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Introduction
Lung cancer is the leading cause of cancer-related mortality in 
both men and women, with more than a million attributed 
deaths each year worldwide.1 Although there have been 
advances in the treatment of patients with lung cancer, includ-
ing advances in surgery, chemoradiotherapy, and targeted 
molecular therapy, the 5-year overall survival rate of non-small 
cell lung cancer (NSCLC) remains only 18.1% in the United 
States.2 Since the concept of evolution was applied to tumors 
in the last century,3 accelerated technological progress has led 
to extensive study of tumor genomes and further awareness of 
the complexity of tumor cytogenetics and tumor evolution. 
The theory of evolution that has developed since Darwin time 
to understand population genetics is also applicable to under-
standing the diversity of cancer cells in patients.

A tumor itself has an evolutionary history, and all cells in the 
tumor, including those with different somatic variations and 
epigenetic and transcriptional cleavage states, are unique.4 Even 
in healthy cells, approximately 3 somatic mutations may occur 
during each cell cycle.5 The regular immune system can recog-
nize and eliminate mutated cells, and most of these changes do 
not affect cell function; they are only “passengers” in the process 
of cell evolution. The occurrence of “driver” mutations may cre-
ate some growth advantages in cells. In the case of unregulated 
growth, mutated cells are produced and escape the supervision 
of the immune system, causing damage to the human body.

Tumors are highly heterogeneous: different spatial regions of 
a single tumor have significant intratumor heterogeneity, and 
various individual tumors of the same type may experience very 

different clonal evolution paths.6-8 Specifically, most of the 
genetic variation is harmful, and the related cells are either elim-
inated by competition for resources or destroyed by host 
immune cells. Owing to the pressures of different treatment 
options, coupled with the fact that tumor cells often cannot 
effectively maintain genomic integrity,9 the inherent genomic 
instability of tumor cells makes them prone to genetic changes 
or damage during the proliferative process, and then, those 
tumor cells that are most suitable and proliferate fastest will 
predominate.10 Tumors evolve through genetic changes, respond 
to changing microenvironments (including related microenvi-
ronments such as immunotherapy) and can produce new muta-
tions that confer selective growth advantages at any time.

In recent years, immunotherapy has been established as a 
breakthrough in tumor therapy. Because of its long-lasting 
effect and few adverse reactions, it is widely used in the clinic 
and is expected to open a new model of tumor treatment.11 
However, most patients who are initially sensitive eventually 
develop immune drug resistance. At present, the greatest prob-
lem in tumor treatment is drug resistance, which should 
become an area of focus.12

This review will focus on the evolutionary performance of 
lung cancer under the pressure of immunotherapy and the pos-
sibility of using evolution itself to treat disease. We will intro-
duce the vital role of the immune system in antitumor therapy 
first, discuss the process of tumor evolution in the context of 
immunotherapy, and propose different strategies to take advan-
tage of the evolutionary nature of tumors to benefit patients 
with cancer.
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Evolution of Lung Cancer in the Context of 
Immunotherapy
Immunity and tumors

Tumors are the product of the malignant transformation of 
healthy cells in the body, which can produce new antigenic 
markers that are not found in the same kind of healthy cells. 
Owing to the existence of tumor antigens, tumors are bound to 
be recognized by the body’s immune system and thus stimulate 
specific immune responses, including cellular immunity and 
humoral immunity. In cellular immunity, T lymphocytes, anti-
body-dependent cell-mediated cytotoxicity, natural killer cells, 
and macrophages can kill tumor cells. The humoral immunity 
against a tumor mainly manifests as the destructive effect of 
antitumor antibodies on tumor cells. Only through the syner-
gistic effects of cellular immunity and humoral immunity can 
tumor cells be inhibited or eliminated.

Under normal circumstances, the body relies on a complete 
immune mechanism to effectively monitor and reject cancer-
ous cells, so the vast majority of individuals do not have tumors. 
If cancerous cells proliferate to a certain extent and manage to 
evade immune surveillance, the occurrence of a tumor is inevi-
table. There are stimulating factors and inhibitory factors in the 
process of antitumor immunity that control the positive and 
negative regulation of the antitumor immune response, respec-
tively. The immune balance affects the outcome of each tumor, 
but it is difficult to find a balance in the clinic because of the 
preexisting immune escape of the tumor.

The reason for tumor escape lies in the changes in tumor 
cells themselves and the changes in the tumor microenviron-
ment. The first changes occur in the tumor cells: (1) Loss of 
tumor-associated antigens and NKG2D ligands reduces 
immunogenicity.13 (2) The expression of major histocompati-
bility complex I (MHC-I) molecules and key molecules 
involved in antigen processing is downregulated or abnormal, 
resulting in a decrease in the ability of T cells to recognize 
tumor cells.14 (3) Changes in the apoptosis signaling pathway 
invalidate the mechanism of apoptosis induced by immune 
cells or reduce the sensitivity to T cells. The second wave of 
changes involves the tumor microenvironment: (1) Tumor 
cells release a variety of immunosuppressive factors, such as 
vascular endothelial growth factor and transforming growth 
factor β. (2) Tumor cells overexpress ligand molecules (such as 
programmed death ligand-1 [PD-L1]) that lead to lympho-
cyte dysfunction and death or upregulate inhibitory receptors, 
such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4). (3) Tumor-infiltrating regulatory T cells and myeloid sup-
pressor cells overexpress immunosuppressive factors and 
molecules to weaken the function of T cells or induce T cell 
apoptosis.15 Eliminating the escape of tumor cells and improv-
ing the antitumor immune response are the basic strategies of 
tumor immunotherapy.

The mechanism of tumor drug resistance is complex, and 
immune escape is inevitable. Basic immunology research 

provides a theoretical basis for the in-depth understanding of 
the mechanism of tumor immune escape. This understanding 
plays an essential supporting role in the further development of 
new and effective tumor treatment methods. It will be crucial 
to exploit the mechanisms of tumor resistance, select reasona-
ble treatment modalities, and successfully extend new immu-
notherapies to more patients with cancer.

Development of tumor immunotherapy

In cancer immunotherapy, traditional treatment methods 
include bacterial/viral infection to enhance the immune 
response and tumor vaccination. The earliest tumor immuno-
therapy treatments can be traced back to 1893, when William 
Coley 16 accidentally found that suppurative streptococcal 
infection in patients with osteosarcoma after surgical resection 
of the tumor could lead to cancer regression, which is an exam-
ple of infection promoting an immune response to cure cancer. 
Oncolytic virus therapy has been studied as an immunotherapy 
strategy for hundreds of years, but it has showed little effect for 
a long time. At present, there is only 1 oncolytic virus approved 
by the Food and Drug Administration (FDA), Imlygic (tali-
mogene laherparepvec), which is a genetically modified herpes 
simplex virus approved for the treatment of lymphoma and 
melanoma.17 Cancer vaccines usually use dendritic cells (DCs) 
loaded with tumor-specific antigens to present the antigens 
and activate host T cells to trigger an antitumor immune 
response. However, no significant progress has been made in 
the use of a single antigen (such as melanoma-associated anti-
gen 3) or cancer cell lysates (such as the vaccine made of a 
tumor cell transfected with granulocyte-macrophage colony-
stimulating factor [GVAX]). At present, only 1 therapeutic DC 
vaccine, sipuleucel-T (Provenge), has been approved for clinical 
use.18,19 The risk of death has been reduced by 33%, indicating 
an absolute improvement in survival.20

In recent years, emerging tumor immunotherapy has been 
an active research area. In 1984, the Steven Rosenberg team 21 
used interleukin-2 (IL-2) and lymphokine-activated killer cells 
to treat 25 patients with tumor and achieved excellent results, 
which was the first successful example of adoptive cell therapy 
and brought a glimmer of hope to tumor immunotherapy. 
However, high-dose IL-2 has considerable side effects, so 
researchers use in vitro extraction, activation, and reinfusion of 
autologous/allogeneic cytokine-induced killer cells, tumor-
specific T cells, tumor-infiltrating lymphocytes, and other cells 
for tumor adoptive immunotherapy.22,23 Since 2011, blocking 
CTLA4 or programmed death 1 (PD-1)/PD-L1 and other 
new immunotherapies have achieved outstanding clinical effi-
cacy (Figure 1), and checkpoint blockade is considered to be 
the most promising tumor immunotherapy strategy. In 2011, 
the FDA approved the first immune checkpoint blocker (ICB; 
the anti-CTLA-4 monoclonal antibody ipilimumab) for sec-
ond-line treatment of advanced melanoma, marking a new era 
of tumor immunotherapy.24 In 2012, Carl H. June used 
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chimeric antigen receptor T (CAR-T) cell therapy to cure a 
6-year-old girl with leukemia, Emily, causing a global sensa-
tion, and thus far, Emily cancer cells have remained undetect-
able for 8 years.25 In 2013, Science listed immunotherapy as 1 of 
the top 10 scientific breakthroughs of the year, which made 
immunotherapy once again the focus of global research and 
development.26

In the field of lung cancer, in 2014, the FDA approved the 
anti-PD-1 antibodies Keytruda (pembrolizumab) and Opdivo 
(nivolumab), and tumor immunotherapy has since become a 
hot topic of research and development. On October 24, 2016, 
the FDA approved pembrolizumab for the treatment of meta-
static NSCLC patients with tumor PD-L1 expression. Based 
on the efficacy and safety data of CheckMate 032,27 nivolumab 
was approved by the FDA in 2018 as a third-line treatment for 
small cell lung cancer. 2018 was also the year that data on com-
bined immunotherapy strategies become prominent. Based on 
the previous Keynote-02128 and IMpower15029 studies, many 
phase III clinical studies, such as Keynote189, IMpower130,30 
and IMpower132 for nonsquamous cell NSCLC and 
Keynote407 and IMpower13131 for lung squamous cell carci-
noma, have suggested that combination of chemotherapy and 
immunotherapy can improve the objective response rate in 
NSCLC and significantly reduce the risks of disease progres-
sion and death. At present, chemotherapy plus immunotherapy 
as a first-line treatment option for treating gene-negative 
advanced NSCLC has been written into the guidelines of the 
National Comprehensive Cancer Network.

However, there are many kinds of prognostic molecules for 
predicting the effect of immunotherapy, but more clinical data 
needed to explore and verify the best oncology marker. In the 
future, we need to comprehensively evaluate the tumor micro-
environment and immune genes to make accurate choices and 
develop effective treatment strategies.

Evolution and immune escape of lung cancer

The most direct reason why tumors do not respond to immu-
notherapy is a lack of T cell recognition due to a lack of tumor 
antigens. Alternatively, cancer cells may have tumor antigens 
that cannot be presented on the cell surface to T cells due to 
changes in antigen presentation mechanisms (such as muta-
tions in proteases or transporters associated with antigen pro-
cessing), β-2-microglobulin (B2M), or MHC. As shown in 
Figure 2, both tumor cell and immune microenvironment fac-
tors contribute to the resistance mechanisms.

At present, many kinds of tumor drug resistance mecha-
nisms have been found, including (1) signal transduction and/
or loss of PTEN expression through the mitogen-activated 
protein kinase pathway, thus enhancing the PI3 K signaling 
pathway; (2) activation of components of the Wnt/b-catenin 
signaling pathway; (3) loss of the interferon-gamma (IFN-γ) 
signaling pathway; and (4) loss of the T cell response caused by 
loss of tumor antigen expression. These mechanisms are related 
to primary and adaptive tumor resistance to immunotherapy. 
One of the hallmarks of tumor immunotherapy is a lasting 
antitumor response. With extension of the treatment cycle, ini-
tially, sensitive patients will gradually develop drug resistance, 
known as acquired drug resistance. Primary and adaptive resist-
ance and acquired drug resistance have similar underlying 
mechanisms. For example, IFN-γ binds to IFN receptors on 
the surface of tumor cells and activates the downstream Janus 
kinase ( JAK)/signal transducer and activator of transcription 
signaling pathway. At the same time, JAK1/2 mutation can also 
lead to a decrease in IFN-γ-mediated adaptive PD-L1 expres-
sion, which is not mediated through the IFN-γ receptor path-
way, resulting in a lack of tumor cell sensitivity to anti-PD-1 
antibody therapy.32-34 After the pressure exerted by PD-1/
PD-L1 treatment, a tumor can reduce its expression of human 
leukocyte antigen-I, which leads to the failure of treatment.35-37 
Chimeric antigen receptor T cells are not limited by MHC and 
can be modified to enhance T cell function, which has a signifi-
cant effect on the treatment of acute leukemia and non-Hodg-
kin lymphoma. However, in solid tumors, studies have shown 
that CAR-T cells can reduce the invasiveness and diffusivity of 
pancreatic cancer.38 However, in lung cancer and other solid 
tumors, there are still many obstacles to the application of 
CAR-T cell therapy in solid tumors.39 What needs to be 
addressed is that both CAR-T cell therapy and anti-PD-1/
PD-L1 therapy require tumors to express specific neoantigens. 
Owing to the treatment pressure and competition among 
tumor subsets, the expression of tumor antigens tends to 
decrease during the course of treatment.40-42

The emergence of acquired drug resistance is related to the 
loss or mutation of tumor-specific neoantigens, which occurs 
not only through the elimination of tumor subclones but also 
through the loss of chromosomes. In tumor samples analyzed 
during acquired drug resistance, most of the mutations elimi-
nated are typically highly expressed genes in lung cancer, and 

Figure 1. Blockade of CTLA-4 and of PD-1 and PD-L1 to induce 

antitumor responses. CTLA-4 and PD-1 are both inhibitory 

immunocheckpoint, and their activation can turn off the antitumor T cell 

responses. The activation of CTLA-4 can be blocked with anti-CTLA-4 

antibodies. The activation of PD-1 can be blocked by anti-PD-1 or 

anti-PD-L1 antibodies.
APC indicates antigen-presenting cell; CTLA-4, cytotoxic T-lymphocyte-
associated protein 4; MHC, major histocompatibility complex; PD-1, programmed 
death 1; PD-L1, programmed death ligand-1; TCR, T-cell receptor.
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the neoantigens encoded are predicted to either provide high-
affinity MHC binding or affect T-cell receptor contact resi-
dues.42 The process of antigen presentation is the initial stage 
of an immune response. Antigen loss affects the immune rec-
ognition of tumor cells, and disorder in antigen presentation 
leads to the immune system being unable to kill. For example, 
the B2M protein is involved in the transfer of a tumor antigen 
from MHC-I to CD8+ T cells.43 β-2-microglobulin gene 
mutation is recognized as 1 of the mechanisms of tumor 
immune escape.34,36 Similarly, a decrease in or loss of MHC-I 
expression promotes immune escape by reducing the ability to 
present antigens.35,36,44 The significant roles of IFN-γ signaling 
pathway–related molecules in the process of antigen presenta-
tion also involve mutation of these molecules in the decrease in 
sensitivity to anti-PD-1 antibody therapy and the occurrence 
of acquired drug resistance.43,45

In addition, immunomodulatory factors play essential roles 
in acquired drug resistance. T cell immunoglobulin mucin 3 

(TIM3) and PD-1 are both negative regulators of the immune 
system. T cell immunoglobulin mucin 3 can bind to its ligand 
galactose lectin 9 (galectin 9) and inhibit the activation and 
proliferation of antitumor immunity–related T cells.46 In a 
study, after failure of first-line chemotherapy, an anti-PD-1 
antibody was used to treat lung adenocarcinoma with disease 
progression. The expression levels of TIM3 and galectin 9 were 
significantly upregulated, indicating that the selective upregu-
lation of TIM3 expression and the activation of the galectin 9/
TIM3 pathway were involved in the occurrence of acquired 
resistance to the anti-PD-1 antibody, which was a prominent 
manifestation of tumor evolution.47

The study of tumor evolution plays a vital role in revealing 
the mechanism of immune drug resistance. Acquired drug 
resistance is the manifestation of tumor evolution under treat-
ment pressure, and tumor enlargement and distant metastasis 
are the final stages of evolution. At present, there is no standard-
ized solution to the problem of ICB drug resistance. In-depth 

Figure 2. Summary of resistance factors of PD-1/PD-L1. Tumor resistance to PD-1/PD-L1 immunotherapy is mainly related to the influence of the 2 

aspects in the figure, each of which can be subdivided into multiple factors to form an interwoven network of mutual influence. Combined multitarget 

therapy can improve the tumor response rate. The combination of multiple drugs and the development of new drugs are current trends.
ALK indicates anaplastic lymphoma kinase; B2M, β-2-microglobulin; BTLA, B- and T-lymphocyte attenuator; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; EGFR, 
epidermal growth factor receptor; IDO, indoleamine 2,3-dioxygenase; IFN-γ, interferon-gamma; JAK/STAT, Janus kinase/signal transducer and activator of transcription; 
LAG-3, lymphocyte activation gene 3; MDSC, myeloid suppressor cells; MHC, major histocompatibility complex; NKG2D, natural killer group 2, member D; PD-1, 
programmed death 1; PD-L1, programmed death ligand-1; PI3K/Akt, phosphatidylinositol-3 kinase/serine-threonine kinase; PTEN, phosphatase and tensin homolog; 
RAS/MAPK, RAS-mitogen-activated protein kinase; TGF, transforming growth factor; TIGIT, T cell immunoglobulin and ITIM domain; TIM3, T cell immunoglobulin mucin 3; 
Treg, tumor-infiltrating regulatory T cell; VEGF, vascular endothelial growth factor.
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study of the mechanism of drug resistance to ICBs, monitoring 
the process of tumor evolution, and then reducing and avoiding 
the occurrence of drug resistance are bound to promote the 
rapid development of tumor immunotherapy and achieve more 
long-term survival benefits in patients with tumor.

Can the evolution of lung cancer be controlled?

The core of Darwin theory of evolution is natural selection of 
living things. There is competition among tumor cell popula-
tions. Traditional antitumor drugs cannot destroy all tumor cells; 
they kill only sensitive tumor cells but allow drug-resistant can-
cer cells to grow unconstrained. For patients who exhibit sensi-
tivity at the initial stage of antitumor therapy, drug resistance 
mutations may exist before drug treatment. The immune micro-
environment during drug therapy breaks the competitive balance 
and promotes the growth of the drug-resistant subgroup, which 
becomes a new dominant subgroup. The emergence of dominant 
subgroups often indicates a weak curative effect.

In the face of evolving tumors, do we have the ability to 
achieve the goal of treating tumors by controlling the evolution-
ary process? Understanding how to make good use of the com-
petitive balance among tumor cell subsets will contribute to 
long-term benefits in patients. For example, can low-dose con-
tinuous antineoplastic drugs maintain the balance of competi-
tion among tumor cells? Can competition among tumor cell 
subsets be regulated by alternating the use of chemotherapy, 
targeted therapy, and immunotherapy? Can we achieve the goal 
of radical tumor cure through combination of multiple drugs? 
At present, low-dose maintenance regimens have been well 
evaluated in clinical practice,48 but there is a lack of evidence for 
control of tumor evolution in patients by rhythmic methods. 
The alternating use of targeted therapy and chemotherapy 
exerts an excellent antitumor effect on the mechanism of multi-
drug resistance.49 Multidrug combinations have achieved out-
standing results in the clinic,29 but they still cannot avoid the 
emergence of drug resistance and the dilemma that there is no 
drug available after drug resistance develops. Tumors are in the 
process of continuous evolution, and new mutations produce 
new tumor cell subsets, which is illustrated as the constant 
branching of a tree.50 If a treatment can directly attack a trunk 
mutation, it may be the most effective approach. However, at 
present, many mutations do not have targeted drugs.

The process of tumor evolution is complicated. Early focal 
resection is the most direct way to eliminate the original muta-
tion, which can significantly prolong the time to disease recur-
rence, and surgically reducing the tumor load has been proven 
to reduce the incidence of tumor metastasis.51 Postoperative 
specimens provide a complete tumor mutation map, which 
provides a basis for the tumor evolutionary tree and screening 
for cancer neoantigens. Targeting trunk mutations or multiple 
antigens through personalized vaccines or immunotherapy will 
significantly reduce the risk of drug resistance. Circulating 
tumor DNA (ctDNA) analysis can be used to monitor changes 

in tumor heterogeneity, and the response to treatment in real 
time and drugs can be adjusted accordingly to achieve the best 
effect. The emergence of clustered regularly interspaced short 
palindromic repeats (CRISPR) technology in 2012 completely 
changed life science.52 Clustered regularly interspaced short 
palindromic repeats gene editing has great potential in gene 
modification, and experimental methods based on CRISPR 
technology have made a significant contribution to the study of 
the evolutionary process.53 This technology is also an auspi-
cious, inexpensive, and simple tool for the development of 
effective cancer treatments. In 2016, CRISPR-Cas9 technol-
ogy was used for the first time to knock out the gene encoding 
PD-1 in T cells, which were then reinfused into patients for the 
treatment of lung cancer.54 Recently, the first phase I clinical 
trial of CRISPR for cancer immunotherapy was reported to be 
successful.55 With the in-depth study of tumor evolution, 
CRISPR technology is expected to become a powerful tool to 
regulate the evolutionary process.

The application of CRISPR technology provides technical 
support for the development of effective cancer therapies. 
Real-time assessment of ctDNA tracks tumor evolution and 
allows clinicians to choose the right treatment at the right time. 
It should be emphasized that tumors have temporal and spatial 
heterogeneity,56 each tumor is unique, and current technical 
problems limit our ability to predict tumor evolution. The 
study of tumor evolution through multiregion sequencing and 
liquid biopsy provides new clues for us to understand the carci-
nogenic process and the mechanism of tumor escape during 
treatment. However, ethical issues are the bottom line that can-
not be crossed. In the later stage, more in-depth research still 
needs to be performed to achieve technological progress and 
cost reduction.

The important role and clinical significance of lung 
cancer evolution

Study on tumor evolution at the gene level undoubtedly pro-
vides a solid theoretical basis for accurate tumor therapy. From 
the point of view of tumor evolution theory, if we can realize 
dynamic monitoring of the evolutionary process and develop 
treatments that evolve over time, we can improve treatment 
and prognosis. For example, the overexpression of CD38 after 
anti-PD-1/PD-L1 treatment increases the level of extracellu-
lar adenosine, which may be related to acquired resistance and 
can be overcome by blocking CD38.57 Dynamic samples are 
needed to realize proactive monitoring of gene expression lev-
els. Tissue sampling is traumatic, it is difficult to perform biop-
sies repeatedly, and a sample is single and cannot be used to 
comprehensively monitor tumor evolution. Multipoint sam-
pling can fully reflect the process of tumor evolution, and blood 
sampling provides an alternative to achieve early intervention.

In 2014, the United Kingdom established the Tracking non-
small cell lung cancer evolution through therapy (Rx) 
(TRACERx) Lung Cancer Research Alliance, which aims to 
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track the evolution of lung cancer in time and space through mul-
tiregional and longitudinal sampling of lesions.58 Recently, a coa-
lition study confirmed that pulmonary venous circulating tumor 
cells are an independent predictor of lung cancer recurrence.59 
The importance of circulating samples is emphasized again. 
Circulating tumor DNA, as a DNA fragment secreted by a small 
number of tumor cells in the blood, can relatively accurately pre-
dict the development of tumors because its half-life is only 
approximately 2 hours. For example, ctDNA levels in patients 
who are clinically responsive to treatment were shown to decrease 
after the start of treatment, whereas ctDNA levels in nonre-
sponding patients did not change or increase significantly. In 
patients with an initial response who developed acquired drug 
resistance to treatment, ctDNA levels initially decreased and then 
increased.60 If clonal evolution eventually leads to therapeutic 
resistance, then detection through tissue and liquid biopsies may 
play a key role in guiding the most effective treatment routes.

Circulating tumor DNA can be used to monitor the hetero-
geneity of tumor cells in real time, and the measurement of 
clonal evolution enables clinicians to choose and adjust appro-
priate strategies to control tumor evolution. For example, chro-
mosomal instability and mutations are markers of cancer and are 
also considered to promote cancer, enhancing the clonal evolu-
tion of cancer cells by accumulating gene copy number changes, 
rearrangements, and mutations. However, these markers also 
provide targeted vulnerabilities that are relatively specific to can-
cer cells and can be exploited clinically through the use of DNA 
damage response (DDR) inhibitors in combination with anti-
PD-1 or anti-PD-L1 antibodies.9 The combination of immune 
checkpoint inhibitors and DDR inhibitors is currently being 
evaluated in clinical trials.61 Identifying targeted trunk changes 
can reduce the probability of clone branches that lack targeted 
changes escaping. Prophylactic combination therapy, such as 
alternate use of drug cycles 49 and treatments targeting different 
branches of a tumor, may allow the elimination of drug-resistant 
cells before further drug resistance mechanisms emerge. For 
example, the first-line use of third-generation epidermal growth 
factor receptor (EGFR)-tyrosine kinase inhibitors for T790M 
mutations has increased survival benefits to patients.62

The immune response can be used to guide evolution by 
selecting and infusing tumor-specific lymphocytes recognizing 
trunk changes to resist evolution or promote the immune 
response; this process works through triggering evolution by 
increasing the number of neoantigens. For example, EGFR-
CAR-T cell therapy is a promising strategy to improve the 
effectiveness of NSCLC adoptive immunotherapy.63 Advanced 
intrahepatic cholangiocarcinoma patients with hepatitis B 
virus infection show a better response to anti-PD-1 treatment 
than noninfected patients.64

Dynamic monitoring of tumor evolution can guide clini-
cians to formulate appropriate treatment methods and adjust 
the dose and timing of each drug to minimize adverse events 
and maximize benefits, which will also be key to optimizing 
patient prognosis.

Summary and Future Directions
Malignant tumors are composed of cell populations, which are 
affected by genetic drift, selection, and resource competition in 
a dynamic microenvironment. The continuous changes made 
during new DNA production in the processes of tumorigenesis 
and development determine the trends in individual tumor 
development, and acquired drug resistance is inevitable. Gene 
diversity improves the adaptability of tumors and is the basis of 
tumor tolerance of drug therapy. Drug resistance and metasta-
sis are the worst consequences of tumor evolution and the most 
common causes of cancer-related death.

As an evolving genetic disease, cancer can be difficult to con-
trol with chemotherapy and targeted molecular drugs after the 
formation of complex subclonal lesions. The mutant protein 
produced after the gradual accumulation of genomic changes, as 
neoantigens, will become the target of immunotherapy in the 
future. The combination of multiple drugs and the development 
of new drugs are current trends. If the side effects of drugs can 
be controlled, then combining different types of treatment with 
immunotherapy is a promising treatment strategy. With the 
progress made in high-throughput whole-exome sequencing, 
the evolution of tumors has been preliminarily verified by stud-
ying the genome of tumor cells. Circulating tumor DNA can be 
used to evaluate the process of tumor evolution by dynamic 
monitoring and become a powerful tool for disease monitoring 
in the future, but it cannot be used to construct a complete gene 
sequence. It is difficult to obtain tissue samples, and single sam-
pling limits the comprehensive study of tumor evolution. 
Multisite, multiregion, and multistage sampling is theoretically 
feasible but difficult to implement. The study of tumor evolu-
tion through multiregion sequencing and liquid biopsy provides 
us with new clues to understand the process of tumor evolution 
and the mechanism of tumor drug resistance. Dynamic inter-
vention in the evolutionary process can lead to continuous ther-
apeutic responses. Our immune system is constantly changing, 
and cancer cells are mutating all the time. We need to constantly 
pay attention to the evolution of cancer, and more research 
should be invested in this area.
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