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ABSTRACT

Assessment of programmed cell death-ligand 1 (PD-L1)
expression by immunohistochemistry (IHC) is the definite
diagnostic test to guide treatment for patients with
advanced-stage non-small cell lung cancer. Intratumoral
heterogeneity and discrepancy of PD-L1 expression
between primary and metastatic lesions may increase

the risk of tumor misclassification. We performed a
retrospective study of the Foundation Medicine, Inc clinical
database on lung cancer cases that were evaluated

for PD-L1 expression by IHC in the context of routine

care. All cases were assessed with the Food and Drug
Administration-approved 22C3 pharmDx assay and scoring
system. 15,028 lung cancer cases, including 8285 primary
tumors and 6743 unmatched metastatic lesions were
analyzed. Metastatic lesions (mets) were more frequently
high positive (tumor proportion score (TPS) >50%) for
PD-L1 expression than primary lesions (33.8% vs 28.4%;
OR, 1.28; 95% Cl, 1.19 to 1.37; p<0.001). Higher levels

in mets than primaries were seen in samples from lymph
nodes, pleural fluid, soft tissue and adrenal gland but not
in those from liver, brain and bone. Metastatic lesions of
patients with non-squamous histology were more likely

to have TPS >50% in comparison with primary (OR, 1.37;
95% Cl, 1.27 to 1.49; p<0.001), but this was not the case
for patients with squamous histology (OR, 0.89; 95% Cl,
0.74 10 1.06; p=0.197). PD-L1 expression varies with
respect to histologic subtype, sampling site and gender,
but is generally higher in metastatic sites. This observation
may affect future patient management and trial design.

BACKGROUND

Many patients with non-small cell lung cancer
(NSCLC) lack targetable driver mutations
and so, immunotherapy has become inte-
grated into their first-line therapeutic options.
KEYNOTE-024 trial showed that patients
with high programmed death-ligand 1 (PD-
L1) expression and tumor proportion score
(TPS) 250% have significantly improved clin-
ical outcomes when treated with pembroli-
zumab monotherapy." Anti-programmed cell
death protein 1 (PD-1) therapy has, therefore,
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established PD-L1 expression assessment by
immunohistochemistry (IHC) as routine
practice in lung cancer as well as other tumor
types. Despite its promising applications,
detection of PD-L1 expression varies among
different sampling sites, complicating thera-
peutic decisions.”™ Intratumoral heteroge-
neity and discrepancy of PD-L1 expression
between primary and metastatic lesions have
been reported in several studies.” ° In the
clinical setting, metastatic sites are often the
only accessible source for PD-L1 evaluation.
Hence, validation of the concordance in
PD-L1 TPS between primary and metastatic
sites is necessary to eliminate the risk of tumor
misclassification.® Here, we used the Founda-
tion Medicine, Inc (FMI) PD-L1 IHC data-
base to assess real-world potential differences
in PD-L1 protein expression, as measured by
PD-L1 TPS, between primary and metastatic
lesions of patients with lung cancer. For our
comparisons we used the 250% cut-off, as this
has been previously shown to have the highest
level of reproducibility between pathologists.7

METHODS

Approval for this study, including a waiver of
informed consent and a HIPAA waiver of autho-
rization, was obtained from the Western Institu-
tional Review Board (Protocol No. 20152817).
A retrospective data analysis of the FMI clinical
database was conducted on lung cancer cases
that were assessed for PD-L1 expression in the
context of routine care. All samples were stained
with the PD-L1 IHC 22C3 pharmDx assay at
FMI North Carolina laboratory. PD-L1 expres-
sion was evaluated and scored with the TPS
scoring methodology: TPS=Number of PD-L1
positive tumor cells/ (Total number of PD-L1
positive + PD-L1 negative tumor cells) x 100%.
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A tumor was considered PD-L1 high if TPS =50%. Multi-
variable logistic-regression models were used to examine
the relationship between PD-L1 expression level and other
variables including age, gender, sampling site and histologic
subtype. Since this is a real-world dataset, outcome variables
and some clinical variables like stage and grade were not
collected by the FMI lab since that is not required to provide
clinical testing.

From the eight different subtypes, we focused on
two; lung squamous cell carcinoma (LUSC) and non-
squamous NSCLC that includes lung adenocarcinoma,
NSCLC not otherwise specified and lung large cell carci-
noma. In all tests, two-sided p values of <0.05 were consid-
ered significant. Statistical analysis was conducted using
Prism V.8 software and RStudio V.4.0.1.

RESULTS

A total of 15,028 samples from 7599 male and 7429 female
patients with lung cancer, with a median age of 68 years
(range 19-90) were analyzed; 8285 samples were from
primary and 6743 from metastatic lesions, representing
55 different metastatic sites (table 1). In general, samples
obtained from metastatic lesions were more likely to be
PD-L1 high compared with those from the primary site
(33.8% vs 28.4%; OR, 1.28; 95% CI, 1.19 to 1.37; p<0.001;
table 2, figure 1A). The absolute difference between the rate
of PD-L1 high patients when PD-L.1 TPS was measured at a
metastatic site, and the average rate of PD-L1 high patients
in the study population, when PD-L1 TPS was measured
at both primary and metastatic sites, was 2.9% (33.8% vs
30.8%; 95% CI, 1.6% to 4.3%). Substantial heterogeneity
was observed across different metastatic sites. Among the
eight most common metastatic sites, high PD-L1 expres-
sion was, statistically significantly, more frequent in samples
obtained from lymph nodes (OR, 1.58; 95% CI, 1.43 to
1.74; p<0.001), pleural fluid (OR, 1.48; 95% CI, 1.23 to
1.78; p<0.001), soft tissue (OR, 1.30; 95% CI, 1.08 to 1.58;
p=0.007) and adrenal gland (OR, 1.70; 95% CI, 1.30 to 2.22;
p<0.001) compared with primary site (table 2, figure 1B).
This was not the case with metastatic lesions from pleura
(OR, 1.12; 95% CI, 0.89 to 1.40; p=0.343), liver (OR, 0.98;
95% CI, 0.83 to 1.16; p=0.835), brain (OR, 1.00; 95% CI,
0.85 to 1.18; p=0.994) and bone (OR, 0.83; 95% CI, 0.67 to
1.04; p=0.101).

In patients with non-squamous NSCLC, metastatic
lesions were more likely to have high PD-L1 expression
(OR, 1.37; 95% CI, 1.27 to 1.49; p<0.001) versus primary
site lesions; the trend was reversed for LUSC patients (OR,
0.89; 95% CI, 0.74 to 1.06; p=0.197; table 2, figure 1C,D).
Furthermore, age and gender are known to alter immune
surveillance® ¥; there was a higher probability of women
having TPS 250% (OR, 1.08; 95% CI, 1.01 to 1.16;
p=0.027) versus men; driven by the higher TPS of LUSC
female patients (OR, 1.23; 95% CI, 1.04 to 1.44; p=0.015;
table 2). Age was statistically significant only in the LUSC
subtype (OR, 0.61; 95% CI, 0.37 to 0.99; p=0.046).

Table 1 Clinicopathologic characteristics

Primary site Metastatic site
(n=8285), n (%) (n=6743), n (%)

Characteristics

Age, years
Median (range) 69 (23-90) 67 (19-90)
Sex
Male 4175 (50.4) 3424 (50.8)
Female 4108 (49.6) 3316 (49.2)
NA 2 (0.02) 3 (0.04)
Histologic type
Lung adenocarcinoma 5072 (61.2) 4578 (70.5)
LUSC 2099 (25.3) 850 (12.6)
NSCLC not otherwise 849 (10.2) 1062 (15.7)
specified
Lung large cell 92 (1.1) 131 (1.9)
neuroendocrine
carcinoma
Lung adenosquamous 90 (1.0) 32 (0.5)
carcinoma
Pulmonary sarcomatoid 53 (0.6) 53 (0.7)
carcinoma
Lung large cell carcinoma 21(0.2) 31(0.5)
Pulmonary 9 (0.1) 6 (0.1)
carcinosarcoma
Non-squamous NSCLC 5942 (71.7) 5671 (84.1)
TPS, %
0 3513 (42.4) 2683 (39.8)
1-49 2416 (29.2) 1784 (26.5)
>50 2356 (28.4) 2276 (33.8)
Metastatic site
Lymph node NA 2167 (32.1)
Liver NA 765 (11.3)
Brain NA 747 (11.1)
Pleural fluid NA 520 (7.7)
Soft tissue NA 493 (7.3)
Bone NA 462 (6.9)
Pleura NA 373 (5.5)
Adrenal gland NA 231 (3.4)
Other NA 985 (14.6)

Values in italics represent the sum of Lung adenocarcinoma,
NSCLC not otherwise specified and Lung large cell carcinoma,
rather than represent a different histologic subtype.

LUSC, lung squamous cell carcinoma; NA, not applicable;
NSCLC, non-small cell lung cancer; TPS, tumor proportion
score.

DISCUSSION

In this study, we used a very large real-world lung cancer
cohort, to comprehensively assess the intertumoral
heterogeneity of PD-L1 expression in non-paired primary
and metastatic specimens. We focused on negative or
low versus high TPS values for PD-L1 expression (TPS
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Table 2 Multivariate analysis (dependent variable: TPS, independent variables: age, gender, primary, metastatic sites,

subtypes)

TPS <50% (reference) vs TPS >50%

All subtypes Non-squamous NSCLC LUSC
Variables OR (95% CI) P value OR (95% CI) Pvalue OR (95% CI) P value
Age
<50 years Reference 0.737 Reference 0.711 Reference 0.046*
>50 years 0.97 (0.82 to 1.15) 1.03 (0.86 to 1.24) 0.61 (0.37 t0 0.99)
Gender
Male Reference 0.027* Reference 0.184 Reference 0.015"
Female 1.08 (1.01 to 1.16) 1.05 (0.98 to 1.14) 1.23 (1.04 to 1.44)
Bx site
Primary Reference <0.001* Reference <0.001*  Reference 0.197
Metastatic 1.28 (1.19 t0 1.37) 1.37 (1.27 to 1.49) 0.89 (0.74 to 1.06)
Primary (reference) vs metastatic site
Lymph node 1.58 (1.43 to 1.74) <0.001* 1.80 (1.61 to 2.00) <0.001* 0.83(0.63t0 1.08) 0.163
Liver 0.98 (0.83 to 1.16) 0.835 1.03 (0.86 to 1.24) 0.75 1.21(0.79t0 1.87) 0.385
Brain 1.00 (0.85 to 1.18) 0.994 1.02 (0.85 to 1.21) 0.842 0.96 (0.51t0 1.81)  0.903
Pleural fluid 1.48 (1.23 to 1.78) <0.001* 1.563 (1.27 to 1.84) <0.001* 0(0to3.24e+166) 0.95
Soft tissue 1.30 (1.08 to 1.58) 0.007* 1.44 (1.17 to 1.79) 0.001* 0.92 (0.58t0 1.47) 0.73
Bone 0.83 (0.67 to 1.04) 0.101 0.81 (0.64 to 1.02) 0.073 0.87 (0.45t0 1.69) 0.684
Pleura 1.12 (0.89 to 1.40) 0.343 1.14 (0.89 to 1.45) 0.288 0.83(0.39t0 1.77) 0.628
Adrenal gland 1.70 (1.30 to 2.22) <0.001* 1.66 (1.24 to 2.21) 0.001* 2.04 (0.87to 4.76) 0.1

*p < 0.05

LUSC, lung squamous cell carcinoma; NSCLC, non-small cell lung cancer; TPS, tumor proportion score.

<50% and TPS 250%, respectively), since this cut-off is
the most reproducible among ‘real-world’ pathologists.' ”
We found high PD-L1 expression (TPS 250%) in 28.4%
of the primary versus 33.8% of the metastatic lung cancer
samples (OR, 1.28;95% CI, 1.19 to 1.37; p<0.001; tables 1
and 2). This suggests that sampling of lung cancer at a
metastatic site is more likely to result in high PD-LI
expression, consistent with previous studies.?’°

Subsequently, we compared TPS between various
metastatic sites to the primary site. We saw that samples
obtained from lymph nodes, pleural fluid, soft tissue and
adrenal gland were more likely to be PD-L1 high than
those obtained from the primary tumor site; samples
from pleura, liver, brain and bone were not.> 1% A lower
or negative TPS from these sites (pleura, liver, brain and
bone) could preclude otherwise eligible patients from
receiving immunotherapy when metastatic site is the
preferred sampling site.

Site of metastasis seems to play an important role in
PD-L1 expression. Immune surveillance differs among
organs and consequently alters susceptibility to cancer
dissemination. Through plasticity of clonal evolution
of NSCLC over time, selective metastases may occur
resulting in subclones of variable tumor grade and PD-L1
expression in metastatic sites.'" A recent study in patients

with NSCLC showed that PD-L1 expression in metastatic
lymph nodes was not correlated with clinical outcomes."”
Interestingly, data from the FMI database on triple nega-
tive breast cancer showed that PD-L1 positivity rates were
significantly higher in primary tumors rather than meta-
static lesions, indicating a reverse trend from our results
in lung cancer."” However, in that study PD-L1 expression
was scored on immune cells and the cut-off for positivity
was 1%, precluding direct comparisons.

In addition, we observed significant deviations in PD-L1
TPS according to histologic subtype. Patients with non-
squamous histology were more likely to have high TPS in
metastatic rather than primary lesions (OR, 1.37; 95% CI,
1.27 to 1.49; p<0.001). However, results were not significant
for patients with squamous histology. Similar studies have
reported subtype as an independent variable linked with
PD-L1 expression but with conflicting results.'” "> '* Differ-
ences in PD-L1 protein expression between squamous and
non-squamous NSCLC may extend beyond the distinct
morphology of squamous tumor cells and their ability to
produce keratin, that can affect IHC staining patterns.
Tumor microenvironment also varies between the two
subtypes, indicating differences in immunogenicity that can
in part explain the observed discordances in PD-L1 expres-
sion.' 1716 Importantly, younger (OR, 0.61; 95% CI, 0.37 to
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Figure 1 (A) Comparison of PD-L1 TPS between primary and metastatic sites; all subtypes. (B) PD-L1 TPS stratified by
sampling site. (C) Comparison of PD-L1 TPS between primary and metastatic sites; non-squamous NSCLC. (D) Comparison of
PD-L1 TPS between primary and metastatic sites; LUSC. LUSC, lung squamous cell carcinoma; NSCLC, non-small cell lung
cancer; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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