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Abstract 

Background In view of the limited data on radiotherapy (RT) combined with immunotherapy in patients with exten-
sive-stage small cell lung cancer (ES-SCLC), this study aimed to identify the immune activation effect on different sites 
and the survival outcomes of radioimmunotherapy at different treatment stages.

Methods Forty-five patients diagnosed with ES-SCLC were included in this retrospective analysis. We collected 
the overall survival (OS) of the patients,, recorded the blood cell counts before, during, and after RT, and derived 
blood index ratios such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic 
immune-inflammation index (SII). The datasets were analyzed using the Spearman rank correlation test, Kruskal–Wallis 
rank sum test and logistic regression.

Results Among the selected blood indices, the delta-NLR/PLR/Sll correlated with different irradiated organs, 
and the mean ranks of these three indices were the lowest in the brain-irradiated group during immunotherapy. 
Additionally, adjunct first-line immunotherapy with RT demonstrated a significant improvement compared to sec-
ond- or third-line therapy and subsequent therapies.

Conclusion Our findings suggest that compared to other organs, the strongest immune activation effect occurs 
with brain RT, and ES-SCLC patients who received radioimmunotherapy (RIT) earlier achieved higher OS rates.
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Introduction
According to the American Cancer Society, lung cancer 
is estimated to be the leading cause of cancer-related 
deaths, with 609,360 deaths reported in 2022 [1]. Unlike 
non-small cell lung cancer (NSCLC), small cell lung can-
cer (SCLC) represents 15–20% of lung cancer cases with 
aggressive tumor characteristics, including a high grow-
ing rate, strong predilection for early metastasis, and 
poor prognosis. Consequently, the five-year-survival rate 
is less than 7% [2]. More than two-thirds of patients are 
initially diagnosed with ES-SCLC, with a 5-year overall 
survival (OS) rate of no more than 2% [3, 4]. After more 
than two decades of no clinical progress, platinum-based 
chemotherapy (CHT) has been replaced by a combina-
tion of CHT and immune checkpoint inhibitors (ICIs). 
This combination has been shown to prolong the OS and 
has been approved as the first- and third-line therapeutic 
regimen for ES-SCLC [5–7]. However, therapeutic resist-
ance is inevitable in some patients, underscoring the 
need to develop more effective adjuvant therapies, such 
as local radiotherapy (RT), to enhance the efficiency of 
ICIs [8, 9].

RT is a major therapeutic strategy for various cancers. 
When combined with programmed cell death receptor-
1(PD-1)/programmed cell death receptor-ligand 1 (PD-
L1) signaling blockade, RT has shown significant clinical 
benefits in terms of survival outcomes [10]. RT activates 
the immune system by enhancing antigen presentation 
and promoting the infiltration of inflammatory cells 
[11]. Several studies have shown that inflammatory cells, 
including neutrophils, macrophages, and lymphocytes 
that interact with tumor cells, are the major modes of 
immunotherapy [12, 13]. Because of the significant role 
of systemic inflammation in tumor promotion and pro-
gression, the impact of different systemic inflammation 
markers are associated with patient outcomes in multi-
ple solid neoplasms, including ES-SCLC. Studies have 
identified NLR, PLR and SII as predictive biomarkers of 
response to immunotherapy in SCLC [14, 15]. Therefore, 
considering the limitations of retrospective clinical stud-
ies on SCLC, we collected the inflammatory indicators to 
indirectly reflect the activation of immune system activa-
tion during RIT [16].

Studies have documented the major metastatic locali-
zations in patients with lung cancer, including the brain 
(15%–43%), bone (19–33%), liver (33–40%), adrenal 
glands (18–38%), and kidneys (16–23%) [17]. Despite 
systemic immunotherapy, local radiation is the most 
common and effective treatment for these metastases 
[18]. Genetic heterogeneity between primary lesions and 
metastatic organs contributes to variations in immuno-
genic cell death and persistent antitumor immune activ-
ity at different irradiated sites [19]. Both stereotactic 

radiosurgery (SRS) and whole-brain radiotherapy 
(WBRT) showed improved time to central nervous sys-
tem progression in ES-SCLC [20]. The most common site 
of bone metastases is the spine (64.7%) and local con-
trol rates of up to 95% can be achieved by RT [21, 22]. 
A meta-analysis showed that chemoradiotherapy resulted 
in a 48% reduction in thoracic progression as the first site 
of failure [23]. Radiation therapy for other metastases, 
such as liver and adrenal gland metastases, has also dem-
onstrated great benefits. However, given the intratumor 
heterogeneity within SCLC subtypes [24], the combina-
tion of immunotherapy and RT may exhibit significant 
differences in efficacy when targeting different metasta-
ses. Therefore, it is important to explore the differences 
among the irradiated organs during RIT in patients with 
ES-SCLC [25].

In this study, blood indicators from patients undergo-
ing RT for brain, bone, and lung metastases were col-
lected, and changes in blood derived NLR, PLR, and SII 
ratios were analyzed to evaluate the activation effect of 
the immune system during RIT. By assessing patient sur-
vival outcomes, we summarized the influence of different 
treatment stages on the effect of RIT. The results of this 
study are expected to aid in the selection of irradiated 
sites and appropriate timing for combining immunother-
apy with RT for patients with ES-SCLC.

Methods
Patient Selection
This real-world analysis was aimed to identify which 
organ irradiated during immunotherapy has the strong-
est immune activation effect and outcome in ES-SCLC 
patients (Fig.  1). We included 45 cases who underwent 
irradiation to different metastatic organs or a primary 
tumor during their immunotherapy in Shandong Can-
cer Hospital, diagnosed from July 2018 to February 
2021. These patients had received immune monotherapy 
or a combination of vascular endothelial growth fac-
tor receptor (VEGFR) therapy as well as chemotherapy. 
The inclusion criteria encompassed: (1) age; (2) Eastern 
Cooperative Oncology Group (ECOG) performance sta-
tus; (3) therapy modes; (4) irradiated sites; (5) the timing 
of RT. Besides, the exclusion criteria encompassed: (1) 
age lower than 18-year-old; (2) the score of ECOG larger 
than 3; (3) limited-stage SCLC; (4) treatment without 
immunotherapy; (5) those whose irradiated sites did not 
include the brain, bone or lung; (6) radiotherapy before 
or after immunotherapy. Stages of these patients were 
defined based on the American Joint Committee of Can-
cer eighth edition TNM classification and staging system 
[26]. The ethical certification of the data in this retrospec-
tive study was approved by the Clinical Research Eth-
ics Committee of Shandong Cancer Hospital and the 
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informed consent was waived by our Institutional Review 
Board because of the retrospective nature of the study.

Treatment Characteristics
The first-line therapy was defined as no anti-tumor 
therapy prior to immunotherapy. Second-line treatment 
referred to therapy after the failure of first-line treatment. 
Similarly, third-line treatment refers to the situation 
where both first—and second-line treatments have failed. 
Immune checkpoint inhibitors including PD-1/PD-L1 
were administered in patients every 3  weeks intrave-
nously. Combined chemotherapy was primarily consisted 
of etoposide with platinum. Some patients were treated 
with VEGFR represented by bevacizumab and anlotinib, 
and several were treated with a combination of ICI, CHT, 
as well as VEGFR. Each patient underwent conventional 
fractionated radiotherapy (CFRT) or Stereotactic body 
radiotherapy (SBRT) during immunotherapy, 2.0–3.5 Gy 
per fraction, 10 to 30 fractions or 7.0 Gy per fraction, 8 
fractions. Radiation was administered once daily, five 
fractions a week. The normalization of radiation plans 
was 95% of the plan tumor volume needs receiving 100% 

of the prescribed dose. Besides, doses of organs at risk 
(OARs) were limited within the safe range.

Data Collection
Blood cell counts of patients including neutrophil, lym-
phocyte, monocyte, platelet were recorded at three time 
periods. Pre-inflammatory biomarkers (pre-IBs) was 
defined as the blood indicators during the first stage, 
from the first day of immunotherapy, to the beginning of 
radiotherapy. And medio-IBs refers to the blood indica-
tors ranged from the first fraction of radiotherapy to the 
last one. From the end of radiotherapy, to 2 months after 
immunotherapy (before the next line of treatment) we 
recorded post-IBs. We calculated MLR, NLR, PLR and 
SII and the delta-IBs were calculated using the formula:

The 6/9/12/24-month OS refers to 6/9/12/24  months 
after the first day of immunotherapy. After the treatment, 
all patients were followed at regular intervals of every 
3–6 months.

delta − IBs = medio− IBs/pre− IBs− 1

Fig. 1 Flow Chart of the Study Design
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Evaluation of Therapeutics Efficacy
Patients underwent enhanced computed tomography 
scans, magnetic resonance imaging and Emission Com-
puted Tomography every 3 cycles of ICIs, routinely 
evaluated by no less than two associated chief physi-
cians in imaging and radiology departments respectively. 
The evaluation of tumor response was depended on the 
principles set forth by immune response criteria in solid 
tumor (iRECIST) during immunotherapy [27].

Statistical Analysis
By convert the continuous variables into binary variables, 
firstly we employed Spearman rank correlation test to fig-
ure out which blood index correlated with irradiated site. 
We used Kruskal–Wallis rank sum test, and then com-
pared pairwise with a corrected α, whose significance 
was assumed at less than 0.0167 (0.05/3) to figure out 
the difference within group. Univariate logistic regres-
sion analysis was used to evaluate whether these clinical 
factors and blood indicators were correlated with OS. 
P-value of factor less than 0.05 was chosen into multivar-
iate analysis. Finally, we analyzed the different OS rates in 
different treatment stages. IBM SPSS Statistics software 
(version 25.0, SPSS Inc., Chicago, IL), and RStudio, ver-
sion 4.2.2 were used for statistical analysis.

Results
Patient Characteristics
A total of 45 patients (median age, 59  years old) with 
ES-SCLC who were treated with ICIs from July 2018 to 
October 2022 (follow-up cut-off) were enrolled in this 
study. Thirty-two patients (71.1%) had a history of smok-
ing. Regarding the treatment stage, 12 patients (26.7%) 
were undergoing first-line therapy, 28 patients (62.2%) 
had received one prior therapy, and five patients (11.1%) 
had been treated with no less than two lines of therapy. 
The patients were divided into three groups according to 
the different irradiated metastases, including the brain, 
bone, and lungs, with or without lymphatic drainage. The 
baseline characteristics of the patients are summarized in 
Table 1. The delta-MLR in one patient and delta-EOS in 
three patients were lost.

ICIs such as nivolumab, atezolizumab, durvalumab, 
camrelizumab, sintilimab, and islelizumab were admin-
istered intravenously every 3 weeks (Q3W) at an appro-
priate dose according to the height and weight of the 
patients. Chemotherapy plus platinum-etoposide was 
used as the first-line treatment, whereas the second-line 
and subsequent treatments were platinum-based albu-
min paclitaxel, bevacizumab, and anlotinib. After 4–6 
cycles, ICI monotherapy was continued until tumor 
progression.

Table 1 Clinical Baseline Characteristics

Abbreviations: No. Number, ECOG Eastern Cooperative Oncology Group, BMI Body Mass Index, ICI Immune Checkpoint Inhibitor, CT Chemotherapy, VEGFR Vascular 
Endothelial Growth Factor Receptor, RT Radiotherapy, CFRT Conventional Fractionated Radiotherapy, SBRT Stereotactic Body Radiotherapy

All patients, n = 45 No. (%)

Sex Male Female

31 (68.9) 14 (31.1)

Age (years) ≤ 60 > 60 Median

26 (57.8) 19 (42.2) 59

ECOG performance status ≤ 1 ≥ 2

32(71.1) 13 (28.9)

BMI Median (range)

24.3 (17.3–31.8)

Smoking history Never Current or former unknown

9 (20.0) 32 (71.1) 4 (8.9)

Treatment stage First-line Second-line Third-line and more

12 (26.7) 28 (62.2) 5 (11.1)

Immunotherapy mode ICI ICI + CT ICI + VEGFR ICI + CT + VEGFR

10 (22.2) 24 (53.3) 8 (17.8) 3 (6.7)

Irradiated site Brain Bone Lung (drainage area lymph 
node)

22 (48.9) 13 (28.9) 10 (22.2)

RT modality CFRT SBRT

44 (97.8) 1 (2.2)
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Correlation Between Irradiated Sites and Blood Indicators
Three of the seven related indicators with p-values higher 
than 0.3 were selected in the Spearman  rank  correla-
tion test. After the Kruskal–Wallis rank sum test, all three 
indicators were found to have significant inter-group dif-
ferences (p < 0.05), namely delta-NLR, delta-PLR, and 
delta-SII (p = 0.004, p = 0.046, and p = 0.036, respectively). 
Pairwise comparisons were conducted among the groups 
for the three indicators. Eventually, statistically signifi-
cant differences were found in the delta-NLR, delta-PLR, 
and delta-SII between the brain- and lung-irradiated 
groups (p = 0.004, p = 0.010, and p = 0.018, respectively), 
and in the delta-NLR ratio between the bone- and lung-
irradiated groups (p = 0.002) (Table  2). The mean ranks 
were the lowest in the brain irradiated group for delta-
NLR, delta-PLR, and delta-SII (mean rank = 19.50, 20.32, 
and 17.91, respectively) (Fig. 2).

Prognostic Factors and Survival Outcomes
As shown in the univariate and multivariate binary logis-
tic regression analyses, treatment stage was an independ-
ent prognostic factor associated with the 9-month OS 
(odds ratio [OR], 0.219; 95% confidence interval [CI], 
0.057–0.842; p = 0.027) (Table  3). Sub-group univariate 
analyses showed that only first-line therapy was signifi-
cantly associated with the 9-month OS (p = 0.038). Sur-
vival data was available for 40 patients (88.9%). The 6-, 9-, 
12- and 24-month OS rates were 80.0%, 66.67%, 51.11%, 
and 20.0%, respectively. Specifically, the OS for patients 
who underwent first-line immunotherapy combined with 
RT were 91.7% (11/12), 83.3% (10/12), 66.7% (8/12), and 
25% (3/12), the OS following second-line therapy were 
82.1% (23/28), 67.9% (19/28), 50.0% (14/28), and 17.9% 

(5/28), and the OS for patients who underwent third-line 
therapy were 40.0% (2/5), 20.0% (1/5), 20.0% (2/5), and 
20.0% (1/5), respectively (Fig. 3).

Discussion
We performed a retrospective analysis to assess the 
effects of radiation during immunotherapy on various 
organs in patients with multiple metastatic SCLC. Our 
objective was to investigate the selection process and the 
difference of immune activation effects across irradiated 
sites, as well as the survival outcomes associated with dif-
ferent stages of RIT in a real-world cohort.

Among the selected blood indices, namely NLR, PLR, 
and SII, we observed correlations with different irra-
diated organs. Notably, the mean ranks of delta-NLR, 
delta-PLR, and delta-SII were consistently lower in the 
brain-irradiated group during immunotherapy. Previous 
research identified these three indicators as prognostic 
markers of poor patient outcomes [28]. Hence, we can 
infer that RT to brain has the strongest activation effect 
and therapeutic response in ES-SCLC during immuno-
therapy. Furthermore, our analysis of prognostic factors 
for 9-month OS and survival rates across different treat-
ment stages revealed that first-line immunotherapy com-
bined with RT yielded a more favorable curative effect.

Brain RT Improves the Immune Microenvironment 
Indicated by IBs
Gene expression profiling of SCLC patients has provided 
valuable insights into its heterogeneity, leading to its clas-
sification into four major subtypes: SCLC-A, SCLC-N, 
SCLC-P, and SCLC-Y. Most of these are immune-desert 
phenotypes characterized by a deficiency of  CD8+T 

Table 2 Correlation between Blood Indexes and RT Groups

Abbreviations: RT Radiotherapy, MLR Monocyte-to-Lymphocyte Ratio, NLR Neutrophil-to-Lymphocyte Ratio, PLR Platelet-to-Lymphocyte Ratio, SII Systemic Immune-
Inflammation Index, L Lymphocyte, M Monocyte, EOS Eosinophils

Blood indexes Correlation coefficient with group 
(p-value)

Inter-group difference (p-value) Pairwise 
comparison (p-value 
corrected)

Delta-MLR 0.229(0.136)

Delta-NLR 0.392(0.008) 0.004 Brain-Lung (0.004)
Bone-Lung (0.002)
Brain-Bone (0.811)

Delta-PLR 0.374(0.011) 0.046 Brain-Lung (0.010)
Bone-Lung (0.577)
Brain-Bone (0.183)

Delta-SII 0.381(0.010) 0.036 Brain-Lung(0.018)
Bone-Lung (0.852)
Brain-Bone (0.065)

Delta-L - 0.168(0.288)

Delta-M 0.152(0.299)

Delta-EOS 0.251(0.110)
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Fig. 2 Three Out of Seven Positively Related Indicators were Selected. The Mean Ranks of Delta-NLR/PLR/SII were All the Lowest in the Brain 
Radiation Group During Immunotherapy

Table 3 Univariate Analysis of Clinical Characteristics and Inflammatory Parameters in Correlation with 9 m OS

Abbreviations: OS Overall Survival, CI Confidence Interval, OR Odds Ratio, BMI Body Mass Index, ICIs Immune Checkpoint Inhibitors, VEGFR Vascular Endothelial 
Growth Factor Receptor, CT Chemotherapy, CFRT Conventional Fractionated radiotherapy, SBRT Stereotactic Body Radiotherapy, ECOG Eastern Cooperative Oncology 
Group, MLR Monocyte-to-Lymphocyte Ratio, NLR Neutrophil-to-Lymphocyte Ratio, PLR Platelet-to-Lymphocyte Ratio, SII Systemic Immune-Inflammation Index, L 
Lymphocyte, M Monocyte, EOS Eosinophils

Univariate analysis
(n = 45)

Multivariate regression
(n = 45)

p value 95% CI OR p value 95% CI OR

Clinical Characteristics
 Age (≤ 60 years vs. > 60 years) 0.093 0.093–1.201 0.333

 Gender (Male vs. Female) 0.365 0.494–6.810 1.833

 BMI 0.226 0.925–1.391 1.134

 Smoking status (Never vs. With) 0.865 0.331–2.624 0.929

 ECOG performance status (≤ 1 vs. ≥ 2) 0.759 0.312–5.567 1.278

 Treatment stage
 1st-line vs. 2nd vs. 3rd and more

0.033 0.069–0.892 0.248 0.027 0.057–0.842 0.219

 ICIs modalities
     monotherapy vs. + CT vs. + VEGFR vs. three  
     modes combined

0.305 0.310–1.443 0.669

 RT segmentation model (CFRT vs. SBRT) 1.000 - -

 Groups (Irradiated sites) 0.432 0.618–3.088 1.381

Inflammatory Parameters
 Delta-MLR 0.801 0.710–1.558 1.052

 Delta-NLR 0.456 0.661–2.519 1.290

 Delta-PLR 0.768 0.268–2.643 0.842

 Delta-SII 0.774 0.447–2.953 1.148

 Delta-L 0.306 0.353–27.638 3.125

 Delta-M 0.657 0.702–1.752 1.109

 Delta-EOS 0.338 0.457–1.309 0.773
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cells and an accumulation of regulatory T (Treg) cells 
and myeloid-derived suppressor cells (MDSCs) within 
the tumor microenvironment (TME). Consequently, the 
curative effect of immunotherapy alone is limited [24, 
29]. A previous study showed that poly (ADP-ribose) pol-
ymerase inhibitors (PARPi) combined with RT reshaped 
the immune microenvironment of SCLC [30]. ICIs sen-
sitize tumor cells to RT by normalizing the tumor vas-
culature and reducing hypoxia, thereby ameliorating the 
immune-desert TME [31]. Regardless of whether the 
patient undergoes prophylactic cranial irradiation (PCI), 
SRS, or WBRT, brain RT consistently plays a crucial role 
in systemic therapy strategies [32, 33]. Therefore, RT 
to the brain, lungs, or bones has a significant effect on 
immune activation during immunotherapy in patients 
with ES-SCLC.

Elevated NLR, PLR, and SII values from baseline are 
associated with shorter OS and progression-free survival 
[15, 34]. Consistent with these findings, a previous study 
suggested that lymphocytopenia is an unfavorable factor 
affecting immunotherapy outcomes in NSCLC patients 
[35]. This highlights the importance of improving the 
immune status by increasing the lymphocyte count, fol-
lowed by a reduction in the above-mentioned ratios. In 
our study, among the brain-, bone-, and lung-irradiated 
groups, the median delta-ratios in the brain RT group 

were consistently the lowest during immunotherapy, sug-
gesting that irradiation to brain exerts the strongest sys-
temic activation effect in patients with ES-SCLC. In line 
with our findings, in advanced NSCLC, RT to the brain 
has been shown to exhibit the best immune activation 
effect and patient outcomes compared with other organs 
[36]. However, we did not find a significant correlation 
between the different irradiated groups and patient sur-
vival in ES-SCLC.

PCI is Recommended for ES-SCLC During First-Line 
Immunotherapy
Owing to the extensive capillary network in the lungs, a 
significant number of anastomotic branches exist among 
the pulmonary vessels, vertebral veins, and cerebral ves-
sels [37], providing a direct route for cancer cells to 
retrogradely enter the brain through the systemic circula-
tion. However, in the case of other types of tumor cells, 
their initial destination is typically the lungs where they 
are transported via the venous system, and most cells 
are filtered through lung capillaries [38]. Consequently, 
the incidence of brain metastases (BMs) is substantially 
higher in SCLC. Compared with NSCLC, small cell car-
cinoma is more invasive and has a higher probability of 
intracranial metastasis, and approximately 60%–80% of 

Fig. 3 Datasets on Survival were Available for 40 Patients
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patients who survive for more than 2 years develop brain 
metastases.

It is evident that RT to the brain not only activates 
the systemic immune state but also reduces the risk 
of brain metastasis. PCI is associated with a decrease 
in brain metastases in ES-SCLC, without a demonstrable 
impact on OS [39]. However, it should be noted that this 
reduction is primarily observed when RT is administered 
sequentially after chemotherapy.

Immunotherapy is very different from CHT; in par-
ticular, its combination with PCI to improve the TME is 
much stronger than chemotherapy alone. Consequently, 
in patients with ES-SCLC undergoing first-line systemic 
immunotherapy, PCI is recommended as the preferred 
approach over regular magnetic resonance imaging for 
monitoring intracranial metastases. Nevertheless, the 
absence of a significant correlation between different 
irradiation groups and patient survival in our study may 
be attributed to the limited number of cases examined. 
Further fundamental and prospective investigations are 
warranted to provide more robust evidence and elucidate 
the underlying reasons for these outcomes.

Earlier Initiation of RIT in ES-SCLC Leads to Improved 
Survival Outcomes
The unique characteristics of the immunotherapy sur-
vival curve, known as the "late separation" and "long 
tail" effects, suggest that OS milestones such as 9- or 
12-month OS rates may be associated with 5-year sur-
vival benefits [40]. In our analysis of factors associated 
with the 9-month OS, treatment stage was an independ-
ent prognostic factor, and subgroup analyses revealed a 
statistically significant correlation only between the first-
line therapy and OS.

With the publication of results from the IMpower133, 
CASPIAN, ASTRUM-005, and CAPSTONE-1 studies, 
ICIs have been shown to greatly improve the survival of 
patients with ES-SCLC [41]. Although immunotherapy 
combined with chemotherapy (ICT) plays a significant 
role in ES-SCLC, data related to the combined efficacy 
and safety of RT is insufficient, and the results are con-
troversial. A single-center retrospective study analyzing 
the safety and efficacy of first-line ICT combined with 
CTRT for ES-SCLC showed estimated OS rates of 97.1%, 
80.2%, and 53.3% at 6 months, 1 year, and 2 years, respec-
tively, with controlled safety [42]. However, another study 
indicated that the combination of first-line anti-PD-L1 
blockade with BRT did not confer a significant survival 
benefit in patients with ES-SCLC with BMs [43]. These 
results suggest that the addition of RT to ICT may yield 
different outcomes. However, in our real-world analy-
sis, RT combined with immunotherapy showed a trend 
of survival improvement in first-line RIT regardless of 

the irradiated site, and patients who received RIT earlier 
achieved higher survival rates.

The underlying cause of the diminished efficacy of 
immunotherapy combined with RT in ES-SCLC when 
treatment initiation is delayed remains unclear. Prospec-
tive studies on NSCLC, such as the KEYNOTE-189 and 
KEYNOTE-407 trials, demonstrated that patients trans-
ferred to the immunotherapy group after chemotherapy 
failure experienced significant improvements in survival 
outcomes [44, 45]. These findings suggest that earlier 
intervention leads to better treatment efficacy. How-
ever, studies focusing on SCLC are lacking. Although 
CHT eliminates tumor cells using cytotoxic drugs, it 
can induce an inflammatory response and promote the 
expression of drug-resistant tumor cells and factors that 
facilitate tumor metastasis [46].

Research has shown that a decrease in interleukin (IL)-
2, IL-12, and interferon-γ  coupled with an increase in 
lL-6, IL-8, IL-10, and tumor necrosis factor, can lead to 
the expansion of regulatory immune cells, such as Tregs, 
MDSCs, and M2 macrophages [47]. The accumulation 
of these regulatory immune cells elevates the expres-
sion of PD-1/CTLA-4, inhibits T-cell proliferation, and 
impairs the cytotoxicity of natural killer cells, resulting 
in immunosuppression [48]. Patients with SCLC typically 
exhibit weakened immune responses and stronger immu-
nosuppression. Therefore, it is postulated that following 
prior chemotherapy, the body’s immune system may be 
partially damaged, and immune cells within the TME 
may not be abundant. Consequently, in a heavily com-
promised immune system, immunotherapy combined 
with local RT may no longer achieve maximum effec-
tiveness. In this real-world analysis, the OS rates of first-
line immunotherapy combined with RT demonstrated a 
significant improvement compared to those of second- 
or third-line and subsequent therapies. Therefore, for 
patients with a favorable immune status, early adminis-
tration of RIT is likely to yield enhanced local control and 
an extended estimated survival duration.

Therefore, considering the impact of radiation on 
the TME, we suggest that the integration of RT should 
be considered earlier in the era of immunotherapy for 
ES-SCLC.

Conclusion
This study represents the first analysis of the different 
activation effects of RT on the brain, bones, and lungs 
with draining lymph nodes in 45 patients with ES-SCLC 
undergoing immunotherapy. The brain RT group showed 
the lowest mean rank of delta-NLR/PLR/SII, indicat-
ing that irradiation of the brain may have a more potent 
immune activation effect than that of other organs. Fur-
thermore, ES-SCLC patients who received RIT earlier 
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had a higher survival rate. Nevertheless, the underlying 
reasons for these findings remain unclear and there are 
ongoing clinical challenges pertaining to selecting the 
appropriate RT modality and identifying the optimal 
timing for RT intervention. Further investigations are 
required to overcome these challenges.

Acknowledgements
We thank all patients who participated in this study at Shandong Cancer 
Hospital.

Authors’ Contributions
MW, SHW, YTC, LCS and JDZ contributed to the study. JDZ designed the 
project and approved the final manuscript. SHW and YTC was responsible for 
modifying and editing this article. LCS collected the data. MW analyzed the 
information of clinical patients and drafted the article. All authors discussed 
and revised the manuscript. The author(s) read and approved the final 
manuscript.

Funding
This work was supported by the following grants: National Natural Science 
Foundation of China, Grant/Award Number: 81672975 and 81802341; Gusu 
School; Suzhou Municipal Hospital, Grant/Award Number: GSKY202110211; 
Natural Science Foundation of Jiangsu Province (BK20220259); Suzhou 
Administration of Science & Technology, Grant/Award Number: SS2019013 
and SYS2019091.

Availability of Data and Materials
The data supporting this study’s findings are available in the manuscript and 
the additional files or by request to corresponding authors.

Declarations

Ethics Approval and Consent to Participate
All procedures related to human participants conducted in the present study 
have been performed in accordance with the Declaration of Helsinki and 
have been approved by the Clinical Research Ethics Committee of Shandong 
Cancer Hospital. Written informed consent was exempted because of the 
retrospective nature of this study.

Consent for Publication
All authors have consented to the publication.

Competing Interests
The authors declare no competing interests.

Author details
1 Department of Radiation Oncology, Nanjing Medical University, Nanjing, 
Jiangsu, China. 2 Suzhou Cancer Center Core Laboratory, The Affiliated Suzhou 
Hospital of Nanjing Medical University, Suzhou, Jiangsu, China. 3 Department 
of Radiation Oncology, Shandong Cancer Hospital and Institute, Shandong First 
Medical University and Shandong Academy of Medical Sciences, Jinan, China. 
4 Medical School, Anhui University of Science and Technology, Huainan, China. 

Received: 12 July 2023   Accepted: 17 August 2023

References
 1. Siegel R, Miller K, Fuchs H, Jemal A. Cancer Statistics, 2022. CA Cancer J 

Clin. 2022;72(1):7–33.
 2. Rudin CM, Brambilla E, Faivre-Finn C, Sage J. Small-Cell Lung Cancer. Nat 

Rev Dis Primers. 2021;7(1):3.
 3. Bogart JA, Waqar SN, Mix MD. Radiation and Systemic Therapy for 

Limited-Stage Small-Cell Lung Cancer. J Clin Oncol. 2022;40(6):661–70.
 4. Yang S, Zhang Z, Wang Q. Emerging Therapies for Small Cell Lung Cancer. 

J Hematol Oncol. 2019;12(1):47.

 5. Zugazagoitia J, Paz-Ares L. Extensive-Stage Small-Cell Lung Cancer: First-
Line and Second-Line Treatment Options. J Clin Oncol. 2022;40(6):671–80.

 6. Horn L, Mansfield A, Szczęsna A, Havel L, Krzakowski M, Hochmair M, Hue-
mer F, Losonczy G, Johnson M, Nishio M, et al. First-Line Atezolizumab 
Plus Chemotherapy in Extensive-Stage Small-Cell Lung Cancer. N Engl J 
Med. 2018;379(23):2220–9.

 7. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, Statsenko 
G, Hochmair M, Özgüroğlu M, Ji J, et al. Durvalumab Plus Platinum-Etopo-
side Versus Platinum-Etoposide in First-Line Treatment of Extensive-Stage 
Small-Cell Lung Cancer (CASPIAN): a Randomised, Controlled, Open-
Label, Phase 3 Trial. Lancet (London, England). 2019;394(10212):1929–39.

 8. Schenk MW, Humphrey S, Hossain A, Revill M, Pearsall S, Lallo A, Brown S, 
Bratt S, Galvin M, Descamps T, et al. Soluble Guanylate Cyclase Signalling 
Mediates Etoposide Resistance in Progressing Small Cell Lung Cancer. Nat 
Commun. 2021;12(1):6652.

 9. Dovedi S, Adlard A, Lipowska-Bhalla G, McKenna C, Jones S, Cheadle 
E, Stratford I, Poon E, Morrow M, Stewart R, et al. Acquired Resistance 
to Fractionated Radiotherapy can be Overcome by Concurrent PD-L1 
Blockade. Can Res. 2014;74(19):5458–68.

 10. Marciscano A, Ghasemzadeh A, Nirschl T, Theodros D, Kochel C, Francica 
B, Muroyama Y, Anders R, Sharabi A, Velarde E, et al. Elective Nodal Irradia-
tion Attenuates the Combinatorial Efficacy of Stereotactic Radiation 
Therapy and Immunotherapy. Clin Cancer Res. 2018;24(20):5058–71.

 11. Ban Y, Markowitz GJ, Zou Y, Ramchandani D, Kraynak J, Sheng J, Lee SB, 
Wong STC, Altorki NK, Gao D, et al. Radiation-Activated Secretory Proteins 
of Scgb1a1(+) Club Cells Increase the Efficacy of Immune Checkpoint 
Blockade in Lung Cancer. Nat Cancer. 2021;2(9):919–31.

 12. Baharom F, Ramirez-Valdez RA, Khalilnezhad A, Khalilnezhad S, Dillon M, 
Hermans D, Fussell S, Tobin KKS, Dutertre CA, Lynn GM, et al. Systemic 
Vaccination Induces CD8(+) T Cells and Remodels the Tumor Microenvi-
ronment. Cell. 2022;185(23):4317-4332.e4315.

 13. Rao L, Zhao SK, Wen C, Tian R, Lin L, Cai B, Sun Y, Kang F, Yang Z, He L, et al. 
Activating Macrophage-Mediated Cancer Immunotherapy by Genetically 
Edited Nanoparticles. Adv Mater. 2020;32(47):e2004853.

 14. Xiong Q, Huang Z, Xin L, Qin B, Zhao X, Zhang J, Shi W, Yang B, Zhang 
G, Hu Y. Post-Treatment Neutrophil-to-Lymphocyte Ratio (NLR) Predicts 
Response to Anti-PD-1/PD-L1 Antibody in SCLC Patients at Early Phase. 
Cancer Immunol Immunother. 2021;70(3):713–20.

 15. Qi WX, Xiang Y, Zhao S, Chen J. Assessment of systematic inflammatory 
and nutritional indexes in extensive-stage Small-Cell Lung Cancer Treated 
with First-Line Chemotherapy and Atezolizumab. Cancer Immunol 
Immunother. 2021;70(11):3199–206.

 16. McGee HM, Daly ME, Azghadi S, Stewart SL, Oesterich L, Schlom J, 
Donahue R, Schoenfeld JD, Chen Q, Rao S, et al. Stereotactic Ablative 
Radiation Therapy Induces Systemic Differences in Peripheral Blood 
Immunophenotype Dependent on Irradiated Site. Int J Radiat Oncol Biol 
Phys. 2018;101(5):1259–70.

 17. Perisano C, Spinelli M, Graci C, Scaramuzzo L, Marzetti E, Barone C, Fab-
briciani C, Maccauro G. Soft Tissue Metastases in Lung Cancer: a Review 
of the Literature. Eur Rev Med Pharmacol Sci. 2012;16(14):1908–14.

 18. Tian Y, Ma J, Jing X, Zhai X, Li Y, Guo Z, Yu J, Zhu H. Radiation Therapy for 
Extensive-Stage Small-Cell Lung Cancer in the Era of Immunotherapy. 
Cancer Lett. 2022;541:215719.

 19. Kim EY, Cho EN, Park HS, Kim A, Hong JY, Lim S, Youn JP, Hwang SY, Chang 
YS. Genetic Heterogeneity of Actionable Genes Between Primary and 
Metastatic Tumor in Lung Adenocarcinoma. BMC Cancer. 2016;16:27.

 20. Gaebe K, Li AY, Park A, Parmar A, Lok BH, Sahgal A, Chan KKW, Erickson 
AW, Das S. Stereotactic Radiosurgery Versus Whole Brain Radiotherapy in 
Patients with Intracranial Metastatic Disease and Small-Cell Lung Cancer: 
a Systematic Review and Meta-Analysis. Lancet Oncol. 2022;23(7):931–9.

 21. Gong L, Xu L, Yuan Z, Wang Z, Zhao L, Wang P. Clinical Outcome for Small 
Cell Lung Cancer Patients with Bone Metastases at the Time of Diagnosis. 
J Bone Oncol. 2019;19:100265.

 22. Bhattacharya IS, Hoskin PJ. Stereotactic Body Radiotherapy for Spinal and 
Bone Metastases. Clin Oncol (R Coll Radiol). 2015;27(5):298–306.

 23. Rathod S, Jeremic B, Dubey A, Giuliani M, Bashir B, Chowdhury A, Liang 
Y, Pereira S, Agarwal J, Koul R. Role of Thoracic Consolidation Radiation in 
Extensive Stage Small Cell Lung Cancer: a Systematic Review and Meta-
Analysis of Randomised Controlled Trials. Eur J Cancer. 2019;110:110–9.

 24. Gay C, Stewart C, Park E, Diao L, Groves S, Heeke S, Nabet B, Fujimoto J, 
Solis L, Lu W, et al. Patterns of Transcription Factor Programs and Immune 



Page 10 of 10Wu et al. Biological Procedures Online           (2023) 25:24 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Pathway Activation Define Four Major Subtypes of SCLC with Distinct 
Therapeutic Vulnerabilities. Cancer Cell. 2021;39(3):346-360.e347.

 25. Käsmann L, Eze C, Manapov F. Stereotactic Body Radiation Therapy (SBRT) 
Combined with Immune Check-Point Inhibition (ICI) in Advanced Lung 
Cancer: Which Metastatic Site Should Be Irradiated to Induce Immuno-
genic Cell Death? Int J Radiat Oncol Biol Phys. 2020;108(1):225–6.

 26. Asamura H, Nishimura KK, Giroux DJ, Chansky K, Hoering A, Rusch V, 
Rami-Porta R. IASLC Lung Cancer Staging Project: The New Database to 
Inform Revisions in the Ninth Edition of the TNM Classification of Lung 
Cancer. J Thorac Oncol. 2023;18(5):564–75.

 27. Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz LH, Mandrekar S, Lin 
NU, Litière S, Dancey J, Chen A, et al. iRECIST: Guidelines for Response 
Criteria for Use in Trials Testing Immunotherapeutics. Lancet Oncol. 
2017;18(3):e143–52.

 28. Tong YS, Tan J, Zhou XL, Song YQ, Song YJ. Systemic Immune-Inflamma-
tion Index Predicting chemoradiation Resistance and Poor Outcome 
in Patients with Stage III Non-Small Cell Lung Cancer. J Transl Med. 
2017;15(1):221.

 29. Rudin CM, Poirier JT, Byers LA, Dive C, Dowlati A, George J, Heymach JV, 
Johnson JE, Lehman JM, MacPherson D, et al. Molecular Subtypes of 
Small Cell Lung Cancer: a Synthesis of Human and Mouse Model Data. 
Nat Rev Cancer. 2019;19(5):289–97.

 30. Zhang N, Gao Y, Huang Z, Dai P, Luo Y, Wu Q, Jiang X, Sun W, Zhang J, Han 
L, et al. PARP Inhibitor Plus Radiotherapy Reshapes an Inflamed Tumor 
Microenvironment that Sensitizes Small Cell Lung Cancer to the Anti-
PD-1 Immunotherapy. Cancer Lett. 2022;545:215852.

 31. Wang Y, Liu ZG, Yuan H, Deng W, Li J, Huang Y, Kim BYS, Story MD, Jiang W. 
The Reciprocity between Radiotherapy and Cancer Immunotherapy. Clin 
Cancer Res. 2019;25(6):1709–17.

 32. Robin TP, Jones BL, Amini A, Koshy M, Gaspar LE, Liu AK, Nath SK, 
Kavanagh BD, Camidge DR, Rusthoven CG. Radiosurgery Alone is Associ-
ated with Favorable Outcomes for Brain Metastases from Small-Cell Lung 
Cancer. Lung Cancer. 2018;120:88–90.

 33. Rodríguez de Dios N, Couñago F, Murcia-Mejía M, Rico-Oses M, Calvo-
Crespo P, Samper P, Vallejo C, Luna J, Trueba I, Sotoca A, et al. Randomized 
Phase III Trial of Prophylactic Cranial Irradiation With or Without Hip-
pocampal Avoidance for Small-Cell Lung Cancer (PREMER): A GICOR-
GOECP-SEOR Study. J Clin Oncol. 2021;39(28):3118–27.

 34. Bilen MA, Martini DJ, Liu Y, Lewis C, Collins HH, Shabto JM, Akce M, Kissick 
HT, Carthon BC, Shaib WL, et al. The Prognostic and Predictive Impact of 
Inflammatory Biomarkers in Patients Who Have Advanced-Stage Cancer 
Treated with Immunotherapy. Cancer. 2019;125(1):127–34.

 35. Lissoni P, Brivio F, Fumagalli L, Messina G, Meregalli S, Porro G, Rovelli 
F, Vigorè L, Tisi E, D’Amico G. Effects of the Conventional Antitumor 
Therapies Surgery, Chemotherapy, Radiotherapy and Immunotherapy 
on Regulatory T Lymphocytes in Cancer Patients. Anticancer Res. 
2009;29(5):1847–52.

 36. Wu M, Liu J, Wu S, Liu J, Wu H, Yu J, Meng X. Systemic Immune Activation 
and Responses of Irradiation to Different Metastatic Sites Combined 
With Immunotherapy in Advanced Non-Small Cell Lung Cancer. Front 
Immunol. 2021;12:803247.

 37. Shimoda LA. Overview: Pulmonary Vascular Function in Health and 
Disease. J Physiol. 2019;597(4):973–4.

 38. Le UT, Bronsert P, Picardo F, Riethdorf S, Haager B, Rylski B, Czerny M, 
Beyersdorf F, Wiesemann S, Pantel K, et al. Intraoperative Detection of Cir-
culating Tumor Cells in Pulmonary Venous Blood During Metastasectomy 
for Colorectal Lung Metastases. Sci Rep. 2018;8(1):8751.

 39. Keller A, Ghanta S, Rodríguez-López JL, Patel A, Beriwal S. Utility of Pro-
phylactic Cranial Irradiation for Extensive-Stage Small-Cell Lung Cancer in 
the MRI Screening Era. Clin Lung Cancer. 2021;22(6):e808–16.

 40. Borghaei H, Gettinger S, Vokes EE, Chow LQM, Burgio MA, de Castro 
CJ, Pluzanski A, Arrieta O, Frontera OA, Chiari R, et al. Five-Year Out-
comes From the Randomized, Phase III Trials CheckMate 017 and 057: 
Nivolumab Versus Docetaxel in Previously Treated Non-Small-Cell Lung 
Cancer. J Clin Oncol. 2021;39(7):723–33.

 41. Yu Y, Chen K, Fan Y. Extensive-Stage Small-Cell Lung Cancer: Current 
Management and Future Directions. Int J Cancer. 2023;152(11):2243–56.

 42. Li L, Yang D, Min Y, Liao A, Zhao J, Jiang L, Dong X, Deng W, Yu H, Yu R, 
et al. First-Line Atezolizumab/Durvalumab Plus Platinum-Etoposide 
Combined with Radiotherapy in Extensive-Stage Small-Cell Lung Cancer. 
BMC Cancer. 2023;23(1):318.

 43. Ma J, Tian Y, Hao S, Zheng L, Hu W, Zhai X, Meng D, Zhu H. Outcomes 
of First-Line Anti-PD-L1 Blockades Combined with Brain Radiotherapy 
for Extensive-Stage SMALL-Cell Lung Cancer with Brain Metastasis. J 
Neurooncol. 2022;159(3):685–93.

 44. Novello S, Kowalski DM, Luft A, Gümüş M, Vicente D, Mazières J, 
Rodríguez-Cid J, Tafreshi A, Cheng Y, Lee KH, et al. Pembrolizumab Plus 
Chemotherapy in Squamous Non-Small-Cell Lung Cancer: 5-Year Update 
of the Phase III KEYNOTE-407 Study. J Clin Oncol. 2023;41(11):1999–2006.

 45. Garassino MC, Gadgeel S, Speranza G, Felip E, Esteban E, Dómine M, 
Hochmair MJ, Powell SF, Bischoff HG, Peled N, et al. Pembrolizumab Plus 
Pemetrexed and Platinum in Nonsquamous Non-Small-Cell Lung Cancer: 
5-Year Outcomes From the Phase 3 KEYNOTE-189 Study. J Clin Oncol. 
2023;41(11):1992–8.

 46. Karagiannis GS, Condeelis JS, Oktay MH. Chemotherapy-Induced 
Metastasis: Mechanisms and Translational Opportunities. Clin Exp Metas. 
2018;35(4):269–84.

 47. Knudson KM, Hicks KC, Ozawa Y, Schlom J, Gameiro SR. Functional and 
mechanistic advantage of the use of a bifunctional anti-PD-L1/IL-15 
superagonist. J Immunother Cancer. 2020;8(1):e000493.

 48. Wei G, Zhang H, Zhao H, Wang J, Wu N, Li L, Wu J, Zhang D. Emerging 
Immune Checkpoints in the Tumor Microenvironment: Implications for 
Cancer Immunotherapy. Cancer Lett. 2021;511:68–76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Immune Activation Effects at Different Irradiated Sites and Optimal Timing of Radioimmunotherapy in Patients with Extensive-Stage Small Cell Lung Cancer: a Real-World Analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient Selection
	Treatment Characteristics
	Data Collection
	Evaluation of Therapeutics Efficacy
	Statistical Analysis

	Results
	Patient Characteristics
	Correlation Between Irradiated Sites and Blood Indicators
	Prognostic Factors and Survival Outcomes

	Discussion
	Brain RT Improves the Immune Microenvironment Indicated by IBs
	PCI is Recommended for ES-SCLC During First-Line Immunotherapy
	Earlier Initiation of RIT in ES-SCLC Leads to Improved Survival Outcomes

	Conclusion
	Acknowledgements
	References


