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Abstract: Immuno-checkpoint inhibitors (ICI) have become an effective treatment option for
non-small-cell lung cancer patients. However, ICI therapy was reported to be less effective in
patients with epidermal growth factor receptor (EGFR) mutations than in those with wild-type
EGFR. We report here that an non-small-cell lung cancer patient with the EGFR mutant T790M
showed a programmed cell death ligand 1 (PD-L1) expression level that increased from <25%
to >90% after eighth-line osimertinib therapy. He was treated with pembrolizumab as a ninth-
line treatment, and attained stable disease. After the pembrolizumab therapy, he was treated with
gemcitabine, which produced a good response despite being the 10th-line treatment. We should
consider administering ICI and chemotherapy even to EGFR mutant patients after failure of
EGFR tyrosine kinase inhibitor, especially in cases with high PD-LI expression.

Keywords: programmed cell death ligand 1, epidermal growth factor receptor mutation, lung
cancer, chemotherapy post immunotherapy

Introduction

Lung cancer is the leading cause of cancer death worldwide. Non-small-cell lung
cancer (NSCLC) accounts for ~85% of all lung cancer. Current treatment options are
surgery, chemoradiotherapy, and chemotherapy including cytotoxic anticancer agents,
antiangiogenic monoclonal antibodies, tyrosine kinase inhibitors for driver mutation-
positive patients, and immuno-checkpoint inhibitors (ICT).!

In cancer progression, cancer cells induce immune suppressor cells, produce
immunosuppressive cytokines, and express immune checkpoint molecules such as
cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) and programmed cell death
ligand 1 (PD-L1).? The PD-L1/programmed cell-death 1 (PD-1) axis plays also an
important role in immune escape mechanisms of cancer cells by regulating the activity
of T cells.? ICI targeting PD-1, such as nivolumab and pembrolizumab, have become
effective treatment options in NSCLC patients.*® Nivolumab treatment was associated
with improved overall survival (OS) compared with docetaxel in previously treated
patients with advanced NSCLC in two Phase III trials.*> Pembrolizumab also pro-
longed OS compared with docetaxel in previously treated NSCLC patients with PD-L1
expression on at least 1% of tumor cells.® However, OS was not significantly different
for epidermal growth factor receptor (EGFR) mutant patients in these trials.

Expression of PD-L1 in tumor tissue has been regarded as a predictive factor for the
efficacy of PD-1 inhibitors.* ¢ On the other hand, some recent studies have suggested
that PD-1 inhibitor therapy was less effective in patients with EGFR mutations than
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in those with wild-type EGFR.*? Several studies have shown
that the frequency of high PD-L1 expression in EGFR mutant
patients was low, and the efficacy of PD-1 inhibitors was
poor.’ The role of PD-1 inhibitor therapy in EGFR mutant
NSCLC patients is still unknown.

Osimertinib, a third-generation EGFR tyrosine kinase
inhibitor (EGFR-TKI), showed good response in T790M-
positive NSCLC patients. The AURA3 phase I11 trial showed
that median progression-free survival (PFS) was significantly
longer in T790M-positive NSCLC patients treated with
osimertinib (10.1 months) than in patients treated with
platinum-based chemotherapy (4.4 months).!® However, a
mechanism of resistance to osimertinib, including the C797S
secondary mutation, has already been reported. Effective
treatment options after osimertinib therapy have not yet
been established.

In this case, we report on an NSCLC patient with the
EGFR T790M secondary mutation showing increased PD-L1
expression after treatments with cytotoxic agents and EGFR-
TKI, including osimertinib. Pembrolizumab followed by
gemcitabine produced a good tumor response.

Case presentation

A 62-year-old male had undergone a right middle and
lower lobectomy with systematic lymph node dissection for
lung adenocarcinoma after initial radiofrequency ablation
(pT4N2MO stage I1IB). He had no smoking history related
to harboring the EGFR exon 19 deletion. One year after the
surgery, metastases were found in right hilar and mediastinal
lymph nodes, right scalene muscle, and multiple bone sites.
He received several chemotherapies and EGFR-TKI therapy,
including carboplatin plus pemetrexed plus gefitinib, S-1,

erlotinib, docetaxel, afatinib, third-generation TKI (an inves-
tigational new drug), and nab-paclitaxel (Table 1). Seven
years after the surgery, he received computed tomography-
guided needle biopsy (CTNB) on a pulmonary metastasis
in order to evaluate the existence of secondary EGFR muta-
tions after failure of nab-PTX as the seventh-line therapy.
An EGFR exon 19 deletion and the T790M mutation on
exon 20 were detected in the lung tumors by CTNB. The
patient was treated with osimertinib as the eighth-line
treatment. After 4 months of osimertinib treatment, the
tumor had progressed as a result of acquired resistance to
osimertinib, therefore, he received a re-biopsy of lung tissue
by bronchoscopy in order to evaluate the histological fea-
tures, EGFR mutation status, and PD-L1 expression level.
We confirmed adenocarcinoma with EGFR exon 19 deletion
and T790M positivity. Immunohistochemistry using 22C3
PD-L1 antibody on the lung tumor tissue revealed a high
expression level of PD-L1 (tumor proportion score (TPS)
90%) (Figure 1A). The TPS of PD-L1 in surgically resected
lung tumor tissue was 25% (Figure 1B). The PD-L1 expres-
sion level changed after administration of several EGFR-
TKIs and chemotherapy. He was treated with pembrolizumab
as the ninth-line therapy. Three cycles of pembrolizumab
produced stable disease (SD) (Figure 2A-D). A left adre-
nal gland metastasis and a growing pulmonary metastatic
lesion were evident on a computed tomography scan after
4 months. The best response to pembrolizumab was defined
as SD, and the PFS was 4 months. He was treated with
gemcitabine as the 10th-line chemotherapy. After 2 months,
gemcitabine produced a partial response (PR) (Figure 2E
and F). He remains on gemcitabine with continuous PR at
the time of this case report submission.

Table | Treatment regimen, EGFR mutation status, and PD-L| expression

Line Regimen Best Specimen EGFR mutation status PD-LI
response
| CBDCA + PEM + Gefitinib CR Surgery Ex19 del (+) 25%
2 S-1 SD
3 Erlotinib PD
4 DTX PR
5 Afatinib PD
6 Third-generation TKI PR Plasma Ex 19 del (+), T790M (+)
(investigational new drug)
7 nab-PTX PD
8 Osimertinib PR Biopsy (CTNB) Ex19 del (+), T790M (+)
9 Pembrolizumab SD Biopsy (TBB) ExI19 del (+), T790M (+) 90%
10 Gemcitabine PR

Abbreviations: EGFR, epidermal growth factor receptor; PD-LI, programmed cell death ligand |; CBDCA, carboplatin; PEM, pemetrexed; DTX, docetaxel; TKI, tyrosine
kinase inhibitor; nab-PTX, nab-paclitaxel; CR, complete response; SD, stable disease; PD, progressive disease; PR, partial response; CTNB, computed tomography-guided

needle biopsy; TBB, transbronchial biopsy; Ex|9 del, EGFR exon |9 deletion.
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Figure | (A) Immunohistochemical staining (IHC) of programmed cell death ligand | (PD-LI) from biopsy specimens after treatment with osimertinib as the eighth-line

treatment showed PD-LI| tumor proportion score (TPS) =90%. (B) IHC of PD-LI from surgical specimens before chemotherapy and epidermal growth factor receptor
tyrosine kinase inhibitors showed PD-L| TPS |%—24%.

Figure 2 Pembrolizumab followed by gemcitabine therapy showed antitumor effects.

Notes: Chest computed tomography scan images obtained before administration of pembrolizumab (A, B) and at 2 months after three cycles of pembrolizumab showing
stable disease (C, D) and after 2 months of administration of gemcitabine showing a partial response (E, F). Arrowheads indicate pulmonary metastatic lesions.
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Discussion

A recent study demonstrated two mechanisms for PD-L1
expression in lung cancer.? First, PD-L1 expression emerges
in connection with acquired resistance to a drug’s antitumor
effects. Cancer cells express PD-L1 in order to prevent the
activity of T cells, and they escape from antitumor immune
cell attacks by producing an immunosuppressive state
within the tumor microenvironment.>? PD-1 signaling in
T cells could be regulated by production of cytokines such
as interferon-y, tumor necrosis factor-o, and interleukin-2.
Second, the PD-L1 expression is induced by signaling from
driver mutations.? In several EGFR mutant cell lines, PD-L1
expression was regulated by EGFR signaling pathways.!
However, the effect of a PD-1 inhibitor in EGFR mutation-
positive patients is poor, because these patients have a
small number of CD8* tumor-infiltrating lymphocytes.'>!
In addition, recent studies have demonstrated that the tumor
mutation burden (TMB) is recognized as a predictive bio-
marker for ICI in addition to the PD-L1 expression level.!
A high TMB level associated with an increase in the number
of neoantigens is recognized as a biomarker to predict the
effect of immunotherapy.'* However, EGFR-mutated lung
cancer was shown to have a low TMB.'S A recent study also
suggested that PD-1 inhibitor therapy was not sufficiently
effective in patients with EGFR mutations because these
patients have low levels of TMB.

In this case report, we describe an NSCLC patient with
an EGFR mutation who showed an increase in the tumor
PD-L1 expression from 25% to over 90% after administra-
tion of several EGFR-TKIs and cytotoxic chemotherapy.
Although a potential difference between fresh and archival
tissue specimens should be considered in this case, the
KEYNOTE-010 trial showed that the benefit of pembroli-
zumab in OS was not significantly different between fresh and
archival samples.® Cytotoxic chemotherapy and EGFR-TKI
therapy could affect PD-L1 expression.!1¢!* Osimertinib
decreased the PD-L1 expression in EGFR-mutated NSCLC
cells.” PD-L1 expression could be regulated not only by
some inflammatory cytokines such as interferon-ybut also by
agents suppressing constitutive oncogenic activation, includ-
ing EGFR-TKI. Various factors, such as types of anticancer
agents, treatment period, and anticancer effect, may affect
PD-L1 expression after the therapy.

The PD-L1 expression level was reported to be low in
T790M-positive NSCLC patients.? However, PD-1 inhibi-
tors were expected to be effective in T790M-positive NSCLC
patients with high PD-L1.2° We administered pembrolizumab
in this case because of the high PD-L1 expression according

to a repeated biopsy (TPS 90%), although his PD-L1 level
was low (TPS 25%) before the first-line chemotherapy. The
best response to pembrolizumab was defined as SD, and the
PFS was 4 months.

Interestingly, gemcitabine, administered after the pem-
brolizumab treatment, achieved a PR despite being the
10th-line treatment. The overall response rate to gemcit-
abine in patients previously treated with platinum-based
chemotherapy for NSCLC was reported to be 6%—19% in
phase II trials.?"* In recent studies, chemotherapy after
administration of ICI produced a good response even if the
efficacy of ICI was poor, especially, a gemcitabine regimen
produced a good response.?** The overall response rate for
salvage gemcitabine chemotherapy administered after ICI
was 63.6%.% Gemcitabine induced apoptosis of tumor cells
and increased presentation of tumor cell antigen to immune
cells.” In addition, gemcitabine induced expression of major
histocompatibility complex class I molecules on tumor cells,
resulting in activation of immune cells including intratu-
moral CD8* T cells.?” Moreover, cytotoxic anticancer agents
decreased the immunoinhibitory cells such as regulatory
T cells or myeloid-derived suppressor cells, leading to an
increase of helper T cells in the tumor microenvironment.?
However, further studies should be performed to evaluate
the effect of chemotherapy after ICI therapy and clarify the
mechanism of the combined effect.

In this case, we demonstrated that an NSCLC patient with
the EGFR T790M mutation showed high PD-L1 expression
after EGFR-TKI and chemotherapy, and a favorable response
to ICI followed by chemotherapy. NSCLC patients with the
T790M mutation have few treatment options after failure of
osimertinib therapy. Therefore, it is important to evaluate the
PD-L1 expression levels in EGFR-TKI-resistant NSCLC in
order to determine the next treatment strategy, including ICI
therapy. Further studies should be performed to evaluate the
efficacy of salvage chemotherapy administered after ICI for
EGFR mutant patients with high PD-L1 expression.

Ethical approval

Written informed consent was obtained from the patient for
publication of the study including the patient’s details and
accompanying images.
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