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Abstract
Primary Epidermal Growth Factor Mutation (EGFR) T790M mutation with concurrent high PD-L1 expression is uncom-

mon in Non-Small Cell Lung Cancer (NSCLC). Due to the rare occurrence of primary EGFR T790M mutation and high pro-
grammed cell death-ligand 1 (PD-L1) expression, the disease course, treatment and prognosis of such patients has not yet been 
clearly elucidated. Here we report a case of an Asian male patient with primary EGFR T790M mutated metastatic non-small 
cell lung cancer with concurrent high PD-L1 expression, which was not responsive to EGFR T790M Tyrosine Kinase Inhibitor 
(TKI) Osimertinib and a review of literature.

Case Presentation: A 81 year- old man, smoker was diagnosed with a right upper lobe lung mass and large right pleural ef-
fusion. Biopsy of the lung mass was consistent with lung adenocarcinoma, EGFR T790M mutated with high PD-L1 expression. 
He was treated with Osimertinib, however he did not respond and developed clinical and radiographic progression of disease. 
Due to poor performance status, immunotherapy could not be initiated. We recommended hospice.

Conclusion: Our patient with primary EGFR T790M mutated lung adenocarcinoma with high PD-L1 expression, failed to 
respond to EGFR T790M TKI, Osimertinib. Further research is needed to determine if immunotherapy combined with TKI may 
be a better treatment option for such patients.
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Background
Epidermal Growth Factor Gene (EGFR) mutations are found 

in advanced Non-Small Cell Lung Cancer (NSCLC) in about 30-
50% of patients in East Asia and in 10-15% in Western countries 
[1]. EGFR mutations, predominantly exon 19 deletion and point 
mutation in exon 21 (L858R), comprise up to 86% of somatic mu-
tations found in Non-Small Cell Lung Cancer (NSCLC) and confer 
sensitivity to EGFR Tyrosine Kinase Inhibitors (TKI). However, 

despite the initial response to EGFR TKIs, all patients will eventu-
ally develop resistance. Acquisition of a second mutation at exon 
20 in the EGFR gene, T790M, is the most common mechanism 
of acquired resistance to EGFR TKI in more than 50% of EGFR 
mutant lung cancers [2]. This involves a threonine to methionine 
substitution, which causes steric interference with the binding of 
EGFR TKIs to the ATP binding site [3]. Most of these cases are 
acquired resistance through somatic mutations. 

Pre-treatment somatic T790M mutations are rare and have 
been described in case reports. Also, a small number of germline 
EGFR T790M have been reported, and are estimated to occur in 
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1% of non-small cell lung cancer cases. These de novo mutations 
confer primary resistance to the first generation TKIs like Erlotinib 
and Gefitinib. Osimertinib, a third generation TKI, is approved for 
treatment of patients with metastatic EGFR, T790M mutation-pos-
itive NSCLC, as detected by an FDA-approved test, whose disease 
has progressed on or after EGFR TKI therapy. Programmed death 
1 (PD-1) is a co-inhibitory receptor expressed on the membrane 
of activated T and B cells, which plays a crucial role in tumor im-
mune escape. PD-L1 is the major ligand for PD-1 and is expressed 
in a variety of cancers. Approximately 23 to 28% of patients with 
advanced NSCLC have a high level of PD-L1 expression [4]. PD-
L1 inhibitor, Pembrolizumab has been approved for the first line 
use in metastatic NSCLC whose tumors express PD-L1 as deter-
mined by an FDA approved test (tumor proportion score ≥ 50%) 
with no EGFR or ALK genomic tumor aberrations and no prior 
systemic chemotherapy. There are no clear guidelines for the treat-
ment of patients with de novo, pre-treatment T790M mutation with 
concurrent high PD-L1 expression. It is unclear if third generation 
TKI, immunotherapy or both should be used as first line in such 
patients.

Case Report
A 81 year old man, with past medical history of atrial fi-

brillation on rivaroxaban, stroke, hypothyroidism and sixty pack 
years smoking history, presented with cough. Computed Tomog-
raphy (CT) scan of chest showed a lung mass in the right upper 
lobe. He declined tissue biopsy and further work up at that time. 
Ten months later he presented to the emergency department with 
progressive shortness of breath and weight loss of 10 pounds over 
the last three months. Laboratory tests were significant for anemia 
with hemoglobin of 10 gm/dl, thrombocytopenia (platelet count-
121,000/μl) and coagulopathy (Partial thromboplastin time: 46.8 
seconds, International normalized ratio: 3.6). CT scan of chest 
showed a dense mass-like opacity in the posterior right upper lobe 
and large right pleural effusion with mediastinal and right hilar 
adenopathy. Right chest tube was placed. Chemical pleurodesis 
could not be done due to increased output from the chest tube. So, 
patient underwent right tunneled catheter placement and biopsy of 
the lung mass by interventional radiology. His shortness of breath 
improved and he was discharged. He was readmitted with hemop-
tysis a few weeks later. Rivaraxoban was held. His hemoptysis 
resolved without further intervention and he was discharged in a 
few days. CT scan during this admission again showed a 2.7 cm x 
2.8 cm right upper lobe mass (Figure 1). 

Figure 1: Pretreatment CT scan.

3.5 mm right upper lobe nodule, mediastinal and hilar 
lymphadenopathy. MRI brain and bone scan did not show any me-
tastases. There was no reported family history of lung cancer. 

The lung mass biopsy was consistent with lung adenocar-
cinoma, EGFR T790M mutated with 50% PD-L1 expression. We 
started him on targeted therapy with Osimertinib 80mg daily. He 
tolerated Osimertinib well with mild pancytopenia and skin rash. 
However, he did not respond to treatment and developed pro-
gressively worsening shortness of breath. He became wheelchair 
bound and was oxygen dependent. CT scan done after two months 
of Osimertinib therapy showed increase in size of lung mass, in-
creasing bilateral pleural effusions (Figure 2). 

Figure 2: CT scan showing disease progression on Osimertinib.

increased size of mediastinal and paratracheal lymphade-
nopathy, anasarca and ascites. Due to disease progression, we 
discontinued Osimertinib. Due to his poor performance status, we 
could not initiate immunotherapy with Pembrolizumab and recom-
mended hospice (Figure 1,2). 
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Discussion
Occurrence of somatic T790M mutations in patients who 

never receive EGFR TKIs is rare and can occasionally be found in 
tumors with primary TKI resistance [5]. Germline EGFR T790M 
mutations have been reported commonly in Caucasian females 
who are never smokers and are found to occur most commonly 
with EGFR L858R mutation [6,7]. Our male patient, who was a 
smoker, had a primary de novo EGFR T790M mutation with con-
current high PD-L1 expression. He had no family history of lung 
cancer. We think our patient most likely had a primary somatic 
T790M mutation. Studies in mice suggest that the T790M change 
may potentiate oncogenic activity, either by itself or in association 
with activating EGFR mutations, for example exon 19 deletion 
and L858R point mutation. Mice expressing the EGFR T790M 
transgene alone usually develop tumors with longer latency than 
animals expressing EGFR L858R+T790M [8]. Our patient with 
primary T790M mutation had a relatively late onset of lung cancer 
at the age of 80 years. 

On the other hand, presence of activating EGFR mutations 
like EGFR L858R with primary de novo EGFR T790M muta-
tions (somatic or germline) leads to an earlier onset of malignancy 
[9] with rapid progression and reduced overall survival [10,11]. 
Disease course of patients with primary de novo T790M with 
concurrent high PD-L1 expression like our patient has not been 
fully studied. Preclinical studies have shown the germline T790M 
mutation to be a weak oncogene that often requires a secondary 
mutation to potentiate cancer development [6]. Our patient who 
declined further workup initially, presented at 10 months with dis-
ease progression, suggesting that such patients may have a slower 
course of progression. Osimertinib (AZD9291, Tagrisso™), an 
oral, third-generation EGFR TKI, has been designed to target the 
EGFR T790M mutation, while sparing wild-type EGFR. It shows 
200-fold selectivity for T790M/L858R protein over wild-type 
EGFR [12]. Osimertinib was granted accelerated approval by the 
US Food and Drug Administration (FDA) in November 2015 for 
patients with metastatic EGFR T790M-positive NSCLC who had 
progressed on prior systemic therapy, including an EGFR TKI. 
For patients with EGFR T790M mutated NSCLC, Osimertinib 
demonstrated clinically superior efficacy over Pemetrexed plus a 
platinum agent with a 70% reduction in the risk of disease pro-
gression, according to the results of the AURA3 study [13]. The 
objective response rate for Osimertinib in patients with T790M-
positive non-small-cell lung cancer was 61%; the median duration 
of progression-free survival was 9.6 months.

The role of immunotherapy in EGFR TKIs resistant patients 
has not been elucidated [14,15], demonstrated that the activation 
of EGFR pathway increases PD-L1 expression [16]. Demonstrated 
that the level of PD-L1 in EGFR-mutant NSCLC cell lines was 
significantly higher than that in EGFR-wild type cell lines and the 
expression of PD-L1 was the highest in resistant cells with EGFR-

T790M mutation. This finding is consistent with our patient who 
had an elevated PD-L1 expression of 50%. Akbay, et al. stated that 
in EGFR mutant NSCLC, EGFR TKIs reduced PD-L1 expression. 
He also showed that blocking the PD-1 pathway in EGFR mu-
tant tumors resulted in tumor reduction and significantly increased 
overall survival. He concluded that combination of PD-1 blockade 
with EGFR TKIs may be a promising therapeutic option in such 
patients. Due to rare occurrence of pre-treatment primary T790M 
mutations (both somatic and germline), studies have not been con-
ducted with third generation EGFR TKIs like Osimertinib, alone 
or in combination with immunotherapy in this patient population. 
Our patient did not respond to treatment with osimertinib. There 
are no clear guidelines if TKI inhibitor or immunotherapy or both 
should be used as first line in tumors harboring both, de novo 
T790M mutation and increased PD-L1 expression. 

Ongoing trials are assessing EGFR TKIs in combination 
with immune checkpoints inhibitors in patients who progressed 
on prior EGFR TKI. A phase I study is evaluating the combination 
of Afatinib with Pembrolizumab in patients with EGFR-mutant 
NSCLC progressing after a prior EGFR TKI (NCT02364609). A 
phase III trial is evaluating the combination of the PD-L1 inhibitor 
MEDI4736 with AZD9291 compared to AZD9291 alone in pa-
tients with T790M-positive NSCLC following a prior EGFR TKI 
(NCT02454933) Data from these studies with use of immunother-
apy with or without EFGR TKI in patients with acquired resistance 
to the first line EGFR TKI can be extrapolated to patients like our 
patient. Further studies will be needed to study disease course and 
response to treatment, in tumors with de novo T790M mutation 
concurrent high PD-L1 expression.

Conclusion
In conclusion, the presence of de novo T790M mutation 

with concurrent high PD-L1 expression in patients with NSCLC 
is rare and may predispose to lung adenocarcinoma. It may be as-
sociated with a late age of onset, slower disease progression and 
poor response to the third generation TKI. Further studies will be 
needed to determine if these patients should be treated with im-
munotherapy or a combination of a third generation TKI and im-
munotherapy.
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