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Abstract: EGFR-mutant lung cancer is an important molecular subtype in Asia considering that almost 40%-50% 
of patients with lung adenocarcinoma in Asian carry the active EGFR mutaiton. People have greatly anticipated the 
efficacy of PD-1/PD-L1 monoclonal antibody in lung cancer treatment but anti-PD-1/PD-L1 treatment failed to posi-
tively affect these patients. The NCCN guidelines do not recommend immunotherapy to patients with NSCLC car-
rying EGFR mutation at present. However, the reason why EGFR-mutant lung cancer patients show poor response 
to anti-PD-1/PD-L1 treatment is still unknown. Immune suppression and tolerance are the main characteristics of 
tumor. The PD-1/PD-L1 co-inhibitory molecule is probably not the main escape route of this tumor type. The main 
characteristic of EGFR-mutant lung cancer is the activation of the EGFR signaling pathway. EGFR activation is likely 
responsible for the uninflamed tumor microenvironment of this type tumor and particiaptes in immunosuppression 
and immune escape. Accumulating evidence proved that activation of EGFR signaling pathway is essential to the 
generation of Treg and tolerogenic DCs. In this review, we summarize the efficacy of PD-1/PD-L1 monoclonal anti-
biodies in patients with EGFR-mutant lung cancer patients; provide evidence to analyze the potential reason why 
these patients cannot benefit from anti-PD-1/PD-L1 treatment, and explore the strategy that shoud be adopted in 
the future.

Keywords: EGFR mutation, lung cancer, immunotherapy

Introduction

Immune checkpoint inhibitors, especially anti-
bodies targeting programmed death-1 (PD-1) 
and programmed death ligand-1 (PD-L1), have 
shown survival benefits over chemotheapy for 
patients with advanced non-small-cell lung 
cancer (NSCLC) in several phase III trials com-
paring with chemotherapy [1-4]. Several anti-
PD-1/PD-L1 antibodies, such as nivolumab, 
pembrolizumab and atezolimumab, have been 
approved as second- or first-line therapy in 
NSCLC and modified the management of pa- 
tients with locally advanced or metastatic 
NSCLC [5, 6]. Despite this progress, a consider-
able proportion of patients with NSCLC do not 
respond to anti-PD-1/PD-L1 treatment. Ch- 
eckpoint inhibition is less effective in patients 
with EGFR mutation than in those without t 
he mutation. In this review, we summarize the 
efficacy of PD-1/PD-L1 monoclonal antibiodies 
in patients with EGFR-mutant lung cancer 
patients; analyze why patients with this muta-
tion cannot benefit from anti-PD-1/PD-L1 treat-

ment, and explore the strategy that should be 
adopted in the future.

Patients with EGFR-mutant lung cancer poorly 
responded to anti-PD-1/PD-L1 treatment

The clinical trial checkmate 057 confirmed that 
patients who suffer from advanced nonsqua-
mous NSCLC and progress during or after plati-
num-based chemotherapy survived longer with 
nivolumab than docetaxel [2]. However, sub-
group analyses indicated that 82 patients with 
an activating EGFR mutation achieve no pro-
gression-free survival (PFS) or overall survival 
(OS) benefit. The KEYNOTE 010 clinical trial 
also revealed that pembrolizumab prolongs the 
OS of patients with previously treated PD-L1-
positive advanced NSCLC [7]. Nevertheless, 
the subgroup analyses of patients with EGFR-
mutant NSCLC (86 cases) still showed no appar-
ent OS benefit from pembrolizumab (HR 0.88 
[95% CI 0.45-1.70]). Atezolizumab is a human-
ized anti PD-L1 monoclonal antibody, and OAK 
is the first randomized phase 3 study that veri-
fies its effectiveness in patients with previously 

http://www.ajcr.us


Immuotherapy of EGFR mutant lung cancer

2107 Am J Cancer Res 2018;8(10):2106-2115

treated NSCLC [4]. Similarly, EGFR-mutated 
patients fail to receive prolonged OS from at- 
ezolimab compared with docetaxel (HR 1.24 
[95% CI 0.71-2.18]). A retrospective analysis 
included 58 patients who have NSCLC and are 
treated with PD-1/PD-L1 inhibitors. The objec-
tive responses are 1/28 (3.6%) in EGFR-mu- 
tant or ALK-positive patients and 7/30 (23.3%) 
in EGFR wild-type and ALK-negative/unknown 
patients (P=0.053) [8].

Although these data have been derived from 
subgroup analyses and their sample size is  
relatively small, a pooled analysis which includ-
ed three clinical studies (checkmate 057, key-
note 010, and POPLAR) has confirmed that 
immune checkpoint inhibitors do not enhance 
the OS of patients with EGFR-mutant advanced 
NSCLC compared with that of docetaxel (n= 
186, HR=1.05, 95% CI: 0.70-1.55, P < 0.81; tr- 
eatment-mutation interaction P=0.03) [9]. An- 
other pooled analysis which covered five cli- 
nical trials (Checkmate 017, Checkmate 057, 
Keynote 010, OAK, and POPLAR) has verified 
that prolonged OS can be observed in the EG- 
FR wild-type subgroup but not in the EGFR 
mutant subgroup [10]. A phase II trial (NCT- 
0287994) was conducted to test the efficacy  
of pembrolizumab in TKI-naive patients with 
EGFR mutation, advanced NSCLC, and PD-L1 
positive tumors. Enrolment was ceased becau- 
se of the lack of efficacy after 11 of the 25 
planned patients were treated. None of the 
patients with EGFR-mutant lung cancer res- 
ponded to pembrolizumab. Based on these 
data (Table 1), the NCCN clinical practice guide-
lines of NSCLC (version 3, 2018) clearly pointed 

out that immunotherapy is less effective in 
patients with EGFR-mutant lung cancer regard-
less of PD-L1 expression. Therefore, the NCCN 
guidelines do not recommend immunotherapy 
to patients with NSCLC carrying EGFR 
mutation. 

Why did the EGFR-mutant lung cancer show 
poor response to anti-PD-1/PD-L1 treatment?

EGFR-mutant lung cancer is an important 
molecular subtype in Asia considering that 
almost 40%-50% of patients with lung adeno-
carcinoma in Asian carry the active EGFR muta-
tion. People have greatly anticipated the effi-
cacy of PD-1/PD-L1 monoclonal antibody in 
lung cancer treatment but anti-PD-1/PD-L1 
treatment failed to positively affect patients 
who suffer from lung cancer and harbor the 
active EGFR mutation. In this regard, the bene-
fit of anti-PD-1/PD-L1 monotherapy to EGFR-
mutant lung cancer treatment is naturally qu- 
estioned. Almost all lung cancer specialists 
globally share the same concern, and some of 
them have published commentary articles dis-
cussing the issue and suggesting potential rea-
sons [11-13]. 

PD-L1 expression in tumor tissues and tumor 
mutation burden (TMB) are the most important 
predictive factors of the response to PD-1/
PD-L1 inhibition [5, 14, 15]. As such, we sh- 
ould determine whether EGFR mutation tumor 
expresses low PD-L1 and carries a low TMB.

Question 1: Is EGFR-mutant lung cancer as- 
sociated with low PD-L1 expression in tumor 
tissue?

Table 1. Main clinical trial results concerning EGFR mutant lung cancer

Clinical trial Clinical 
trial stage

Patients  
number of 

EGFR mutation
Treatment strategy Key results

Checkmate 057 [2] Phase 3 82 Nivolumab versus docetaxe No PFS or OS benefit from nivolumab in 
EGFR mutation patients

Keynote 010 [7] Phase 2/3 86 Pembrolizumab versus docetaxel No PFS or OS benefit from pembrolizumab in 
EGFR mutation patients

OAK [4] Phase 3 42 Atezolizumab versus docetaxel EGFR mutant patients failed to prolong OS 
from atezolizumab comparing with docetaxel

NCT0287994 Phase 2 11 Pembrolizumab in TKI-naive patients 
with EGFR mutaiton, adcanced 
NSCLC, and PD-L1 positive tumors

None of the patients with EGFR-mutant lung 
cancer responded to pembrolizumab

Retrospective analysis [8] - 28 Anti-PD-1/PD-L1 therapy Only one patient response to anti-PD-1/PD-
L1 therapy (The objective responses is 3.6%)

Pooled analysis 1 [9] - 186 Anti-PD-1/PD-L1 therapy verus 
docetaxel

Anti-PD-1/PD-L1 therapy can’t improve the 
OS of patients with EGFR mutation

Pooled analysis 2 [10] - 271 Anti-PD-1/PD-L1 therapy verus 
docetaxel

Anti-PD-1/PD-L1 therapy can’t improve the 
OS of patients with EGFR mutation
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Some studies have reported that the activation 
of the PD-1 pathway contributes to immune 
escape in EGFR-driven lung cancer, and most 
studies have confirmed that high PD-L1 expres-
sion is found more frequently in EGFR-mutant 
lung tumor tissues than that in wild-type lung 
tumor tissues [16-19]. Other literature have 
confirmed the lack of significant difference in 
PD-L1 and PD-L2 expression among various 
EGFR mutation statuses [20]. However, there 
was also literature reported that lung cancer 
patients with mutated EGFR status showed a 
decreased PD-L1 expression in tumor [21]. A 
pooled analysis of 15 public studies have sug-
gested that patients with EGFR mutation have 
a decreased PD-L1 expression [22]. The Ana- 
lysis of the Cancer Genome Atlas and the GCLI 
cohort have also verified the inverse correla- 
tion between EGFR mutation and PD-L1 expres-
sion in tumor. Since answer to this question is 
conflicting, PD-L1 expression cannot explain 
why EGFR-mutant lung cancer exhibits a low 
response rate to PD-1/PD-L1 inhibition. 

Question 2: Does EGFR-mutant lung cancer 
carry a low TMB?

Unlike the answers to question 1, the answer to 
question 2 is relatively uniform among studies. 
Studies have confirmed that EGFR mutations 
are associated with low TMB [22, 23]. Low TMB 
can partly explain our dilemma. However, low 
TMB is merely a rough marker and hardly be the 
core reason. 

Question 3: What other reasons can explain 
why EGFR-mutant lung cancer cannot respond 
to anti-PD-1/PD-L1 therapy?

When analyzing this question, we are more like-
ly to fix our thought on predictive factor asso- 
ciated with the PD-1/PD-L1 inhibitor. This is a 
traditional forward thinking. Otherwise, in a 
reverse approach, we should try to answer how 
this EGFR-mutant cancer can successfully es- 
cape the immune system attacks and survi- 
ve. This EGFR-mutant tumor probably utilizes 
its own evasion method from such attacks. The 
PD-1/PD-L1 co-inhibitory molecule is probably 
not the main escape route of this tumor type. 
Therefore, anti-PD-1/PD-L1 therapy cannot 
play a vital role in managing this kind of tumor. 

In 2015, Teng et al classified tumors into four 
different tumor microenvironment types based 
on the presence or absence of tumor-infiltrat- 

ing lymphocytes (TIL) and PD-L1 expression 
[24]. Among these tumor types (type I: TIL+, 
PD-L1+; type II: TIL-, PD-L1-; type III: TIL-, PD-L1+; 
type IV: TIL+, PD-L1-), only type I can respond to 
the PD-1/PD-L1 inhibitor. This observation indi-
cates that the PD-L1 expression and the pres-
ence of TIL are important factors affecting the 
tumor microenvironment. Only when a tumor 
tissue contains a sufficient number of TIL, an- 
ti-PD-1/PD-L1 drugs can elicit anti-tumor ef- 
fects. In 2017, Chen et al reported that immu-
nity is influenced by a complex set of tumor, 
host, and environmental factors and divided 
tumor into the following types: the immune-
desert phenotype, the immune-excluded phe-
notype, and the inflamed phenotype [25]. In 
this classification system, the immune-desert 
phenotype and the immune-excluded pheno-
type are naturally resistant to the PD-1/PD-L1 
inhibitor. Another study has provided evidence 
supporting the correlation between EGFR mu- 
tation and an uninflamed tumor microenviron-
ment [22]. Other studies also presented find-
ings consistent with this conclusion [8] and this 
could perfectly explain why this type tumor  
cannot response to anti-PD-1/PD-L1 therapy. 
However, how EGFR-mutant lung cancer can 
transform into an immune-desert phenotype is 
unknown. 

The main characteristic of EGFR-mutant lung 
cancer is the activation of the EGFR signaling 
pathway. EGFR, a well-accepted driver gene in 
lung cancer, is likely responsible for the unin-
flamed tumor microenvironment and may have 
an extensive association with immunosuppres-
sion and immune escape.

EGFR signaling pathway activation participates 
in immunosuppression and immune escape 

Studies have mainly focused on the role of 
EGFR in tumor cells, but limited information has 
been presented regarding the effects of EGFR 
on immunologic effector cells. However, some 
studies have reported the extensive connec-
tion between EGFR signaling and immuno- 
suppression.

EGFR signaling and Treg 

Immune suppression and tolerance are the 
main characteristics of tumor. Regulatory T ce- 
lls (Tregs) are necessary to maintaining periph-
eral tolerance. The most characterized Tregs 
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are defined by the expression of the transcrip-
tion factor Foxp3. The CD4+/CD25+/Foxp3+ 
Tregs are important immune suppressor cells 
that play a suppressive function in the immune 
system. The systemic inhibition of EGFR signal-
ing by gefitinib can alter the immune environ-
ment of targeted cancer in vivo and in vivro. 
This effect is probably achieved by reducing the 
number of Tregs in tumors [26]. 

Amphiregulin (AREG) is an EGF-like growth fac-
tor and frequently up-regulated in tumor tis-
sues. In 2013, AREG was proven to be critical 
for efficient Treg function in vivo, suggesting 
that the EGFR signaling pathway can play a sub-
stantial role in the immune system because 
AREG is a ligand of EGFR [27]. In 2016, Wang  
et al [28] first confirmed that the EGFR sig- 
naling pathway participates in the regulation of 
Treg, and AREG can maintain the suppressive 
function of Tregs via the EGFR/GSK-3β/Foxp3 
axis in vitro and in vivo. In 2017, another lite- 
rature also verified that a long noncoding RNA 
lnc-EGFR can stimulate Treg differentiation and 
promote hepatocellular carcinoma immune ev- 
asion via an EGFR-dependent signalling path-
way [29]. Therefore, EGFR signaling activation 
has a vital role in the generation and activation 
of Tregs (Figure 1). 

EGFR signaling and tolerogenic dendritic cells 
(DCs)

DCs participate in antigen presentation to drive 
T cell priming and differentiation and play a 
vital role in the regulation of immune respons-
es. Tolerogenic DCs can promote immune toler-
ance by participating in the negative selection 
of antoreactive T cells. Tolerogenic DCs are ch- 
aracterized by the low expression of co-stimu- 
latory molecules, the highly suppressive cyto-
kine production, and the enhanced regulation 
of immune responses, including impairment of 
T cell proliferation and promotion of Treg ex- 
pansion via the upregulation of indoleamine 
2,3-dioxygenase IDO [30]. IDO is involved in 
immune tolerance in ovarian cancer and a poor 
prognostic marker in serous ovarian cancer cell 
[31, 32]. 

Signal transducer and activator of transcription 
3 (STAT3), a downstream signaling molecule of 
EGFR, is a family of cytoplasmic proteins modu-
lating various physiological functions, including 
cell survival and cell cycle regulation. IL-6 par-
ticipates in maintaining immature DCs, and 
STAT3 is essential for the IL-6 suppression of 
bone marrow-derived DC activation/maturation 
[33]. Activating STAT3 can inhibit the matura-

Figure 1. EGFR signaling and generation of Treg and tol-DC. EGFR signaling pathway activation can promote genera-
tion of Treg cells and tol-DC and maintain the suppression function of Treg cells and tol-DC.
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tion of DCs [34]. STAT3 not only prevents the 
maturation of DC but also induces the produc-
tion of IDO. Cheng et al [30] reported that STAT3 
activation in DC is essential to IDO production. 
IDO inhibitor or STAT3 blocking antibodies can 
reverse the production of IDO. The activation of 
other EGFR downstream molecules, such as 
PI3K, PKC, and NF-κB, are required for hemo-
globin-induced IDO expression in bone marrow-
derived myeloid DCs [35]. Collectively, the 
above observations indicate that the activation 
of EGFR signaling pathway is essential to the 
generation of tolerogenic DCs (Figure 1).

EGFR signaling pathway and myeloid-derived 
suppressor cells (MDSCs)

MDSCs with the typical phenotype of CD11b+ 
CD33+HLA-DR- significantly increase in num-
ber of multiple cancer types and contribute to 
cancer development. MDSCs can inhibit IL-2 
and anti-CD3/CD28 mAb-induced T cell amplifi-
cation and Th1 polarization but stimulate apop-
tosis in T cells in an IDO-dependent manner. 
The phosphorylation of STAT3, an important 
downstream signal molecule of the EGFR sig-
naling pathway, is required for the expression 
of IDO [36]. In other words, the activation of 
STAT3 is essential for the immune suppression 
of MDSCs.

Actually, substantial literature has proven the 
intimate relationship between the activation  
of STAT3 and generation of MDSCs. In 2010, 
Poschke et al confirmed that increased STAT3 
levels is an important regulator in MDSC devel-
opment and function, and inhibition of STAT3 
can abolish MDSCs’ suppressive activity almost 
completely [37]. Other researchers demon-
strated that the persistent activation of STAT3 
can promote MDSC-mediated immune sup-
pression in lung cancer [38].

How does EGFR activation in tumor cells trans-
fer to immune cells?

Exosomes are spherical to cup-shaped nano- 
particles (30-100 nm) and can be present in 
nearly all human body fluids. The main function 
of exosomes is to participate in cell-to-cell com-
munication by transferring bioactive molecules 
to recipient cells close to or distant from origi-
nal cells [39]. For example, exosomes secret- 
ed from hepatitis C virus-infected cells contain 
full-length viral RNA and protein, and these exo-

somes can successfully transmit infection to 
other hepatoma cells and establish a protec-
tive infection [40, 41]. Tumor cells can share 
some malignant characteristics through the 
exchange of exosomes. For example, exosomes 
from mutant KRAS-expressing colon cancer 
cells can transfer their invasiveness to recipi-
ent cells expressing wild-type KRAS gene [42]. 

Recently, accumulating evidence has proven 
that the presence of active EGFR protein in exo-
somes derived from cancer cells and, more 
importantly, exosomal EGFR protein, can be 
transferred between cells and contribute tumor 
development [43-45]. For example, EGFR in 
exosomes secreted from gastric cancer cells 
can be delivered to liver cells, and the EGFR 
molecules can be integrated into the plasma 
membrane of liver stromal cells and then pro-
mote gastric cancer liver metastasis [45]. In- 
terestingly, in 2010, Chalmin et al found that 
hsp72 derived from tumor exosomes can medi-
ate the STAT3-dependent immunosuppressive 
function of human MDSCs [46]. Recently, some 
researchers observed that EGFR can be trans-
ferred by exosomes between tumor cells and 
immune cells and induce the generation of 
tumor-specific Treg cells [47]. These studies 
may partly explain how EGFR mutant cancer 
cells can affect the activation of Treg cells. 

What strategy should we adopt?

Because anti-PD-1/PD-L1 monoclonal anti-
body exhibits limited activity toward EGFR-
mutant lung cancer patients. NCCN guidelines 
do not recommend immunotherapy to patients 
with active mutation. Is this the final end of the 
war? We believe that this conclusion is only pre-
liminary because many researchers still focus 
on this field. Furthermore, immunotherapy is 
expected to go beyond anti-PD-1/PD-L1 mono-
clonal antibody. 

PD-1/PD-L1 monoclonal antibody as third-line 
or later treatment for selective EGFR-mutant 
lung cancer 

The activation of the EGFR signaling pathway is 
the hallmark of EGFR-mutant lung cancer and 
is the potential reason why tumor type cannot 
respond to anti-PD-1/PD-L1 therapy. As EGFR-
TKI therapy continuously develops from first 
generation to third generation, cancer cells 
with an activated of EGFR signaling pathway 
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are subjected to EGFR-TKI treatment. Most of 
the surviving tumor cells are independent of 
the EGFR signaling pathway. In this situation, 
when a “clean” tumor becomes relatively “di- 
rty”, anti-PD-1/PD-L1 therapy may play a role in 
this tumor. 

Actually, osimertinib can decrease the expres-
sion of pEGFR in tumor and increase CD8+ T 
cell infiltration, which faciliates the anti-tumor ef- 
fect of PD-1/PD-L1 therapy [48]. In the ATL- 
ANTIC clinical trial, patients were divided into 
three cohorts on the basis of EGFR/ALK status 
and PD-L1 expression and received durvalum-
ab (anti-PD-L1) as third-line or later treatment. 
A total of 111 patients were included in co- 
hort 1 and harbored EGFR+ or ALK+ NSCLC 
with at least 25% or less than 25%, of tumor 
cells with PD-L1 expression. The patients with 
EGFR-/ALK- NSCLC achieved a response higher 
than that in cohort 1. Even so, the ORR among 
the patients with EGFR+ NSCLC with ≥ 25% of 
tumor cells expressing PD-L1 remained encour-
aging (12.2%) relative to that (4%) of patients 
with EGFR+ NSCLC with < 25% tumor cells 
expressing PD-L1 [49]. Considering this result, 
we can utilize anti-PD-1/PD-L1 therapy in 
EGFR-mutant and PD-L1 overexpression lung 
cancer patients heavily treated with anti-EGFR 
treatment. 

PD-1/PD-L1 monoclonal antibody combined 
with other therapy

EGFR-TKI is the standard therapy for EGFR-
mutant lung cancer. However, the combination 
of EGFR-TKI with PD-1/PD-L1 monoclonal anti-
body appears more attractive. Several phase I 
trials are intended to study the possibility of 
combining of EGFR-TKI with PD-1/PD-L1 mono-
clonal antibody, and some trials have attained 
a preliminary result. 

TATTON is a phase Ib trial aiming to investigate 
the tolerability and safety of combining thera-
pies with osimertinib and durvalumab. The re- 
sponse rate in patients with EGFR mutation 
was encouraging (12/21). However, 38% of the 
patients enrolled developed serious interstitial 
pneumonitis, and the poor safety profile end- 
ed the development of the osimertinib-dur-
valumab combination for further study. Another 
two gefitinib + durvalumab combination regi-
mens were also designed to test in patients 
with EGFR-mutant and EGFR-TKI-naïve lung 

cancer patients. Tolerance to the combination 
was acceptable and the ORR was 77.9% and 
80%, respectively. Because the treatment ef- 
fect of EGFR-TKI alone was relatively high, 
improving the patients’ ORR by adding dural-
umab appeared difficult. 

Adding anti-PD-1/PD-L1 treatment to standard 
chemotherapy results in a significantly longer 
OS and PFS than those of chemotherapy alone 
patients with lung cancer without targetable 
mutation [3]. Adding anti-PD-1/PD-L1 treat-
ment to chemotherapy in patients with EGFR 
mutation may achieve desirable results. Al- 
though no clinical trial has focused on patients 
with EGFR-mutant lung cancer patients, infor-
mation can still be acquired from the subgroup 
analysis of other clinical trials. The PACIFIC 
study was a phase III study that compared dur-
valumab (PD-L1 antibody) as consolidation th- 
erapy with placebo in patients with stage III 
NSCLC who did not present disease progres-
sion after two or more cycles of platinum-based 
chemotherapy [50]. This clinical trial attained a 
positive result and demonstrated a longer PFS 
in the durvalumab cohort than that in the pla-
cebo cohort. In the subgroup analysis, patients 
with EGFR-mutant patients also slightly benefit-
ed from durvalumab after chemoradiotherapy. 

IMpower150 was a randomized phase III study 
of atezolizumab + chemotheray ± bevacizumab 
vesus chemotherapy + bevacizumab in first-line 
nonsquamous NSCLC. The study showed a sig-
nificant OS benefit with atezolizumab + chemo-
therapy + bevacizumab vesus chemotherapy + 
bevacizumab in first-line NSCLC. More impor-
tantly, patients with EGFR/ALK+ patients also 
benefited from the addition of atezolizumab. 
This finding implied that bevacizumab and che-
motherapy can enhance atezolizumab efficacy 
in EGFR-mutant lung cancer patients.

Pegilodecakin (AM0010) can stimulate the sur-
vival and expansion of intratumoral, antigen-
activated CD8+ T cells, which provided a ratio-
nale for combining anti-PD-1 agents with 
pegilodecakin. A total of 34 pretreated patients 
with NSCLC received pegilodecakin (10-20 μg/
kg daily, SC) with pembrolizumab (2 mg/kg, 
every 3 weeks, IV) or nivolumab (3 mg/kg, 
every 2 weeks, IV). In 26 subjects who can be 
evaluated for the response, the ORR was 41%, 
and another 12 patients (46%) achieved SD as 
the best response. The responses were also 
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observed when anti-PD-1 therapy has demon-
strated limited benefit, such as in absent PD-L1 
expression, low TMB, and/or the presence of 
liver metastasis. Although no similar data have 
been found concerning on EGFR-mutant pa- 
tients, the data from this research appear opti-
mistic for patients with EGFR mutation.

Other immunotherapy treatments

PD-1/PD-L1 is a highly typical immune check-
point inhibitor. Recently, HHLA2, a newly dis-
covered member of the B7/CD28 family, was 
found to be widely expressed in human lung 
cancer. More importantly, the expression of 
HHLA2 was noted to be higher in patients with 
EGFR mutation than in other patients; this find-
ing indicated that HHLA2 is a potentially novel 
target for lung cancer immunotherapy, espe-
cially in patients with EGFR mutation [51]. 

There were also other immune therapy drugs 
some of which have entered to clinical trials. 
IDO is a key regulator of immune tolerance in 
multiple cancers. IDO expression in DCs can 
suppress T-cell responses and promote toler-
ance by either a direct effect on T-cells mediat-
ed by tryptophan depletion or cytotoxic effects 
on T-cells from tryptophan metabolites. INCB- 
24360 (epacadostat) is a highly potent and 
selective IDO1 inhibitor for immuno-oncology 
[52]. Epacadostat was proven to be generally 
well tolerated in clinical trials [53]. ECHO-306/
Keynote-715, a phase III study of first-line ep- 
acadostat plus pembrolizumab with or without 
platinum-based chemotherapy vesus pembr- 
olizumab plus platinum-based chemotherapy 
plus placebo for metastatic NSCLC patients 
has already been designed. Another phase III 
randomized double-blind study of first-line 
epacadostat plus pembrolizumab vesus pem-
brolizumab plus placebo for metastatic NSCLC 
was also designed. 

LYC-55716, a first-in-class oral, small-molecule 
agonist of the retinoic acid receptor-related 
orphan receptor γ (RORγ) was developed to 
treat solid tumor. A phase Ib trial of this drug in 
combination with pembrolizumab has been 
designed. In preclinical study, adding RORγ ag- 
onists increased the activity of PD-1/PD-L1 
inhibitors augmented the number and activa-
tion of tumor-infiltrating lymphocytes and 
diminished immune suppression. 

Conclusion

Patients with EGFR-mutant lung cancer patients 
cannot benefit from monotherapy with PD-1/
PD-L1 monoclonal antibody. The activation of 
EGFR signalling pathway in immunologic effec-
tor cells may participate in the formation of an 
immunosuppressive microenvironment in lung 
cancer and finally result in the nonresponsive-
ness of this type of lung cancer to anti-PD-1/
PD-L1 treatment. The present data suggest 
that combination therapy showed potential for 
treatment applications. As such, new immune 
drugs for EGFR-mutant lung cancer should be 
developed.
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