mutations in CTNNB1 and APC with absent PD-L1 expression in
NSCLC. CTNNB1 and APC, which encode b-catenin and
adenomatous polyposis coli, respectively, are key components of the Wnt signaling pathway, which has been
implicated in hampering the antitumor immune response18
and promoting an immunologically ‘cold’ tumor microenvironment, characterized by T cell exclusion and low PD-L1
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expression.19 CTNNB1 mutations can drive primary and
acquired resistance to ICIs,20,21 while b-catenin inhibition
promotes T cell inﬁltration, suggesting that Wnt pathway
inhibitors might enhance the efﬁcacy of ICIs by promoting
T cell inﬁltration into tumors.22 Although we did not see an
association of CTNNB1 or APC mutations with immunotherapy efﬁcacy, the sample size in these two groups was
small (N  15).
Ampliﬁcation of CD274 (6 gene copies), was previously
reported to occur in 0.6% of lung adenocarcinomas,11 while
in another study, 9p24.1 chromosomal locus ampliﬁcation
(3 copies) was found in 5.7% (N ¼ 5/94) of resected
NSCLCs.12 In our study, the prevalence of copy number gain
of CD274 and 9p24.1 was 6% and 5%, respectively, and both
alterations were associated with high PD-L1 expression.
Similarly, PD-L1 negativity was signiﬁcantly associated
with CD274 copy loss (18%) and 9p24.1 loss (16%). Loss of
CD274 in our study was associated with impaired efﬁcacy of
immunotherapy in NSCLC, and, if conﬁrmed in larger
studies, this might serve as a genomic biomarker to identify
patients who are less likely to beneﬁt from PD-1 inhibition.
Our study has several limitations. First, CNV analysis can
be challenging using targeted NGS, since NSCLC samples are
often obtained with low tumor cellularity.16 The absence of
signiﬁcant difference in tumor content in the three PD-L1
expression groups makes it unlikely for tumor content to
affect CNV analysis. Because NGS covers only a small fraction of the genome, we cannot afﬁrm with certainty if
speciﬁc CNV associations are biologically relevant or are
simply passenger alterations adjacent to genomic regions
with actual signiﬁcance. Furthermore, arm-level CNV analysis may be limited for chromosomal arms with low
coverage on each NGS panel. The probability of including
germline variants in the analysis, given the lack of matched
germline DNA testing in the OncoPanel NGS platform, was
greatly reduced by ﬁltering only for oncogenic mutations.
In conclusion, we report that PD-L1 expression is associated with well-deﬁned clinicopathological and genomic
characteristics. Additional work exploring the mechanistic
links between tumor genotype and PD-L1 immunophenotype is warranted. These ﬁndings will help design strategies
to improve outcomes on immunotherapy in NSCLC. Larger
studies correlating immunotherapy response with less
common NSCLC genotypes, such as mutation of CTNNB1
and APC, and loss of CD274, among others, will be necessary to determine their relevance as predictive biomarkers
for ICIs.
FUNDING
None declared.
DISCLOSURE
MN: Consultant: Daiichi Sankyo, AstraZeneca; Research
grant to the institution: Merck, AstraZeneca, Canon Medical
Systems, Honorarium from Roche. LMS: Honorarium from
AZD; Consultant: LOXO; Research funding to the Institution:
Roche/Genentech. MMA: Consultant/advisory board: BMS,
Volume 31

-

Issue 6

-

2020

AstraZeneca, Achilles, AbbVie, Neon, Maverick, Nektar,
Hegrui, Syndax, Gritstone; Research funding: BMS, AstraZeneca, Lilly, Genentech. MLM: Consultant/advisory board/
equity holder: OrigiMed; Research funding: Bayer Pharmaceuticals; inventor of a patent for EGFR mutation diagnosis
in lung cancer, licensed to LabCorp. ADC: Research funding:
Bayer Pharmaceuticals. GL, LFS, YL, BR, GR, RU declare no
conﬂicts of interest.
REFERENCES
1. Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab versus
chemotherapy for PD-L1epositive nonesmall-cell lung cancer. N Engl J
Med. 2016;375(19):1823e1833.
2. Aguilar EJ, Ricciuti B, Gainor JF, et al. Outcomes to ﬁrst-line pembrolizumab in patients with non-small cell lung cancer and very high
PD-L1 expression. Ann Oncol. 2019;30:1653e1659.
3. Garcia-Diaz A, Shin DS, Moreno BH, et al. Interferon receptor signaling
pathways regulating PD-L1 and PD-L2 expression. Cell Rep. 2017;19(6):
1189e1201.
4. Lastwika KJ, Wilson W, Li QK, et al. Control of PD-L1 expression by
oncogenic activation of the AKTemTOR pathway in nonesmall cell
lung cancer. Cancer Res. 2016;76(2):227e238.
5. Sumimoto H, Takano A, Teramoto K, Daigo Y. RAS-mitogen-activated
protein kinase signal is required for enhanced PD-L1 expression in
human lung cancers. PLoS One. 2016;11(11):e0166626.
6. Casey SC, Tong L, Li Y, et al. MYC regulates the antitumor immune
response through CD47 and PD-L1. Science. 2016;352(6282):227e231.
7. Kataoka K, Shiraishi Y, Takeda Y, et al. Aberrant PD-L1 expression
through 30 -UTR disruption in multiple cancers. Nature.
2016;534(7607):402e406.
8. Coelho MA, de Carné Trécesson S, Rana S, et al. Oncogenic RAS
signaling promotes tumor immunoresistance by stabilizing PD-L1
mRNA. Immunity. 2017;47(6):1083e1099.e6.
9. Ota K, Azuma K, Kawahara A, et al. Induction of PD-L1 expression by
the EML4-ALK oncoprotein and downstream signaling pathways in
non-small cell lung cancer. Clin Cancer Res. 2015;21(17):4014e4021.
10. Xu C, Fillmore CM, Koyama S, et al. Loss of Lkb1 and Pten leads to lung
squamous cell carcinoma with elevated PD-L1 expression. Cancer Cell.
2014;25(5):590e604.
11. Goodman AM, Piccioni D, Kato S, et al. Prevalence of PDL1 ampliﬁcation and preliminary response to immune checkpoint blockade in
solid tumors. JAMA Oncol. 2018;4(9):1237e1244.
12. Ikeda S, Okamoto T, Okano S, et al. PD-L1 is upregulated by simultaneous ampliﬁcation of the PD-L1 and JAK2 genes in non-small cell lung
cancer. J Thorac Oncol. 2016;11(1):62e71.
13. Skoulidis F, Goldberg ME, Greenawalt DM, et al. STK11/LKB1 mutations
and PD-1 inhibitor resistance in KRAS-mutant lung adenocarcinoma.
Cancer Discov. 2018;8(7):822e835.
14. 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(8):
1321e1328.
15. Collisson EA, Campbell JD, Brooks AN, et al. Comprehensive molecular
proﬁling of lung adenocarcinoma. Nature. 2014;511(7511):543e550.
16. Sholl LM, Do K, Shivdasani P, et al. Institutional implementation of
clinical tumor proﬁling on an unselected cancer population. JCI Insight.
2016;1:e87062.
17. Gainor JF, Shaw AT, Sequist LV, et al. EGFR mutations and ALK rearrangements are associated with low response rates to PD-1 pathway
blockade in non-small cell lung cancer: a retrospective analysis. Clin
Cancer Res. 2016;22(18):4585e4593.
18. Wang B, Tian T, Kalland KH, Ke X, Qu Y. Targeting Wnt/b-catenin
signaling for cancer immunotherapy. Trends Pharmacol Sci. 2018;39(7):
648e658.
19. Luke JJ, Bao R, Sweis RF, Spranger S, Gajewski TF. WNT/b-catenin
pathway activation correlates with immune exclusion across human
cancers. Clin Cancer Res. 2019;25(10):3074e3083.

https://doi.org/10.1016/j.annonc.2020.02.017

813

G. Lamberti et al.

Annals of Oncology
20. Harding JJ, Nandakumar S, Armenia J, et al. Prospective genotyping of
hepatocellular carcinoma: clinical implications of next-generation
sequencing for matching patients to targeted and immune therapies.
Clin Cancer Res. 2019;25(7):2116e2126.
21. Klempner SJ, Schrock AB, Ali SM, Kubicky CD, Taylor MH. Acquired
CTNNB1 mutation drives immune checkpoint inhibitoreacquired

814

https://doi.org/10.1016/j.annonc.2020.02.017

resistance in a microsatellite instabilityehigh gastroesophageal
adenocarcinoma with brain metastases. JCO Precis Oncol. 2019;3:1e6.
22. Ganesh S, Shui X, Craig KP, et al. RNAi-mediated b-catenin inhibition
promotes T cell inﬁltration and antitumor activity in combination
with immune checkpoint blockade. Mol Ther. 2018;26(11):2567e
2579.

Volume 31

-

Issue 6

-

2020

