
Genes & Diseases (2020) 7, 351e358
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http: / /ees.elsevier .com/gendis/defaul t .asp
REVIEW ARTICLE
Adverse effects of chemoradiotherapy on
invasion and metastasis of tumor cells

Wei Xiong a, Yong Liao b, Ji-Yong Qin a, Wen-Hui Li a,*,
Zhao-You Tang c,**
a The Department of Radiation Oncology, Yunnan Cancer Hospital, The Third Affiliated Hospital of
Kunming Medical University, Kunming, China
b Institute for Viral Hepatitis, The Second Affiliated Hospital of Chongqing Medical University,
Chongqing, China
c Liver Cancer Institute and Zhongshan Hospital, Fudan University, Shanghai, China
Received 30 November 2019; received in revised form 18 March 2020; accepted 3 April 2020
Available online 9 April 2020
KEYWORDS
Biological behavior;
Cancer;
Chemoradiotherapy;
Mechanism;
Invasion and
metastasis
* Corresponding author. The Departm
University, Kunming, 650106, China. F
** Corresponding author. Liver Cancer

E-mail addresses: wenhuili64@yea
Peer review under responsibility o

https://doi.org/10.1016/j.gendis.2020
2352-3042/Copyright ª 2020, Chongqi
CC BY-NC-ND license (http://creative
Abstract The phenomenon of enhanced invasion and metastasis of residual tumor cells has
been observed in an increasing number of patients receiving chemoradiotherapy recently,
and tumor metastasis will undoubtedly limit patient prognosis. However, the key mechanism
by which chemoradiotherapy affects the invasion and metastasis of tumor cells remains un-
clear. Studies have shown that chemoradiotherapy may directly act on tumor cells and alter
the tumor microenvironment, or induce cell apoptosis and autophagy to promote tumor cell
survival and metastasis. In this review, we summarize the potential mechanisms by which che-
moradiotherapy may affect the biological behavior of tumor cells and open up new avenues for
reducing tumor recurrence and metastasis after treatment. These insights will improve the ef-
ficacy of chemoradiotherapy.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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ent of Radiation Oncology, Yunnan Cancer Hospital, The Third Affiliated Hospital of Kunming Medical
ax: þ86 871 68185730.
Institute and Zhongshan Hospital, Fudan University, Shanghai, 200032, China. Fax: þ86 21 64037181.
h.net (W.-H. Li), zytang88@163.com (Z.-Y. Tang).
f Chongqing Medical University.

.04.004
ng Medical University. Production and hosting by Elsevier B.V. This is an open access article under the
commons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wenhuili64@yeah.net
mailto:zytang88@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2020.04.004&domain=pdf
https://doi.org/10.1016/j.gendis.2020.04.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/23523042
http://ees.elsevier.com/gendis/default.asp
https://doi.org/10.1016/j.gendis.2020.04.004
https://doi.org/10.1016/j.gendis.2020.04.004


352 W. Xiong et al.
Introduction

Chemoradiotherapy is the combination of radiotherapy and
chemotherapy, which utilizes chemotherapy as a radio-
sensitizer that renders tumor cells more sensitive to
radiotherapy to achieve better local control effect.1,2 In
several cases of liver cancer, however, the therapeutic
effect of chemoradiotherapy was observed as unexpected,
reflected in opposite effect of chemotherapy. Tumor vol-
ume rapidly decreased in a short period after patients
received a high dose of chemoradiotherapy, but metastasis
would occur after discontinuation of chemoradiotherapy.3

A similar phenomenon has been observed in non-small cell
lung cancer (NSCLC), where cell proliferation is accelerated
after the cessation of chemotherapy and progression be-
comes faster than in untreated tumors.4 Similarly, in
oropharyngeal cancer, the potential doubling time of tu-
mors after induction of chemotherapy was shorter after
treatment than before treatment. This was indicative of an
increased proliferation of oropharyngeal tumor cells after
poor response to chemotherapy.5 In extrahepatic chol-
angiocarcinoma, chemoradiotherapy combined with sur-
gery is potentially beneficial to local control by improving
tumor resectability and survival rate, but systemic metas-
tases threaten patient prognosis and chemoradiotherapy
needs to be considered more critically.6 Chemo-
radiotherapy also induces the metastasis of ovarian cancer
cells to the bone marrow and other organs.7 The mecha-
nism underlying rapid tumor metastasis after discontinua-
tion of chemoradiotherapy is still unclear.

In a study, local treatment with 4e10 Gy radiation for oral
mammary carcinoma resulted in increased lungmetastasis in
tumor-bearing mice compared with that in the sham irradi-
ation control group.8 A similar pattern is noted in breast
cancer, where even low-dose preoperative exposure can
lead to increased lung metastasis.9 Although the Radiation
Therapy Oncology Group (RTOG） noted that，in NSCLC the
tolerated radiationdose canbeas highas 83.8Gyusing three-
dimensional conformal techniques.10 However, RTOG0617
data present different perspectives. This clinical experiment
compared the prognosis of lung cancer patients receiving
74Gy and 60Gy.11 The results showed that although no
increased toxic side effects were observed in 74Gy radiation-
treated patients, the risk of death and local failure of these
patients was higher than those in 60Gy radiation-treated
patients, and most of them died of metastatic recurrence.
Therefore, it is speculated that high-dose radiation therapy
may promote tumor invasion and metastasis.

Although preoperative chemoradiotherapy can reduce
tumor burden and achieve tumor downstaging, it may in-
crease the risk of distant metastasis and reduce disease-
free survival. Tumor microenvironment of metastasis
(TMEM) score and TMEM-related isoform protein expression
were increased in residual breast cancer cells in patients
treated with doxorubicin plus cyclophosphamide with
neoadjuvant paclitaxel. This was indicative of a decrease in
tumor size, but the risk of metastatic transmission also
increased.12 Analysis of the 10-year data from the German
CAO/ARO/AIO-94 phase 3 trial on rectal cancer showed that
the prognosis of patients after chemoradiotherapy was
generally poor and the migration of tumors increased after
downstaging.13 An association between radiotherapy and
metastases of the oropharynx and hypopharynx tumors was
discovered in 1978.14 Subsequent studies have also shown
that radiotherapy increases the risk of distant metastasis by
increasing the number of circulating tumor cells in NSCLC
and bladder cancer.15 Although the reduction of tumor
burden by chemoradiotherapy is beneficial, we need to
consider the impact of the associated increase in the risk of
distant metastasis on patient prognosis.

While most studies in the field of tumor chemo-
radiotherapy focus on how to reduce tumor burden, we
attempt to clarify how the key mechanisms of chemo-
radiotherapy affect the biological behavior of tumor cells,
and explore their reasonable interventions. This may pro-
vide insights for reducing the chemoradiotherapy-related
tumor recurrence and metastasis, and improve the efficacy
of chemoradiotherapy.

Mechanisms of chemoradiotherapy affecting
tumor cell invasion and metastasis

Chemoradiotherapy directly affects tumor cells,
influencing invasion and metastasis

DNA damage affects tumor metastasis
DNA damage is an important mechanism for the under-
standing of the development of cancer. A consensus
revealed that DNA damage induced by chemoradiotherapy
is associated with cancer development.16 When DNA
damage occurs, the cell is confronted with various pro-
cesses, including regulation of cell cycle and programmed
cell death. The micellar formulations of talazoparib and
buparlisib reinforce DNA damage in breast cancer radio-
therapy, causing cell apoptosis and inhibiting tumor
metastasis.17 It has also been reported that radiation-
induced lung DNA damage promotes breast cancer lung-
metastasis.18 Some studies also show that DNA repair is
related to tumor metastasis. In melanoma, DNA repair
genes are upregulated in metastatic tumors compared to
primary tumors.19,20 DNA damage repair-related proteins
can enhance chemoradioresistance and alleviate DNA
damage caused by chemoradiotherapy. A study showed
that silencing MBD1, a DNA damage repair-related protein,
reduced chemoradiotherapy resistance in pancreatic
cancer.21 This may explain why DNA damage repair affects
the recurrence and metastasis of tumors after radio-
therapy and chemotherapy. DNA damage caused by che-
moradiotherapy, therefore, can stimulate tumor cell
metastasis, and controlling it may be beneficial to tumor
therapy.

The process of DNA damage and repair is complex. The
ataxia-telangiectasia mutated (ATM) protein and p53 are
greatly important in DNA damage response, and once
activated, they regulate many substrates for DNA damage-
induced responses.22 An investigation of cell apoptosis,
using different doses of chemoradiotherapy, confirmed that
the ATM/p53 pathway is directly involved in DNA damage
induced by chemoradiotherapy in breast cancer cell lines,
and rhodamine can be used to inhibit the survival of tumor
cells via the ATM/p53 pathway.23 Radiotherapy for breast
cancer induces DNA damage and p53 activation,



Figure 1 A highly simplified diagram shows the mechanism by which chemoradiotherapy may induce invasion and metastasis of
tumor cells. DNA damage (DNA double-strand breaks, DSB) may trigger apoptosis, and necessitate the escape of tumor cells for
survival. At the site of EMT, the matrix is locally degraded, intercellular connections are lost, cytoplasmic processes are protruded,
and the contraction of the cytoskeleton causes the cell body to separate from its neighbors to complete ectopia. Under adverse
microenvironmental conditions such as chemoradiotherapy, functional autophagy response supports the survival of tumor cells and
promotes tumor invasion and metastasis. Vascular injury can directly accelerate tumor cell overflow, and the resulting dysmor-
phogenesis of blood vessels and macrophages is conducive for creating the TMEM and promoting tumor invasion and metastasis.
Chemoradiotherapy also promotes the stem-like properties of CSCs and activates metastatic colonization. Following chemo-
radiotherapy, M2 macrophages release inflammatory cytokines, which trigger tumor cell metastasis. The process of promoting
tumor cell invasion and metastasis by chemoradiotherapy involves many and complex molecules, but only a few representative star
molecules were listed in the above diagram.
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accompanied by lung injury and stimulation of lung
metastasis.18 DNA repair in tumor cells of patients with
brain metastases, after radiotherapy, promotes cell pro-
liferation, survival, metastasis, and drugs that block G2/M
checkpoint under irradiation disrupt DNA damage repair
and inhibit brain metastases.24 Hence, DNA damage is one
of the possible mechanisms, as shown in Fig. 1, that leads
to tumor metastasis caused by chemoradiotherapy. There-
fore, understanding DNA damage mechanisms is beneficial
to the treatment of cancer, and the prevention of side ef-
fects of chemoradiotherapy.

Epithelial-mesenchymal transition (EMT) affects tumor
invasion and metastasis
Tumor cells acquire the migration phenotype through the
loss of polarity of epithelial cells and acquisition of
mesenchymal characteristics, a process known as EMT.25,26

The mechanism of this process is complex, as cancer cell
migration from original locations results from the synergy of
multiple molecules that cause the decreased epithelial
marker and increased mesenchymal marker.27 EMT can also
reduce the sensitivity of tumor cells to chemo-
radiotherapy.28,29 On the other hand, chemoradiotherapy
can induce EMT, and enhance the invasion and metastasis
of tumor cells. The possible mechanisms involved in the
induction of EMT by chemoradiotherapy are shown in Fig. 1.
A study evaluated the relationship between EMT markers,
E-cadherin, vascular endothelial growth factor and
epidermal growth factor receptor, and overall survival of
patients after chemoradiotherapy and intracavitary
brachytherapy. The results showed that EMT markers were
associated with tumor proliferation and angiogenesis after
chemoradiotherapy, and overall survival of patients with
cervical cancer.30 Colorectal cancer cells treated with
radiotherapy showed typical EMT changes, such as polarity
loss, spindle cell traits, intercellular separation, pseudopod
formation, enhancement of cell migration, and invasion
observed at the molecular level.31 The EMT changes caused
by chemoradiotherapy were directly observed through
changes in cell morphology, hence, it may be used as a
marker to determine the risk of clinical tumor metastasis.
After 30 days of radiotherapy for liver cancer in nude mice,
although the expression of vascular endothelial growth
factor decreased to the control level, overexpression of
TMPRSS4 induced E-cadherin transcriptional repressor re-
sults in the loss of E-cadherin and promotes the EMT related
spread and metastasis of residual tumors in mice.32 Simi-
larly, molecular changes consistent with EMT have been
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observed in oxaliplatin-treated liver cancer cells, accom-
panied by significantly enhanced migration and invasion.33

Studies have found that inhibition of EMT by tyroserleu-
tide decreases the invasive and metastatic potential of
radiation-induced hepatocellular carcinoma.34 The inhibi-
tion or promotion of EMT corresponds to a proportional in-
hibition or promotion of tumor metastasis. This emphasizes
EMT as an important contributor to distant tumor metas-
tasis induced after radiotherapy and chemotherapy.

Autophagy affects tumor invasion and metastasis
Macroautophagy (here called autophagy) is an intracellular
degradation pathway that mediates the isolation of intra-
cellular entities within the double-membrane sac, known as
autophagosomes, and delivers them to lysosomes for
degradation and recovery.35 For cancer, autophagy plays a
dual role in tumor cell fate: it can inhibit the occurrence of
tumors via the elimination of damaged organelles in trans-
formed cells, protect cells fromoxidative stress, andprevent
malignant transformation. Autophagy may also act as a
tumor-supporter by triggering cancer cell survival and
inhibiting apoptosis. This can promote chemoresistance and
EMT mediated metastasis.36 Over the past several years,
emerging evidence has revealed a direct role of autophagy in
inducing invasion and metastasis in cancer cells. For
instance, highly expressed ATG10 in colorectal cancer is
related to lymphovascular invasion and lymph node metas-
tasis, and ATG10 may act as a potential prognostic marker in
colorectal cancer.37 Furthermore, advanced human tumors
typically exhibit increased autophagy fluxes, which are
associated with invasion/metastasis phenotypes, high nu-
clear grade, and poor disease outcomes.38,39 Autophagy
regulates several mechanisms that facilitate metastasis and
these include (1) focal adhesion kinetics, (2) integrin
signaling and transport, (3) Rho GTPase-regulated cytoskel-
etal remodeling, (4) oxidation resistance, (5) ECM composi-
tion, (6) epithelial-mesenchymal transformation (EMT)
signaling, and (7) tumor mesenchymal cell interactions.40

There have also been increasing evidence in support of
the activation of autophagy in tumor cells by radiation,
chemotherapy, and targeted therapy.41 Multiple studies
have revealed that 5-FU therapy triggers autophagy of
cancer cells in vivo, and suppressing autophagy potentiated
the anticancer effects of 5-FU.42,43 In colorectal cancer,
chemotherapy induces genotoxic stress followed by the
elevation of p53, and activated p53 regulates autophagy via
the activation of AMPK and inhibition of mTOR.44 A previous
study showed that p53 promotes cell survival and chemo-
therapeutic resistance of liver cancer by regulating auto-
phagy activation in the absence of nutrients.45 Linifanib has
been shown to suppress PDGFR-b and the downstream Akt/
mTOR and Mek/Erk signaling, which increases autophagy in
hepatocarcinoma cells, leading to their survival in vitro and
in vivo.46 Cisplatin promotes the activation of GFRA1, which
induces autophagy via SRC-AMPK signaling in osteosarcoma
cells.47 Ionizing radiation triggers ROS-mediated macro-
molecular (mainly DNA) damage and ER stress response,
resulting in autophagy.48 Overall, autophagy triggers inva-
sion and metastasis in cancer, and chemotherapy activates
autophagy. Therefore, chemoradiotherapy may contribute
to the invasion and metastasis via activating autophagy
(Fig. 1). Further research of autophagy in the tumor
microenvironment may help develop new inhibitors and
clinical trial strategies.

Chemoradiotherapy induces metastatic colonization of
cancer cells
The formation of premetastatic niche and colonization of
cancer cells are important programs for metastasis.
Emerging evidence has shown that chemoradiotherapy may
facilitate premetastatic niche formation and cancer cell
colonization at distant sites. Paclitaxel demonstrates the
pro-metastatic effect of chemotherapy by facilitating
tumor diffusion and metastasis formation via the genera-
tion of a pro-metastatic niche and enhancement of meta-
static colonization.49 Chang et al revealed that paclitaxel
and cyclophosphamide can trigger tumor cell dissemination
and metastatic colonization via the recruitment of myeloid
progenitors to the primary, as well as secondary, sites in a
pattern that relies on stress-inducible gene Atf3.50 Pacli-
taxel and cisplatin promote the retention of tumor cells in
pulmonary vessels of mice, leading to metastasis and
colonization. A possible mechanism is that chemotherapy
induces the activity of vascular endothelial growth factor
receptor 1 (VEGFR1), which enhances the adhesion of
endothelial cell and tumor cell, as well as the paracrine
interactions.51 Radiation following 10 days of subcutaneous
implantation in mice can stimulate tumor cell colonization
via capillaries. This phenomenon was confirmed by the
increased infiltration of CD31 positive cells, following local
irradiation in mice with Lewis lung cancer.52 Overall, che-
moradiotherapy may facilitate cancer cell seeding and
colonization, resulting in tumor metastasis.

Chemoradiotherapy enhances the stem-like properties of
cancer stem cells (CSCs)
Active metastatic colonization is contingent upon the
dissemination of CSCs that can re-initiate tumor growth.
CSCs are a small subset of tumors that can self-renew and
proliferate, and play crucial roles in tumor progression and
recurrence. Although chemotherapy and radiotherapy can
kill most tumor cells, they do not affect CSCs, leading to
their enrichment and development into more refractory
tumors.53 A previous study showed that typical CSCs ac-
count for about 1e10% of the total number of cells in head
and neck cancer, whereas this proportion may elevate with
the increase of therapeutic radiation dose.54 Eradication of
CSCs is essential for effective therapy of cancer, as CSCs
can promote regrowth of the cancer cells and lead to tumor
recurrence. Nevertheless, it is difficult to eliminate CSCs as
they are usually resistant to therapy. The stem-like char-
acteristics of CSCs are potentially necessary for successful
metastatic colonization, and increasing evidence support
the claim that chemoradiotherapy enhances the stem-like
characteristics of CSCs.51 A previous study showed that
chemotherapy stress reinforced the sphere-forming ability
of CSCs in breast cancer, and induced the change of cell
morphology and EMT-related genes at the mRNA level.
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Meanwhile, the migration capacity of CSCs was not
affected.55 Cancer cells that develop EMT have been
claimed to obtain stemness and experience metabolic al-
terations, although these ideas are controversial. Irradia-
tion is known to stimulate the characteristics of CSCs,
including dedifferentiation and self-renewal, and enhance
oncogenic metabolism via activating the EMT-inducing
signaling pathways.56 It has been shown that Gemcitabine
may induce the stem-like cell properties in pancreatic
cancer via the involvement of ROS/KRAS/AMPK signaling
pathway.57 These findings suggest that chemoradiotherapy
enhances the stem-like properties of CSCs and the resultant
active metastatic colonization.
Chemoradiotherapy affects invasion and metastasis
through the TMEM

Tumor metastasis depends on the TMEM, and it is not in-
dependent of the direct contact of three cell types: tumor
cell, endothelial cell and macrophage.58 The effects of
radiotherapy and chemotherapy on tumor metastasis, from
the tumor microenvironment, associated with endothelial
and immune cells.

Chemoradiotherapy affects tumor invasion and
metastasis by facilitating vascular damage
Chemoradiotherapy induced modifications of the host,
including immunosuppression and vascular damage, can
facilitate invasion and metastasis.59,60 For instance, a sin-
gle fraction dose of 5e10 Gy can cause minor vascular
damage, and more than 10 Gy can induce more severe
vascular damage.61 Recent studies have shown that che-
moradiotherapy may produce acute and late, local and
systemic side effects including vascular damage.62,63 In
chemotherapy, bleomycin administration can result in
damage to the endothelial cells lining the common pulmo-
nary arteries and veins.64,65 This bleomycin-induced endo-
thelial cell retraction, with increased lung endothelial
permeability, is related to increased retention of I.V.
injected tumor cells and enhancement of lung nodule for-
mation.66 After X-irradiation, the enhancement of experi-
mental metastasis has been attributed to the vascular
damage associated with this treatment.67,68 Radiotherapy,
therefore, causes damage to the DNA of NSCLC cells and
increases the number of circulating tumor cells in the
blood, which may result from damage to the vessels by
radiation. Thus, tumor cells can easily break the barrier and
enter the blood circulation to complete distant migration.69

Compared with untreated mice with cancer cells that were
stationary in blood vessels, mice treated with the cyclo-
phosphamide showed proliferation, extravasation, and
extravascular colony formation of cancer cells in the ves-
sels.70 These suggest that normal vascular injury caused by
chemoradiotherapy possibly provides an outlet for tumor
metastasis and promotes angiogenesis, and this may be the
precondition for tumor metastasis. Additionally, several
markers associated with vascular damage have been iden-
tified.71 Therefore, after chemoradiotherapy, preventing or
reversing vascular damage may reduce the recurrence of
tumor metastasis.
Notably, the structure and function of vessels in solid
tumors are abnormal, and anti-angiogenesis therapy pro-
motes tumor metastasis. In a study on sorafenib-treated
mice, tumor growth was accelerated, mouse survival was
decreased, lung metastasis was increased, and sorafenib
downregulated the expression of HIV-1 Tat interactive
protein 2 (HTATIP2) through the JAK-STAT3 signaling
pathway. This, in turn, promoted the invasive and meta-
static potential of orthotopic tumors of hepatocellular
carcinoma cells in the mice.72 In another study, aspirin
minimized the pro-metastasis effect of sorafenib by
mediating the inhibition of COX2 to upregulate tumor
suppressor HTATIP2.73 VEGFR-2 tyrosine kinase inhibitor
AZD2171 was also found to inhibit tumor growth, both
in vivo and in vitro, and promote tumor sensitivity to ra-
diation, limiting metastasis.74 The upregulation of fibro-
blast growth factor-2, a pleiotropic angiogenesis inducer,
is thought to be the mechanism by which tumors evade
anti-VEGF therapy.69

Immune secretions affect tumor cell invasion and
metastasis
Immune cells, including macrophages and platelets, pro-
mote tumor metastasis after stimulation by chemo-
radiotherapy, and the possible mechanisms are shown in
Fig. 1. Condeelis et al believe that macrophages are
located at the center of the TMEM and have six charac-
teristics for promoting malignant tumors: tumor cell in-
vasion, inflammation, matrix remodeling, angiogenesis,
seeding at distant sites and intravasation.75 Chemo-
radiotherapy promotes the release of inflammatory cyto-
kines by macrophages, such as tumor necrosis factor-alpha
(TNF-a) and transforming growth factor-beta 1 (TGF-b),
which aggravates tumor injury.76 Tumor-associated mac-
rophages are the main cells for the expression of immu-
noreactive C-X-C chemokine receptor 4 in mouse tumor
cells, whereas M2-related macrophages, especially those
in direct contact with vessels, may stimulate tumor
recurrence and metastasis after chemotherapy induc-
tion.77 FGF and their receptor (FGFR) regulate a variety of
cellular processes, including proliferation, survival and
motility, and in a study, FGF2 was highly expressed in
recurrent cancer tissues, after chemoradiation in esoph-
ageal cancer patients. The 2-year and 5-year local
recurrence-free survival rates of patients with high
expression of FGF-2 were 15.4% and 0% respectively, while
those of patients low expression of FGF-2 were 45.8% and
33.3% respectively.78 FGF2 and its related signaling
pathway can promote tumor metastasis in various sites
including breast cancer, lung cancer, colorectal cancer,
melanoma, etc.70,71,79,80

Chemotherapy also induces tumor cell senescence,
which irreversibly prevents cell proliferation and sup-
presses tumors. It also induces normal cell senescence,
which leads to local and systemic inflammation and in-
creases tumor growth and metastasis.81 In a study, IL-6/
STAT3 signaling loop and platelet-derived growth factor-
BB/PDGF receptor pathway were upregulated in a condi-
tioned medium (CM) from senescent cells; besides, CM can
promote angiogenesis in the chicken chorioallantoic mem-
brane by endothelial cell invasion.82 The effect of macro-
phages on tumor cell metastasis is systematic and
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comprehensive. Thus, numerous immune cell secretions
affect the invasion and metastasis of cells via TMEM alter-
ation after induction of chemoradiotherapy.

Accumulating evidence shows that under certain con-
ditions, radiation can be used in combination with immune
checkpoint inhibitors to enhance the efficacy.83 Anti-
CTLA4 alone fails to suppress tumor growth or increase
survival, while radiotherapy alone could delay the growth
of primary lesions. The combination of Anti-CTLA4 therapy
and radiotherapy, however, can significantly increase the
overall survival and reduce lung metastasis.84 PD-1
blockers also increase the anti-tumor response. Combina-
tion radiotherapy/aPD-L1 mAb therapy generated effica-
cious CD8 (þ) T-cell responses that increased long-term
survival and prevented tumor recurrence in a study.85

Immune secretions affect tumor cell invasion and metas-
tasis, and the combination of radiation and immuno-
therapy that targets them presents a potential novel
therapeutic approach.
Summary and outlook

The beneficial effects of chemoradiotherapy on cancer
treatment has been emphasized, however, cancer recur-
rence and metastasis of tumor cells after chemo-
radiotherapy should not be overlooked. Tumor metastasis is
influenced by several factors, and the effect of chemo-
radiotherapy on tumor cells is not simply a trade-off effect.
We conclude that chemoradiotherapy may directly affect
tumor cells and promote tumor cell survival and metastasis
by altering the TMEM or cell apoptosis and autophagy. Un-
derstanding the mechanism of action linking tumor metas-
tasis and chemoradiotherapy will help us develop more
effective therapeutic drugs and increase treatment op-
tions. This can reduce patient burden and improve
prognosis.

For a follow-up study, the following recommendations
should provide direction for improving cancer chemo-
radiotherapy. First, an in-depth study of the molecular
mechanism of chemoradiotherapy in promoting tumor cell
invasion and metastasis should be undertaken. This is
required to provide a theoretical basis for clinical control of
tumor metastasis. Second, appropriate drugs should be
developed to be used in combination with chemo-
radiotherapy to inhibit the invasion and metastasis of tumor
cells and improve the efficiency of chemoradiotherapy.
Finally, the minimum dosage of chemoradiotherapy asso-
ciated with the lowest rate of residual tumor metastasis
and strong tumor-suppressive ability needs to be deter-
mined. This has practical significance for improving the
survival of patients. The realization of the above recom-
mendations will promote the effective application of che-
moradiotherapy, and improve patient survival. This study
highlighted the side effects, and summarized the possible
mechanisms, of chemoradiotherapy in promoting invasion
and metastasis of tumor cells. It also highlighted the side
effects of chemoradiotherapy and deepened the under-
standing of the relationship between chemoradiotherapy
and cancer. Consequently, new insights for clinically
improving the effectiveness of chemoradiotherapy, and
controlling cancer metastasis and recurrence, were
demonstrated.
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