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Purpose: Radiation therapy (RT) induces an immune response, but the relationship of this
response with tumor type is not fully understood. This meta-analysis further elucidated this
relationship by analyzing the changes in T lymphocyte subsets in different tumors before
and after radiotherapy.

Methods: We searched English-language electronic databases including PubMed,
EMBASE, and the Cochrane Library to collect studies on the changes in peripheral
blood CD3+ T lymphocytes, CD4+ T lymphocytes, and CD8+ T lymphocytes before and
after radiotherapy in tumor patients from January 2015 to April 2021. The quality of the
included literature was evaluated using the NOS scale provided by the Cochrane
Collaboration, and statistical software RevMan 5.4 was used to analyze the included
literature. P<0.05 was considered to indicate statistical significance.

Results: A total of 19 studies in 16 articles involving 877 tumor patients were included. All
data were collected within 1 month before or after radiotherapy. Meta-analysis showed
that numbers of CD3+ T lymphocytes (SMD: -0.40; 95% CI [-0.75, -0.04]; p = 0.03) and
CD4+ T lymphocytes (SMD: -0.43; 95% CI: [-0.85, -0.02]; p = 0.04) were significantly
reduced after radiotherapy compared with before treatment, but there was no statistically
significant difference for CD8+ T lymphocytes (SMD: 0.33; 95% CI: [-0.88, 0.74];
p = 0.12). Subgroup analysis showed that peripheral blood T lymphocytes decreased
in head and neck cancer. However, in prostate cancer and breast cancer, there was no
significant change in peripheral blood. 1 month after radiotherapy, it has a potential
proliferation and activation effect on lymphocytes in esophageal cancer and lung cancer.
The results showed that CD8+T lymphocytes increased in peripheral blood after SBRT.
Radiotherapy alone reduced CD3+ T lymphocyte numbers.

Conclusions: Within 1 month of radiotherapy, patients have obvious immunological
changes, which can cause apoptosis and reduction of T lymphocytes, and affect the
balance of peripheral blood immune cells. The degree of immune response induced by
radiotherapy differed between tumor types.
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INTRODUCTION

Radiotherapy is an important treatment modality in the
management of tumors (1). Sixty percent of newly diagnosed
tumor patients receive radiotherapy as a first-line treatment plan
(2), and radiotherapy alone or combined with surgery,
chemotherapy, or targeted therapy can improve the local control
rate in patients with various tumors and prolong their overall
survival (3). In contrast to chemotherapy, radiotherapy can be
used to achieve local tumor control with relatively few systemic
side effects (4). Radiation therapy can directly kill a primary tumor
by inducing double-strand DNA damage (5, 6), single-strand
breaks (7), mismatch repair, chromosome aberrations (8), etc. It
can also trigger the release of pro-inflammatory mediators and
increase numbers of tumor-infiltrating immune cells (9), thereby
activating an immune response. Ideally, this would reverse the
immunosuppressive state of the tumor microenvironment and
restore the immunogenicity of the primary tumor (10). Local
radiotherapy can also cause abscopal effects (10–13), that is
irradiation of a local tumor may also reduce the size of tumors
outside the target area. The mechanism underlying this effect
involves the release of pro-inflammatory factors by immune cells,
enhancing the sensitivity of tumor cells to the immune system and
thus enhancing the body’s anti-tumor immunity (14). However, in
addition to immune activation, radiotherapy can promote the
upregulation of immunosuppressive molecules, resulting in
immunosuppressive effects (15). For example, activation of the
DNA damage repair pathway by radiation-induced DNA damage
upregulates CTLA-4 and PD-L1 expression (16); this can
complicate the immune status of patients receiving radiotherapy.

Arina et al. proposed that T cells within a tumor may vary
according to the tumor type, with different types having different
expression patterns of radiation-resistance genes (17). Preclinical
studies by Blair et al. have demonstrated that in tumors with poor
radioimmunogenicity, such as pancreatic cancer, inhibition of the
release or activity of endogenous adjuvants after radiotherapy may
limit the extent of tumor control after radiotherapy (15). This
suggests that the radiotherapy-mediated immune response varies
greatly among different tumor types. Lymphocytes have an
immune recognition function and are important cell
components in the immune response. According to their
phenotype and biological function, lymphocytes can be divided
into T lymphocytes, B lymphocytes, and natural killer cell. Cellular
immunity plays an important part in the body’s anti-tumor
immune response, and T lymphocyte subsets have a leading role
in the cellular immune response. T lymphocytes can be further
divided into CD4+ T lymphocytes (CD3+ CD4+) and CD8+ T
lymphocytes (CD3+ CD8+) according to their surface markers.
CD4+ T lymphocytes are helper T cells, and CD8+ T lymphocytes
are cytotoxic T cells.

The recent discovery of radiotherapy’s anticancer effects on the
immune system has led to the recognition of radiotherapy’s ability
to sensitize the tumor microenvironment to immunotherapy.
However, the lack of understanding of the effect of radiotherapy
on intratumoral immune balance hinders the optimization design
of the combined radiotherapy and immune trial. A better
understanding of how different types of tumor microenvironment
Frontiers in Immunology | www.frontiersin.org 2
influence the immune response after radiotherapy is needed.
However, direct clinical studies of systemic immune responses to
radiotherapy in patients with different tumor types have been
lacking due to the wide variation in baseline among tumor
patients. As a result, available research to explain it is rare.
Furthermore, monitoring the level of lymphocyte subsets is
important in guiding combination therapy for multiple cancers,
making it possible to correlate immune status with treatment
response in cancer patients receiving radiation therapy.
Therefore, we conducted a systematic search and analysis of the
existing literature in order to deepen our understanding of the
systemic immune response to radiotherapy and to provide a theory
for the differences in response to treatment among different
tumor types.
METHODS

Search Strategy and Selection Criteria
The PubMed, Cochrane, and Embase electronic databases were
searched for records from January 2015 to April 2021, and the
retrieved documents were screened and evaluated according to the
inclusion criteria. Documents irrelevant to the research were
excluded, and the screening was supplemented by a manual
search for references in the included literature. The database
search term was: (“radiotherapy” OR “irradiation” OR “radiation”
OR “SABR” OR “SBRT”) AND (“immun*” OR “CD3+T” OR
“CD4+T” OR “CD8+T” OR “PD-1” OR “PD-L1” OR “CTLA-4”
OR “Tregs”OR “MDSC”OR “DC”OR “cytokines”).We restricted
our searches to reports published in English.

The search strategy was developed in cooperation with an
information expert. The inclusion criteria were as follows. (I)
Research objects: Patients with cancer who have a clear
pathological diagnosis. (II) Intervention measures: radiotherapy.
(III) Outcome indicators: immune cell data (e.g. mean ± standard
deviation) obtained before and after radiotherapy in peripheral
blood, including data for CD3+ T lymphocytes, CD4+ T
lymphocytes, and CD8+ T lymphocytes at baseline and after
radiotherapy (within 1 month). (IV) Language restrictions:
English. The exclusion criteria were as follows: (I) If there are
duplicates, ambiguities, or publications that report on the same
research population, only the latest, relevant and/or
comprehensive publications will be included in the analysis,
and others will be excluded. (II) Incomplete data or unavailable
full-text literature. (III) These article types are excluded (i.e., case
report, editorial). (IV) Outcome indicators: Not reporting
outcomes of Interest or the immune cells are obtained from
tumor infiltrating samples, not from peripheral blood. (V) Data
obtained that could not distinguish between radiotherapy
induced effects were excluded, such as those obtained when
radiotherapy was combined with other concurrent treatments.
(VI) Exclude tumor type or primary tumor disease that cannot be
defined. (VII) Peripheral blood samples taken after radiotherapy
were excluded over 1 month after the end of radiotherapy. (VIII)
Studies with fewer than 10 participants were excluded. Articles
that met the inclusion criteria in the initial screening by title and
abstract were further screened based on their full text.
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Data Extraction and Study Quality
According to the PRISMA 2020 standard evaluation process
(Supplementary Material S1), each document was screened by
two people independently reading the title and abstract, after
which another two reviewers read the full text. When two
reviewers disagreed, a third person judged. The literature
screening process was strictly controlled to ensure the quality
of the research. The main information extracted in this study
was: the first author of the study, publication date, sample size,
gender and age of the research subject, study time of the intended
population, country, tumor type, radiotherapy technology and
dose, treatment method during radiotherapy, CD3+ T
lymphocyte, CD4+ T lymphocyte, and CD8+ T lymphocyte
count or percentage. The quality of included articles was
evaluated by a modification of the Newcastle-Ottawa Scale
(NOS) provided by the Cochrane Collaboration.

Statistical Analysis
Statistical analysis was performed on the included literature with
statistical software RevMan 5.4. The results of the literature
included in this study were presented as continuous variable
data with effect size given as standard mean difference (SMD)
with 95% CI. Heterogeneity was measured using the I2 test.
Frontiers in Immunology | www.frontiersin.org 3
The detection of publication bias used funnel chart analysis. Data
for CD3+, CD4+, and CD8+ T lymphocytes at baseline before
radiotherapy and after radiotherapy were statistically analyzed.
In addition, we conducted subgroup analysis according to tumor
type, radiotherapy mode, and treatment method during
radiotherapy. P<0.05 was considered statistically significant.
RESULTS

Literature Search Results, Characteristics,
and Quality of Included Studies
As shown in Figure 1, documents published from January 2015
to April 2021 were selected according to the search strategy:
121790 articles were initially identified, 26628 duplicates were
excluded, 94811 articles were excluded based on their titles and
abstracts, and 333 articles were excluded after careful reading of
their full text carefully. Among them, 187 abstracts, and 108
articles do not match the type (i.e., case report, editorial), 6
articles for which the full text could not be found, and results of
interest were not reported in 25 articles, data could not be
extracted in 9 articles. Finally 19 studies in 16 articles were
included in the meta-analysis, involving a total of 877 cases
FIGURE 1 | Flow diagram of studies identification and selection.
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treated with radiotherapy. The sample size of cancer patients,
ranged from 10 to 89. The countries the studies were performed
in included the United States, Germany, Poland, China, Thailand,
Spain. The radiotherapy technology were conventional
radiotherapy (con-RT), stereotactic body radiotherapy (SBRT),
Intensity-modulated radiation therapy(IMRT), and three-
dimensional conformal radiotherapy (3D-CR). Treatment
modes included radiotherapy alone and combined radiotherapy
and chemotherapy (CCRT). Immune cell analysis was performed
on blood samples before and after treatment. The basic
characteristics of the included literature and the results of the
quality evaluation are shown in Table 1. In exploring the changes
of lymphocytes in each tumor after radiotherapy, and based on
the clinical characteristics and heterogeneity of the studies
included in Table 1, we finally adopted the random effects
model for data analysis.

Conventional Pairwise Meta-Analysis
According to sensitivity analysis and bias analysis (Supplementary
Materials S2, 3), 14 studies from 12 articles were finally included to
analyze the changes of CD3+T lymphocytes after radiotherapy. The
heterogeneity test indicated that there was heterogeneity among the
studies (I2 = 89%, p<0.05). The combined results showed a
statistically significant decrease in CD3+ T lymphocyte (SMD:
-0.40; 95% CI [-0.75, -0.04]; p=0.03) after radiotherapy compared
with baseline (Figure 2). Then we explored the changes in CD4+
T lymphocyte after radiotherapy from15 studies basedonsensitivity
analysis sensitivity analysis and bias analysis (Supplementary
Materials S4, 5). The heterogeneity test indicated that there was
heterogeneity among the studies (I2 = 91%, p<0.05). Similarly,
CD4+ T lymphocytes in peripheral blood also decreased after
radiotherapy compared with baseline (SMD: -0.43; 95% CI:
[-0.85, -0.02]; p=0.04) (Figure 3). According to sensitivity
analysis and bias analysis (Supplementary Materials S6, 7),
however, in 14 included studies showed no significant difference
in CD8+ T lymphocyte before and after treatment (SMD: 0.33;
95% CI: [-0.88, 0.74]; p=0.12) (Figure 4), although there is an
increasing trend. The heterogeneity test indicated that there was
heterogeneity among the studies (I2 = 91%, p<0.05).

Within 1 month of radiotherapy, patients had significant
immunological changes that could cause T lymphocyte apoptosis
and decrease, affecting the balance of peripheral blood
immune cells.

Subgroup Analysis
Subgroup analysis of the changes in CD3+ T lymphocytes before
and after radiotherapy was performed. A total of 15 studies of
different primary tumor types were included (Figure 5), in which
statistically significant decreases in numbers of CD3+ T
lymphocytes were found in head and neck cancer (SMD:-0.98;
95% CI [-1.70, -0.25]; p<0.01) and pancreatic cancer (SMD: -1.40;
95% CI [-1.95, -0.85]; p<0.01). However, in esophageal cancer
(SMD:0.89; 95% CI [0.37, 1.42]; p<0.01),CD3+ T lymphocytes
increased after radiotherapy. ln lung cancer (SMD: -0. 10; 95% CI
[-0.26,0.06]; p=0.21), colorectal cancer (SMD: 0.02; 95% CI [-0.45,
0.49]; p=0.94), prostate cancer (SMD: 0.08; 95% CI [-0.80, 0.95];
p=0.17) and breast cancer (SMD: -1.18; 95% CI [-3.57, 1.22];
Frontiers in Immunology | www.frontiersin.org 4
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p=0.34) patients, there were no statistically significant changes in
CD3+ T lymphocyte numbers after radiotherapy. With the
improvement of radiotherapy technology, precision radiotherapy
is gradually mature, which can effectively improve the survival rate
of patients, and its significant clinical efficacy has been widely
recognized. To further explore the effects of radiotherapy
technology on CD3+ T lymphocytes, 14 studies were included for
subgroup analysis (Figure 6). After conventional radiotherapy
(con-RT), the numbers of CD3+ T lymphocytes decreased
significantly compared with baseline (SMD: -0.81; 95% CI [-1.56,
-0.06]; p=0.03); however, there was no significant change after
SBRT (SMD: -0.33; 95% CI [-0.81, 0.16]; p=0.19), 3D-CRT (SMD:
Frontiers in Immunology | www.frontiersin.org 5
-0.35; 95% CI [-0.88,0.18]; p=0.19), or IMRT (SMD: 0.19; 95% CI
[-0.56,0.94]; p=0.62). Next, we explored the effects of the treatment
mode on CD3+ T lymphocytes during radiotherapy. A total of 15
studies were included (Figure 7). After radiotherapy alone, CD3+
T lymphocytes decreased significantly compared with baseline
(SMD: -0.50; 95% CI [-0.91, -0.08]; p=0.02); however, there was
no significant change after concurrent radiotherapy and
chemotherapy (SMD: 0.02; 95% CI [-0.45, 0.49]; p=0.94).

For the subgroup analysis of CD4+ T lymphocytes before and
after radiotherapy,15 studies were included (Figure 8). For
primary tumors including liver cancer (SMD: -1.29; 95% CI
[-1.64, -0.95]; p<0.01), colorectal cancer (SMD: -0.65; 95% CI
FIGURE 2 | Forest plot for changes of CD3+T lymphocytes after radiotherapy compared with before radiotherapy. decrease: CD3+T lymphocytes were less after
radiotherapy than before. increase: CD3+T lymphocytes were increased after radiotherapy than before. Data are presented as standard mean difference [SMD] and
95% CI.
FIGURE 3 | Forest plot for changes of CD4+T lymphocytes after radiotherapy compared with before radiotherapy. decrease: CD4+T lymphocytes were less after
radiotherapy than before. increase: CD4+T lymphocytes were increased after radiotherapy than before.
June 2021 | Volume 12 | Article 648652
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[-0.95, -0.36]; p<0.01) and head and neck cancer (SMD: -1.24;
95% CI [-1.95, -0.52]; p< 0.01), CD4+ T lymphocyte numbers
decreased after radiotherapy compared with baseline, and the
differences were statistically significant.CD4+ T lymphocytes
increased in patients with lung cancer (SMD: 0.28; 95% CI [0.08,
0.48]; p< 0.01) 1 month after radiotherapy. However, there was no
significant difference in patients with prostate cancer (SMD: 0.65;
95%CI [-0.25, 1.56]; p=0.16), esophageal cancer (SMD: -0.29; 95%CI
[-0.79, 0.21]; p=0.26) and breast cancer (SMD: 0.35; 95% CI [-0.29,
1.00]; p=0.28). To explore the effects of radiotherapy technology on
CD4+ T lymphocytes, 14 studies were included in the subgroup
analysis (Supplementary Material S8). There were no significant
changes in CD4+ T lymphocyte numbers after conventional
radiotherapy (SMD: -0.44; 95% CI [-1.37, 0.49]; p=0.35) or SBRT
(SMD: -0.29; 95%CI [-1.26, 0.68]; p=0.56), but therewere statistically
significant decreases after 3D-CRT (SMD: -0.55; 95% CI [-1.09,
-0.02]; p=0.04) and IMRT (SMD: -0.53; 95% CI [-0.80, -0.26];
p<0.01). Next, we considered the effects of treatment mode on
CD4+ T lymphocytes during radiotherapy. A total of 15 studies
were included (Supplementary Material S9). CD4+ T lymphocyte
numbers remained essentially unchanged after radiotherapy alone
(SMD: - 0.37; 95% CI [-0.88, 0.13]; p=0.15), but combined with
chemotherapy and radiotherapy decreased, with statistically
significant difference (SMD: -0.65; 95% CI [-0.95, -0.36]; p< 0.01).

For the subgroup analysis of CD8+ T lymphocytes before and
after radiotherapy (Figure 9), a total of 14 studies were included.
In terms of the primary tumor type, esophageal cancer
(SMD:1.05;95% CI [0.52, 1.59]; p<0.01), colorectal cancer
(SMD: 0.58; 95% CI [0.29, 0.87]; p<0.01), lung cancer (SMD:
0.74; 95% CI [0.06, 1.42]; p=0.03) showed statistically significant
increases from baseline in CD8+ T lymphocyte numbers after
radiotherapy; head and neck cancer (SMD: -0.72; 95% CI [-1.20,
-0.23]; p=0.004) showed significant decreases; and there was no
significant change for prostate cancer (SMD: 0.91; 95% CI [-0.02,
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1.84]; p=0.06) or breast cancer (SMD: 0.09; 95% CI [-0.33, 0.51];
p=0.67). To explore the effects of radiotherapy technology on
CD8+ T lymphocytes, 13 studies were included for subgroup
analysis (Supplementary Material S10). After conventional
radiotherapy (SMD: 0.30; 95% CI [-0.43, 1.03]; p=0.42) and
IMRT (SMD: 0.34; 95% CI [-0.95, 1.62]; p=0.61) and 3D-CRT
(SMD: 0.43; 95% CI [-0.10, 0.96]; p=0.11), CD8+ T lymphocyte
numbers remained essentially unchanged with no statistically
significant differences. But after SBRT, CD8+ T lymphocyte
showed significant increased (SMD: 0.53; 95% CI [0.30, 0.76];
p< 0.01). Next, we explored the effect of the treatment mode on
CD8+ T lymphocytes during radiotherapy. A total of 14 studies
were included (Supplementary Material S11). CD8+ T
lymphocyte numbers remained essentially unchanged after
radiotherapy alone (SMD:0.08; 95% CI [-0.32, 0.49]; p=0.68)
but increased compared with baseline after radiotherapy
combined with chemotherapy, and the difference was
statistically significant (SMD: 0.92; 95% CI [0.21, 1.63]; p=0.01).

Subgroup analysis of different cancer types showed that
peripheral blood CD3+ T lymphocytes, CD4+ T lymphocytes
and CD8+ T lymphocytes decreased after radiotherapy
compared with baseline in head and neck cancer, indicating
that within 1 month after radiotherapy, T lymphocytes in
peripheral blood are damaged. However, in prostate cancer
and breast cancer, there was no significant change in peripheral
blood CD3+T, CD4+T and CD8+T lymphocytes after
radiotherapy. Within 1 month after radiotherapy, the peripheral
blood CD3+T and CD8+T lymphocytes of patients with
esophageal cancer increased statistically compared with before,
and there was no statistical difference in CD4+T lymphocytes.
The peripheral blood CD4+ T and CD8+ T lymphocytes of
patients with lung cancer increased compared with those before
radiotherapy, and there was no statistical difference in CD3+ T
lymphocytes. This suggests that 1 month after radiotherapy, it has
FIGURE 4 | Forest plot for changes of CD8+T lymphocytes after radiotherapy compared with before radiotherapy. decrease: CD8+T lymphocytes were less after
radiotherapy than before. increase: CD8+T lymphocytes were increased after radiotherapy than before.
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a potential proliferation and activation effect on lymphocytes in
esophageal cancer and lung cancer. However, further typing
analysis of immune cell function is still needed to confirm our
conclusion. In fact, many literatures have reported that the
increase of peripheral blood lymphocytes is beneficial to
survival and prognosis. In particular, CD8+ T lymphocytes play
a key role in anti-tumor effects, and their degree of tumor
infiltration is related to treatment response. Therefore, the
changes in peripheral blood immune cells studied by this meta-
analysis have certain significance for clinical treatment. From
these data, we found differences in peripheral blood T
lymphocytes among different tumor types after radiotherapy.

Clinically, radiotherapy technology and treatment modes
have a certain influence on the therapeutic effect achieved; we
performed a further subgroup analysis to investigate this. The
Frontiers in Immunology | www.frontiersin.org 7
results showed that CD8+T lymphocytes increased in peripheral
blood after SBRT. Conventional fractionation radiotherapy, 3D-
CRT and IMRT showed a tendency to decrease peripheral blood
T lymphocytes. Radiotherapy alone reduced CD3+ T
lymphocyte numbers.
DISCUSSION

The host immune responses involved in the progression of
malignant tumors have been extensively studied, and related
anti-cancer strategies have been developed, but the underlying
mechanisms have not yet been fully elucidated (34–36).
Treatment effects are different for different tumor types, and the
mechanisms of radiation resistant tumors deserve further
FIGURE 5 | Forest plots of subgroup analysis for changes of CD3+ T lymphocyte after radiotherapy compared with before radiotherapy in different tumors.
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exploration. In order to solve these problems, clinical studies are
being carried out to find effective biomarkers for predicting
immune response in cancer patients receiving radiotherapy.
Circulating T lymphocytes may be an indicator of the immune
response that targets tumors and can serve as predictive
biomarkers. In this way, they can serve as a valuable substitute
for therapeutic response and also overcome the limitations of
tissue-based biomarkers.

Immunosuppression is an unexpected result of radiotherapy,
and the resulting immunosuppressive microenvironment is
considered to be a side effect of radiotherapy. Interestingly,
recent studies have found that treatment-induced lymphopenia is
associated with poor prognosis in many cancers (34, 37, 38).
Lymphopenia before treatment is an independent predictor of
poor prognosis in muscular invasive bladder cancer and advanced
bladder cancer (39). This may be a manifestation of tumor-induced
immunosuppression and a driver of tumor progression. In
advanced rectal cancer, the relative lymphocyte count before
treatment has a significant impact on the pathological tumor
response (tumor downstaging) of locally advanced rectal cancer
after preoperative radiotherapy and chemotherapy (36). Enhancing
the lymphocyte-mediated immune response can improve the
Frontiers in Immunology | www.frontiersin.org 8
effects of preoperative radiotherapy and chemotherapy for rectal
cancer, suggesting that the peripheral blood lymphocyte count
could be a potential strategy for patient stratification. From a
radiobiological point of view, lymphocytes are extremely sensitive
to radiation, and there is a concern that radiotherapy-related
lymphopenia may affect the response to immunotherapy (40).
Although the absolute peripheral blood lymphocyte count is the
best-studied predictive biomarker in cancer patients receiving
radiotherapy, reductions in other lymphocyte subsets after
radiotherapy, especially CD4+ T cells, seem to be associated with
survival outcomes (41, 42). These changes are closely related to the
primary tumor type, the radiation technology (photon vs. proton or
heavy ion therapy), the dose plan (low segmentation or
conventional segmentation), and the time point of blood
sampling (before, during, or after radiotherapy). In addition, an
increase in the ratio of CD4+:CD8+ T lymphocytes has been
shown to be related to an increase in the effective rate of prostate
cancer patients after receiving carbon ion radiotherapy (43). By
contrast, increased numbers of CD8+ T cells, a decreased ratio of
CD4+:CD8+ T cells, and an increased ratio of activated CD8+ T
cells and PD-1+CD8+ T cells to CD4+ T cells were found to be
beneficial in a phase I study of patients with lung or liver metastases
FIGURE 6 | Forest plots of subgroup analysis for changes of CD3+ T lymphocyte after radiotherapy compared with before radiotherapy with different radiotherapy
technology. con-RT, stereotactic body radiotherapy; SBRT, stereotactic radiotherapy; IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional
conformal radiotherapy.
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of any type of solid tumor undergoing SBRT combined with
ipilimumab treatment (44). There are several explanations for
these seemingly contradictory observations. The distribution of
lymphocyte subtypes in the human body is not uniform; for
example, B cells tend to accumulate in the spleen, and
lymphocytes with immature antigens accumulate in lymph nodes
(45). Therefore, certain lymphocyte subgroups are preferentially
consumed. There may also be a dependence on the specific
subgroup and the radiation sensitivity of the exposure site,
although there have been no systematic studies on these effects.
Current data indicate that B cells, as well as CD4+ T cells and
perhaps naive T cells, are more radiosensitive than CD8+ T cells,
memory T cells, and regulatory T cells (46–49). Even in patients
treated in the same anatomical area, there have been different
reports on the distribution of circulating lymphocytes in various
tissues after radiotherapy. Immune differences among tissues and
organs could also explain the differences in the immune responses
of different tumors after radiotherapy. For example, clinical studies
have reported that the degree of immune response caused by
radiotherapy is related to the location of radiotherapy. Organs such
as the skin, gastrointestinal tract, and lungs are partly connected to
the outside environment; thus, their immune system is different
from that of internal organs. Owing to long-term exposure to
metabolites, the liver has also distinct immune responses. In
addition, the central nervous system, and organs of the
reproductive system (e.g., the testes) are special immune-exempt
Frontiers in Immunology | www.frontiersin.org 9
organs (50). In clinical studies, there are differences in patient stage,
age, underlying disease, etc., as well as variations in the
radiotherapy doses used, limiting direct comparison of immune
changes in tumors after radiotherapy. However, Preclinical studies
in minimizing these differences were found that when a series of
tumors received the same dose of radiation therapy, the improved
treatment response only depended on the presence of CD8+ T cells
in radioimmunogenic tumors. That is, inherent radiation
sensitivity was irrelevant (15). These findings are controversial,
and further research is needed to explain the potential immune-
related mechanisms underlying the responses of different tumor
types to radiation.

In this meta-analysis, generally speaking, within 1 month of
radiotherapy, patients have obvious immunological changes,
which can cause apoptosis and reduction of T lymphocytes,
and affect the balance of peripheral blood immune cells. Finally
we found that CD3+ T lymphocytes and CD4+T lymphocytes
decreased, CD8+T lymphocytes showed no statistical difference
compared with those before radiotherapy.

Evaluating the level of T lymphocytes in peripheral blood may
be important for guiding the treatment of patients with different
tumors. Subgroup analysis of different cancer types showed that
T lymphocytes decreased after radiotherapy in head and neck
cancer. However, in prostate cancer and breast cancer, there was
no significant change in peripheral blood T lymphocytes after
radiotherapy. But it has a potential proliferation and activation
FIGURE 7 | Forest plots of subgroup analysis for changes of CD3+ T lymphocyte after radiotherapy compared with before radiotherapy in different treatment modes.
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effect on lymphocytes in esophageal cancer and lung cancer.
However, further typing analysis of immune cell function is still
needed to confirm our conclusion.

Changes in RT technology may reduce exposure to circulating
blood. Previous studies have shown that reducing the number of
fraction and/or narrowing the field of radiation can preserve
circulating lymphocytes (30). Subgroup analysis of radiotherapy
technology showed that CD8+ T lymphocytes increased after SBRT.
Frontiers in Immunology | www.frontiersin.org 10
Conventional fractionation radiotherapy, 3D-CRT and IMRT
showed a tendency to decrease peripheral blood T lymphocytes.
The correlation of dose-response to radiotherapy is currently
unclear. One of the possible reasons is that lymphocytes are
highly radiosensitive. Regarding RT technology, it is unclear
whether SBRT is associated with improved response rate and
prognosis due to enhanced lymphocyte preservation, increased
antigen presentation, or both (33). But we suspect that part of the
FIGURE 8 | Forest plots of subgroup analysis for changes of CD4+ T lymphocyte after radiotherapy compared with before radiotherapy in different tumors.
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reason may be that SBRT reduces the target volume and the
fractions so it can protect circulating lymphocytes.

In addition, as therapeutic agents are increasingly targeted
and used in conjunction with the immune system, maintaining
lymphocyte counts can potentially improve response to
treatment (51). Subgroup analysis showed that radiotherapy
alone reduced CD3+ T lymphocyte numbers. This also
suggests that the role of RT alone is not enough to establish
protective anti-tumor immunity, but it may be able to enhance
the effects of other immunotherapies (51). In the era of radiation-
induced immune regulation, maintaining immune function and
cells is essential to maximize the efficacy of immune stimulating
compounds (52).

Lymphopenia may be related to the poor prognosis of cancer
patients receiving RT treatment (53). However, evaluating tumor
Frontiers in Immunology | www.frontiersin.org 11
infiltrating lymphocytes (TIL) will require tissue biopsies at
consecutive time points, which are not easily available in
tumor patients. Compared with tumor biopsy, peripheral blood
has the advantages of minimally invasive and feasibility of
continuous collection.

Immune function can predict the response of patients receiving
immunoradiotherapy. In recent years, people have paid more and
more attention to a combination of radiotherapy (RT) and
immunotherapy as part of tumor treatment. Due to the sensitivity
of circulating lymphocytes to radiation (necessary for anti-tumor
immune response), RT is often accompanied by lymphopenia,
which in turn will affect recurrence and survival (54, 55).
Although the immune status before RT is an unchangeable
predictor of PFS, the immune status after RT is changeable and is
related to the improvement of PFS in the traditional RT cohort.
FIGURE 9 | Forest plots of subgroup analysis for changes of CD8+ T lymphocyte after radiotherapy compared with before radiotherapy in different tumors.
June 2021 | Volume 12 | Article 648652

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wang et al. Lymphocyte Changes After Radiotherapy
Therefore, maintaining immune function and cells is essential to
maximize the efficacy of immunostimulatory compounds. This
requires achieving a balance between the immune system and
inflammation in patients, which poses a challenge to clinical and
scientific researchers. The immune system is not only regulated by
radiation, but also responds to changes in the tumor
microenvironment. Although radiation therapy has an immune-
stimulatingeffect through the inductionofneoantigens and immune-
activated danger signals (56), it also has immunosuppressive effects,
such as lymphopenia. However, the effect depends on the timing of
the blood count and the timing of the lymphopenia. Some studies
reported that these changes recovered within 2 months, 3 months, 6
months, and 1 year after treatment. Eckert et al. found that except
Tregs, all subgroups showed increased proliferation rates during RT
and returned tonormal levels threemonths after the endof treatment
(57). Different populations and lymphocyte subgroups have different
immune cell recovery time, coupled with the influence of different
radiotherapy techniques and fraction schemes, so current studies
have not reached a consensus on when lymphocytes will start to
recover after receiving radiation.

In fact, in the process of screening, there were 9 articles whose data
could not be extracted and were excluded, among which 3 articles
were qualitatively analyzed (Supplementary Material S12). Overall,
the damage of radiotherapy to immune cells was consistent with the
quantitative analysis results we conducted before. After the full article
was screened, sensitivity analysis and bias analysis were conducted,
and finally 4 studies were excluded in different subgroup analyses.
The heterogeneity of the article was reduced to some extent. At the
same time, our results have not changed, indicating that our final
results are relatively stable.

There are some limitations to our study. First, most of the
included studies used radiotherapy alone and collected peripheral
blood within 1 month after radiotherapy, at which time the
immunosuppressive effect of radiotherapy is predominant. As
immune changes after radiotherapy will evolve over time, further
research including long-term follow-up studies is needed to
determine the best time point after radiotherapy at which to
measure immune cells. In addition, the baseline characteristics of
the included patients are critical: age, gender, tumor stage,
histological type, treatment history, number of treatment lines,
etc. can all have an important impact on test results. The studies we
included focused on different tumors, which is inherently
heterogeneous. However, there was also heterogeneity among
patients, and among hospitals with respect to radiotherapy
technology, segmentation plan and dose, and clinical target
volume, which may have affected the results. It cannot be ruled
out that a larger target volume of radiotherapy could increase the
radiation damage to immune cells, leading to intensified
immunosuppression. Second, the studies included in our analysis
spanned6 years,whichmayhave affected the comprehensiveness of
data collection. In the context of immunotherapy, there remain
many unresolved questions regarding how to optimize a
radiotherapy regimen. It is necessary to consider the best dose
and fraction plan, treatment technology, and interval between
radiotherapy and immunotherapy, as well as the impact of the
clinical target volume. A focus on choice and safety is also
Frontiers in Immunology | www.frontiersin.org 12
important. A large number of clinical trials of immunotherapy
combined with radiotherapy are currently underway. Circulating
lymphocyte subsets have been shown to be biomarkers of immune
status and to be related to the survival of multiple tumor types after
radiotherapy. Other significantmarkers of immune status continue
to be investigated, including humoral markers, cytokines, and
tumor-infiltrating lymphocytes. These markers are often highly
indication-specific and microenvironment-specific (58).

In every clinical setting that considers a combination of
radiation (chemo) therapy and immunotherapy, it is very
important to test the effect of RT on the immune system. It is
worth noting that although changes in peripheral blood are easily
monitored by routine blood sampling, they may not fully reflect
the situation within the tumor, so these fast and low-cost blood
biomarkers are used to identify the patient’s immune status and
the impact of radiotherapy needs further research. The different
immunomodulatory effects induced by radiotherapy may also
depend on the heterogeneity of the tumor. In fact, tumor patients
have complex biological heterogeneity. They are further classified
into specific tumor subtypes and carried out in a larger patient
cohort. The same analysis will better characterize the different
immunomodulatory effects induced by radiotherapy, so that it
may be possible to identify those patients who would benefit
most from this potentially effective treatment.

CONCLUSION

Lymphocytes are one of themost radiation-sensitive cell subgroups,
accounting for about 30% of the total number of normal human
white blood cells, and are essential effector cells in anti-tumor
immunity (51).Changes in lymphocyte count are closely related to
tumor progression and prognosis. As we all know, the changes of
lymphocytes are related to the radiation source and the size of the
radiation field. The analysis of the immune response at different
time points may help to select the patients most likely to benefit
from comprehensive treatment and prevent other patients from
suffering unnecessary radiotherapy-related adverse effects.
Therefore, our current research may pave the way for more
effective cancer treatments (such as combined immunotherapy).
Futureworkmaybenefit fromtheanalysisofperipheral lymphocyte
subsets at a large number of time points and the enrollment ofmore
patients. However, the time change pattern after each radiation is
not accurate. Peripheral sampling at other time points in a larger
population may help clarify the time course of this phenomenon.
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