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Retrospective studies suggest that early time-of-day (ToD) infusions of
immunochemotherapy may improve efficacy. However, prospective

® Check for updates randomized controlled trials are needed to validate it. In this randomized
phase 3 LungTIME-CO1 trial, 210 patients with treatment naive stage
IIIC-1V nonsmall cell lung cancer (NSCLC) lacking driver mutations

were randomly assigned in al:1ratio to either an early or late ToD group,
defined by the administration of the first four cycles of an anti-PD-1 agent
before or after 15:00 h. The primary endpoint was progression-free
survival (PFS), while secondary endpoints included overall survival

(0S) and objective response rate (ORR). After a median follow-up of

28.7 months, the median PFS was 11.3 months (95% confidence interval
(CI)=9.2-13.4) in the early ToD group and 5.7 months (95% Cl =5.2-6.2)
in the late ToD group, corresponding to a hazard ratio (HR) for earlier
disease progression of 0.40 (95% Cl = 0.29-0.55; P< 0.001). The median
OS was 28.0 months (95% Cl = not estimable (NE)-NE) in the early

ToD group and 16.8 months (95% Cl =13.7-19.9) in the late ToD group,
corresponding toan HR of an earlier death of 0.42 (95% CI = 0.29-0.60;
P<0.001). Treatment-related adverse events were consistent with the
established safety profile, with no new safety signals observed. No
significant differences inimmune-related adverse events were observed
between the two groups. Over the first four cycles, morning circulating
CD8"T cellsincreased in the early ToD group, whereas they declined in
thelate ToD group (P < 0.001). Furthermore, the ratio of activated (CD38"
HLA-DR") versus exhausted (TIM-3"PD-1*) CD8* T cells was higher in the
early ToD group (P < 0.001) compared with the late ToD group (P < 0.001).
Insummary, our study indicates that early ToD immunochemotherapy
substantially improves PFS and OS and is associated with enhanced
antitumor CD8" T cell characteristics compared with late ToD treatment.
ClinicalTrials.gov registration: NCT05549037.
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105 included in safety analysis

Fig.1|Flowchart of the present study. From September 2022 to May 2024, 210
patients were enrolled. Data cutoff time was 31 August 2025.

Immune checkpoint inhibitors (ICls) have improved treatment
outcomes for patients with advanced nonsmall cell lung cancer
(NSCLC)""*. However, a substantial fraction of patients (-10% to 15%)
neither respond to ICI therapy nor show long-term benefits’. Objec-
tive response rates (ORRs) remain below 50% and only a fraction may
achieve long-termsurvival®.

Circadian rhythms exert a substantial influence on the distribu-
tion and function of immune cells. These oscillations have emerged
as key regulators of immune responses and may, therefore, impact
theefficacy ofimmunotherapy’"'. More than 20 retrospective studies
have demonstrated improvementin the efficacy of ICIs given at early
rather than late times of the day (ToD)'*"". In addition, a meta-analysis
of13retrospective studies demonstrated that OS and PFS were nearly
doubled among patients receiving single-agent or combined ICIs
administered at early ToD'®. The impact of the infusion ToD was con-
sistent across multiple tumor types, including renal cell carcinoma,
malignant melanoma and others'®",

A simple adjustment in the timing of immunotherapy infusions
may enhance therapeutic efficacy”. However, findings from retro-
spective studies are susceptible to confounding factors, including
imbalances in patient characteristics, programmed death ligand 1
(PD-L1) status and dose intensity of ICI infusions®°. Therefore, a
prospective randomized controlled trial is required to validate this
retrospective observation.

Here we report results of a phase 3 randomized controlled trial
(LungTIME-CO1) comparing early versus late ToD infusion of first-line
chemo-immunotherapy in patients with advanced NSCLC.

Results

Patient characteristics and treatment regimes

A total of 438 patients with stage IIIC-IV NSCLC lacking sen-
sitizing EGFR/ALK/ROS]1 alterations and eligible for first-line
chemo-immunotherapy were screened for eligibility at Hunan Cancer

Hospital between 23 September 2022 and 21 May 2024 (Fig. 1). Reasons
for screening failure included active brain metastases (n = 7), concur-
rent hormonal therapy (n = 3), active tuberculosis (n = 2), hepatitis
B infection (n = 2), refusal of pembrolizumab or sintilimab (n=97),
use of traditional Chinese medicine (n =23) and refusal to accept
treatment timing stipulations (n = 84). A total of 210 patients were
randomized to the early ToD group (n =105) or to the late ToD group
(n=105). Baseline demographics and disease characteristics were well
balanced between the two groups (Table 1). Among the 210 randomized
patients,190 (90.5%) were male and 171 (81.4%) had a history of smok-
ing. PD-L1tumor proportion score (TPS) was available for 196 patients
(93.3%) and distributed as follows: <1% for 88 patients (41.9%), 1-49%
for 60 patients (28.6%) and >50% for 48 patients (22.9%). The major-
ity of patients (n =162, 77.1%) received sintilimab, whilst 48 patients
(22.9%) received pembrolizumab. A total of 58 patients (27.6%) had
baseline lactate dehydrogenase levels >1 upper limit of normal. Lung
Immune Prognostic Index (LIPI) scores were distributed as follows:
low riskin121 patients (57.6%), medium risk in 72 patients (34.3%) and
highriskin17 patients (8.1%). All patients received their first four cycles
of immunochemotherapy within the assigned protocol-defined ToD
window (before or after 15:00 h), unless treatment was discontinued
due to early progression. The median clock hour times to start ICI
infusion in the early and late ToD group were 10:55 h (range = 7:34-
14:00 h; China Standard Time, CST) and 15:57 h (range =15:00-20:39 h),
respectively (Extended Data Fig. 1and Extended Data Table1). Four or
more ICI-containing treatment courses were administered to 98.1%
of patientsin the early ToD group and 96.2% of the patients in the late
ToD group. The majority of patients assigned to the early ToD group
continued to receive infusions predominantly before 15:00 h, while
thoseinthelate ToD group predominantly received them after15:00 h,
despite thelack of any protocol stipulation for ToD treatments after the
fourth cycle. The median infusion time of the fifth, sixth and seventh
cycles occurred before 15:00 h for 77.0% of the patients (n = 67/87) in
the early ToD group, compared to 38.5% of the patientsin the late ToD
group (n=30/78; P< 0.001).

The data cutoff date was 31 August 2025, at which time the
median follow-up duration was 28.7 months (range =1.4-35.2). The
median duration of immunotherapy was 10.4 months (range =1day
to 33.4 months, interquartile range = 4.9-20.5 months) in the early
ToD group and 4.5 months (range =1day to 34.2 months, interquar-
tile range = 2.8-8.3 months) in the late ToD group. Treatment with-
drawal due to progressive disease occurred in 172 events (81.9%), as
confirmed by the Blinded Independent Review Committee (BIRC;
Extended Data Table 1). At the cutoff date, 31 patients (29.5%) in the
early ToD group and 7 patients (6.7%) in the late ToD group remained
on treatment (Fig. 1).

Efficacy

The median PFS was 11.3 months (95% confidence interval (CI) = 9.2-
13.4) for the early ToD group and 5.7 months (95% Cl =5.2-6.2) for the
late ToD group. The HR of an earlier progressionin the early ToD group
was 0.40 (95% Cl = 0.29-0.55, P< 0.001; Fig. 2a). The 1-year PFS rates
were 47.6% (95% Cl =39.0-58.2%) and 19.0% (95% Cl =12.8-28.3%) for
the early and late ToD group, respectively. HRs for earlier disease pro-
gression were <0.55in all subgroups, except for the small subset of 16
patients with liver metastases (Fig. 2b).

At the data cutoff, 126 survival events (60.0%) had occurred.
Median OS was 28.0 months (95% Cl = NE-NE) in the early ToD group
compared to 16.8 months (95% Cl =13.7-19.9) in the late ToD group,
with an HR of 0.42 (95% CI = 0.29-0.60, P < 0.001; Fig. 3a). The HRs
for earlier death remained consistently below 0.63 across all sub-
groups (Fig. 3b).

Univariate or multivariate Cox regression analyses were per-
formed on age, sex, smoking history, Eastern Cooperative Oncol-
ogy Group Performance Status, histology, brain metastases, liver
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Table 1| Baseline characteristics of patient

Characteristics Early ToD group Late ToD group Pvalue
(n=105) (n=105)
Age (year, median, 61(33-80) 60 (34-77) 0.53
range)
Sex (n, %)
Male 95 (90.5) 95 (90.5)
1.000
Female 10(9.5) 10(9.5)
Smoking history (n, %)
Smoker 84 (80.0) 87(82.9)
0.590
Never smoked 21(20.0) 18 (17.1)
ECOG PS (n, %)
0 38(36.2) 32(30.5)
0.380
1 67 (63.8) 73 (69.5)
Histology (n, %)
Squamous 60 (57.1) 56 (53.3)
0.580
Adenocarcinoma 45 (42.9) 49 (46.7)
Stage (n, %)
nec 24 (22.9) 17(16.2)
0120
v 81(771) 88 (83.8)
Brain metastasis (n, %)
Yes 13 (12.4) 16 (14.3)
0.550
No 92 (86.7) 89 (84.8)
Liver metastasis (n, %)
Yes 6(5.7) 10 (9.5)
0.300
No 99 (94.3) 95 (90.5)
PD-L1TPS (n, %)
<1% 41(39.0%) 47 (44.8%)
1-49% 31(29.5%) 29 (27.5%)
0.862
250% 26 (24.8%) 22 (21.0%)
Unknown 7(6.7%) 7(6.7%)
ICIs (n, %)
Sintilimab 81(771%) 81(77.1%)
1.000
Pembrolizumab 24 (22.9%) 24 (22.9%)
Tumor burden (n, %)
>80mm 56 (53.3) 43 (41.0)
0.097
<80mm 49 (46.7) 62 (59.0)
LDH (n, %)
<1ULN 79 (75.2) 73 (69.5)
0.440
>1ULN 26 (24.8) 32(30.5)
LIPI score (n, %)
Low risk 63 (60.0) 58(55.2)
Medium risk 35(33.3) 37(35.3) 0.673
High risk 7(6.7) 10(9.5)

Immunochemotherapy administration started before 15:00h in the early ToD group and
at or after 15:00h in the late ToD group. ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LDH, lactate dehydrogenase; ULN, upper limit of normal.

metastases, PD-L1 TPS, ICl agent, LIPI score and ToD. Among these,
only ToD and PD-L1 TPS were substantial predictors of both PFS and
OS (Extended Data Fig. 2a,b).

Objectiveresponses differed between the two treatment groups.
ORRs were 69.5% (95% Cl = 60.6-78.5%) for the early ToD group

and 56.2% (95% Cl = 46.5-65.8%) for the late ToD group (P=0.046;
Extended Data Fig. 3).

Adverse events

Hematologicadverse events, includingbothany gradeand grade3-4
(leukopenia, anemia and thrombocytopenia), were the most com-
mon (Extended Data Tables 2 and 3). Notably, there were no adverse
eventsleading to death or treatment discontinuation in either group.
Hematologic toxicities of any grade were more common in the early
ToD group, with leukopenia (any grade) occurring in 44.8% and 28.6%
of patients in the early and late ToD group, respectively (P= 0.015).
However, nosignificant differences were observed in other toxicities
(any grade; Extended Data Table 2). Immune-related adverse events
were observed in both groups, with hypothyroidismand rash being the
mostcommon (any grade; Extended Data Table 3). There were no statis-
tically significant differences found in theincidence ofimmune-related
adverse events between the two groups (Extended Data Table 3).

Peripheral blood lymphocyte subsets

Flow cytometricanalyses of CD3*, CD4",CD8* T cells, B cellsand NK cells
were performed on 61 patientsin the early ToD group and 44 patients
in the late ToD group at three time points (baseline, after cycle 2 and
after cycle 4 of immunochemotherapy). Among patients included
in the flow cytometry analysis, no significant differences in baseline
demographics or disease characteristics were observed between the
early ToD and late ToD groups (Extended Data Table 4). We detected
a substantial increase in the percentage of circulating CD3* T cells
(P<0.001; Fig. 4a and Extended Data Fig. 4a) and circulating CD8*
Tcells (P<0.001; Fig. 4b and Extended DataFig. 4b) after cycle 2and 4
inthe early ToD group. In contrast, the percentage of circulating CD3*
T cells and CD8" T cells decreased after cycle 4 in the late ToD group
(Fig. 4a,b and Extended Data Fig. 4a,b). In the late ToD group, there
was an upward trend in the percentages of circulating CD4* T cells, B
cellsand NK cells, while these populations remained stable inthe early
ToD group. However, the differences among groups over time were not
statistically significant (P=0.088 for CD4" T cells, P=0.098 for B cells
and P=0.071for NK cells; Extended Data Fig. 4c-h). Notably, the CD8"/
CD4"T cell ratio increased in patients receiving early ToD immuno-
chemotherapy, whereasit decreased in thelate ToD group (P < 0.001;
Fig. 4c and Extended Data Fig. 4i). Additional exploratory analyses
were performed to evaluate the extent of CD8" T cell activation (CD38*
HLA-DR") and exhaustion (TIM-3*PD-1*) from cryopreserved peripheral
blood mononuclear cells obtained fromasmall cohort of trial patients
(early ToD, n=14; late ToD, n =25; Extended Data Fig. 5a, gating strat-
egy). The percentage of CD38"HLA-DR* CD8" T cellsincreased in both
groups, with no significant difference observed between the early
and late ToD groups (P= 0.238; Extended Data Fig. 5b,c). In contrast,
the percentage of TIM-3"PD-1" CD8" T cells increased in the late ToD
group but decreased in the early ToD group (P = 0.014; Fig. 4d and
Extended DataFig. 5d). Asaresult, following treatment, the early ToD
group exhibited a markedly elevated ratio of CD38* HLA-DR* CD8*
T cells to TIM-3*" PD-1* CD8" T cells compared to the late ToD group
(P<0.001; Fig. 4e and Extended DataFig. 5e). Our exploratory analysis
suggests that these treatment-induced changesin the peripheral blood
compositionand phenotype of lymphocyte subsets may be associated
with the ToD of administration, and in turn, may also be linked to the
efficacy ofimmunochemotherapy.

Discussion

This prospective, randomized controlled trial confirms the influence
of ToD of immunochemotherapy infusion on treatment efficacy in
patients with advanced NSCLC. Early ToD infusions of sintilimab or
pembrolizumab in combination with chemotherapy resulted in statis-
tically significant improvements in PFS, OS and ORR compared with
late ToD infusions. These results are consistent with the findings from
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Fig.2| PFS of early vs late ToD treatment group. a, Kaplan-Meier curves for
PFSinbothgroups (n=210). Colors indicate group allocation: blue, early ToD;
red, late ToD. A two-sided log-rank test was used to calculate Pvalues. Cox
proportional hazards regression was used to estimate HR and 95% CI. b, Forest

plotofthe HR and 95% Cls of an earlier progression or death according to main
patient characteristics (n =210). Cox proportional hazards regression was used to
estimate HR and 95% CI. Data are presented as HR (points) with 95% Cls (horizontal
lines). mPFS, median progression-free survival; LDH, lactate dehydrogenase.
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Fig.3|0S of early vs late ToD treatment groups. a, Kaplan-Meier curves for OS
inboth cohorts (n=210). A two-sided log-rank test was used to calculate Pvalues.
Treatment cohortsare distinguished by color scheme: early ToD is depicted inblue,
whereas late ToD is depicted in red. Cox proportional hazards regression was used

toestimate HR and 95% CI. b, Forest plot of the HR and 95% Cl of an earlier death
according to main patient characteristics (n = 210). Cox proportional hazards
regression was used to estimate HR and 95% CI. Data are presented as HR (points)
with 95% Cls (horizontal lines). NE, not estimable; mOS, median overall survival.
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Fig.4|Changesin peripheral blood lymphocytes. Patient data are expressed
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and four cycles (before the fifth cycle) ofimmunochemotherapy. a-e, Linear
regressions (solid lines) and their 95% Cls (shaded areas) showed the trend of
changes of CD3" T cell proportion (a), CD8" T cell proportion (b), the CD8*/
CD4" T cell ratio (c), TIM-3*PD-1* CD8" T cell proportion (d) and the CD38*
HLA-DR'/TIM-3' PD-1' CD8' T cell ratio (e) over time in early ToD group and
late ToD group. Data are presented as mean +s.e.m. Dotted horizontal lines
indicate the normalized baseline (ratio =1.0). P values were determined using
apermutation test (two-sided) and two-way repeated-measures ANOVA

T
After 2 cycles
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(two-sided), without adjustment for multiple comparisons. Flow cytometric
analyses of CD3*, CD4*and CD8" T cells were performed on paired blood
samples collected at baseline, after two cycles and after four cycles from 61
patientsin the early ToD group and 44 patients in the late ToD group (n =105
total patients; n = 315 total samples). CD38* HLA-DR* CD8' T cells and TIM-3*
PD-1'CD8' T cells were assessed in paired cryopreserved PBMCs collected at
baseline, after two cycles and after four cycles from 14 patients in the early
ToD group and 25 patients in the late ToD group (n = 39 total patients; n =117
total samples). Two-way RM ANOVA, two-way repeated measures analysis of
variance; PBMCs, peripheral blood mononuclear cells.

multiple retrospective studies's™.. Given that asubstantial proportion
of patients in the early ToD group remain on active treatment in the
current trial, additional follow-up is necessary to evaluate long-term
survival outcomes. The subgroup analyses indicated that treatment
infusions at early ToD yielded comparable benefits regardless of the
specific anti-PD-1 agent used or patient baseline characteristics, sug-
gesting that the survival advantage of early administration may be
consistentacross different treatment settings and patient subgroups.
We observed substantiallyimproved PFSin the early ToD group across
allPD-L1subgroups ( <1%,1-49% and >50%) and improved OS in patients
with PD-L1<1% and 1-49%. These findings have important implica-
tions for the routine clinical use of immunochemotherapy, offering
asimple and cost-neutral strategy that can be readily implemented
withoutimposing additional financial burden on the healthcare system.

Although no specificinfusion timing was mandated for patients beyond
the initial four cycles, our data show that the subsequent three treat-
ment cycles were administered to most patients within their originally
assigned infusion time window. Thus, the observed effects of ToD may
not be attributable solely to the ToD of the initial four cycles or to the
ToD ofimmunotherapy alone, given its combination with chemother-
apy. Nonetheless, this does not alter our conclusion that earlier ToD
infusion of the standard immunochemotherapy protocol for NSCLC
isassociated with improved clinical outcomes.

Most published clinical trials involving ICIs have overlooked the
potential influence of circadian rhythms. The lack of documentation
or consideration of infusion ToD in trial designs may unintentionally
affect study outcomes. Our findings suggest that failing to account
for this factor could introduce confounding bias. For example, three
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randomized phase 3 studies evaluated the role of adjuvant single-agent
IClin patients with resectable early-stage NSCLC, namely IMpower 010,
KEYNOTE-091and BR.31(ref. 22-24). While two studies reported posi-
tive outcomes overall, it remained unclear why the KEYNOTE-091 trial
failed toshowa survival benefitin the high PD-L1expression subgroup.
BR.31, on the other hand, showed no improvement in either event-free
survival or OS. Multiple confounding variables could explain these
discrepancies and the timing of ICI administration should now be
considered as one of the relevant factors. Large-scale real-world data
analyses also reported better treatment outcomes with early ToD
administration of immunochemotherapy®. Our prospective rand-
omized phase 3 trial adds further critical support to current knowledge,
showing substantial improvements in PFS and OS with early ToD ICI
administration. These findings underscore the importance of record-
inginfusion times and considering ToD as a stratification factorin the
design of future immunotherapy trials.

Immunophenotypingof peripheral blood demonstrated thatearly
ToDinfusions were associated withincreased levels of circulating CD8*
T cells and a higher ratio of activated (CD38* HLA-DR") to exhausted
(TIM-3'PD-1*) CD8' T cells. These shifts in T cell subpopulations likely
reflectincreased cytotoxicactivity and may partly explain theimproved
clinical efficacy observed inthe early ToD group. Previous studies have
also associated higher peripheral CD8" T cell counts with improved
tumor responses to ICIs**”. Although ICIs were traditionally believed
to restore pre-existing but suppressed antitumor T cell responses,
recentevidenceindicates that they may alsoinitiate de novo responses
by primingcirculating peripheral T cells, thus broadening the effective
antitumor repertoire®?. Additional data, such as T cell proliferation
measured by CD8"Ki67* and TCRrepertoire, could further support this
conclusion. However, as CD8" T cell subsets were analyzed retrospec-
tively on cryopreserved samples, the available sample size was limited
and prolonged storage may have introduced bias. Further studies are
warranted to confirm these findings. Moreover, the observed changes
in immune subsets are known indicators of a favorable response to
immunotherapy®. Given the superior outcomes observedin the early
ToDgroup, itremains challenging to determine whether these cellular
effects are directly attributable to the timing of infusion or instead
reflect a consequence of the improved clinical response. A study in
ref. 31demonstrated a change in both the quantity and the quality of
tumor-infiltrating CD8" T cells according to circadian rhythms and
have shown their substantial impact on immunotherapy efficacy in
both mouse and human cancer models. The relationship between
blood-basedimmune cell status and tumor-infiltrating lymphocyte sta-
tus remains unclear. While our datashow obvious changes in peripheral
immune profiles, the absence of paired post-treatment tumor biopsies
preventsus fromdirectly assessing differences in intratumoralimmune
responses between both ToD groups. Preclinical models suggest that
increasesin circulating CD8" T cells can influence localimmune activ-
ity®; however, further research is needed to confirm this effect in
patients. Additionally, ToD-dependent leukocyte profiles are predic-
tivefor OSimprovement in patients with advanced melanoma receiving
anti-PD-1therapy**. Future investigations incorporating paired blood
and tumor tissue samples will be essential to elucidate the relationship
between peripheraland intratumoralimmune responses and to more
clearly define the mechanisms underlying the ToD-dependent efficacy
ofimmunotherapy.

Thissingle-center study was conducted in China and the findings
may differ from those observed in Western populations, highlighting
the need for furtherinternational multicenter studies to prospectively
evaluate and extend the ToD-related findings across diverse popula-
tions, as suggested by multiple retrospective studies conducted across
three continents. Although statistically significant differences in OS
were observed between the two groups at the time of this analysis, the
OS data have not yet matured. We will continue survival follow-up and
report mature survival data upon reaching 65% of events. While our

lymphocyte subset data and existing evidence suggest that ToD effects
may involve circadian modulation ofimmune cellinfiltration and func-
tion, theunderlying mechanisms remainincompletely understoodin
patients. These effects likely arise from complex interactions between
immunological responses and drug pharmacokinetics, highlighting
the need for further dedicated mechanistic studies.

In conclusion, infusion of immunochemotherapy at early ToD
improves PFS and OS in patients with advanced NSCLC. Future clini-
cal trials of immunotherapy should, at a minimum, document infu-
sion time and may also consider incorporating infusion time as a
stratification factor.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information, details of author contri-
butionsand competinginterests; and statements of dataand code avail-
ability areavailable at https://doi.org/10.1038/s41591-025-04181-w.
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Methods

Study design

This prospective, randomized, single-center, open-label phase 3 trial
(LungTIME-CO1) was designed to compare survival outcomes between
patients whoreceived their first four cycles ofimmunochemotherapy
before15:00 hand those who received them after15:00 h. Participants
were enrolled at Hunan Cancer Hospital between 22 September 2022
and 21 May 2024.

The trial was registered on ClinicalTrials.gov on 22 September
2022 (NCT05549037, https://clinicaltrials.gov/search?cond=Lung%20
Cancer&term=NCT05549037) and conducted at Hunan Cancer Hospi-
tal. All patients provided writteninformed consent before enrollment,
including consent for publication of de-identified medical data. The
full study protocol is provided in the Supplementary Note.

Ethics approval and consent

This study was conducted in accordance with the principles of the
Declaration of Helsinki and the guidelines of Good Clinical Practice. The
study protocol was reviewed and approved by the Ethics Committee
of Hunan Cancer Hospital. All participants provided writteninformed
consent before enrollment.

Patients

Patients aged >18 years with histologically or cytologically confirmed
stage llIC-IVNSCLC, who had not received prior systemic therapy, were
enrolled in this trial. In this study, all patients with adenocarcinoma
underwent next-generation sequencing (NGS), whereas NGS was not
required for patients with squamous cell carcinoma*'. Among those
whounderwent NGS, EGFR, ALK and ROS1 sensitizing alterations were
all assessed. Patients were excluded if they had symptomatic active
central nervous system metastases, a history of pneumonitis requir-
ing glucocorticoid therapy or active autoimmune disease. Complete
eligibility criteriaarelisted in the protocol (see Supplementary Note for
full study protocol). All enrolled patients understood the requirements
and details of the clinical trial and provided signed informed consent.
Patients’biological sex (female/male) was documented, whereas data
onsex identity were not recorded. Tumor burden was assessed based
on the response evaluation criteria in solid tumors (RECIST) sum of
targetlesions. The LIPI, defined by aderived neutrophil-to-lymphocyte
ratio >3 and lactate dehydrogenase > upper limit of normal, was used
to classify patientsinto the following three risk groups: low risk (O fac-
tors), medium risk (1factor) and high risk (2 factors)®.

Study design and treatments

Randomization was performedinal:1ratio usingacomputer-generated
random number table prepared by anindependent statistician, without
stratification. Due to the nature of infusion scheduling, the study was
open-label and blinding of patients and investigators was not feasible.
The15:00 h cutofftime defining early and late ToD treatment groups was
determined from a preliminary retrospective analysis of 447 patients
atHunan Cancer Hospital (2017-2021), which identified this time point
asyielding the lowest HR for PFS among various candidate cutofftimes
(see Supplementary Note for full study protocol). We exerted strict
control oninfusion ToD only during the first four cycles’>*%*. Patientsin
theearly ToD group received ICI (pembrolizumab or sintilimab) before
15:00 h, whereas those in the late ToD group received treatment after
15:00 h. Chemotherapy was infused approximately 30 minutes after
immunotherapy. After the first four cycles, patients received mainte-
nance therapy with unstipulated infusion times.

Pembrolizumab or sintilimab (200 mg) was given every three
weeks until disease progression, death or occurrence of intolerable
adverse events. Immunotherapy was combined with chemotherapy
every three weeks based on histological type and established guide-
lines. Patients with squamous cell carcinoma received carboplatin
(AUC =5 mg ml™min™) and nab-paclitaxel (200 mg m™). Patients

with histologically confirmed adenocarcinoma received carboplatin
(AUC =5 mg ml™ min™) and pemetrexed (500 mg m™?) followed by
maintenance pemetrexed after the cycle 4.

PD-L1immunohistochemistry and scoring

PD-L1 testing was not mandatory in this trial. For patients with avail-
able pretreatment tumor tissue, PD-L1 expression was evaluated
at our institutional central pathology laboratory. Formalin-fixed
paraffin-embedded samples were stained using the 22C3 pharmDx
antibody on the Dako Autostainer Link 48 platform, following the manu-
facturer’sinstructionsand standardized procedures. PD-L1expression
was initially recorded as a continuous TPS (0-100%). For statistical
analyses, TPS values were subsequently stratified into conventional cat-
egories (<1%,1-49%,>50%). Results were available for 93.33% (196/210)
of patients; data for some patients were missing due toinsufficient tis-
sue samples. All tissue samples were processed and interpreted using
identical procedures in this study, thereby minimizing potential bias.

Endpoints and assessments

The primary endpoint was PFS according to BIRC. Secondary endpoints
included OS and objective responserate, also assessed by the BIRC. All
thebaseline and imaging documents used for response and progressive
disease assessments were evaluated by the BIRC, inaddition toroutine
evaluations conducted by the clinical oncology management team.
Changesintumorburdenwere assessed every two cycles using imaging
scans thatincluded computed tomography, magnetic resonanceimag-
ing and/or positron emission tomography-computed tomography. All
patients underwent brain magnetic resonance imaging with contrast
atenrollment. Tumor responses were classified and confirmed accord-
ing to RECIST criteria (version 1.1)*®. Adverse events and laboratory
abnormalities were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (version 4.0).

Trial oversight

The trial was designed and conducted by an academic group at Hunan
Cancer Hospital. The trial protocol, along with all amendments, was
approved by the Ethics Committee of Hunan Cancer Hospital. All patients
provided writteninformed consent before enrollment. Biomarker test-
ing was not mandated by the study protocol. Peripheral blood lym-
phocyte subsets from consenting patients were quantified every two
cycles over the initial four cycles. The authors guarantee the accuracy
and completeness of the data and the fidelity of the trial to the protocol.

Whole blood lymphocyte subsets analysis

For patients who voluntarily participated in the lymphocyte subset
analysis, blood samples were collected between 08:00 hand 10:00 hin
themorningatbaseline and after cycles 2 and 4 for the quantification of
blood cell counts andimmune cell subsets. For the volunteering patients
who participated in the lymphocyte subset analysis, flow cytometry was
performed on the collected samples. The assessed subsets included
total Tcells (CD3"), CD4* T cells (CD3", CD4"), CD8" T cells (CD3*, CD8’),
B cells (CD37, CD20") and NK cells (CD16*, CD56%) (Multitest IMK Kit,
BD Biosciences). These subsets were prespecified as exploratory end-
points. The post hoc analysis of activated (CD38"HLA-DR"'CD3*CD8")
and exhausted (TIM-3'PD-1'CD3*CD8") CD8" T cells was restricted to
blood samples with sufficiently well-preserved cells.

Statistical analyses

Samplessize calculation was performed using PASS software (version15.0,
NCSS). Thelog-rank test was applied under the assumption that median
PFSwas 6 and 10 monthsin the late and early ToD groups, respectively.
The calculation was based on a statistical power of 0.8, a two-tailed
significance level of less than 0.05, a group allocation ratio of 1:1 and
ananticipated loss to follow-up rate of 5%. Using these parameters, the
required sample size was estimated at 210 participants, with105 perarm.
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For continuous variables following a normal distribution, results
were presented as mean values with standard deviations or standard
error of themean and compared using Student’s ¢ test, unless specified
otherwise. For non-Gaussian distributed continuous variables, median
values, range and interquartile ranges were reported, with comparisons
made using the Wilcoxon rank-sum test. Categorical variables were
expressed as numbers and percentages, with statistical significance
assessed using either the chi-square test or Fisher’s exact test. Median
follow-up time was estimated using the reverse Kaplan-Meier method,
whichaccounts for censored dataand calculates the time point at which
50% of the cohort remained event free. The log-rank test was employed
to evaluate between-group differences in OS and PFS. The HRs were
estimated using a Cox regression model. Univariate and multivariate
Cox regression analyses were also conducted to assess the impact
of potential confounding factors on OS and PFS. The proportional
hazards assumption for the Cox model was assessed using the Sch-
oenfeld residuals test, implemented via the ‘cox.zph’ function in the
survival package (v3.3.1, https://github.com/therneau/survival)”. AP
value <0.05was considered indicative of aviolation of this assumption.

Comparisons were conducted among patients with complete
lymphocyte data at all three time points. Linear regression analyses
were used to identify progressive changes in specific lymphocyte
subtypes over the course of treatment. The regression line was con-
strained tostartat1. Arepeated two-way analysis of variance was per-
formed to assess theimpact of time point and ToD of immunotherapy
ontheratios oflymphocyte subsets by using the ‘ezANOVA()’ function
in the ez package (v4.4.0, https://github.com/mike-lawrence/ez).
The Pvalue for the main effect of the ToD group was reported. We
compared slopes across ToD groups using the methods presented by
Nekola and White. This analysis used the ‘diffslope()’ function from
the simba package (version 0.3-5, https://cran.r-project.org/web/
packages/simba/)***,

Data processing, statistical analyses and figure generation were
performed using SPSS (v27.0.1.0; https://www.ibm.com/spss), Graph
Pad Prism (v9.5.1; https://www.graphpad.com/) and R (v4.0.3; http://
www.R-project.org/).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Due to concerns regarding patient privacy and institutional data
governance, the clinical datasets generated or used in this study are
not publicly accessible. To protect the confidentiality of patients,
de-identified individual-level data may be made available upon rea-
sonable request. Researchers interested in accessing the data should
contactY.Z.at Hunan Cancer Hospital. All inquiries will be addressed
within approximately 10 weeks. Each request willundergo evaluation
by the data oversight committee of Hunan Cancer Hospital to assess
compliance with confidentiality policies and potential intellectual
property constraints.
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Extended Data Fig. 1| Distribution ofimmunotherapy infusion times. (a) Distribution of first 4 infusion times among 210 patients, who were divided into early
time-of-day (ToD) infusion group and late ToD group. (b) Histogram of median times of the first 4 infusions per patient (n = 210).
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Extended DataFig. 2 | Univariate and multivariate Cox regression analyses of
patient characteristics. (a) Forest plots of the univariate and multivariate Cox
regression results for progression-free survival (PFS) (n =210). (b) Forest plots
of the univariate and multivariate Cox regression results for overall survival (OS)
(n=210). Pvalues (two-sided), hazard ratios (HRs), and 95% confidence intervals
of HRs were estimated using univariable or multivariable Cox proportional

hazards models, and P values were not adjusted for multiple comparisons.
Dataare presented as HR (points) with 95% Cls (horizontal lines). ICI,immune
checkpoint inhibitor. LUSC, lung squamous cell carcinoma. LUAD, lung
adenocarcinoma. ECOG PS, Eastern Cooperative Oncology Group Performance
Status. LIPI, Lung Immune Prognostic Index.
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Extended Data Fig. 3| Response rates of patients according to ToD treatment group. The tumor response was assessed by a blinded independent review committee
(BIRC) (n =210). P values were determined using a two-sided chi-square test. ToD, time-of-day. PR, partial response. SD, stable disease. PD, progressive disease.
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Extended DataFig. 5| Shifts in peripheral lymphocyte subset composition
throughoutimmunochemotherapy administration. Representative flow
cytometry gating strategy used to identify CD38*HLA-DR*CD8" T cellsand
TIM-3'PD-1'CD8"* T cells from peripheral blood mononuclear cells (PBMCs) (a).
Linear regressions (solid lines) with shaded 95% confidence intervals illustrate
changesin CD38" HLA-DR* CD8" T cell proportions (b). Data are presented

as mean +s.e.m. Dotted horizontal lines indicate the normalized baseline
(ratio =1.0). P values were determined using a permutation test (two-sided)
and two-way repeated-measures ANOVA (two-sided), without adjustment for
multiple comparisons. Line-point graphs depict dynamic changes of CD38*
HLA-DR*CD8" T cell (c), TIM-3*PD-1* CD8"* T cell proportion (d) and CD38*

HLA-DR'/TIM-3"PD-1* CD8" T cell ratio (e) in individual patients from the early
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were assessed in paired cryopreserved PBMCs collected at baseline, after 2 cycles
and after 4 cycles from 14 patients in the early ToD group and 25 patients in the
late ToD group (n =39 total patients; n =117 total samples).
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Extended Data Table 1] Information about the clinical trial

Early ToD group Late ToD group
Enrollment time (year, month) 2022.9-2024.5
Duration of follow-up (median) 28.7 months
Duration of treatment (median, IQR) 10.4 (4.9 —20.5) months 4.5 (2.8 — 8.3) months
No. of chemotherapy-containing cycles (median, range) 4(1-34) 4(1-34)
No. of ICI infusion cycles (median, range) 10 (1 —40) 6(1—-34)
Time of onset of immunochemotherapy during the 4
initial treatment cycles, clock hours
(median, range) 10:55 (7:34 — 14:00) 15:57 (15:00 — 20:39)

Nature Medicine



Article

https://doi.org/10.1038/s41591-025-04181-w

Extended Data Table 2 | Treatment-related adverse events during all treatments

Any grade Grade 3-4
Early ToD group Late ToD group Early ToD group Late ToD group

(n, %) (n, %) (n, %) (n, %)
Leukopenia 47 (44.8) 30 (28.6) 18 (17.1) 15 (14.2)
Anemia 46 (43.8) 45 (42.9) 16 (15.2) 19 (18.1)
Thrombocytopenia 22(21.0) 21 (20.0) 8 (7.6) 11 (10.5)
Transaminases increased 9(8.6) 14 (13.3) 1(1) 1(1)
Creatinine increased 7(6.7) 11 (10.5) 0(0) 0(0)
Pruritus 1(1) 2(1.9) 0(0) 1(1)
Cough 11 (10.5) 15 (14.3) 1(1) 0(0)
Hemoptysis 1(1) 1(1) 1(1) 0(0)
Pneumonia (infectious) 5(4.8) 6(5.7) 0(0) 0(0)

*Fisher's Exact Test was used to evaluate the association between categorical variables.
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Extended Data Table 3 | Immune-related adverse events during all treatments

Any grade Grade 3-4
Early ToD group Late ToD group Early ToD group Late ToD group

(n, %) (n, %) (n, %) (n, %)
Hypothyroidism 12 (11.4) 11(10.5) 1(1) 4 (3.8)
Hyperthyroidism 5(4.8) 4(3.8) 0(0) 0(0)
Rash 13 (12.4) 17 (16.2) 2(1.9) 2(1.9)
Pneumonia (immune) 4 (3.8) 5(4.8) 1(1) 2(1.9)
Pancreatitis (immune) 0 (0) 1(1) 0(0) 0(0)
Hepatitis (immune) 1(1) 1(1) 0(0) 1(1)
Blood glucose increased 4 (3.8) 1(1) 0(0) 0(0)

*Fisher's Exact Test was used to evaluate the association between categorical variables.
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Extended Data Table 4 | Baseline demographics and disease characteristics of patients included in the flow cytometry
analysis by study group

Early ToD group Late ToD group

Characteristics (n=61) (n=44) P value

Age 0.284
<60 yr 30 (49.2) 17 (38.6)
>60 yr 31 (50.8) 27 (61.4)

Sex (n, %) 0.758*
Male 54 (88.5) 40 (90.9)
Female 7(11.5) 4(9.1)

Smoking history (n, %) 0.81
Smoker 51 (83.6) 36 (81.8)
Never smoked 10 (16.4) 8(18.2)

ECOG PS (n, %) 0.889
0 20 (32.8) 15 (31.4)
1 41 (67.2) 29 (68.6)

Histology (n, %) 0.809
Squamous 36 (59.0) 21 (61.4)
Adenocarcinoma 28 (41.0) 23 (38.6)

Stage (n, %) 0.373
IIC 14 (23.0) 7 (15.9)
I\Y 47 (77.0) 37 (84.1)

Brain metastasis (n, %) 0.986
Yes 7 (11.5) 6(11.4)
No 54 (88.5) 39 (88.6)

Liver metastasis (n, %) 1.000*
Yes 4 (6.6) 2 (4.5)
No 57 (93.4) 42 (95.5)

PD-L1 TPS (n, %) 0.761*
<1% 24 (39.3) 16 (36.4)
1-49% 16 (26.2) 14 (31.8)
>50% 15 (24.6) 12 (27.3)
Unknown 6 (9.8) 2(4.5)

ICIs (n, %) 0.756
Sintilimab 46 (75.4) 32 (72.7)
Pembrolizumab 15 (24.6) 12 (27.3)

Tumor burden (n, %) 0.123
>80 mm 30 (49.2) 15 (34.1)
<80 mm 31 (50.8) 29 (65.9)

LDH (n, %) 0.192
<1 ULN 46 (75.4) 28 (63.6)
>1 ULN 15 (24.6) 16 (36.4)

LIPI score (n, %) 0.457*
Low risk 38 (62.3) 24 (54.5)
Medium risk 18 (29.5) 18 (40.9)
High risk 5(8.2) 2 (4.5)

*Fisher's exact test.
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- A description of any restrictions on data availability
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To protect patient privacy and comply with institutional data governance policies, the clinical datasets involved in this study are not openly shared. However, de-
identified individual-level data can be provided to qualified researchers upon reasonable request. Interested parties may contact Dr. Yongchang Zhang
(zhangyongchang@csu.edu.cn) at Hunan Cancer Hospital. All requests will be reviewed by the hospital’s data access committee to ensure adherence to privacy
regulations and to evaluate potential intellectual property considerations. A formal response will typically be issued within 10 weeks of the inquiry.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation)
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender We report the sex of patients (biological attribute). The sex classification was based on patient self-reporting and information
from family members and confirmed through physician examination.

Reporting on race, ethnicity, or  All participants included in this study were East Asians, having been born and raised in China. Other socially relevant

other socially relevant groupings were not considered as variables in this research.
groupings
Population characteristics Of the 210 patients who were randomized, 190 (90.5%) were men and 171 (81.4%) were ever-smokers. PD-L1 tumor

proportion scores (TPS) were available in 196 cases (93.3%), with 88 (41.9%) showing TPS <1%, 60 (28.6%) showing TPS 1—
49%, and 48 (22.9%) showing TPS 250%. Most patients received sintilimab (163, 77.6%), while the remaining 47 (22.4%) were
treated with pembrolizumab. Baseline LDH exceeded 1xULN in 150 patients (72.4%). According to the Lung Immune
Prognostic Index, 121 patients (57.6%) were classified as low risk, 72 (34.3%) as intermediate risk, and 12 (8.1%) as high risk.

Recruitment This study was conducted at Hunan Cancer Hospital. Patient recruitment followed strict inclusion and exclusion criteria as
specified in the study protocol.

Eligible subjects selected for this study must meet all of the following criteria:

1. Understanding the requirements and content of the clinical trial, and providing a signed and dated informed consent form.
2.Male or female patients aged >18 years at the time of signing the informed consent form.

3. An Eastern Cooperative Oncology Group (ECOG) performance status of 0-1.

4. Histologically or cytologically confirmed stage I11C-IV non-small cell lung cancer (NSCLC) with no prior systemic treatment.
Disease staging should be based on the 8th edition of the AIJCC/UICC NSCLC staging system.

5. Presence of measurable target lesions as defined by RECIST 1.1, confirmed by CT or MRI within 28 days prior to the first
dose of study drug.

6. Negative for EGFR, ALK, and ROS1 mutations, as confirmed by a certified laboratory.

7. Patients with stable brain metastases are eligible if no local treatment or steroid tapering is required.
8.FEV1 > 1.0 Land FEV1% > 40%.

9. Adequate hematologic and major organ function defined by the following laboratory criteria, with tests completed within
14 days prior to the first dose of study treatment:

(1) Hematology (no hematopoietic stimulating factor drugs or blood transfusion within 14 days before the first study
treatment): absolute neutrophil count (ANC) > 1.5 x 109/L, absolute lymphocyte count (LC) > 0.5 x 109/L; platelet count (PLT)
> 100 x 109/L, hemoglobin (Hb) > 90 g/L
(2) Liver function: aspartate transferase (AST) and alanine aminotransferase (ALT) < 3 x ULN; serum total bilirubin (TBIL) < 1.5
x ULN (total bilirubin < 3.0 mg/dL in patients with confirmed Gilbert syndrome); albumin (ALB) > 3 g/dL;

(3) Renal function: creatinine clearance rate (CrCl) > 45 mL/minute (by Cockcroft-Gault formula);

(4) Coagulation: international normalized ratio (INR) < 1.5, activated partial thromboplastin time (APTT) < 1.5 x ULN;

(5) Cardiac color ultrasound: left ventricular ejection fraction (LVEF) 2 50%

10. Female or male patients of childbearing potential who are not surgically sterilized must agree to abstain from sexual
intercourse (avoid heterosexual intercourse) or use at least one medically acceptable contraceptive (e.g., bilateral tubal
ligation, male sterilization, hormonal contraceptives that inhibit ovulation, intrauterine device that releases hormones and
copper-containing intrauterine device) during the study treatment period and for 180 days after the end of the study
treatment period; female patients of childbearing potential who are not surgically sterilized must have a negative serum HCG
test within 14 days before the first dose.

Ethics oversight This study was performed in compliance with the ethical principles outlined in the Declaration of Helsinki and followed the
guidelines of the International Conference on Harmonization for Good Clinical Practice. The protocol received ethical
approval from the Hunan Cancer Hospital Institutional Review Board Committee (Expedited Review No. 14 in 2022). Written
informed consent was obtained from all participants prior to their inclusion in the study.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size calculation was performed using PASS software (version 15.0, NCSS LLC, Kaysville, Utah, USA). The log-rank test module was
applied based on the assumption of median PFS at 6 and 10 months in the late and early ToD group, respectively. The calculation was based
on a statistical power of 0.8, a two-tailed significance level of less than 0.05, a group allocation ratio of 1:1, and an anticipated loss to follow-
up rate of 5%. Using these parameters, the required sample size was determined to be 210 participants, with 105 in each arm.

Data exclusions  No patients were excluded from the data analysis.

Replication All experimental findings reported in this study are reproducible. Experimental procedures were performed on samples from multiple
| patients, yielding consistent conclusions. Both statistically significant and non-significant findings are reported.

Randomization  Subjects who meet the study entry criteria will be randomly assigned in a 1:1 ratio to either the Early ToD group or the Late ToD group.
Randomization was performed in a 1:1 ratio using a computer-generated random number table prepared by an independent statistician.
- Group assignments were concealed in sequentially numbered, opaque, sealed envelopes, and were not accessible to study investigators until
the point of allocation.

Blinding Due to the nature of the study, blinding of patients and treating physicians was not feasible, as infusion timing was inherently apparent.
Treatment efficacy was assessed by a blinded independent review committee (BIRC).
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
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Antibodies

Antibodies used anti-human PD-1 (CD279) (Thermo Fisher/eBioscience, Cat. no. 62-2799-42, clone eBioJ105 (J105), 5 ulL/test),
anti-human CD8 (Thermo Fisher/eBioscience, Cat. no. 414-0088-42, clone RPA-T8, 5 ul/test),
anti-human TCF-7/TCF-1 (BD Biosciences, Cat. no. 567018, clone 5S33-966, 5 ul/test),
anti-human TIM-3 (CD366) (Thermo Fisher/eBioscience, Cat. no. 12-3109-42, clone F38-2E2, 5 ul/test),
anti-human HLA-DR (Thermo Fisher/eBioscience, Cat. no. 45-9956-42, clone LN3, 5 ul/test),
anti-human CD3 (Thermo Fisher/eBioscience, Cat. no. 17-0038-42, clone UCHT1, 5 ul/test),
anti-human CD38 (Thermo Fisher/eBioscience, Cat. no. 47-0389-42, clone HIT2, 5 ul/test).

Validation All the antibodies used in this study were commercial antibodies, with validation procedures described on the following sites of the
manufacturers:
anti-human PD-1 (CD279) (Thermo Fisher/eBioscience, Cat. no. 62-2799-42),
https://www.thermofisher.cn/cn/zh/antibody/product/CD279-PD-1-Antibody-clone-eBio)105-/105-Monoclonal/47-2799-42

anti-human CD8 (Thermo Fisher/eBioscience, Cat. no. 414-0088-42),
https://www.thermofisher.cn/cn/zh/antibody/product/CD8a-Antibody-clone-RPA-T8-Monoclonal /414-0088-42

anti-human TCF-7/TCF-1 (BD Biosciences, Cat. no. 567018),
https://www.antibodyregistry.org/AB_2916388
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anti-human TIM-3 (CD366) (Thermo Fisher/eBioscience, Cat. no. 12-3109-42),
https://www.thermofisher.cn/cn/zh/antibody/product/CD366-TIM3-Antibody-clone-F38-2E2-Monoclonal/12-3109-42

anti-human HLA-DR (Thermo Fisher/eBioscience, Cat. no. 45-9956-42),
https://www.thermofisher.cn/cn/zh/antibody/product/HLA-DR-Antibody-clone-LN3-Monoclonal /45-9956-42
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anti-human CD3 (Thermo Fisher/eBioscience, Cat. no. 17-0038-42),
https://www.thermofisher.cn/cn/zh/antibody/product/CD3-Antibody-clone-UCHT1-Monoclonal/17-0038-42
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anti-human CD38 (Thermo Fisher/eBioscience, Cat. no. 47-0389-42).
https://www.thermofisher.cn/cn/zh/antibody/product/CD38-Antibody-clone-HIT2-Monoclonal/47-0389-42

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMIE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.
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Clinical trial registration  Clinicaltrial.gov number: NCT05549037

Study protocol ' Comprehensive information regarding the study protocol can be found in the Methods section of the manuscript, within the
supplementary materials, and on the ClinicalTrials.gov website under the identifier NCT05549037

Data collection From September 2022 to May 2024, 210 patients were recruited at Hunan Cancer Hospital for participation in this study. Data on
baseline characteristics, demographics, treatment regimens, therapeutic responses, follow-up outcomes, and other visit-related
information were systematically collected and entered into a centralized study database.

Outcomes The primary endpoint was progression-free survival (PFS), defined as the time from randomization to radiographic disease
progression or death from any cause, whichever occurred first. PFS was assessed by a blinded independent review committee (BIRC)
according to RECIST version 1.1, based on protocol-scheduled imaging evaluations (CT, MRI, and/or PET-CT).

The secondary endpoints included overall survival (OS), objective response rate (ORR), and duration of response (DoR). 0S was
defined as the time from randomization to death from any cause and was monitored throughout the follow-up period. ORR and DoR
' were determined by the BIRC using RECIST v1.1 criteria. All baseline imaging and subsequent radiologic assessments used for
response and progression evaluation were independently reviewed by the BIRC, in addition to routine clinical assessments
performed by the oncology team.

Safety endpoints included the incidence and severity of treatment-related adverse events (AEs) and laboratory abnormalities. AEs
were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.0.
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Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots
Confirm that:
@ The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

g The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
]g All plots are contour plots with outliers or pseudocolor plots.

@ A numerical value for number of cells or percentage (with statistics) is provided.

Methodology
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Sample preparation Peripheral whole blood samples were collected from 210 enrolled patients between 08:00h and 10:00h at baseline, after
cycle 2, and after cycle 4. For lymphocyte subset analysis, samples from consenting patients were processed by density




DM -i Mt MBULIVIE WY ISVIGLE PSHIPIITI Al UIVUU THUIVTIULIEdT LRIS (FDIVILS). FIOW CYLOMEeTry was then perrormed on
freshly isolated cells. Remaining cells were resuspended in cryopreservation medium and stored at —80°C for future analysis.

Instrument BD FACSMelody™ Cell Sorter (BD Biosciences, New Jersey, USA)

Software Flowjo V10

Cell population abundance The abundance of total T cells (CD3+), CD4+ T cells (CD3+ CD4+), CD8+ T cells (CD3+ CD8+), B cells (CD3- CD20+), and NK cells .
(CD16+ CDS6+) CD8+ T cells (CD38+ HLA-DR+ CD3+ CD8+) and exhausted CD8+ T cells (TIM-3+ PD-1+ CD3+ CD8+)was
determined.

Gating strategy Lymphocyte subpopulations were identified based on forward scatter/side scatter (FSC/SSC) and surface marker expression.

The gating strategy involved exclusion of doublets and debris, followed by sequential gating for CD3, CD4, CD8, CD20, CD16,
CD56, CD38, HLA-DR, PD-1, and TIM-3. Boundaries between positive and negative populations were defined using isotype
controls and single-stained samples.

& Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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