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Abstract
The oncogenic driver epidermal growth factor receptor (EGFR) mutations upregulate immune checkpoint
proteins programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) in in vitro and in vivo models of
nonesmall-cell lung cancer (NSCLC). Immunohistochemistry revealed that PD-L1 and PD-1 were positive in
53.6% and 32.1% of tumor specimens in a cohort of 56 patients with NSCLC carrying EGFR mutations,
respectively. PD-L1 expression correlated with a better response to EGFR tyrosine kinase inhibitors and longer
survival.
Background: The immune checkpoint proteins programmed death-1/ligand (PD-1/PD-L1) play a critical role in im-
mune escape of tumor cells. In models of epidermal growth factor receptor (EGFR)-driven nonesmall-cell lung cancer
(NSCLC), EGFR signal upregulates PD-1/PD-L1. However, data on the clinical significance of PD1/PD-L1 expression
in patients with the subtype of NSCLC carrying EGFR mutations remain limited. Materials and Methods: Immuno-
histochemistry was performed to evaluate the expression of PD-1, PD-L1, and CD4þ and CD8þ tumor-infiltrating
T lymphocytes (TILs). Results: In a cohort of 56 patients, PD-L1 and PD-1 was positive in 53.6% and 32.1% of tu-
mor specimens, respectively. PD-L1þ patients had a significantly greater disease-control rate (P ¼ .004), in associ-
ation with longer progression-free survival (P ¼ .001) after EGFR-tyrosine kinase inhibitor (TKI) therapy and overall
survival (P ¼ .004), and no correlation between PD-1 positivity and clinical outcomes was observed. PD-L1 expression
was not significantly associated with either clinicopathologic features or TILs. Conclusions: These findings suggest
that this subtype of EGFR mutation-positive NSCLC is highly eligible for PD-1/PD-L1 immunotherapy. PD-L1 might
represent a favorable biomarker candidate for the response to EGFR-TKIs and outcomes of these patients with
NSCLC.
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Introduction
Nonesmall-cell lung cancer (NSCLC), including squamous cell

carcinoma and adenocarcinoma, accounts for w80% of lung
cancers, a leading cause of cancer death worldwide. Although
squamous cell carcinoma used to be the most commonly diagnosed
type of NSCLC, adenocarcinoma has become the most frequent
histologic type of lung cancer in the past several decades.1 Recent
advances in the discovery of oncogenic driver gene mutations/
translocation (eg, epidermal growth factor receptor [EGFR], echi-
noderm microtubule-associated like 4-anaplastic lymphoma kinase)
and the development of tyrosine kinase inhibitor (TKI) therapies
targeting such mutations have led to a new era in the treatment of
NSCLC, which have substantially improved the survival of patients
with these fatal diseases, lung adenocarcinoma in particular.1

Activating EGFR mutations represent one of the most common
genetic alterations in patients with lung adenocarcinoma, especially
women, those with no previous history of smoking, and those of
Asian descent (eg, w50% of Asians vs. w10% non-Asians).2-4

Currently, the use of EGFR-TKIs has been virtually restricted to
patients with EGFR mutation-positive adenocarcinoma. Thus,
activating EGFR mutations have been widely accepted as an
exclusive biomarker for EGFR-TKI therapy in standard care.5,6

However, approximately 30% of patients harboring EGFR
mutations do not respond to EGFR-TKIs (known as intrinsic
resistance), and almost all initial responders eventually acquire
drug-resistance within 10 to 16 months after EGFR-TKI treat-
ment, from varied mechanisms,7 including de novo exon 20
T790M mutation.8 Thus, drug-resistance remains a major chal-
lenge with EGFR-TKI therapy for NSCLC, prompting efforts to
predict and eventually overcome this impeding event to improve
the efficacy of EGFR-TKIs.

Immune checkpoints refer to multiple inhibitory pathways that
counteract certain crucial steps of T cell-mediated immunity to
maintain self-tolerance and modulate the duration and amplitude of
immune responses.9 Recently, the understanding of several check-
points that shut down the immune system as an immunosuppressive
mechanism in tumors has evoked a paradigm shift in cancer treat-
ment.10 Immune checkpoints are initiated primarily through T cell
coinhibitory receptors and their ligands, including cytotoxic T
lymphocyte-associated protein (CTLA)4:B7.1 or B7.2, pro-
grammed death-1 (PD-1):programmed death-ligand 1 (PD-L1)
(also known as B7-H1 and CD274) or PD-L2 (also known as B7-
DC and CD273), among many others.9 PD-1 (CD279), a receptor
of the CD28 family, is expressed on activated CD4þ and CD8þ T
cells.11 PD-L1 is the ligand of PD-1, a pair of which plays a critical
role in the immune checkpoints responsible for immune escape of
tumor cells.12 Recent studies have revealed that PD-L1 is widely
expressed in various types of cancer, providing a foundation for the
development of PD1/PD-L1 antibodies as cancer immunotherapy.9

Current clinical trials have demonstrated very promising activity
for anti-PD-1 (eg, BMS-936558/nivolumab) and anti-PD-L1
(eg, BMS-936559) monoclonal antibodies in the treatment of
advanced cancer, including NSCLC.13,14 The objective response
rate has been significantly greater in patients with NSCLC ex-
pressing high levels of PD-L1, supporting the notion that PD-L1
serves as a biomarker for the selection of patients who might
benefit from PD1/PD-L1 immunotherapy.15

PD-L1 has also been demonstrated to correlate with the poor
prognosis of patients with several types of cancer, including
esophageal cancer,16 renal cell carcinoma,17 hepatocellular car-
cinoma,18 pancreatic cancer,19 colorectal cancer,20 gastric can-
cer,21 and NSCLC.22 Recently, it was shown that oncogenic
EGFR mutations directly upregulate PD-L1 expression in
NSCLC cell lines, and exposure to EGFR-TKIs (eg, gefitinib)
leads to PD-L1 downregulation.23 Moreover, the anti-PD-1
antibody significantly reduces tumor growth and prolongs the
survival of animals with EGFR-driven adenocarcinoma, events
associated with marked increases in binding of the anti-PD-1
antibody to PD-1-expressing CD4þ and CD8þ T cells and
decreased levels of tumor-promoting cytokines.23 These findings
raise the possibility that patients with EGFR-driven NSCLC
might be particularly susceptible to PD-1 blockade immuno-
therapy.24 They also suggest a potential link between PD-L1/PD-
1 expression and EGFR mutations in patients with NSCLC.
Therefore, we sought to explore the effects of PD-L1 expression
on the clinical outcomes, including the TKI response and overall
survival (OS), in a specified cohort of patients with the EGFR
mutation-positive subtype of lung adenocarcinoma and who
received EGFR-TKI therapy. We found that PD-L1 expression
will be positive in tumors of > 50% patients with EGFR
mutation-positive cancer in this cohort, which significantly
correlated with a greater disease control rate (DCR) and longer
survival (progression-free survival [PFS] and OS) after treatment
with EGFR-TKIs.

Materials and Methods
Patients

The patients were required to have been diagnosed with EGFR
mutation-positive advanced lung adenocarcinoma and must have
received EGFR-TKI therapy (ie, gefitinib or erlotinib). Of the 272
patients initially screened, 56 were eligible for the present study.
The treatment after recurrence included radiotherapy for metastatic
lesions in the bone and brain, chemotherapy, and regional therapy,
and the best supportive care was given, as appropriate. Three pa-
tients refused to receive any additional treatment after disease pro-
gression for personal reasons. The ethical committee of Fuzhou
General Hospital approved the present study.

Analysis of EGFR Mutations
EGFR gene mutations in exons 18, 19, 20, and/or 21 were

examined in tumor samples obtained by biopsy or surgical resection,
using the amplification refractory mutation system and the fluo-
rescence polymerase chain reaction diagnostic kit, as described
previously.25,26 Of the 56 patients, 32 had EGFR gene mutations
due to exon 19 deletion, 23 had an L858R substitution in exon 21,
and 1 patient had a G719A/G719S/G719C mutation in exon 18;
no mutations were found in exon 20.

Immunohistochemistry
The biopsy and surgical resection specimens were fixed in

formalin and embedded in paraffin using standardized procedures.
Deparaffinized sections (4 mm) were stained for PD-L1 or PD-1
using standardized immunohistochemistry (IHC) procedures. In
brief, endogenous peroxidase activity was blocked by hydrogen
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