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Cancer immunotherapy has drawn much attention because it can restart the recognition and killing function of the immune
system to normalize the antitumor immune response. However, the role of radiotherapy and chemotherapy in cancer
treatment cannot be ignored. Due to cancer heterogeneity, combined therapy has become a new trend, and its efficacy has
been confirmed in many studies. This review discussed the clinical implications and the underlying mechanisms of cancer
immunotherapy in combination with radiotherapy or chemotherapy, offering an outline for clinicians as well as inspiration for
future research.

1. Introduction

Normally, the immune system can recognize and clear
tumor cells in the tumor microenvironment (TME), but
tumor cells can suppress the human immune system to
avoid being killed [1], which is an immune escape. To
understand the complexity of tumor immunity, Chen and
Mellman put forward the concept of the cancer-immunity
cycle, which includes seven parts: (1) release of tumor
antigen, (2) presentation of tumor antigen, (3) priming and
activation of effector T cells, (4) migration of T cells to
tumor tissues, (5) infiltration of T cells into tumor tissues,
(6) recognition of tumor cells by T cells, and (7) removal
of tumor cells [2]. Any abnormality in these procedures
may bring about failed anti-tumor-immune circulation,
thereby leading to immune escape. Tumors can promote

immune tolerance, in which the recognition and killing of
tumor cells by the immune system are inhibited.

Immunotherapy, including targeted antibodies, adoptive
cell therapy, cancer vaccines, oncolytic viruses, and immu-
nosuppressive agents, is a therapeutic method with which
to restart the tumor-immunity cycle and restore the normal
immune response to control and remove tumors. Due to its
excellent efficacy, immunotherapy has received widespread
attention. However, the proportion of people who respond
to immunotherapy is low, and some patients even suffer
from severe side effects.

Radiotherapy and chemotherapy, like traditional cancer
treatments, have disadvantages, such as nonspecific targeting,
killing normal cells (including immune cells), and producing
toxic side effects. Recently, chemotherapy and radiotherapy
have induced the immune response by promoting the death
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of immunogenic tumor cells or destroying the TME. There-
fore, a proper combination of immunotherapy and chemo-
therapy/radiotherapy can promote the reconstruction of
antitumor immunity, reduce side effects, and, thus, benefit
patients (Figure 1) [3].

2. Current Status of Cancer Immunotherapy

Immunotherapy for cancer has two purposes: to target
tumor cells, such as bacterial toxins and oncolytic viruses,
and to activate immune cells via cell therapy, tumor vac-
cines, immunological adjuvants, and immune checkpoint
inhibitors [4].

Bacteria can target a hypoxic, low-pH, high-permeability
TME, depending on their natural characteristics. Bacterial
toxins promote tumor cell apoptosis [5]. For example, the
multifunctional-autoprocessing repeat-in-toxin protein of
Vibrio vulnificus can inhibit the growth of tumor cells by
cutting the Ras protein [6]. Bacillus Calmette–Guérin
(BCG) kills tumor cells by enhancing macrophage activity
[7]. Researchers have recently used genetic engineering tech-
nology to modify bacteria to make them more targeted and
penetrating.

The principle of an oncolytic virus is to selectively infect
cancer cells with natural or recombinant viruses and to split
cancer cells through replication of the virus itself. Mean-
while, tumor antigens released by cancer cells after splitting
can cause an immune response and guide the immune
system to attack other cancer cells or even remote lesions
[8]. According to whether they have been modified, they
can be divided into two categories: (1) viruses that preferen-
tially proliferate in tumor cells after gene recombination,
mainly including herpes simplex virus, adenovirus, and
measles virus, and (2) wild-type virus strains and natural
weak virus strains (such as reovirus, Newcastle disease virus,
and parapoxvirus). Talimogene laherparepvec, engineered
from HSV-1, has been approved by the FDA to treat
melanoma [9].

Cellular immunotherapy is also known as adoptive cell
therapy. The researchers extracted human autoimmune
cells, cultured them in vitro to proliferate or increase the
targeted killing function, and then transfused them back into
the patient’s body to kill cancer cells in the blood and tissues.
Chimeric antigen receptor-engineered T cells (CAR-T) and
TCR-T are adoptive cell therapies that modify T cells.
CAR-T refers to the modified T cells that knock out the
original T cell receptor (TCR) and replace it with the chime-
ric antigen receptor, while TCR-T refers to T cell receptor-
engineered T cells. CAR-T has received the most attention
due to its extraordinary capabilities in treating blood cancers
such as B cell lymphoma [10] and leukemia [11]. However,
due to the limited range of antigen selection, CAR-T does
not perform well in solid tumors. TCR-T has a better antitu-
mor effect against solid tumors but has major histocompat-
ibility complex (MHC) molecular dependency. Moreover,
natural killer cell therapy and tumor-infiltrating lymphocyte
therapy belong to adoptive cell therapy.

Tumor vaccines use tumor antigens to induce specific
cellular and humoral immunity, enhance the antitumor

ability, and inhibit tumor growth [12]. According to the
source, they can be divided into DNA vaccines, mRNA
vaccines, long peptide vaccines, DC vaccines, viral vector
vaccines, and bacterial vector vaccines. The therapeutic
tumor vaccine Provenge (sipuleucel-T), the first FDA-
approved cancer vaccine to treat metastatic prostate cancer,
has been found to prolong the median survival of patients by
4.1 months, according to clinical studies [13]. Although
most clinical trials of tumor vaccines have failed in the past
decade, the development of neoantigen detection and pre-
diction technology may add new vitality to tumor vaccine
research. Chen et al. integrated the plasma membrane of
Escherichia coli cells and the autologous tumor cell mem-
brane into nanoparticles to develop a new personalized
cancer vaccine. The experimental results revealed that these
hybrid membrane nanoparticles induced a strong tumor-
specific immune response after surgical resection of tumors
and improved the survival rate of mice [14].

Immunological adjuvants can improve the immunogeni-
city of tumor antigens and activate an adaptive immune
response, mainly including an aluminum adjuvant, pattern
recognition receptor agonists, polymer materials, and pep-
tides. Previous immunoadjuvants were limited by their poor
absorption capacity and biocompatibility. Current advances
in technologies such as nanotechnology have the potential
to improve their efficacy [15]. Zhang et al. constructed an
immunomodulatory adjuvant based on Zn-doped layered
double hydroxides (Zn LDH). Peritumoral injection of Zn
LDH can continuously neutralize an acidic TME and
release a large amount of Zn, thereby promoting an
inflammatory network composed of cytotoxic T cells, M1
tumor-associated macrophages, and natural killer cells.
Furthermore, Zn LDH destroys endo-/lysosomes to prevent
autophagy and induce mitochondrial damage. The released
Zn activates the cGas-STING signal pathway to induce
immunogenic cell death [16].

The immune checkpoint receptor on the surface of
cancer cells can combine with the immune checkpoint on
T cells, causing T cells to mistake them for normal cells.
Checkpoint inhibitors reactivate the immune system by
removing the inhibition of T cells [17]. Cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4) inhibitors, pro-
grammed cell death protein (PD-1) inhibitors, and pro-
grammed cell death ligand 1 (PD-L1) inhibitors have been
used in the treatment of many tumors.

Although the aforementioned immunotherapies have
been proven to be effective in preclinical and clinical
research, their benefits are limited in most cases. This is
because the persistent response is closely related to the
immune status of the host. In addition, immunotherapy
can cause immune-related adverse reactions [18], and
some serious adverse reactions can be fatal [19]. Immuno-
therapy combined with radiotherapy and/or chemotherapy
has become a new trend.

3. Immune Effects of Radiotherapy

Using high-energy radiation, radiotherapy can induce DNA
damage and endoplasmic reticulum stress to kill tumor cells
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by releasing reactive oxygen species [20]. In the past, radio-
therapy was believed to cause bone marrow suppression,
reduce peripheral blood cells, and inhibit the immune sys-
tem. Later research has found that radiotherapy can not only
reduce the volume of the lesion in the area of the drug but
also affect distant metastatic lesions, which is called the
“abscopal effect.” The possible mechanism is that during
radiotherapy, tumor cells release large numbers of antigens,
which activate T lymphocytes after being presented by
antigen-presenting cells, and then, the activated T cells act
on primary and metastatic tumor cells [21].

Local radiotherapy can increase the apoptosis and necro-
sis of tumor cells, leading to the exposure and release of
tumor-associated antigens (TAA) and thus stimulating the
antitumor immune response [22]. Radiation-induced dam-
age to DNA allows cancer cells to produce new antigens,
which can also trigger immune responses [23]. In addition,
to avoid being recognized by killer T cells, cancer cells
reduce the expression of MHC and increase the expression
of immunosuppressive surface proteins or cytokines. Radio-
therapy can increase the expression of MHC molecules,
stress ligands, and death receptors on the surface of tumor
cells to upregulate the killing sensitivity of T cells and natu-
ral killer cells [24, 25]. However, radiotherapy also activates
tumor cells to release various immunosuppressive factors,
such as TGF-β, and recruits immunosuppressive cells, such
as myeloid suppressor cells, to jointly suppress the antitu-
mor immune response [26].

In the TME, radiotherapy activates inflammation,
circulatory hypoxia, immunoregulation, revascularization,
cancer-associated fibroblast- (CAF-) coordinated extracel-
lular matrix remodeling, and fibrosis. These changes take

place in an interrelated way [27]. They can increase the
infiltration of immune cells into the tumor parenchyma
and play a therapeutic role. For example, radiotherapy
induces the expression of CXC chemokine ligands 10 and
16, which promotes T cell recruitment into the TME and
increases CD8+ T cell infiltration [28].

4. Radiotherapy
Combined with Immunotherapy

4.1. Radiotherapy plus Tumor Vaccines. Witek et al. com-
bined tumor adenoviral-mediated vaccination with radio-
therapy to treat mice with colon cancer. They found that
when mice were treated with a single method, tumors were
only slightly reduced, but when radiotherapy was first per-
formed, the number of antitumor immune cells increased
by a factor of six. The treatment with the vaccine after one
week of radiotherapy achieved the best effect [29]. Previous
studies indicated that the combination of vaccines and
radiotherapy enhanced the destruction of tumor cells by
upregulating MHC, Fas (CD95), intercellular cell adhesion
molecule-1, and TAA, thus enhancing vaccine-mediated
tumor lysis in mouse models (Figure 2) [30, 31].

4.2. Radiotherapy plus Oncolytic Viruses. Reovirus is a wild-
type oncolytic virus that can naturally target tumor cells
overexpressed by the EGFR. By activating the Ras signaling
pathway, the EGFR produces a phospholipase that antago-
nizes protein kinase R, which is dependent on double-
stranded RNA, thereby promoting the replication of the
oncolytic virus [32]. Radiation can further activate the Ras
pathway without affecting viral replication in tumor cells

Monoclonal antibodies

Immunotherapy

Vaccines

Oncolytic viruses

Immunologic adjuvants

Checkpoint inhibitors

Cellular therapies

Radiotherapy

Chemotherapy

Stereotactic radiosurgery

X–knifeCCNSACCSA Y–knife Cyber Knife

Stereotactic radiotherapy

3DCRT IMRT

Figure 1: The triple strikes of cancer. Immunotherapy includes monoclonal antibodies, vaccines, oncolytic viruses, immunological
adjuvants, checkpoint inhibitors, and cellular therapies. Stereotactic radiotherapy (SRT) and stereotactic radiosurgery (SRS) are the
mainstream radiotherapy technologies. SRT includes three-dimensional conformal radiotherapy (3D CRT) and intensity-modulated
radiotherapy (IMRT). SRS includes X-knife, Y-knife, and Cyber Knife. Chemotherapy includes cell cycle-specific agents (CCSA) and cell
cycle-nonspecific agents (CCNSA). Immunotherapy of tumors has two purposes: to target tumor cells and to activate immune cells. The
combined use of radiotherapy and chemotherapy may enhance efficacy.
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[33]. McEntee et al. explored the interaction between radio-
therapy and reovirus type 3 Dearing (RT3D) in melanoma
cell lines with a BRAF mutant, Ras mutant, or BRAF/Ras
wild-type genotype. The results depicted that RT3D combined
with radiation could significantly potentiate cytotoxicity
in vivo and in vitro, regardless of the genotype. The enhance-
ment of cytotoxicity depended on the increase in viral replica-
tion, which was mediated by the upregulation of cancer
upregulated gene 2 (CUG2) and the subsequent downregula-
tion of pPKR and p-eIF2α, thereby activating mitochondrial
apoptosis signals and promoting cell death [34].

4.3. Radiotherapy plus Immunoadjuvants. Zhang et al.
evaluated the combination of radiotherapy and the synthetic
agonist of toll-like receptor 9 (TLR9) in a mouse lung cancer
model. They found that the combined therapy could induce
specific IgG autoantibodies and stimulate the proliferation
and activation of plasmacytoid DCs, killer DCs, and
TLR9-expressing B cells. Local control of radiotherapy was
improved, and systemic lung metastasis was reduced [35].
Researchers also found that systemic administration of
TLR9 agonists prevented mucositis and intestinal injury
induced by radiation without radiation protection for
abdominal tumors [36]. Baird et al. reported that the inflam-

matory pathway activated by the STING ligand produced
potent adjuvant activity, which enhanced the adaptive
immune response to tumor antigens released by radiation.
In a murine model of pancreatic cancer, they found that
CT-guided radiotherapy combined with new murine and
human STING ligands synergistically controlled local and
distant lesions. Subsequent studies suggested that TNFα-
dependent and T cell-independent hemorrhagic necrosis
occurred in the early stages, followed by CD8 T cell-
dependent control of residual lesions [37].

4.4. Radiotherapy plus Checkpoint Inhibitors. A clinical study
observed the efficacy of local radiotherapy combined with
CTLA-4 inhibitors in 50 castration-resistant metastatic
prostate cancer patients. The results demonstrated that com-
plete response (CR) was achieved in one patient, prostate-
specific antigens were decreased in eight patients, and the
disease remained stable in six patients [38]. Twyman-Saint
et al. found that in clinical melanoma trials, patients with
high programmed death-ligand 1 (PD-L1) did not respond
to anti-CTLA4 plus radiation and depicted persistent T cell
failure, but the combination of anti-CTLA4, anti-PD-L1,
and radiation could promote immune responses. Anti-
CTLA4 promotes T cell proliferation, while radiotherapy
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Figure 2: Mechanism of vaccines plus radiotherapy. CD8 T cells can recognize the tumor antigen peptide–MHCI molecule complex on the
surface of tumor cells and then proliferate and differentiate into cytotoxic T lymphocytes (CTL) with a specific killing activity following
activation, which mediates the necrosis or apoptosis of tumors. Exfoliating from the surface of tumor cells, tumor antigens are absorbed
and processed by antigen-presenting cells (APC) as polypeptide molecules and then expressed on the surface of APC in the form of a
tumor antigen peptide–MHCII molecule complex. Tumor antigen-specific CD4 T cells recognize and activate the complex, release
cytokines such as interleukin-2 (IL-2) and γ-interferon (IFN-γ) to activate monocytes-macrophages and NK cells, and enhance the
killing function of CD8 CTL. IFN, tumor necrosis factor (TNF), and CD4 CTL can directly kill tumor cells. The combination of vaccines
and radiotherapy may produce a synergistic effect, which can enhance vaccine-mediated tumor cell lysis while upregulating MHC, Fas,
intercellular cell adhesion molecule-1 (ICAM-1), and TAA [30, 31].
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forms the TCR sequences of amplified peripheral clones.
Adding a PD-L1 blocker could reverse T cell failure, attenu-
ate the inhibition of the CD8/Treg ratio, and facilitate the
expansion of oligo-clonal T cells [39]. Radiotherapy was
reported to upregulate PD-L1 expression by increasing
type I interferon (IFN) in the TME to avoid effector T
cells [40, 41]. In addition, radiotherapy combined with a
programmed cell death protein 1 inhibitor achieved surpris-
ingly encouraging results in colorectal cancer [42], lung
cancer [43], Merkel cell carcinoma [44], and other cancers.
Nevertheless, some side effects (such as noninfectious
inflammation) were also observed [45].

4.5. Radiotherapy plus Cellular Immunotherapy. In a pancre-
atic cancer model with heterologous expression of sialyl
Lewis-a (sLeA), DeSelm et al. found that both sLeA + and
sLeA- tumor cells exposed to low doses of radiation were
sensitive to CAR-T, which reduced the recurrence of
antigen-negative tumors. When combined with sLeA +
tumor cells, CAR-T cells targeted by sLeA produced TRAIL
and killed sLeA- tumor cells that had been previously
exposed to radiation [46]. Xiao et al. reported a case of
radiotherapy combined with CAR-T targeting B cell matura-
tion antigens to treat refractory myeloma, in which T cell
diversity changed after treatment, with more than 30% of
newly expanded TCRs. A meta-analysis of 16 randomized
controlled studies evaluated the efficacy and safety of
cytokine-induced killer (CIK) therapy combined with radia-
tion therapy for lung cancer. The results indicated that
CIK therapy plus radiotherapy could improve the clinical
response, OS, and progression-free survival (PFS). However,
the combined therapy might have a high risk of fever and a
low risk of leukocytopenia [47]. Radiotherapy can promote
the death of tumor cells and release tumor-specific antigens
[22], directly destroy the DNA of tumor cells, and generate
new antigens [48]. In addition, radiotherapy can upregulate
the expression of tumor MHC-I, which can better present
tumor-specific antigens and enhance the visibility of tumors
to immune cells.

5. Immune Effects of Chemotherapy

Chemotherapy drugs play an antitumor role by targeting the
biological events necessary for rapid cell division. Many
immune cells have the property of rapid proliferation; there-
fore, they may also be the target of chemotherapy. The
numbers of T cells and B cells decreased significantly after
receiving some chemotherapy drugs [49, 50]. Immunosup-
pressive cells can proliferate rapidly, hence also being
sensitive to chemotherapy drugs. Gemcitabine can inhibit
the activity of myeloid-derived suppressor cells (MDSC)
and upregulate human leukocyte antigens on the surface of
tumor cells, thereby promoting the killing effect of cytotoxic
T cells [51]. Therefore, chemotherapy can be combined with
CIK cellular immunotherapy with MDSC accumulation as a
limitation [52].

In addition, chemotherapy-induced tumor cell death can
increase the release of TAA [53]. Some chemotherapeutic
agents can induce immunogenic cell death. The resulting

autophagy of tumor cells releases three signals: (1) endoplas-
mic reticulum stress leads to calreticulin exposure. Calreticu-
lin binds to CD91 and stimulates DC to engulf tumor
antigens [54]; (2) chemotherapy drugs induce the autophagy
of tumor cells by activating TLR3 on the surface of cells, and
adenosine triphosphate is released to recruit DC into tumor
focus; and (3) high-mobility group protein B1 is released
and combined with TLR4 to activate the signal pathway
[55]. The formyl peptide receptor 1 on the DC surface forms
stable binding with annexin A1 on the tumor cell surface to
mature the DC. The DC carries out antigen uptake and
presents it to T cells [56].

Some chemotherapy drugs can increase MHC I on the
surface of tumor cells and enhance tumor antigen presenta-
tion [57]. Chemotherapeutics were also reported to upregu-
late MHC I expression in DCs [58]. Moreover, various
chemotherapy drugs can upregulate immune checkpoint
ligands on the surface of tumor cells. For instance, paclitaxel
can induce the upregulation of PD-L1 in ovarian cancer
cells by activating the NF-κB signaling pathway [59]. In
bone marrow stromal cells, chemotherapy drugs can upregu-
late granulocyte-macrophage colony-stimulating factor and
stimulate the extracellular signal-regulated kinase 1/2 signal-
ing pathway to induce PD-L1 expression [60].

6. Chemotherapy
Combined with Immunotherapy

6.1. Chemotherapy plus Tumor Vaccines. TAA mucinous
glycoprotein-1 (MUC1) is abnormally expressed in various
epithelial-derived tumors. The resistance of paclitaxel
(PTX) to NSCLC is related to the expression of MUC1 on
the surface of tumor cells. Compared with NSCLC A549
cells, PTX-resistant A549 cells (A549/PTX) had an enhanced
spheroidizing ability, and MUC1-C, PI3K/P-Akt, and β-
catenin increased significantly. Silencing MUC1 could
reduce the expression of PI3K/p-Akt in tumor cells (A549/
PTX) and inhibit the ability of stem cells to form spheroids
[61]. Some MUC1 vaccines, such as TG4010 and L-BLP25,
have demonstrated activity in clinical trials. A multicenter,
unblinded, randomized phase IIB clinical study enrolled
148 patients with stage IIIB/IV NSCLC expressing MUC1.
The patients received six cycles of cisplatin/gemcitabine che-
motherapy with or without TG4010. The results suggested
that the 6-month PFS of the combined therapy group was
43.2%, which was 35.1% in the chemotherapy group [62].

Ajani et al. conducted a multicenter phase II clinical trial
in which advanced gastric cancer patients were treated with
a combination of the G17DT vaccine and “platinum plus
5-fluorouracil” chemotherapy. For those patients who had
immune responses after vaccination, the median survival
and the time to progression were prolonged in comparison
to unvaccinated patients [63].

6.2. Chemotherapy plus Oncolytic Viruses. Oncolytic viruses
combined with chemotherapy can reduce the dosage of
drugs or shorten the course of treatment under the same
conditions, as well as reduce the probability of drug resis-
tance [64]. Soliman et al. reported the safety and efficacy
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of neoadjuvant chemotherapy combined with talimogene
laherparepvec in phase I trial of stage II or III triple-
negative breast cancer. The rate of pathological complete
remission of the combined therapy significantly increased.
Preliminary evidence of strong immune activation, such as
a significant increase in CD45R0 + T cells, was observed,
and this result was further investigated in phase II trials
[65]. Pelareorep (a proprietary isolate of RT3D) and gemcit-
abine were used to treat advanced pancreatic cancer. Among
the 34 patients enrolled, 1 experienced partial remission, 23
had stable disease, and 5 experienced disease progression.
The median OS was 10.2 months. The 1- and 2-year survival
rates were 45% and 24%, respectively [66].

6.3. Chemotherapy plus Immunoadjuvants. The GOLFIG
regimen, i.e., gemcitabine, oxaliplatin, levofolinate, and fluo-
rouracil combined with recombinant IL-2 and granulocyte-
macrophage colony-stimulating factor, was used to treat
metastatic colorectal cancer. Caraglia et al. enrolled 179
patients for a multicenter retrospective study and reported
the results of a 15-year follow-up. The mean PFS and OS
were 15.28 and 24.6 months, respectively, and 14 patients
did not progress within ten years [67].

6.4. Chemotherapy plus Checkpoint Inhibitors. Chemother-
apy enhances the tumor-killing ability of immune check-
point inhibitors by enhancing T cell activation and cancer
cell infiltration [68]. A randomized controlled trial of 542
subjects showed that pembrolizumab, a humanized anti-
PD1 monoclonal antibody, might improve OS in advanced
urothelial carcinoma patients during or after platinum-
containing chemotherapy in comparison with the chemo-
therapy group (12-month follow-up 59% death vs. 70%
death) [69]. Rosenberg et al. assessed the efficacy of atezoliz-
umab, which could selectively bind to PD-L1, in treating
locally advanced and metastatic urothelial carcinoma after
platinum chemotherapy. Atezolizumab exhibited sustained
activity and good tolerance [70]. Hersh et al. compared
dacarbazine combined with a CTLA-4 inhibitor (ipilimu-
mab) and ipilimumab alone in treating patients with
metastatic melanoma. The objective response rate of
patients receiving dacarbazine plus ipilimumab was signif-
icantly higher than that of ipilimumab (14.3% vs. 5.4%)
[71]. Phase III clinical studies revealed that the OS of
the combined therapy was longer than that of dacarba-
zine monotherapy [72].

6.5. Chemotherapy plus Cellular Immunotherapy. Zhao et al.
performed a retrospective study of patients with stage II–III
gastric cancer after gastrectomy. A total of 53 patients
received autologous CIK cells plus chemotherapy, and 112
received chemotherapy alone. Compared with the mono-
therapy group, the 5-year OS rate and the 5-year PFS rate
of the combined therapy group significantly improved, with-
out serious side effects observed [73]. Junghans et al. used
fludarabine in combination with a cyclophosphamide regi-
men to shape the therapeutic microenvironment for CAR-
T cell therapy. Six patients with refractory advanced prostate
cancer who failed in chemotherapy and castration were

treated with PSMA-targeted CAR-T combined with IL-2.
The results demonstrated that the tumors were significantly
reduced in two patients, and one of them had a 70% decrease
in prostate-specific antigens [74].

7. Concluding Remarks and
Future Perspectives

Cancer immunotherapy, such as CPI and CAR-T, has
achieved encouraging success. Due to the low response and
the acquired resistance, however, patients who can benefit
are few, and some may suffer from serious side effects. An
increasing number of studies have demonstrated that
immunotherapy combined with radiotherapy/chemotherapy
can enhance tumor immunogenicity, thereby turning “cold
tumors” into “hot tumors,” with higher efficacy and fewer
side effects. In addition, several studies addressing the com-
bination of immunotherapy, chemotherapy, and radiother-
apy have reported good results.

Nonetheless, there are still many issues to solve; the first
of which is to choose the right patients because different
clinical stages and histological types can affect clinical out-
comes [75]. Second, as for combining immunotherapy with
radiotherapy/chemotherapy, it is important to determine
the optimal dose, timing, and sequence, which requires a
deeper understanding of the underlying mechanisms. Third,
the difference in patients’ sensitivity to treatment should be
considered, and the efficacy should be tested using specific
strategies. Traditional solid tumor evaluation criteria may
underestimate the therapeutic effect of immunotherapy
drugs in patients with malignant tumors. Therefore, the
benefits should be evaluated in conjunction with immune-
related responses. Lastly, regarding radiotherapy, it is
necessary to explore the best location, segmentation mode,
and total dose of radiotherapy, as the degree of immune
responses caused by radiotherapy varies in different organs,
and conventional segmented radiotherapy and large seg-
mented radiotherapy can also lead to different antitumor
immune responses.

Only through an effective and proper combination of
therapies can the tumor burden be minimized, tumor cell-
induced immune suppression is relieved, and patients’
immune function is improved or reconstructed, which
requires more research and persistent effort. We believe that
achievements in this field will bring hope to the individual-
ized, comprehensive treatment of tumors.
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