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Erlangen-N€urnberg, Erlangen, Germany
7Comprehensive Cancer Center Erlangen-EMN, Erlangen, Germany
8FAU Profile Center Immunomedicine (FAU I-MED), Friedrich-Alexander- Universität Erlangen-Nurnberg, Erlangen, Germany
9Department of Radiotherapy and Radiation Oncology, Saarland University Medical Center, Homburg, Germany
10Cancer Institute, Xinqiao Hospital, Army Medical University, Chongqing, China
11These authors contributed equally
12Lead contact

*Correspondence: udo.gaipl@uk-erlangen.de (U.S.G.), mahuab@163.com (H.M.), jianguo.zhou@zmu.edu.cn (J.-G.Z.)
https://doi.org/10.1016/j.isci.2024.111363
SUMMARY
Radiotherapy showed synergy with immunotherapy, yet the comparative effectiveness of combining immu-
notherapy (iRT) or chemotherapy (CRT) after platinum therapy failure in advanced non-small cell lung cancer
(NSCLC) remains unexplored.We analyzed 163 patients (iRT: n = 120 vs. CRT: n = 43) eligible for combination
radiotherapy. Before matching, median overall survival (OS) was significantly longer in iRT group (7.79 vs.
4.57 months, hazard ratio [HR]: 0.62, 95% confidence interval [CI]: 0.41–0.94, p = 0.024). After 1:2 propensity
score matching (PSM) and inverse probability of treatment weighting (IPTW), iRT group showed improved
OS, consistent with unmatched analysis (PSM, p = 0.033 and IPTW, p = 0.035). Exploratory analysis sug-
gested that PD1+, central memory PD1+, and effector memory PD-L1+ CD4+ T cells were strong predictive
biomarkers for iRT-treated patients (POS = 0.025, POS = 0.002, POS = 0.010, respectively). Proliferative
CD4+ T celllow was a prognostic (POS = 0.008) and predictive biomarker for iRT (POS < 0.001). Our work re-
vealed iRT was prolonged OS in previously treated advanced NSCLC patients. Additionally, proliferative
CD4+ T cell served as prognostic and predictive biomarkers.
INTRODUCTION

Non-small cell lung cancer (NSCLC) constitutes 80%–85% of all

lung cancer cases, with over half diagnosed at advanced

stages.1 Radiotherapy (RT) as a cornerstone of antitumor ther-

apy plays a crucial role in the comprehensive treatment of locally

advanced and metastatic NSCLC for palliation and maintaining

quality of life. Notably, increasing evidence suggests that RT

strengthens the immunogenicity of tumor cells and improves

anti-tumor immunity.2 As we know, immune checkpoint inhibi-

tors (ICIs), including inhibiting programmed cell death protein 1

(PD-1) or PD ligand 1 (PD-L1), have become one of themost suc-

cessful cancer therapies in the last decade, resulting in long-

term remission and improved survival in patients with advanced

NSCLC.3,4 However, the objective response rate (ORR) of

ICIs monotherapy in unscreened NSCLC patients is only
iScience 27, 111363, Decem
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10%–30%.5 Under this circumstance, the immunostimulatory

effect of radiotherapy (RT) provides a theoretical basis for immu-

notherapy combination radiotherapy (iRT). Strategies for RT

combination immunotherapy such as dosage and fractionation,

immunotherapy agent and tumor type, the optimal timing and

sequencing are still being explored.6

RT enhances the efficacy of immunotherapy by inducing

adaptive and intrinsic immune responses.7–9 Based on strong

clinical evidence from the PACIFIC trial, several clinical studies

have confirmed the synergistic effect of iRT in patients with

locally advanced NSCLC.10–12 However, no studies have yet

compared the efficacy of iRT vs. RT combination chemotherapy

(CRT) in patients with advanced NSCLC after failure of first-line

platinum therapy and required local treatment. Furthermore,

there remains a lack of non-invasive biomarkers to predict iRT

effectiveness.
ber 20, 2024 ª 2024 The Authors. Published by Elsevier Inc. 1
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. Flowchart of patient selection for pooled analysis
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Therefore, the current study undertook a post hoc

analysis of advanced NSCLC after failure of first-line platinum

therapy across four prospective clinical trials to compare

the efficacy of combining immunotherapy or chemotherapy

with RT. Furthermore, exploratory biomarker analysis is

used to identify immune subtypes as potential biomarkers

for iRT.

RESULTS

Baseline characteristics in the unadjusted and adjusted
data
A total of 1,289 patients treated with RT were enrolled in the four

clinical trials. Sixty nine were excluded, as they had never

received any treatment. Based on the combination RT criteria

for iRT, 120 of iRT-group were screened, and 43 of CRT-group

were selected according to same criteria, as detailed in the flow-

chart (Figure 1). Key baseline covariates including sex, histology,

ECOG PS, and PDL1 expression were well balanced across

treatments before matching; for the CRT group, more patients

were Asian, older, with previous smoking history, higher than

average metastatic sites, and irradiated to bone or brain

(Table 1).

Adjusted after propensity score matching (PSM) and

inverse probability of treatment weighting (IPTW), the differences

in covariates between two groups were not statistically signifi-

cant, the SMD was less than 0.2, and all critical baseline charac-

teristics were well balanced. There was rational overlap in the

distribution of PS between both groups, and non-significant

weight outliers or extreme weights were observed.
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Survival analyses of iRT vs. CRT
In the unadjusted cohort, the iRT group has a longer median OS

compared to the CRT group (7.79 months vs. 4.57 months,

respectively, HR: 0.62, 95%CI: 0.41–0.94, p = 0.024; Figure 2A).

After 1:2 propensity score matching (PSM), 64 people in the iRT

group and 40 people in the CRT group were selected by

screening, and the median OS of the two groups were 7.79

and 4.57months, respectively, with the iRT group having a better

prognosis (HR, 0.60; 95% CI, 0.37–0.96; p = 0.033; Figure 2B).

After IPTW, the iRT group’s median OS was 7.79 months longer

than 5.03 months in the CRT group, which makes sense with un-

adjusted and PSM (HR, 0.65; 95% CI, 0.44–0.97; p = 0.032; Fig-

ure 2C). The median PFS was not significantly different between

the iRT and CRT groups in the unadjusted cohort, at 1.64 and

2.66 months, respectively (iRT, HR: 1.03, 95% CI: 0.72–1.49,

p = 0.825; Figure 2D), which was also observed after 2:1 PSM-

and IPTW-adjusted with a median PFS of 1.64 vs. 2.66 months

(iRT, HR: 1.14, 95% CI: 0.75–1.72, p = 0.520; Figure 2E) and

1.61 vs. 2.70 months (iRT, HR: 1.06; 95% CI, 0.77–1.47; p =

0.709; Figure 2F).

Subgroup analysis
Subgroup analysis demonstrated that iRT group had the great-

est benefit in patients with ECOG-PS of 1 (HR 0.55, 95% CI

0.34–0.89; p = 0.015), White (HR 0.59, 95% CI 0.37–0.92;

p = 0.021), and with site of irradiation as bone (HR 0.42, 95%

CI 0.18–0.99; p = 0.048) and were observed to have longer sur-

vival. Of note, patients with positive PD-L1 expression also had a

survival benefit with iRT (HR 0.54, 95% CI 0.33–0.89; p = 0.015)

(details in Figure 3).

Additional, among patients with liver metastasis, the iRT group

had a longer median OS compared to the CRT group

(4.93 months vs. 2.86 months, respectively, HR: 0.46, 95% CI:

0.23–0.92; p = 0.028). For patients without liver metastasis, the

median OS was 13.17 months in the iRT group compared to

5.62 months in the CRT group (HR: 0.63, 95% CI: 0.37–1.08;

p = 0.092) (Figure S1).

Exploratory biomarker analysis
One hundred four immune cell subpopulations were analyzed in

the whole population and 47 were found to be associated with

OS and PFS. Subsequently, we analyzed predictive biomarkers,

which means immune cell subpopulations in the iRT and CRT

groups, and screened 18 biomarkers that were significantly

associated in iRT (p < 0.05) but not in CRT (p > 0.05) (Table S1

and Table S2).

We analyzed the correlation between immune cell subsets and

survival outcomes across treatments based on univariate Cox

regression and Kaplan-Meier survival analysis (Table S3) and

found that PD1+ CD4+ T cells, PD1+ central memory CD4+

T cells, and PD-L1+ effector memory CD4+ T cells were risk fac-

tors in the iRT group at high expression, whereas they were pro-

tective factors in the CRT group (Figure 4A). We observed that

the above immune cell subsets have potential as predictive bio-

markers in iRT compared with CRT. The Kaplan-Meier survival

analysis curves showed an improvement of OS in iRT at low

expression status (PD1+ CD4+ T cells low: HR iRTvsCRT = 0.39,

95% CI: 0.18–0.82, p = 0.025; PD1+ central memory CD4+



Table 1. Characteristics of patients treatedwith immunotherapy combination radiotherapy (iRT) and chemotherapy combination radiotherapy (CRT) before unadjusted, after

propensity score matching (PSM), and after inverse probability of treatment weighting (IPTW)

Unadjusted PSM(1: 2) IPTW-adjusted

Atezolizumab

plus radiotherapy

Docetaxel plus

radiotherapy SMD p value

Atezolizumab

plus radiotherapy

Docetaxel plus

radiotherapy SMD p value

Atezolizumab

plus radiotherapy

Docetaxel plus

radiotherapy SMD p value

N 120 43 – – 64 40 – – 120.7 40.4 – –

Race, no. (%) – – 0.210 0.454 – – 0.179 0.664 – – 0.034 0.982

White 102 (85.0) 34 (79.1) – – 52 (81.2) 31 (77.5) – – 100(82.8) 33 (81.5) – –

Asian 9 (7.5) 6 (14.0) – – 6 (9.4) 6 (15.0) – – 11.8 (9.8) 4.3 (10.7) – –

Other 9 (7.5) 3 (7.0) – – 6 (9.4) 3 (7.5) – – 9.0 (7.4) 3.1 (7.8) – –

Age, no. (%) – – 0.294 0.147 – – 0.125 0.675 – – 0.037 0.844

>62 58 (48.3) 27 (62.8) – – 36 (56.2) 24(60.0) – – 62.9 (52.1) 21.8 (53.9) – –

%62 62 (51.7) 16 (37.2) – – 28 (43.8) 16(40.0) – – 37.8(47.9) 18.6 (46.1) – –

Sex, no. (%) – – 0.085 0.766 – – 0.038 1.000 – – 0.026 0.888

Male 72 (60.0) 24 (55.8) – – 34 (53.1) 22 (55.0) – – 70.9 (58.7) 23.2 (57.4) – –

Female 48 (40.0) 19 (44.2) – – 30 (46.9) 18 (45.0) – – 49.5 (41.3) 17.2 (42.6) – –

Histology, no. (%) – – 0.078 0.825 – – 0.022 1.000 – – 0.078 0.669

Squamous 29 (24.2) 9 (20.9) – – 15 (23.4) 9 (22.5) – – 27.9 (23.1) 8.0 (19.9) – –

Non-squamous 91(75.8) 34 (79.1) – – 49 (76.6) 31 (77.5) – – 92.5 (76.9) 32.4 (70.1) – –

Metsites, no. (%) – – 0.256 0.210 – – 0.125 0.675 – – 0.065 0.730

>3 49 (40.8) 23 (53.5) – – 28 (43.8) 20(50.0) – – 53.7 (44.5） 19.3 (47.7) – –

%3 71 (59.2) 20 (46.5) – – 36 (56.2) 20(50.0) – – 67（55.5） 21.1 (52.3) – –

Smoking status, no. (%) – – 0.317 0.250 – – 0.073 0.936 – – 0.089 0.911

Current 19 (15.8) 3 (7.0) – – 4 (6.2) 3 (7.5) – – 16.1 (13.3) 4.4 (10.8) – –

Previous 80 (66.7) 34 (79.1) – – 49 (76.6) 31 (77.5) – – 85.0 (70.4) 29.9 (74.0) – –

Never 21 (17.5) 6 (14.0) – – 11 (17.2) 6 (15.0) – – 19.6 (16.3) 6.1 (15.2) – –

ECOG PS, no. (%) – – 0.172 0.457 – – 0.022 1.000 – – 0.072 0.707

0 34 (28.3) 9 (20.9) – – 15 (23.4) 9 (22.5) – – 31.1 (25.8) 9.2 (22.7) – –

1 86 (71.7) 34 (79.1) – – 49 (76.6) 31 (77.5) – – 89.6 (74.2) 31.3 (77.3) – –

PDL1, no. (%) – – 0.143 0.549 – – 0.192 0.475 – – 0.154 0.424

Positive 99 (82.5) 33 (76.7) – – 53 (82.8) 30(75.0) – – 96.3 (79.7) 29.6 (73.2) – –

Negative 21 (17.5） 10 (23.3) – – 11 (17.2） 10(25.0) – – 24.4 (20.3) 10.8 (26.8) – –

Site of irradiation, no. (%) – – 0.363 0.287 – – 0.059 0.993 – – 0.165 0.859

Bone 29 (24.2) – 14 (32.6) – – 18 (28.1) 11 (27.5) – – 31.6 (26.2) 12.0 (29.6) – –

Brain 26 (21.7) 11 (25.6) – – 17 (25.0) 11 (27.5) – – 28.5 (23.6) 11.1 (27.4) – –

Lung 24 (20.0) 10 (23.3) – – 16 (26.6) 10 (25.0) – – 25.1 (20.8) 8.2 (20.2) – –

Other 41 (34.2) 8 (18.6) – – 13 (20.3) 8 (20.0) – – 35.6 (29.5) 9.2 (22.8) – –

ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1.
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Figure 2. Kaplan-Mayer curve comparisons of overall survival (OS) and progression-free survival (PFS) of patients treated with immuno-

therapy combination radiotherapy (iRT) and chemotherapy combination radiotherapy (CRT) before unadjusted, after propensity score

matching (PSM), and after inverse probability of treatment weighting (IPTW)

(A–C) Kaplan-Meier curve comparing OS between iRT and CRT patients before unadjusted (HROS = 0.62, 95%CI:0.41–0.94, p = 0.024, Log rank test), after PSM

(1:2) (HROS = 0.60, 95% CI:0.37–0.96, p = 0.033, Log rank test), and after IPTW (HROS = 0.65, 95% CI:0.44–0.97, p = 0.032, Log rank test).

(D–F) Kaplan-Meier curve comparing PFS between iRT andCRT patients before unadjusted (HRPFS = 1.03, 95%CI:0.72–1.49, p = 0.825, Log rank test), after PSM

(1:2) (HRPFS = 1.14, 95% CI:0.75–1.72, p = 0.520, Log rank test), and after IPTW (HRPFS = 1.06, 95% CI:0.77–1.47, p = 0.709, Log rank test).
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T cells low: HR iRTvsCRT = 0.29, 95% CI: 0.14–0.57, p = 0.002;

PDL1+ effector memory CD4+ T cells low: HR iRTvsCRT = 0.35,

95% CI: 0.15–0.78, p = 0.010) (Figure 4B). Details were shown

in the Supplementary Material (Figure S2 and Table S4). Addi-

tionally, we further found that proliferative CD4+ T cells low was

not only prognostic (HR = 0.53, 95% CI: 0.33–0.85, p = 0.008)

but also predictive biomarker (HR iRTvsCRT = 0.28, 95% CI:

0.14–0.56, p < 0.001) (Figure 5).

DISCUSSION

Our pooled analysis of advanced NSCLC patients after failure of

first-line platinum-based chemotherapy in four prospective clin-

ical studies revealed that iRT improved OS compared to CRT. As

we know local symptoms due to disease progression or distant

metastases would not be avoided during the treatment of

advanced NSCLC, this was one of the first studies to provide

compelling evidence for iRT in second-line or aforementioned

treatments. To mitigate selection bias and ensure a comprehen-

sive analysis, we employed two statistical methods (PSM and

IPTW) to control for confounders.13,14 Notably, IPTW offers the

distinct advantage of preserving the original sample size without

the reductions often associated with PSM, enhancing the

robustness of our findings.

RT induces both adaptive and intrinsic immune responses,

thereby augmenting the effectiveness of immunotherapy, sub-

stantiating the synergistic impact of RT and immunotherapy in

combating tumors.15–20 This was exemplified by the PACIFIC

study, which provided robust evidence for iRT, demonstrating
4 iScience 27, 111363, December 20, 2024
that immunotherapy combination notably extended the OS in

patients with locally advanced NSCLC.10 Further validation

comes from Altorki et al., who observed that combining neoad-

juvant stereotactic whole-body RT (SBRT) with durvalumab

increased the major pathological response rate in patients with

resectable early-stage NSCLC.21 Most studies have focused

on the efficacy of iRT in early or locally advanced lung cancer.

Our study shows that iRT can be effective in patients with

advanced NSCLC, which is consistent with the results of the

pooled analyses of the PEMBRO-RT and MDACC studies.22

Despite the encouraging result of our study, it is crucial to note

that the current NCCN guidelines recommend ICIs as a first-

line treatment for advanced lung cancer, contrasting with our

study’s cohort, which only received chemotherapy as their

first-line therapy.23 This discrepancy underscores the need for

additional research to assess iRT’s impact and potential value

in treatment strategies for advanced NSCLC, particularly in the

context of the prevalent use of immunotherapy as a standard

care approach.

We further explored clinical characteristics, yet caution must

be exercised in interpreting the results due to the small sample

size. We observed that patients whose irradiation site was

bone demonstrated longer OS when treated with iRT

compared to CRT. Bone was a common site for NSCLC

metastasis, with 35%–40% of cases developing bone metas-

tases during the disease course, often accompanied with

pain and skeletal related events.24–26 Previous studies have

documented bone metastasis as a negative prognostic

factor for NSCLC and related to a poor prognosis with
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Figure 3. Exploratory subgroup analysis of associated factors: Forest plots show factors associated with overall survival (OS)
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immunotherapy.25 As a hematopoietic organ, the bone marrow

played a crucial role in regulating the immune system and the

trafficking of immune cells.27 It might be due to these that in

our study it was suggested that bone was associated with a

better prognosis for receiving iRT. Additionally, we did not

analyze the dosage of RT, given the ongoing debate over

the optimal radiation doses and fractionation schemes for pri-

mary or metastatic lesions in advanced lung cancer patients.

Further prospective studies are needed to explore the optimal

RT doses and regimens.

At the moment, there is a lack of biomarkers able to identify

the population that would benefit from iRT. Our exploratory

study has found that several low-level expression CD4+

T cell subpopulations, including Ki67+, ICOS+, EMOES+, cen-
tral memory cells (CD45RO+CCR7+, CD45RO+CD62L+CCR7+),

and effector memory cells (CD62L�CD127+, CD45RO+

CD62L�CCR7-), are associated with longer OS in patients

receiving iRT. Irradiation could promote the immune infiltration

of CD8+ and CD4+ T cell and their antigenic recognition of tu-

mor cells by upregulating the expression of MHC-class I mol-

ecules on the surface of tumor cells to enhance the anti-tumor

immune effect,28whereas CD4+ T cells are more resistant to

radiation,29 which might explain the longer OS in iRT group

patients with low levels of CD4+ T cell subpopulations as

more CD4+ T cells may be activated, exerting antitumor ef-

fects. Similar results were observed in mismatch repair-defi-

cient mCRC patients treated with PD-1 inhibitors, in which

lower levels of CD4+ T cells were associated with better
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Figure 4. Correlation of immune cell subpopulations with overall survival (OS) and progression-free survival (PFS), and Kaplan-Meier survival

analysis of iRT vs. CRT patients

(A) Summary of the correlation between expression of immune cell subpopulations with overall survival (OS) and progression-free survival (PFS) in iRT and CRT

patients based on univariate Cox regression and Kaplan-Meier model. Red indicates that high expression of this immune cell subpopulations as a risk factor for

the survival, and green indicates a protective factor. Only p values less than 0.05 are shown.

(B) Kaplan-Meier survival curves based on different treatments (iRT, CRT) with high and low expression of, comparing overall survival of high and low expression

receiving iRT vs. CRT. (1) PD1+ CD4+ T cells (p = 0.025, Log rank test), Low.iRT vs. Low.CRT (HROS = 0.39 [95%CI: 0.18–0.82], p = 0.014), High.iRT vs. High.CRT

(HROS = 0.79 [95% CI: 0.38–1.64], p = 0.524); (2) PD1+ central memory CD4+ T cells (p = 0.002, Log rank test), Low.iRT vs. Low.CRT (HROS = 0.29 [95% CI:

0.14–0.57], p < 0.001), High.iRT vs. High.CRT (HROS = 1.22 [95% CI: 0.50–2.98], p = 0.663); (3) PDL1+ effector memory CD4+ T cells (p = 0.033, Log rank test),

Low.iRT vs. Low.CRT (HROS = 0.35 [95% CI: 0.15–0.78], p = 0.010), High.iRT vs. High.CRT (HROS = 0.81 [95% CI: 0.40–1.62], p = 0.545).
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ORR and survival.30 Central memory T cells (TCM), character-

ized by self-renewal and replication, could adopt anti-tumor

properties and be reactivated by tumor antigens to act as

direct tumor killers.31 The survival-related CD4+ TCM and

effector memory T cells (TEM) in our study were almost all

PD-1+/PD-L1+. However, the high expression of PD-1+/PD-

L1+ in T cells usually indicated the activate T cells; it might

also imply the depletion of T cell function, leading to poor

immunotherapy outcomes. Studies by Takeuchi et al.32 and

the analysis of oral squamous carcinoma patients by Wu

et al.33 further supported our finding that an increased periph-

eral blood CD4+TCM subpopulation was predicted, under-

scoring the potential role of CD4+ TCM in forecasting iRT

and immunotherapy prognosis. Additionally, ICOS, a T-cell-

specific molecule expressed after activation,34 was associated

with clinical benefits in melanoma patients undergoing anti-

CTLA-4 therapy.35 In our study, patients with ICOS+ CD4+
6 iScience 27, 111363, December 20, 2024
T cells who received iRT demonstrated longer OS. CD8+

T cells drove anti-tumor responses by recognizing and killing

tumor cells, playing a crucial role in anti-tumor immunity and

the efficacy of immunotherapy.36 Studies showed that PD-1+

intratumoral CD8+ T cells predicted response and survival

following immunotherapy.37 Similarly, our findings suggested

that a high expression of PD-1+/CD8+ T cells was associated

with extended OS in iRT group. Furthermore, EOMES, a key

transcription factor, regulated T cell development and func-

tion,38 promoting T cell expansion and proliferation in both

CD4+ and CD8+ subsets.39 Our study found that EOMES+

CD4+ and CD8+ T cells correlated with longer survival in iRT,

indicating EOMES as a potential target for enhancing immuno-

therapy. Notably, proliferative CD4+ T cells were found to be

both prognostic and also a predictive biomarker for iRT.

Similar to our result, Song et al. reported hepatocellular carci-

noma receiving tremelimumab plus durvalumab that patients
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Figure 5. Kaplan-Meier survival curves of proliferating CD4+ T cells based on high and low expression vs. OS

(A) In overall patients: Low vs. High (HROS = 0.53 [95% CI: 0.14–0.57], p = 0.006).

(B) In iRT and CRT patients (p < 0.001, Log rank test), Low.iRT vs. Low.CRT (HROS = 0.28 [95% CI: 0.14–0.56], p < 0.001), High.iRT vs. High.CRT (HROS = 1.22

[95% CI: 0.50–2.98], p = 0.663).
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with lower baseline CD4+ and CD8+ Ki67+ T cell counts were

associated with better outcomes.40 They also suggested that

CTLA-4 inhibitors played an essential role in activating prolifer-

ation, which was maintained by the anti-PD-L1 monotherapy.

Although CTLA-4 inhibitors were not part of our study, whether

irradiation would have comparable effects and be associated

with longer survival after combining anti-PD-L1 has to be

further explored.

Conclusion
In conclusion, advanced NSCLC patients after platinum-based

chemotherapy failure treated with iRT were associated with

longer OS. Low expression of PD1+, PD1+ CD4+ TCM cells,

and PDL1+ CD4+ TEM cells was correlated with better OS in

iRT-group. Proliferative CD4+ T cells were found as both prog-

nostic and predictive biomarker for iRT.

Limitations of the study
There were several limitations to this study. Firstly, this was a

post hoc analysis based on four clinical trials, and although we

have minimized bias through PSM and IPTW, there could still

be unidentified confounders. Nonetheless, our study only

explored the correlation of immune cell subsets at baseline

and could not examine in detail the dynamic changes of these

cell subsets before and after treatment. Accordingly, we suggest

that future studies should explore in greater depth the changes in

specific immune cell subsets during iRT treatment and how

these changes may affect treatment outcomes.
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Software and algorithms

Vivli platform Vivli, Inc https://vivli.org/

R version v.4.2.2 R Core Team https://www.r-project.org/; https://www.cell.com/iscience/fulltext/_blank

survminer version 0.4.9 Kassambara A https://CRAN.R-project.org/package=survminer

jskm version 0.4.9 Kim J https://CRAN.R-project.org/package=jskm

VGAM version 1.1–12 Yee T https://cran.r-project.org/web/packages/VGAM/index.html

Matching version 4.10–15 Sekhon JS https://cran.r-project.org/package=Matching

MatchIt version 4.5.5 Ho D https://www.rdocumentation.org/packages/MatchIt/versions/4.5.5/topics/matchit
EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Data source and patients
Data were derived from four clinical trials, including the Phase II BIRCH (NCT02031458),41 Phase II FIR (NCT01846416),42 Phase II

POPLAR (NCT01903993),43 and Phase III OAK (NCT02008227) trials.44 BIRCH and FIR constituted multicenter, single-arm studies,

where patients were administered atezolizumab (1200 mg intravenously every 3 weeks). Conversely, POPLAR and OAK were multi-

center, open-label, randomized studies, where patients were randomly assigned to receive either atezolizumab (1200 mg intrave-

nously every 3 weeks) or docetaxel (75 mg/m2 intravenously every 3 weeks). However, it must be noted that our analysis specifically

included patients with locally advanced or metastatic NSCLC who had previously failed platinum therapy and had undergone prior

radiotherapy. Only this specific subset of advanced NSCLC patients was included in the extraction of valid data for the secondary

analysis. Table 1 provided demographic and clinical characteristics of patients and race. Details of inclusion and exclusion criteria

can be found elsewhere.41–44

METHOD DETAILS

Procedures
Based on the design of previous clinical studies and considering the safety of therapy, combination radiotherapy was defined in our

analysis as treatment with atezolizumab or docetaxel within 90 days of the end of radiotherapy or receiving RT during atezolizumab or

docetaxel, referred to as iRT andCRT, respectively.45,46 The clinicopathologic characteristics in NSCLC patients treated with iRT and

CRT was shown in Table 1. Pertinent characteristics include mean age (>62 vs .% 62 years), gender, Eastern Cooperative Oncology

Group-physical status (ECOG- PS) (1 vs. 0), smoking status (current smoker, pre-smoker vs. never smoker), histology (squamous vs.

non-squamous), number of metastatic sites (>3 vs .% 3), PDL-1 expression status (The definition of programmed cell death ligand 1

(PD-L1) positive in OAK and POPLARwas Combined Positive Score (CPS)R1%, but in BIRCH and FIR was CPSR5%), and sites of

irradiation (bone, brain, lung, and others).

QUANTIFICATION AND STATISTICAL ANALYSIS

Clinical outcome measures
The primary endpoint is overall survival (OS), and progression-free survival (PFS) serves as secondary endpoint. To further explore

relevant biomarkers, we assessed the prognostic role of immune cell populations in the two groups of patients, classifying the abun-

dance of immune cell subpopulations into high and low according to the median value between iRT and CRT.

Statistical analysis
To correct data imbalances and reduce bias between the iRT and CRT groups, we used two propensity score (PS) -based methods:

propensity score matching (PSM) and inverse probability of treatment weighting (IPTW).13,47 PS for each participant was calculated

with logistic regression from baseline covariates including age, gender, smoking status, histology, number of metastatic sites, and

site of radiotherapy. PSM used nearest-neighbor matching at a ratio of 1:2, with a caliper width of 0.2. IPTW adjusted the differences

in patient characteristics between treatment groups based on PS. For this, the PS, which was calculated as the probability that pa-

tient would receive specific treatments, was estimated from the covariates. Subsequently, IPTW was converted from the PS, where

patients receiving specific treatment were given aweight of 1. At last, weighted survival analyseswere performed using theseweights
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to account for possible differences in patient characteristics between treatment groups. The standardized mean difference (SMD)

was most used to assess the balance of parameter distributions after PS matching, and SMD R0.2 was considered to show a sig-

nificant difference between treatment groups. Therefore, in addition to using p valuesR 0.05, SMD <0.2 was used to assess IPTW or

PSM-adjusted balance of characteristics between groups.

Continuous variables are expressed asmean ± standard deviation (SD) andmedian (interquartile range, IQR). Categorical variables

were reported as absolute numbers and percentages. The OS and PFS were analyzed using Kaplan-Meier, and log rank tests were

used to compare survival curves. In exploratory subgroup analyses, risk factors associated with OSwere assessed by univariate Cox

proportional risk regression analyses, and risk ratios (HR) with 95% confidence intervals (CIs) were calculated. Subgroup results are

presented as forest plots. All statistical tests were two-sided and p < 0.05 was considered statistically significant. All statistical an-

alyses were performed using R in Vivli platform (v.4.2.2, R Core Team 2022).

ADDITIONAL RESOURCES

The BIRCH, FIR, POPLAR and OAK trials were registered at ClinicalTrials.gov: https://clinicaltrials.gov/study/NCT02031458?

term=NCT02031458&rank=1, https://clinicaltrials.gov/study/NCT01846416?term=NCT01846416&rank=1, https://clinicaltrials.gov/

study/NCT01903993?term=NCT01903993&rank=1, and https://clinicaltrials.gov/study/NCT02008227?term=NCT02008227&rank=1.
e2 iScience 27, 111363, December 20, 2024

http://ClinicalTrials.gov
https://clinicaltrials.gov/study/NCT02031458?term=NCT02031458&amp;rank=1
https://clinicaltrials.gov/study/NCT02031458?term=NCT02031458&amp;rank=1
https://clinicaltrials.gov/study/NCT01846416?term=NCT01846416&amp;rank=1
https://clinicaltrials.gov/study/NCT01903993?term=NCT01903993&amp;rank=1
https://clinicaltrials.gov/study/NCT01903993?term=NCT01903993&amp;rank=1
https://clinicaltrials.gov/study/NCT02008227?term=NCT02008227&amp;rank=1

	ISCI111363_proof_v27i12.pdf
	Efficacy of radiotherapy combined with atezolizumab or docetaxel in patients with previously treated NSCLC
	Introduction
	Results
	Baseline characteristics in the unadjusted and adjusted data
	Survival analyses of iRT vs. CRT
	Subgroup analysis
	Exploratory biomarker analysis

	Discussion
	Conclusion
	Limitations of the study

	Resource availability
	Lead contact
	Materials availability
	Data and code availability

	Acknowledgments
	Author contributions
	Declaration of interests
	Supplemental information
	References
	STAR★Methods
	Key resources table
	Experimental model and study participant details
	Data source and patients

	Method details
	Procedures

	Quantification and statistical analysis
	Clinical outcome measures
	Statistical analysis

	Additional resources




