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Abstract:  Lung cancer is currently the malignant tumor with the highest incidence and 
mortality in the world, while non-small cell lung cancer (NSCLC) is the most common 
pathological type of lung caner. In the past few decades, the only treatment options available 
for advanced NSCLC patients have been targeted therapy or chemotherapy, but these 
therapies are inevitably tolerated by tumors.  The discovery of immune checkpints that 
mediate the immune escape of tumor cells have been promoting a series of immune 
checkpoint inhibitors to be used in cancer treatment and achieved great results. Among 
them, pembrolizumab is currently the only PD-1 inhibitor approved for first-line treatment of 
NSCLC, whether it is monotherapy or combination therapy, for creditable performance in 
KEYNOTE studies. In this review, we systematically integrate the latest series of clinical 
trial results, pharmacological mechanisms, adverse events (AEs) and predictive biomarkers 
in the first-line treatment of NSCLC. We hope pembrolizumab could become a better choice 
for more clinicians and benefit more patients with advanced NSCLC. 
Keywords: pembrolizumab, PD-1/PD-L1, KEYNOTE studies, first-line treatment, non- 
small cell lung cancer, NSCLC

Introduction
Lung cancer is the malignant tumor with the highest incidence and mortality all over 
the world. 2,093,876 new cases of lung cancer were diagnosed and 1,761,007 patients 
died of lung cancer in 2018, accounting for 11.6% of the total number of diagnosed 
cancers and 18.4% of the total number of cancer deaths.1 Pathologically, lung cancer 
can be divided into two categories: small cell lung cancer (SCLC) and non-small cell 
lung cancer (NSCLC), the latter accounting for more than 85% of the total lung 
cancer.2 Traditional lung cancer treatment methods includes surgery, radiotherapy, 
chemotherapy and targeted therapy. However, only about 20% of patients with 
localdisease (stage I and II) have access to a radical resection. Thirty percent of 
patients with locally advanced disease and 50% of patients with metastatic disease are 
unable to completely clear the lesions via surgery.3 Targeted therapy seems to be the 
best option for these patients with inoperable advanced lung cancer that carry some 
driver gene mutation.4 But less than half of NSCLC patients have mutations in related 
tumor-driving genes including EGFR, BRAF, ERBB2 and rearrangement of ALK or 
ROS1, which can be blocked or inhibited by targeted medicine.5 For most patients 
with NSCLC that cannot be treated with targeted drugs, platinum-based 
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chemotherapy has been used as a standard treatment for 
a long time, and the median survival time for these patients 
is about one year.6 Recently, it has been found that some 
molecules that can inhibit the function of immune cells was 
used by tumor cells to evade immune attack. We call the 
molecules with negative immune regulation immune 
checkpoints.7 As a key node in the process of tumorigenesis 
and development, immune checkpoints such as PD-1/PD- 
L1, CTLA-4, TIM-3, LAG-3 and others provide us with 
a new therapeutic target.8 There has been particular focus on 
two immune checkpoint molecules, cytotoxic T lymphocyte 
antigen-4 (CTLA-4) and programmed cell death protein-1 
(PD-1), which have been dedicated to have potent immune 
suppression effects through their function as negative reg-
ulators in the process of T cell activation. The available 
immune checkpoint inhibitors are usually monoclonal anti-
bodies against these two molecules to restore the normal 
anti-tumor effect of T cells by blocking the interaction 
between these two molecules and their receptors or 
ligands.9 Immune checkpoint inhibitors have made break-
through achievements in the field of tumor treatment and 
were verified in 12 types of malignancies (lung, melanoma, 
bladder, breast, colorectal, esophagus, gastric, head and 
neck, hematology, ovarian, pediatric, and other solid 
tumors).10

At present, the main checkpoint inhibitors in NSCLC 
are Pembrolizumab, Nivolumab and Atezolizumab. 
Among them, pembrolizumab is the only immune check-
point inhibitor approved by the FDA and the National 
Medical Products Administration (NMPA) in China for 
first-line treatment of NSCLC.11

Pharmacology Mechanism of 
Pembrolizumab
Pembrolizumab approved by FDA to treat advanced 
NSCLC in 2015 is the first immune checkpoint inhibitor 
in NSCLC.12 The chemical nature of pembrolizumab is 
a humanized monoclonal antibody that specifically binds 
to PD-1 molecules on the surface of T cells. When pem-
brolizumab occupied the PD-1 precisely, steric hindrance 
effects can hinder the combination between PD-1 and its 
ligands, PD-L1 or PD-L2, to restore the normal anti-tumor 
immune response suppressed by PD-1 pathway.13

PD-1 and PD-L1/PD-L2
PD-1 (CD279) was first discovered by Tasuku Honjo in 
1992. PD-1 is a type I transmembrane protein that is 

expressed on the surface of activated T cells, B cells, 
monocytes and dendritic cells. The structure of PD-1 and 
CTLA-4 has 30% homology, both belong to the CD28 
molecular superfamily.14 The extracellular region of PD- 
1 consists of a single IgV-like domain and the intracellular 
region retains an immunoreceptor tyrosine-based inhibi-
tory motif (ITIM) and an immunoreceptor tyrosine-based 
switch motif (ITSM) depending on PD-1-mediated 
immune suppression. These regions were phosphorylated 
and recruit domain-containing protein-tyrosine phospha-
tase-2 (SHP-2) to inhibit the downstream signaling of 
T cell activation receptors after PD-1 binds its ligands.15

PD-L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273), 
two main ligands of PD-1, were isolated in 2009 and 2001 
respectively, which is a remarkable achievement in pro-
found understanding of physiological immune 
regulation.16 PD-L1 and PD-L2 belong to type 
I transmembrane glycoproteins and members of the B7 
superfamily and they have a high degree of homology in 
sequence.17 PD-L1 is expressed on the surface of activated 
T cells, B cells, macrophages, and dendritic cells. In some 
cases, vascular endothelial cells, various interstitial cells, 
heart, lung, pancreas, and placental tissue can all be 
induced to express. PD-L1 restricts antigen-specific 
T cell responses and confines inflammatory tissue damage, 
which plays an important role in maintaining autoimmune 
tolerance and limiting the scale of inflammation.18 PD-L1 
is also widely expressed in tumor tissues such as lung 
cancer, liver cancer, breast cancer, squamous cell carci-
noma, and so on. It is expressed at low levels in normal 
tissues adjacent to the tumor, suggesting that it is involved 
in tumorigenesis and development and plays a key role in 
weakening the anti-tumor immune response.19

Signal Pathway of PD-1/PD-L1
PD-1/PD-L1 performs negative immune regulation mainly 
by inhibiting a series of T cell receptor (TCR) downstream 
signal transduction pathways, which play a center role to 
maintain self-tissue immune tolerance and keep immune 
balance physiologically.20 Changes in the PD-1/PD-L1 
signaling pathway are closely related to the occurrence 
of many diseases, especially autoimmune diseases. 
However, tumor cells cleverly use this mechanism to 
escape immune killing.21 The transduction of PD-1/PD- 
L1 signaling pathway requires not only the binding of PD- 
1 to its ligand PD-L1, but also the interaction of major 
histocompatibility complex (MHC)-antigen peptide com-
plex with TCR on the surface of T cells. When the 
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combination between two receptors and ligands has 
reached the optimal state, it will lead to tyrosine phosphor-
ylation of the PD-1 cytoplasmic region, thereby recruiting 
SHP-2 to the tyrosine of the PD-1 carboxyl-terminal ITSM 
motif. SHP-2 dephosphorylates TCR-related CD3z and 
ZAP70, thereby inhibiting multiple downstream signaling 
pathways, blocking cells in the G0/G1 phase and inhibit-
ing T cell growth and cytokine release, which restrain 
T cells activation induced by TCR-CD3 complex.22

PLC-g/PIP2/Calcium Pathway
When TCR recognizes tumor-associated antigens presented 
by MHC molecules expressed on the surface of tumor cells 
or antigen presenting cells (APC), T-cell activation signals 
are transduced from CD3 into cells. The z chain of CD3 
molecule contains immunoreceptor tyrosine-based activation 
motif (ITAM) whose tyrosine residues can be phosphory-
lated after TCR binds to MHC molecules, recruiting tyrosine 
kinases with Src homology-2 (SH-2) domain such as ZAP-70 
to activate.23 Then ZAP-70 phosphorylates tyrosine residues 
of the phospholipase C-g (PLC- g) to activate the PLC- g that 
splits phosphatidylinositol bisphosphate (PIP2) on cell mem-
brane into two important secondary messengers: inositol 
1,4,5-triphosphate (IP3) and diacyl glycerol (DAG). IP3 
can open the calcium channels on the endoplasmic reticulum, 
increasing the calcium concentration in the cytoplasm by 
more than 10,000 times. High level of calcium can active 
calmodulin and calcineurin that dephosphorylate the nuclear 
factor of activated T cell (NF-AT) to make it to translocate 
from cytoplasm to nucleus. NF-AT and activating protein-1 
(AP-1) form a complex that bind to the enhancer of inter-
leukin-2 (IL-2) gene to initiate the transcription of IL-2 gene. 
IL-2 is the most important T cell autocrine growth factor that 
promote the division and differentiation of T cells.24 DAG 
binds to free calcium ions in the cytoplasm to form complex 
that can phosphorylate the serine and threonine residues of 
protein kinase C (PKC) to activate it. Then activated PKC 
phosphorylate nuclear factor kappa-B (NF-kB) that transfer 
into nucleus, activating various cytokines gene transcription 
to amplify the immune response.25

PD-1 molecules are gradually expressed on the surface of 
T cells after T cells are activated by the downstream signaling 
pathway of the TCR-CD3 complex.26 The ITSM in 
C-terminal of PD-1 molecules is phosphorylated to recruit 
src homology 2-containing protein tyrosine phosphatase 
(SHP-2) when PD-1 bind to its ligand. SHP-2 can depho-
sphorylate TCR downstream signals CD3z and ZAP70 to 
inhibit the activation of NF-AT and NF-kB. So PD-1 can 

reduce release of IL-2 and other cytokines to hinder the pro-
liferation and differentiation of T cells by inhibiting this 
pathways.27

PI3K/AKT Pathway
The phosphorylation of ZAP70 results in rapid activation of 
phosphoinositide-3 kinase (PI3K) that promotes the genera-
tion of phosphatidylinositol 3,4,5-trisphosphate (PIP3).28 

PIP3 binds downstream proteins AKT (protein kinase B, 
PKB) and phosphoinositide dependent kinase-1 (PDK1), 
causing PDK1 to phosphorylate the serine of AKT to acti-
vate it. AKT then phosphorylate and activate downstream 
signaling molecular mammalian target of rapamycin 
(mTOR). mTOR can directly phosphorylate a series of 
transcription factors to make related genes including cycle 
protein-dependent kinase (CDK) and pro-survival protein 
Bcl-XL, which help T cells proliferate and resist apoptosis.29

The dephosphorylation of ZAP70 induced by PD-1 
decreases the expression of critical protein that promote 
T cell survival, causing T cell apoptosis.30 In addition, PD- 
1 can further inhibit PI3K/AKT pathway by inducing 
expression of gene of phosphate and tension homology 
deleted on chromosome ten (PTEN).31

Ras/MEK/ERK Pathway
PD-1 also can inhibit MAPK cascade activated by TCR- 
CD3 complex. When ZAP70 was activated, the linker for 
activating T cell (LAT) of ZAP70 can bind to the SH2 
domain of growth factor receptor-bound protein 2 (Grb2) 
whose SH3 domain can collect son of sevenless (SOS) 
protein. SOS protein promote rat sarcoma (Ras) protein 
release GDP and bind to GTP, causing the molecular 
switch of the MAPK pathway to be opened. Then Ras 
protein hydrolyze the GTP to activate rapidly accelerated 
fibrosarcoma-1 (Raf-1) that can phosphorylate mitogen- 
activated protein kinase kinase (MEK-1/2). Extracellular 
regulated protein kinases (ERK) activated by MEK-1/2 is 
the last step in this cascade. ERK transfers from cytoplasm 
to nucleus and phosphorylates a series of transcription 
factors related to cell proliferation, providing growth sig-
nals to T cells.32,33 Dephosphorylating the ZAP-70 to 
reduce Ras/MEK/ERK pathway is a mechanism used by 
PD-1 to block the amplification of T cells.34

Exosome PD-L1
The traditional views suggest that PD-L1 is a membrane 
protein expressed on tumor cells and inhibits the function of 
T cells by binding to the PD-1 on the surface of T cells.35 

However, it is not so simple. Exosome that carry some 
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biomacromolecules such as complex RNA and proteins is 
a special form of extracellular vesicle (EV).36 Researchers 
have discovered that exosomes that carry a large number of 
PD-L1 are released by tumor cells and wander in the liquid 
phase, making immunosuppression mediated by PD-L1 is 
not limited to T cells that are directly in contact with tumor 
cells. In addition, exosomes in circulating blood can capture 
infused PD-1 antibodies like drones, which may be one of 
the reasons why some patients are ineffective for PD-1 
antibody treatment.37 Taken together, these findings remind 
us that we should attach great importance to the role of PD- 
L1 exosomes in tumor immune escape and that this mechan-
ism may be a potential intervention target to understand and 
overcome the resistance of current immune checkpoint inhi-
bitors (Figure 1).

Pharmacokinetics and 
Pharmacological of Pembrolizumab
Pembrolizumab is a humanized monoclonal IgG4 antibody 
that is antagonistic toward PD-1. Binding of pembrolizumab 
to PD-1 cannot combine Fc receptors or activate comple-
ment, so that it is absence of any cytotoxic activity.38 It is 
a kind of lyophilized powder, dissolved in 0.9% sodium 
chloride solution before use to get the final concentration 
of 1–10mg/mL, which is used for intravenous infusion. Its 
chemical properties remain stable for up to four hours at 
room temperature and prolong to 24 hours in cold storage. In 
pharmacokinetic studies, pembrolizumab has displayed 
increased dose-proportional for peak and trough 

concentrations and the steady-state area-under-the-plasma 
concentration-time curves (AUC). The clearance increases 
with body weight gain. The dosage of pembrolizumab is 1– 
10mg/kg every 2 weeks or 2–10mg/kg every 3 weeks, based 
on this the clearance of pembrolizumab is 0.22L/day with 
the serum half-life is 26d.39 Using a 3-weekly dosing regi-
men, steady-state concentration of pembrolizumab are 
reached by 18 weeks because clearance increases with 
body weight. AUC are 0.643-day/L and 3.77-day/mL 
when we adopt an intravenous dose of 2mg/kg and 10mg/ 
kg every 3 weeks respectively. Renal function and mild 
hepatic impairment doses not affect the clearance rate of 
pembrolizumab.40

FDA at April 28, 2020 has approved an additional 
recommended dosage of 400mg every six weeks (Q6W) 
for pembrolizumab across all adult indications, including 
monotherapy and combination therapy. This new dosage 
option will be available in addition to current dose of 
200mg every 3weeks (Q3W).41

Pembrolizumab as First-Line 
Treatment in NSCLC: Clinical Trials
Treatments for advanced NSCLC without drive gene 
mutation have not progressed for decades before immune 
checkpoint inhibitors are put into clinical practice.42 In the 
past, the standard first-line treatment for advanced NSCLC 
patients without EGFR mutations or ALK/ROS1 rearran-
gements is platinum-double chemotherapy (PT-DC) whose 
objective response rate (ORR), the median progression- 

Figure 1 The Signal Transduction Pathway of PD-1 / PD-L1. Under normal circumstances, MHC molecules on the surface of tumor cells present tumor-related antigens to 
TCR of T cells, which stimulates T cells to proliferate and differentiate into tumor-specific killer T cells through a series of downstream signaling pathways. But in the tumor 
microenvironment the combination of PD-1 expressed on T cells with its ligand PD-L1 expressed on tumor cells can inhibit the downstream signaling pathway of TCR, 
leading to T cell disability and tumor immune escape.
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free survival (PFS) and overall survival (OS) were 15%– 
32%, 4.0–5.1 and 8.1–10.3 months respectively. The OS 
rate of 1- to 2-years were 30–44% and 10–18.9% 
respectively.43–45

Nowadays, pembrolizumab has made a revolutionary 
breakthrough in the treatment of advanced NSCLC, 
becoming the only immune checkpoint inhibitors for first- 
line treatment of advanced NSCLC. Through the results of 
a series of clinical trials of pembrolizumab, we take a look 
at the incomparable advantages of pembrolizumab as 
a first-line treatment option for NSCLC compared to tradi-
tional chemotherapy.

First-Line Combined Therapy in 
Non-Squamous NSCLC
Chemotherapy can promote immune activation through the 
following mechanisms to increase the anti-tumor activity 
of the immune system and the effect of immune check-
point inhibitors. Chemotherapy causes a large number of 
tumor cell immunogenic deaths in a short time, which 
release tumor antigens and eliminate suppression of the 
immune system induced by tumor cells. Cytotoxic drugs 
on the one hand can directly enhance the function of 
activated T cells and NK cells, on the other hand can 
reduce the number of immunosuppressive cells, thereby 
indirectly enhancing the function of activated T cells.46 

Among them, the immune activation effect of pemetrexed 
is very prominent. Pemetrexed induces the expression of 
most immune cell activation genes and positively regulates 
signaling pathways that play a key role in T cell recruit-
ment or activation.47

Because of the synergy between chemotherapy and 
immune checkpoint inhibitors, the first-line combined 
treatment based on pembrolizumab and pemetrexed has 
achieved great success in non-squamous NSCLC.

In KEYNOTE-021G, a randomized, open-label, Phase 2 
cohort of a multicohort study, 123 patients with chemother-
apy-naïve, stage IIIB or IV, non-squamous NSCLC with 
negative EGFR or ALK genetic mutations were enrolled at 
26 medical centers in the USA and Taiwan. These patients 
were randomly assigned to two groups: pembrolizumab plus 
chemotherapy group where 60 patients were treated with 4 
cycles of pembrolizumab 200mg plus carboplatin area under 
curve 5mg/mL per min and pemetrexed 500mg/m2 every 3 
weeks after pembrolizumab for 24 months, and the che-
motherapy-alone group, where 63 patients were treated 
with unlimited pemetrexed maintenance therapy or 4 cycles 

of carboplatin and pemetrexed alone after unlimited peme-
trexed maintenance therapy. As of the cutoff date of August 
8, 2016, the median follow-up time had reached 10.6 months. 
The ORR of patients in the pembrolizumab plus chemother-
apy group was 55%, while only 29% in the chemotherapy 
alone group, which indicated that the combination between 
pembrolizumab and chemotherapy significantly increased 
the proportion of patients who achieved objective response. 
From the perspective of another secondary endpoint of this 
clinical trial, pembrolizumab plus chemotherapy signifi-
cantly prolonged patients’ PFS compared to chemotherapy 
alone. Median PFS had reached 13.0 months for pembroli-
zumab plus chemotherapy and only 8.9 months for che-
motherapy alone.48 Based on 10.6 months follow-up data 
from the Phase II clinical trial KEYNOTE-021G, the FDA 
approved pembrolizumab plus carboplatin and pemetrexed 
as first-line treatment for metastatic non-squamous NSCLC 
without EGFR/ALK mutation on May 10, 2017.49

When the statistical data of KEYNOTE-021G were cut 
off on December 1, 2017, the median follow-up time for 
the two treatment groups was 23.9 months (range 0.8–35.1 
months). The ORR was 56.7% with pembrolizumab plus 
chemotherapy versus 30.2% with chemotherapy alone. In 
terms of the main endpoint of KEYNOTE-021G, the ORR 
of pembrolizumab plus chemotherapy is about twice che-
motherapy alone. Twenty-two of 60 patients in the pem-
brolizumab plus chemotherapy group (37%) had died at 
the time of analysis, compared with 35 of 63 in the 
chemotherapy alone group (56%). The median PFS is 
24.0 months in patients in the pembrolizumab plus che-
motherapy group, while 9.3 months in the chemotherapy 
alone group. Two-year follow-up results of KEYNOTE- 
021G confirm that pembrolizumab combined with che-
motherapy for advanced non-squamous NSCLC reduced 
47% risk of disease progression and 44% risk of death 
compared with traditional chemotherapy. On August 20, 
2018, the 2-year follow-up results of KEYNOTE-021G 
were published in the Journal of Thoracic Oncology, 
which is the longest follow-up time for first-line immu-
notherapy combined with chemotherapy in NSCLC.50

Another clinical trial, KEYNOTE-189, further estab-
lished the safety and antitumor activity of pembrolizumab 
combined with chemotherapy for first-line treatment of meta-
static non-squamous NSCLC without EGFR/ALK mutation. 
In this randomized, multicenter, double-blind and placebo- 
controlled Phase III clinical trial, 616 patients with untreated 
metastatic non-squamous NSCLC without sensitizing 
EGFR/ALK mutation in a 2:1 ratio were randomly assigned 
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to the pembrolizumab combination group (410 patients) 
where they received pemetrexed and carboplatin or cisplatin 
plus 200mg of pembrolizumab every 3 weeks for 4 cycles, 
followed by pembrolizumab for up to a total of 35 cycles plus 
pemetrexed maintenance therapy and placebo combination 
group (206 patients) where they were treated with the same 
procedures and medications, except that the pembrolizumab 
was replaced with placebo. In addition, more than one-third 
of patients in this trial had negative PD-L1 expression of 
tumor. Data analysis after a median follow-up of 10.5 months 
showed that pembrolizumab combined with chemotherapy 
reduced the risk of disease progression/death by nearly half. 
The OS rate at one year in the pembrolizumab combination 
group is estimated at 69.2% versus only 49% in the placebo 
combination group. Improvement in OS was observed across 
all categories classified by PD-L1 expression, which implied 
that patients can benefit from pembrolizumab combined with 
chemotherapy regardless of PD-L1 expression level. 
Furthermore, pembrolizumab also successfully improved 
PFS from 4.9 months in the placebo combination group to 
8.8 months in the pembrolizumab combination group. From 
the perspective of the secondary endpoint of KEYNOTE- 
189, the ORR of pembrolizumab combined with chemother-
apy was 2.5 times that of chemotherapy alone. The ORR in 
the pembrolizumab combination group was 47.6% compared 
with 18.9% in the placebo combination group.51 At the 
American Society for Clinical Oncology's 2020 Annual 
Meeting (ASCO), researchers announced the final analysis 
of KEYNOTE-189. The data cutoff date was May 20, 2019 
(unpublished). The results showed that median OS in the ITT 
population was 22 months in the pembrolizumab combina-
tion group vs. 10.6 months in the placebo combination group; 
The two year survival rate was 45.7% vs. 27.3% and the HR 
was 0.56. With long-term follow-up, pembrolizumab com-
bined with chemotherapy continues to improve efficacy out-
comes over placebo plus chemotherapy with median OS and 
PFS; approximately twice as long compared with placebo 
plus pemetrexed-platinum. Fifty-six patients received 35 
cycles of pembrolizumab-combination therapy. Their ORR 
were 85.7% (4 CR, 44 PR, 8 SD). There were significant 
improvements of OS, PFS and ORR in patients received 
pembrolizumab combined with chemotherapy and no differ-
ence of efficacy between the carboplatin and cisplatin groups, 
which implied that the choice of chemotherapy drug has no 
effect on the survival benefit of patients.52 Due to the out-
standing performance of pembrolizumab combined with che-
motherapy in the treatment of advanced NSCLC 
demonstrated by KEYNOTE-021G and KEYNOTE-189, 

the NMPA in China published a list of 48 drugs needed 
urgently by clinics on August 8, 2018 where pembrolizumab 
is the only immunotherapy drug.53 Based on the KEYNOTE- 
189 study, the FDA expanded the indications for pembroli-
zumab on August 20, 2018, approving pembrolizumab in 
combination with platinum-based drugs and pemetrexed for 
first-line treatment of metastatic non-squamous NSCLC.54

First-Line Combined Therapy in 
Squamous NSCLC
Great progress has been witnessed in the treatment of 
advanced NSCLC in this century, especially with the pro-
found study of molecular events during tumorigenesis and 
development, more and more driver genes have been found in 
advanced lung adenocarcinoma to design molecular targeted 
drugs inhibiting precisely these driver genes, which have 
significantly prolonged the survival of patients with advanced 
lung adenocarcinoma.55–57 Lung squamous cell carcinoma 
accounts for about 15–20% of NSCLC.58 However, we still 
cannot know much about the molecular events of the emer-
gence and development of lung squamous cell carcinoma. At 
present, the first-line treatment of advanced lung squamous 
cell carcinoma is still platinum-based chemotherapy.59 The 
five-year survival rate of patients with lung squamous cell 
carcinoma is only 5% after comprehensive treatment by 
surgery, radiotherapy and chemotherapy.60 KEYNOTE-024 
study has confirmed the superiority of pembrolizumab com-
pared to standard platinum-based chemotherapy for untreated 
patients with advanced NSCLC and high expression of PD- 
L1 (PD-L1 TPS>50%).61 Based on these results, the 2017 
version NCCN guidelines in oncology recommended that 
pembrolizumab was the first-line treatment for advanced 
NSCLC patients with PD-L1 TPS>50% and negative muta-
tions of EGFR/ALK regardless squamous cell carcinoma or 
non-squamous cell carcinoma.62 The study of KEYNOTE- 
407 has received a positive result in the efficacy of pembro-
lizumab combined with chemotherapy as first-line 
treatment for advanced squamous NSCLC is presented in 
KEYNOTE-407.

In the KEYNOTE-407 study, there were 559 untreated 
patients with metastatic squamous NSCLC randomly 
assigned according to 1:1. The pembrolizumab- 
combination group patients received 4 cycles of pembrolizu-
mab 200mg every 3 weeks plus carboplatin area under curve 
6mg/mL per min every 3 weeks and either paclitaxel 200mg/ 
m2 every 3 weeks or nanoparticle albumin-bound-paclitaxel 
100mg/m2 every week followed by pembrolizumab 200mg 
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every 3 weeks for 31 cycles and placebo-combination group 
patients received the same treatment plan except pembroli-
zumab replaced by placebo. This study is a double-blind, 
phase III trial. The statistical analysis at median follow-up of 
7.8 months presented that the median OS of pembrolizumab- 
combination group was 15.9 months and placebo- 
combination group 11.3 months. The OS benefit of patients 
was consistent whether their PD-L1 expression is high or not. 
The median PFS in pembrolizumab-combination group and 
placebo-combination group were 6.4 and 4.8 months. The 
result of KEYNOTE-407 trial has implied that the combina-
tion between pembrolizumab and chemotherapy consisted of 
carboplatin plus paclitaxel or nanoparticle albumin-bound- 
paclitaxel had led to surprisingly prolonged OS and PFS 
compared with chemotherapy alone.63 According to the sig-
nificant achievement in KEYNOTE-407, pembrolizumab 
was approved by the NMPA in China for first-line treatment 
of metastatic squamous NSCLC in combination with che-
motherapy, which is the third approval for pembrolizumab in 
first-line NSCLC in China in less than one year.64

First-Line Monotherapy in NSCLC
Although chemotherapy can elevate the effect of immune 
checkpoint inhibitors to varying degrees, the cytotoxic 
drugs used in standard chemotherapy have inherent 
defects: more adverse reactions. Some older or poorer 
patients may not be able to tolerate the side effects of 
chemotherapy, so immunotherapy alone appears to be the 
only option. Studies have shown that immune checkpoint 
inhibitor single-agent treatment has a lower incidence of 
adverse reactions and mortality than standard chemother-
apy on the premise of ensuring long-term survival of 
patients.65 In some patients with high PD-L1 expression, 
the growth and progression of tumor cells are dependent 
on the immune escape mediated by the PD-1/PD-L1 path-
way excessively. Therefore monotherapy with immune 
checkpoint inhibitors can also achieve great therapeutic 
effects in these patients, which has been verified in 
KEYNOTE-024 and KEYNOTE-042 trials.66,67

KEYNOTE-024 is the first clinical trial to use pembroli-
zumab in first-line treatment for advanced NSCLC. This 
international, randomized, open-label, phase III study was 
designed to compare the advantage of pembrolizumab mono-
therapy and platinum-based chemotherapy. Three hundred 
and five patients suffered from untreated advanced NSCLC 
with PD-L1 tumor proportion score (TPS) of 50% or greater 
and without EGFR/ALK mutations in 1:1 ratio were ran-
domly assigned to pembrolizumab group and platinum-based 

chemotherapy group. One hundred and fifty four patients in 
pembrolizumab group have received 200mg intravenous 
pembrolizumab every 3 weeks for 35 cycles or 2 years. 
Another 151 patients first have received PT-DC for 4 to 6 
cycles and they were cross-treated with pembrolizumab 
every 3 weeks for 2 years if they had a progressive disease 
(PD). At the median follow-up time of 11.2 months, median 
PFS has reached 10.3 months in the pembrolizumab group 
compared with 6.0 months in the chemotherapy group and 
OS at 12 months for pembrolizumab and chemotherapy were 
estimated to 70.3% and 54.8% by Kaplan–Meier survival 
analysis, which dedicated that pembrolizumab reduced the 
risk of disease progression or death by half versus che-
motherapy. In addition, the ORR were 44.8% and 27.8% in 
pembrolizumab group and pembrolizumab has a lower inci-
dence of treatment-related adverse events (TRAEs) of any 
grade compared to chemotherapy (73.4% vs. 90.0%), as has 
grade 3, 4, or 5 (26.6% vs. 53.3%).61 Based on the previous 
finding of KEYNOTE-024, the FDA approved pembrolizu-
mab as a first-line treatment for metastatic NSCLC with PD- 
L1 expression of 50% or greater and without EGFR/ALK 
mutations on October 24, 2016.68 At the cutoff date of 
July 10, 2017, the median follow-up time has reached 25.2 
months. During this period, the median OS of the pembroli-
zumab group was 30.0 months and the chemotherapy group 
was 14.2 months, which illustrated that pembrolizumab 
reduced the risk of death by 37% compared to chemotherapy 
and continued to verify that pembrolizumab significantly 
increased the OS of patients.67 This trial outcome is more 
advantaged than that presented in trials assessing platinum- 
based chemotherapy as first-line treatment of NSCLC.69 

Nivolumab, the equal of pembrolizumab, did not achieve 
significant survival benefits as first-line treatment in patients 
with advanced NSCLC in CheckMate-026 study.70 So 
KEYNOTE-024 is the first clinical trial to display benefit 
of OS with anti-PD-1 monotherapy versus traditional che-
motherapy as first-line treatment in advanced NSCLC and 
pembrolizumab have been the only PD-1 inhibitors for first- 
line monotherapy in NSCLC that has changed the treatment 
paradigm of the disease.

A series of clinical trials of pembrolizumab in first-line 
NSCLC treatment showed that merely 30% of patients receiv-
ing pembrolizumab belonged to PD-L1 TPS of 50% or greater 
without EGFR/ALK gene mutations.51,71 A real-world study 
aimed to explore the PD-L1 expression in patients with locally 
advanced or metastatic NSCLC dedicated that PD-L1 TPS ≥ 
50%, ≥ 1%, and < 1% accounted for 22%, 52%, and 48%, 
respectively, in the 2368 qualified tumor samples.72 The 
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purpose of this is to prove whether patients with PD-L1 
expression in 1–49% also benefit from pembrolizumab mono-
therapy. KEYNOTE-042 is a randomized, open-label, con-
trolled, phase III trial to investigate the OS of 
pembrolizumab monotherapy in NSCLC patients with PD- 
L1 expression of 1% or greater.

One thousand two hundred and seventy-four patients 
with PD-L1 expression ≥ 1% in a 1:1 ratio were randomly 
allocated to the pembrolizumab group (n=637) and the 
chemotherapy group (n=637). At the same time, the pem-
brolizumab group and chemotherapy group were divided 
into 3 subgroups according to the PD-L1 TPS level of 
patients: TPS 1–19%, TPS 20–49%, and TPS ≥ 50%. 
Patients in the pembrolizumab group were treated intrave-
nously with pembrolizumab 200mg alone every 3 weeks 
for up to 35 cycles, while the chemotherapy group 
received carboplatin to achieve an area under the curve 
of 5–6 mg/mL per min plus paclitaxel 200mg/m2 or peme-
trexed 500 mg/m2 every 3 weeks for 4 or 6 cycles fol-
lowed by optional pemetrexed 500 mg/m2 every 3 weeks 
for maintenance therapy. In this study, crossover from the 
chemotherapy group to pembrolizumab was unallowed. 
When the median follow-up time had reached 12.8 months 
at Feb 26, 2018, the significantly longer OS was observed 
in pembrolizumab group than in chemotherapy group in all 
3 TPS subgroups. The median survival times in 3 TPS 
subgroups were 16.7 months for pembrolizumab compared 
with 12.1 months for chemotherapy, 17.7 months com-
pared with 13.0 months and 20.0 months compared with 
12.2 months, respectively. Pembrolizumab also showed 
unparalleled advantages in terms of AEs. The incidence 
of treatment-related AEs in the pembrolizumab group was 
63% (399), much lower than the 90% (553) in the che-
motherapy group. The statistical data of KEYNOTE-042 
that choose OS to be the primary endpoint confirm the 
reason of pembrolizumab monotherapy as a first-line treat-
ment for NSCLC, regardless of whether PD-L1 expression 
is high or low.66 Based on the results of KEYNOTE-042, 
FDA broadened the indications for pembrolizumab on 
April 11, 2019, approving pembrolizumab for the first- 
line treatment of patients with stage III NSCLC who are 
not candidates for surgical resection or definitive chemor-
adiation or metastatic NSCLC with PD-L1 TPS ≥1% and 
without EGFR or ALK genomic aberrations.73 Table 1.

Adverse Events of Pembrolizumab
Many patients cannot tolerate the toxic side effects of anti- 
tumor drugs, which is one of the important reasons for 

treatment interruption, or even death, of cancer patients.74 

Multiple clinical trials have shown that the incidence rate of 
TRAE with pembrolizumab monotherapy is much lower than 
conventional chemotherapy (76.6% vs. 90% in KEYNOTE- 
024 and 63% vs. .90% in KEYNOTE-042) and with pembro-
lizumab, combined chemotherapy is similar to conventional 
chemotherapy (99.8% vs. 99% in KEYNOTE-189).52,66,67 But 
as a PD-1 inhibitor, pembrolizumab has unique adverse reac-
tions. PD-1 inhibitors can block the negative regulatory signals 
of T cells to terminate immune suppression and enhance the 
anti-tumor effect of T cells. However, this mechanism may also 
excessively activate T cells, which leads to imbalance of 
immune tolerance and performs autoimmune-like inflamma-
tory response called immune-related adverse events (irAEs) 
when it affects normal tissues including skin, digestive tract, 
liver, endocrine gland, lungs, and so on.75 A meta-analysis has 
pointed that serious organ specific irAEs were rare, but rates of 
these events were increased with pembrolizumab compared 
with standard treatment.76 Therefore, we reviewed the irAEs of 
various organs caused by the application of pembrolizumab to 
help early diagnosis and intervention.

Skin Toxicity
The most common and earliest occurrence of irAEs is skin 
toxicity, including follicular dermatitis, erythematous derma-
titis, and popular dermatitis.77 The peak period occurs after 
two cycles of pembrolizumab and mild skin toxicity is the 
most common, about 10% of patients experience varying 
degrees of itching, rashes, and eczema.78 The literature reports 
that lichen-like skin reactions and eczema can evolve into 
vitiligo whose mechanism may be that immune checkpoint 
inhibitors blocked certain antigens expressed in tumors and 
skin.79 In addition, PD-1 blockers increase the sensitivity of 
radiotherapy, so the combination of the two treatments may 
induce acute skin reactions.80 In addition, a study of 83 
patients, including 15 patients with lung cancer, treated with 
pembrolizumab, showed that patients with cutaneous AEs had 
significantly longer PFS. Especially the hypopigmentation in 
melanoma patients might represent a better prognosis, which 
may be derived from common antigen between melanocytes 
and melanoma and cross-reaction. Therefore, the appearance 
and development of cutaneous AEs may be a positive prog-
nostic sign for tumor patients receiving pembrolizumab.81

Gastrointestinal Reaction
Gastrointestinal reaction mostly occurred 5 to 10 weeks 
after the application of pembrolizumab. The clinical man-
ifestations are mainly diarrhea and colitis.82 The incidence 
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of diarrhea is 5– 10%, which uis usually mild or 
moderate.83 Colitis refers to diarrhea accompanied by 
any of the following symptoms: abdominal pain, rectal 
bleeding and increased mucus secretion or pathological 
examination under endoscopy showing changes of colitis. 
The rate of immune-related colitis is 1.3%, which increase 
to 11.8% when patients receive combination treatment.84

Autoimmune Liver Disease
The liver damage caused by pembrolizumab are usually 
immune-mediated hepatitis with incidence of less than 5%, 
which most often occur after 8 to 13 weeks of 
medication.40 It is reported that liver damage can be 
delayed until several years after taking the medicine, so 
doctors should pay attention to it during follow-up.85 The 
symptoms of pembrolizumab-related hepatotoxicity can 
manifest as jaundice, epigastric pain, vomiting, as well as 
asymptomatic or other non-specific symptoms such as 
fever, fatigue, indigestion, and so on.86 The imaging find-
ing of irAEs with liver damage are not typical. In severe 
cases, CT scans show mild hepatomegaly and enlarged 
lymph nodes around the portal vein.87

Pathological manifestations in the liver were edema in 
the manifold area, infiltration of lymphocytes inside the 
liver sinus, and the bile duct orifice.88

Immunotherapy-Associated Pneumonitis
Immunotherapy-associated pneumonia caused by PD-1/ 
PD-L1 blockers is mainly manifested as non-specific inter-
stitial pneumonia, which usually occurs anytime between 2 
weeks and 2 years89 This reaction occurs earlier in lung 
cancer patients than in other tumor patients, which may be 
related to the heavy tumor burden in the lung.90 Once 
using pembrolizumab, immunotherapy-associated pneu-
monia develops in 3–8% of patients and in a few patients 
it can be life-threatening.91 It has also been reported that 
patients with lung cancer who have a previous history of 
emphysema, asthma, pulmonary fibrosis, and lung radio-
therapy may have greater and more severe immune-related 
pneumonia.92

The symptoms of irAEs pneumonia include dry cough, 
progressive dyspnea, fever and chest pain. Patients with 
suspected irAEs pneumonia require a CT scan of the lung, 
whose most common imaging manifestation is organizing 
pneumonia such as ground-glass changes, grid-like 
changes, and pulmonary consolidation. Multiple lesions 
mostly locate in the double lower lungs.93

Endocrine Organ Damage
Among patients treated with pembrolizumab, about 10% 
were observed to have different levels of immune-related 
endocrine disorders where more common are thyroid dys-
function and pituitary inflammation, and type I diabetes has 
also been reported.66 Pembrolizumab-mediated endocrine 
toxicity mainly affects the thyroid gland, leading to grade 1 
or 2 hypothyroidism (4–8%), hyperthyroidism (2–5%), and 
rare acute thyroiditis (<1%).39 If there are decrease or 
increase in TSH and previous thyroid dysfunction in clinical, 
free triiodothyronine (fT3) and free thyroxine (fT4) should 
be monitored during pembrolizumab application.94

The incidence of pituitary inflammation ranges from 
1% to 6%, including hypopituitarism and adrenal insuffi-
ciency. Symptoms of pituitary inflammation can be ambig-
uous with mild fatigue, joint pain, behavioral changes and 
loss of sexual desire due to insufficient hormones even 
severe headache and visual changes, which are often aty-
pical and difficult to diagnose.95 Therefore regular mon-
itoring of TSH, fT3 and fT4 is necessary, as low TSH may 
be a precursor to pituitary inflammation.96

Recently, it has been reported that PD-1 antibody can 
induce type I diabetes. A cancer patient without any perso-
nal or family history of diabetes developed autoimmune 
type I diabetes and diabetic ketoacidosis after 7 weeks of 
treatment with PD-1 antibody. Type I diabetes, a severe 
insulin deficiency, is extremely susceptible to fluctuations 
in blood sugar and can be life-threatening. Once diagnosed, 
PD-1 antibody use should be discontinued immediately and 
insulin replacement therapy should be initiated.97 

KEYNOTE's series of clinical trials have also seen several 
patients who suffered from type I diabetes after using 
pembrolizumab.78,86,91 Although the incidence is low, doc-
tors should be more vigilant due to the potential danger.

The incidence of irAEs is high but most patients have 
mild events and a better prognosis. The key point is early 
detection and intervention. Mild patients merely need 
symptomatic treatment without interrupting immunother-
apy. If the disease has been developing progressively, 
immunotherapy needs to be suspended and glucocorticoids 
given as appropriate. For patients with severe adverse 
reactions, immunotherapy must to be stopped permanently 
and high-dose glucocorticoids should be combined with 
immunosuppressants such as cyclophosphamide, cyclos-
porine A and infliximab and so on. In addition, damage 
of endocrine organs requires temporary or permanent hor-
mone replacement therapy.98–101
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Predictive Biomarkers of 
Pembrolizumab
Pembrolizumab has provided a new first-line option for 
patients with advanced NSCLC and patients can achieve sus-
tained remission once they respond to it, but less than 30% of 
patients will respond to pembrolizumab.102,103 There is an 
urgent need for relevant biomarkers to screen those who had 
an effective response to pembrolizumab, so that we can accu-
rately predict the efficacy and prognosis of pembrolizumab, 
bring long-term and safe survival benefits, and use the limited 
medical and economic resources as efficiently as possible.

Biomarkers to Screen Dominant 
Populations
PD-L1 Expression
Overexpression of PD-L1 in tumor cells can participate in 
the immune escape of tumors by inhibiting the function of 
cytotoxic T cells.104 Therefore, PD-L1 expression is con-
sidered as a biomarker to predict the efficacy of pembroli-
zumab. The immunohistochemistry (IHC) to detect PD-L1 
expression from tumor tissues is one of the commonly used 
methods to predict the effectiveness of PD-1/PD-L1 anti-
body in clinic.105

In the clinical trial of PD-1 antibody second-line mono-
therapy for NSCLC, Checkmate-057 of nivolumab and 
KEYNOTE-010 of pembrolizumab, the expression of PD- 
L1 was positively correlated with the efficacy of 
immunotherapy.86,106 In KEYNOTE-042, a first-line mono-
therapy of pembrolizumab for NSCLC, the median OS of 3 
subgroups according to PD-L1 expression (PD-L1 TPS 
≥1%, ≥20% and ≥50%) increased in order (16.7, 17.7 and 
20.0 months).66 When pembrolizumab combined with che-
motherapy is used as first-line treatment for NSCLC, PD-L1 
expression has little correlation with efficacy. The results of 
KEYNOTE-189 and KEYNOTE-407 showed that OS has 
significant benefits regardless of PD-L1 expression.107,108 

However, other studies have put forward different opinions 
that NSCLC patients with low or no expression of PD-L1 
can also benefit from anti-PD-1 treatment.109 A similar phe-
nomenon also occurs in other tumor types such as gastric 
cancer, renal cell carcinoma and urothelial carcinoma, which 
indicates that PD-L1 expression alone cannot accurately 
predict the efficacy of immune checkpoint inhibitors.110–112

Tumor Mutation Burden 
Tumor Mutation Burden (TMB) provides a quantitative 
estimate of the total number of mutations in the coding 

region of the tumor genome, so tumor cells with high 
levels of TMB may be more easily recognized by the 
immune system, which in turn triggers a stronger immune 
response to immune checkpoint inhibitors.113 Multiple 
studies have shown that TMB is associated with the effi-
cacy of immune checkpoint inhibitors. NSCLC patients 
with a high non-synonymous mutation load displayed 
more sustained clinical benefit in the treatment of 
pembrolizumab.114 NSCLC patients who lack the muta-
tion-associated neoantigen may develop acquired resis-
tance during the treatment of immune checkpoint 
inhibitors.115 This phenomenon also exists in tumors of 
the urinary system. Rosenberg et al have found that tumor 
molecular subtypes and TMB are two independent factors 
predicting the response of atezolizumab in the treatment of 
bladder cancer.116 These results have shown that TMB is 
expected to be next effective biomarker to predict the 
efficacy of immune checkpoint inhibitors.

MMR/MSI
DNA mismatch repair (MMR) is an important DNA 
damage repair mechanism that recognizes and repairs 
bases that have mismatches, deletions and insertions dur-
ing DNA replication and recombination.117 In a variety of 
tumors, mismatch repair deficiency (dMMR) can cause 
TMB to multiply, increasing patient reactivity to immune 
checkpoint inhibitors.118 High level of microsatellite 
instability (MSI-H) is an important feature of dMMR 
tumors and MSI-H or MMR protein deletions are often 
used to identify this genotype.119 The KEYNOTE-016 
clinical study has analyzed 149 tumor patients with MSI- 
H or dMMR characteristics. The ORR of these patients 
treated with pembrolizumab was 39.6%, of which 11 
patients (7.4%) had a complete response and 48 patients 
(32.3%) had a partial response. Of the patients who 
responded effectively to pembrolizumab, 78% had 
a response time of at least 6 months.120 Based on five non- 
blind, multi-group phase I/II clinical trials, the FDA accel-
erated approval of pembrolizumab for patients who have 
metastatic or unresectable solid tumors with MSI-H or 
dMMR.121 Pembrolizumab is the first anti-cancer drug 
that does not differentiate based on tumor location or 
source but specific genetic background and MSI-H or 
dMMR is also the only recognized predictive biomarker 
of the efficacy of immune checkpoint inhibitors. However, 
in advanced solid tumors, MSI-H patients are only 4% to 
5% and the response rate of these patients to immune 
checkpoint inhibitors is only about 40%.122 Therefore, 

Dovepress                                                                                                                                                               Qu et al

Cancer Management and Research 2020:12                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
6503

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


other new immunotherapy biomarkers are urgently needed 
to guide the treatment in clinical practice.

Biomarkers to Screen Ineffective and 
Hyperprogression Populations
A phase II clinical study, NCT02879994, was designed to 
explore the efficacy and safety of pembrolizumab in 
advanced NSCLC patients with EGFR-positive, PD-L1- 
positive (PD-L1 TPS ≥50%) and tyrosine kinase inhibitors 
(TKI) naive. The trial planned to enroll 25 patients but was 
terminated early due to lack of efficacy when enrolled to 
11. The conclusion of the study indicated that there is 
a lack of efficacy in advanced NSCLC patients with 
EGFR-positive and TKI naive including those with PD- 
L1 TPS ≥ 50%, which may mean that immune checkpoint 
inhibitors is not suitable for such patients.123

Hyperprogression after immunotherapy refers to the 
explosive progression of tumors after the application of 
immune checkpoint inhibitors whose incidence is 9–29%. 
After the patients have hyperprogression, the prognosis is 
often extremely poor and the median survival time is only 
2 to 5 months.124 Kato et al further explored genetic 
markers that may be related to hyperprogression after 
immunotherapy. The results showed that MDM2/MDM4 
amplification and EGFR mutations were connected with 
the hyperprogression after treatment with PD-1/PD-L1 
inhibitors but the specific mechanisms are not clear.125

Discussion
Nowadays, immune checkpoint inhibitors represented by 
pembrolizumab have achieved brilliant improvement in 
the field of tumor therapy including NSCLC, opening 
a brand-new model in tumor therapy: immune 
normalization.126 But behind the remarkable achieve-
ments, there are still shortcoming in pembrolizumab that 
we need to discuss and address urgently.

First of all, can the treatment time window of pembro-
lizumab be moved forward again? Pembrolizumab was 
initially used as a second-line or even third-line treatment 
for advanced NSCLC. Due to tumor burden overload, 
chronic malnutrition and lymphocyte depletion, many 
patients with advanced NSCLC have missed the best 
time to treat pembrolizumab when they received second- 
line immunotherapy. According to the results of a series of 
KEYNOTE studies, it is now the consensus that pembro-
lizumab is suitable for first-line treatment of patients with 
unresectable advanced NSCLC. But the best time to cure 

cancer is in the early stages, so the feasibility of pembro-
lizumab for patients with early NSCLC that can be surgi-
cally removed is worth exploring. Preliminary results of 
a new adjuvant treatment for nivolumab in surgically 
resectable NSCLCs have indicated that patients receiving 
new adjuvant immunotherapy have varying degrees of 
pathological remission and their relapse-free survival 
(RFS) rate at 18 months has reached 73%.127 At the 
same time, clinical trials of pembrolizumab in new adju-
vant therapy for early breast cancer are ongoing.128 

Implementing new adjuvant immunotherapy in early- 
stage cancer patients is an attractive idea because the 
primary tumor provides the immune system with 
a wealth of tumor-specific antigens and the immune status 
of patients is better. We also hope that the clinical trials of 
new adjuvant therapy for pembrolizumab in early-stage 
NSCLC can be started as soon as possible, which is 
a potential milestone because it may have important impli-
cations for the development of new adjuvant treatment 
strategies in NSCLC.

Secondly, the deficiency of reliable biomarkers to 
accurately predict efficacy of pembrolizumab is another 
tricky problem. PD-L1 expression that is necessary before 
the medication of pembrolizumab had been verified to be 
an unsatisfactory biomarker. Factors such as intertumoral 
and intratumoral heterogeneity, interventions, cell types 
and staining sites can affect PD-L1 expression.129 TMB 
may be an excellent biomarker for predicting the effec-
tiveness of immune checkpoint inhibitors in NSCLC. But 
there are still many problems with TMB as a predictive 
biomarker. For example, the current cost of TMB detec-
tion is still expensive because it relies on gene sequen-
cing, inconsistent testing standards of TMB across 
different platforms prevents physicians from accurately 
judging and the level of TMB is not exactly consistent 
with the response to immune checkpoint inhibitors. For 
MSI-H, the appearance of this phenotype is highly corre-
lated with tumor type. Tumor types with MSI-H are 
usually digestive tract tumors and endometrial cancers 
but in NSCLC, MSI-H is uncommon.130 In addition, the 
current PD-L1, TMB and MSI-H test are mainly based on 
tumor tissue. However, many patients cannot have 
enough tumor tissue to use and even some patients are 
not suitable for tissue biopsy. In NSCLC, nearly 30% of 
patients have this condition.131 These issues prevent us 
from effectively screening the right population for pem-
brolizumab, wasting limited medical and economic 
resources. Fortunately, with the development of emerging 
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biomarkers such as intestinal microbiota and exosomes of 
PD-L1, the combined detection of multiple biomarkers 
will make immunotherapy more and more accurate. In 
addition, dynamic changes of each biomarkers should be 
analyzed carefully by physicians during treatment pro-
cess, which is very important to adjust the individualized 
treatment plan.

Finally, cancer treatment is a systematic project depen-
dent on the cooperation of various treatment methods. 
Pembrolizumab, on behalf of immune checkpoint inhibi-
tors, can be combined with classical treatments such as 
surgery, chemotherapy, radiotherapy, targeted therapy and 
immunotherapy to achieve cumulative or synergistic ther-
apeutic effects. Surgery, chemotherapy and radiotherapy 
can destroy tumor cell to release tumor antigens. Targeted 
therapy can reshape the tumor's immune microenviron-
ment, increase the number of infiltrating lymphocytes 
and induce the expression of PD-L1 to enhance the effi-
cacy of immune checkpoint inhibitors.132 PD-1 antibody 
and CTLA-4 antibody have also been successfully used in 
NSCLC.133 We can expand treatment methods to enhance 
the antitumor effect, but the best drug combination, 
sequence and timing should be determined after accumu-
lating more data and experience from the clinic.

Conclusion
Currently, immune checkpoint inhibitors represented by 
pembrolizumab have revolutionized the field of treatment 
in advanced NSCLC. The achievement that pembrolizu-
mab can induce durable tumor regression with few AEs by 
restoring the normal anti-tumor ability of immune system 
has been witnessed in KEYNOTE studies. On the basis of 
KEYNOTE clinical trials, more clinical research and basic 
experiments are also ongoing to find better combined 
treatment options, explore new biomarkers and develop 
a new generation of immune checkpoint inhibitors. With 
the continuous enrichment of clinical data and profound 
explore of specific mechanisms, pembrolizumab will defi-
nitely transform advanced lung cancer from a high- 
mortality malignant disease to a controllable chronic 
disease like hypertension and diabetes.

Highlights
● Immune checkpoint inhibitors are an emerging treat-

ment for advanced NSCLC, which may induce long- 
term tumor regression with minimal side effects.

● Pembrolizumab is currently the only PD-1 inhibitor 
approved for first-line treatment of advanced NSCLC.

● In KEYNOTE clinical trials, pembrolizumab has 
achieved remarkable results in first-line treatment of 
patients with advanced NSCLC, either alone monother-
apy or combined therapy.
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