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Introduction

Clinical applications for precision medicine with molecular-
targeted drugs and immune checkpoint inhibitors have
dramatically improved treatment outcomes for non-
small cell lung cancer (NSCLC) patients. However,
because precision medicine is precise, small genetic or
transcriptional differences between cancer cells may affect
the efficacies of these drugs. Therefore, studies on intra-
and inter-tumor heterogeneity are important in the era of
precision medicine (1), especially when spatial heterogeneity
can bias the biomarker test results (2).

Programmed death-ligand 1 (PD-L1) protein
expression, assessed via immunohistochemistry (IHC), is
the only Food and Drug Administration (FDA)-approved
biomarker for anti-PD-1 and anti-PD-L1 immune
checkpoint inhibitor monotherapies for NSCLC. An
IHC assay using the 22C3 antibody was approved as a
companion diagnostic test for front-line pembrolizumab,
and an assay using the 28-8 antibody was approved as a
complementary diagnostic test for nivolumab. However,
no solid evidence exists regarding which tumor tissues
should be used (e.g., primary lung tumors, lymph node
metastases, or distant lesions) for PD-L1 IHC testing
to predict anti-PD-1 and anti-PD-L1 blockade efficacy.
Current clinical practice allows use of any of these tissue
specimens for PD-L1 IHC testing, which is reasonable
because previous “practice-changing” phase III trials
of anti-PD-1 and anti-PD-L1 agents did not restrict
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tissues for PD-L1 testing. For example, an analysis of
the prevalence of PD-L1 expression in NSCLC patients
screened for enrollment in the KEYNOTE-001, -010,
and -024 trials found that 1,727 patients had their primary
tumor tissues tested, and 1,281 had their metastatic
samples tested. Of these patients, 437 (25%) who provided
primary lung tumor tissues and 369 (29%) who provided
metastatic samples had high PD-L1 expression, which is
defined as a tumor proportion score (TPS) of 250% (3).

Non-negligible inter-tumor heterogeneity of PD-
L1 expression status

In a study published in the Fournal of Thoracic Disease in
December 2019 (4), Saito and colleagues compared PD-
L1 expression statuses detected via the 22C3 and 28-8
PharmDx assays between primary lung tumors and paired
metastatic lymph nodes in 35 patients with surgically
resected NSCLCs. The authors observed that the TPS
categories (<1%, 1-49%, and >50%) were similarly
distributed between the 22C3 and 28-8 antibodies in
both primary lung tumors (concordance rate: 74%) and
metastatic lymph nodes (concordance rate: 71%). This was
expected because several harmonization studies for PD-
L1 testing have shown that the 22C3 and 28-8 antibodies
are interchangeable (5). The authors also found lower
concordances of PD-L1 expression statuses between
primary lung tumors and paired metastatic lymph nodes,
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at only 29% and 31% using the 22C3 and 28-8 PharmDx
assays, respectively. Among samples with discordant
results, PD-L1 status was higher in primary tumors in 51%
(22C3) and 46% (28-8) of the cases, while it was higher in
lymph node metastases in 20% (22C3) and 23% (28-8) of
the cases. How should inter-tumor heterogeneity data on
PD-L1 expression status be incorporated in daily clinical
practice? Here, we discuss this point, referring to recent
publications.

Molecular mechanisms regulating PD-L1
expression in tumor cells

Before discussing the inter-tumor heterogeneity of PD-L1
expression, we briefly summarize the molecular mechanisms
that regulate PD-L1 expression in tumor cells. Tumor
cells can express PD-L1 via three general mechanisms:
constitutive PD-L1 expression, constitutive PD-L1
degradation, and adaptive PD-L1 expression.

Constitutive PD-L1 expression results from aberrant
activation of oncogenic signaling pathway(s), such as the
epidermal growth factor receptor (EGFR) (6), MYC (7),
and ZEB1 (8) signaling pathway(s) or from PD-L1 gene
amplification (9). Constitutive PD-L1 degradation
was recently reported, with glycogen synthase kinase
3p (GSK3B) (10) and cyclin D-CDK4 (11) promoting
proteasome-mediated PD-L1 degradation in tumor cells.

Inflammatory factors secreted in the tumor
microenvironment induce adaptive PD-L1 expression
during antitumoral immune responses. Interferon
(IFN)-y, an inflammatory cytokine secreted by cytotoxic
T lymphocytes and natural killer cells, induces PD-L1
expression in tumor cells. An in vitro study reported that
brief exposure to IFN-y significantly enhanced PD-L1
expression in all 32 tumor cell lines tested (derived from
NSCLCs, melanomas, renal-cell carcinomas, and head-
and-neck squamous cell carcinomas) regardless of baseline
constitutive PD-L1 expression (12). The same study also
found that cytokines IL-1a and IL-27 independently
enhanced or induced PD-L1 expression in some tumor
cell lines, and further increased IFN-y-induced PD-
L1 expression in some cases, suggesting the complexity
of adaptive PD-L1 expression mechanisms (12). These
polyphyletic mechanisms of PD-L1 expression/degradation
can cause a discrepancy in the PD-L1 expression status
between tumor cells in primary lung tumors and those in
metastatic lymph nodes.
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Inter-tumor heterogeneity of PD-L1 status in
previous studies

In addition to the current study (4), several research
groups have evaluated inter-tumor heterogeneity in PD-
L1 expression statuses between primary lung tumors and
lymph node metastases (13-18). Notably, these studies
used specimens from patients who underwent surgical
resection, because both the primary tumor tissues and
lymph node samples were available. Table I summarizes
the major findings of these publications. Some results were
inconsistent between studies, likely owing to differences
in patients’ clinical backgrounds, differences in PD-L1
antibodies, cut-off values, conditions of the archived tissues,
PD-L1 staining and evaluation qualities, and small sample
sizes; however, a summary of these studies revealed some
general trends.

First, inter-tumor heterogeneity of PD-L1 expression
status between primary lung tumors and lymph node
metastases exists at frequencies of approximately 15-40%.
In cases with positive inter-tumor heterogeneity, more
patients showed negative conversion (i.e., the primary
lung tumors were PD-L1-positive, but the lymph node
metastases were PD-L1-negative), and fewer patients
showed positive conversion (i.e., the primary lung tumors
were PD-L1-negative, but the lymph node metastases
were PD-L1-positive). Some studies also evaluated inter-
tumor heterogeneity between lymph node metastases from
different locations (e.g., N1 vs. N2) (14,17,18), suggesting
higher concordance rates between different lymph nodes than
between primary lung tumors and lymph node metastases.

Second, histology may affect the concordance rates of
PD-L1 status between primary lung tumors and lymph
node metastases. Squamous cell carcinomas may have
higher concordances than those of adenocarcinomas,
partially owing to discrepancies among predominant
histologic subtypes of lung adenocarcinomas (19), which
affect PD-L1 expression statuses (20) between primary lung
tumors and lymph node metastases.

Inter-tumor heterogeneity between primary lung tumors
and lymph node metastases has also been reported for
other immune checkpoints. One study assessed the inter-
tumor heterogeneity of PD-L2 expression status (13). The
concordance rate of PD-L2 expression between primary
lung tumors and lymph node metastases was 62%. PD-
L2 expression was upregulated in 31% and downregulated
in 7% of lymph node metastases compared with primary
lung tumors. A subgroup analysis of 142 NSCLC patients
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Table 1 Summary of retrospective studies which evaluated inter-tumor heterogeneity of PD-L1 expression status between primary lung tumors
and lymph node metastases

Year Authors Histology N Antibody Findings Ref.

2015 Kim MY, etal. SQ 77 E1L3N PD-L1 expression status (positive vs. negative®) was discordant in 30% of patients (13)

PD-L1 was positive in PTs/negative in LNs in 19%, and negative in PTs/positive in
LNs in 11% of patients

2017 UrugaH, etal. AD 109 E1L3N Concordance rates: 82-85%" in comparing PTs vs. N1; 62-90%" for PTs vs. N2 (14)
and 83-100%" for N1 vs. N2

Change in predominant histologic pattern (PTs vs. LNs) was associated with
discordance of PD-L1 status for PTs vs. LNs

PD-L1 was positive in PTs/negative in N1 in 9-18%" of samples and negative in
PTs/positive in N1 in 0-6%" of samples. PD-L1 was positive in PTs/negative in N2
in 3-19%" of samples and negative in PTs/positive in N2 in 6-19%" of samples

2017 Sakakibara R, AD 33 EPR1161 Correlation between PD-L1 positivity in PTs vs. LNs was r=0.49 (15)
etal. sQ 9
Others 5

2018 LiuY, etal ASC 38 E1L3N PD-L1 expression was compared for paired histological components. In SQ (16)

components, 80-90%° showed concordance, while for AD components, 74-78%°
showed concordance

In AD components, difference in predominant histologic patterns were associated
with differences in PD-L1 expression

2019 XuH,etal. AD 37 22C3 Concordance rates: 60-68%" in comparing PTs vs. N1 (17)
SQ 39 Concordance rate: 46% in comparing N1 vs. N2

PD-L1 was positive in PTs/negative in N1 in 7-13%" of samples and negative in
PTs/positive in N1 in 0-13%" of samples

2019 Haragan A, AD 63 SP263  Median difference in TPS for PTs vs. LNs: 10% (range, 1-94%); discordance was  (18)
etal. present in 53% of cases. This difference moved the TPS across a clinical guidance
cut-off in 23% of cases

SQ 44 Concordance rate of TPS for LNs (N1 vs. N1 or N2) was 83%

PD-L1 expression was higher in PTs than in LNs in 28% of samples and higher in
LNs than in PTs in 25% of samples

2019 Saito Y,etal. AD 27 22C3, Concordance rates: 51-71%° (22C3) and 49-71%° (28-8) in comparing PTs vs. 4)
(present) 28-8 LNs. Concordance rates were 29% (22C3) and 31% (28-8) when PD-L1 status
was classified into three categories’

SQ 6 PD-L1 status was higher in PTs than in LNs in 51% (22C3) and 46% (28-8) of

Other o samples and higher in LNs than PTs in 20% (22C3) and 23% (28-8) of samples

2 PD-L1 status was defined to be positive if 10% or more tumor cells had membrane staining; °, different cut-off values (1%, 5%, and
50%) were used for the comparison; °, different cut-off values (1% and 5%) were used for the comparison; ¢, 1% of cut-off value was
used for the comparison; °, different cut-off values (1% and 50%) were used to calculate the concordance rates; /, PD-L1 status was
classified into <1%, 1-49%, and 50% or higher. PTs, primary tumors; LNs, lymph nodes; N1, N1 lymph nodes; N2, N2 lymph nodes; AD,
adenocarcinoma; SQ, squamous cell carcinoma; ASC, adenosquamous cell carcinoma.
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with surgically resected lymph node metastases compared
cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4)
expression statuses of tumor cells between primary lung
tumors and lymph node metastases (21) and found that they
were not significantly correlated. In 56% of the cases, IHC
scores were concordantly high or low in both samples. In
23% of the cases, primary tumors scores were high, and
lymph node scores were low, whereas 21% of the cases
showed the opposite trend.

These studies used tissue specimens from NSCLC
patients who underwent surgical resection. However, data
on inter-tumor heterogeneity are especially important
in patients with advanced-stage disease because these
patients are candidates for immune checkpoint inhibitors.
Because multiple biopsy samples are difficult to obtain
from advanced-stage NSCLC patients, few data are
available regarding inter-tumor heterogeneity of the
PD-L1 expression status in advanced-stage NSCLC
patients. Our previous study, which analyzed five autopsied
patients with treatment-naive lung cancer, showed that
inter-tumor heterogeneity of PD-L1 and the tumor
mutation burden (1) as well as other immune checkpoint
molecules (22) also existed in advanced-stage NSCLC.
We also found that immune-related pathways were
downregulated in metastatic lesions (including lymph node
metastases) compared with primary lesions (1).

Is inter-tumor heterogeneity of PD-L1 status
clinically relevant?

The studies summarized in Table 1 show that inter-tumor
heterogeneity of PD-L1 status occurs frequently between
primary lung tumors and lymph node metastases. Thus,
should inter-tumor heterogeneity be considered when
treating NSCLC patients? Currently, as described above,
both primary lung tumors and metastatic lesions are used
for PD-L1 testing in clinical practice.

First, whether PD-L1 status in both primary lung
tumors and metastatic lesions can predict the efficacy of
anti-PD-1 and antd-PD-L1 blockade must be determined.
A recent retrospective study by Schoenfeld and colleagues
may answer this (23). Their analysis of progression-free
survival (PFS) among patients receiving anti-PD-1 and anti-
PD-L1 inhibitors compared high-PD-L1 patients (>50%)
and PD-L1-negative patients (<1%) by anatomic site where
the biopsy was taken for testing. When PD-L1 testing was
performed using tissue samples from primary lung tumors
[hazard ratio (HR): 0.56, 95% confidential interval (CI):
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0.43-0.74, P<0.01, n=190] or distant metastases (HR: 0.48,
95% CI: 0.31-0.73, P<0.01, n=110), high PD-L1 status was
significantly correlated with longer PFS. The difference
in PFS was marginally significant when PD-L1 expression
status of lymph node metastasis was used (HR: 0.63, 95%
CI: 0.38-1.04, P=0.05, n=61). These results support the
current clinical practice of using both primary lung tumors
and metastatic lesions for PD-L1 testing. However, it is
unclear whether anti-PD-1 and anti-PD-L1 blockade will
be effective when the first biopsy is PD-L1-negative and the
second biopsy from a different tumor location has high PD-
L1 expression.

Second, whether the PD-L1 status of each metastatic
site is correlated with anti-PD-1 and anti-PD-L1 blockade
response in each metastatic lesion must be determined.
Although this is difficult to determine, the study by
Schoenfeld and colleagues (23) may also help answer
this. The authors summarized PD-L1 expression status
by anatomic site of the biopsy. The frequencies of high
PD-L1 expression were higher in liver (23%, n=61) and
pleural (18%, n=72) metastases than in lung tumors (13%,
n=1,124). Conversely, several retrospective studies found
that liver (24-26) and pleural (27,28) metastases were
significantly correlated with poorer patient outcomes after
anti-PD-1 and anti-PD-L1 blockade. These results suggest
that PD-L1 status at each metastatic site is not strongly
correlated with clinical response to anti-PD-1 and anti-
PD-L1 blockade in each metastatic lesion.

Future perspectives and conclusions

PD-L1 expression is an imperfect predictive biomarker of
anti-PD-1 and anti-PD-L1 blockade for treating NSCLCs.
As discussed herein, the inter-tumor heterogeneity of PD-
L1 expression makes evaluating the predictive roles of PD-
L1 IHC testing difficult. The inter-tumor heterogeneity
of PD-L1 expression also highlights the complexity
of immuno-oncology. Identifying a clonal expression
biomarker (2) or liquid-based biomarker that can represent
an NSCLC patient’s entire immuno-oncological status will
help predict anti-PD-1 and anti-PD-L1 blockade efficacy.
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