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Objective: This retrospective study aimed to compare the real-world effectiveness and safety of anlotinib plus immune checkpoint
inhibitors (ICIs) combination therapy versus chemotherapy in elderly patients with extensive-stage small-cell lung cancer (ES-SCLC).
Methods: A total of 119 elderly patients (age >65 years) with ES-SCLC were screened and included in this study. Patients who
received anlotinib plus ICIs (N = 59) were treated as observation group (OG). Subjects who received single-agent chemotherapy
(irinotecan, docetaxel or paclitaxel) (N = 60) were deemed as control group (CG). Overall survival (OS) was the primary endpoint.
Secondary endpoints included progression-free survival (PFS), objective response rate (ORR), disease control rate (DCR), Duration of
response (DoR) and tolerability. Kaplan—-Meier methods and Log rank tests were used to analyze OS/PFS/DoR with Cox proportional
hazards modeling for multivariate analysis.

Results: Median age was comparable with 71 years in both groups. Anlotinib plus ICIs showed significantly prolonged survival:
median OS was 11.9 months (95% CI: 8.93—14.87) in OG versus 6.7 months (95% CI: 3.41-9.99) in CG (HR=0.53, 95% CI:
0.35-0.81, P=0.003). Median PFS was 5.5 months (95% CI: 4.43-6.57) in OG and 3.1 months (95% CI: 2.82-3.38) in CG (HR=0.56,
95% CI: 0.38-0.83, P=0.003). ORR was higher in OG (33.9% vs 15.0%, P=0.016), as was DCR (79.7% vs 55.0%, P=0.004).
Treatment-related adverse events (TRAEs) of grade >3 was 42.4% in anlotinib plus ICIs and 55.0% in chemotherapy group, and this
difference was not statistically significant (P=0.168). The most common TRAEs in OG were fatigue (54.2%), hypertension (45.8%),
nausea/vomiting (39.0%) and hand—foot syndrome (27.1%). The frequent TRAEs in CG included myelosuppression (55.0%), nausea/
vomiting (48.3%), Fatigue (41.7%) and AST/ALT elevation (33.3%).

Conclusion: Anlotinib combined with ICIs demonstrated improved OS compared to single-agent chemotherapy with acceptable
safety profile in elderly patients with ES-SCLC. These real-world findings were hypothesis-generating and required confirmation in
prospective trials.
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Introduction

Small-cell Iung cancer (SCLC) is a highly aggressive malignancy that accounts for approximately 15% of all lung
cancers.' The vast majority of SCLC patients present with extensive-stage disease (ES-SCLC) at diagnosis (70%) due to
rapid progression and early metastasis.” ES-SCLC carries a dismal prognosis with historical 5-year survival rates under
5%.> For decades, the standard first-line therapy for ES-SCLC has been platinum-based combination chemotherapy
(typically cisplatin or carboplatin plus etoposide), which yields high initial response rates (60—65%) but only a short
survival benefit.® Relapse is almost universal and often rapid, reflecting the emergence of chemo-resistant tumor clones.”

Managing ES-SCLC is especially challenging in elderly patients, in whom limited physiologic reserve can constrain
tolerable treatment options.” Lung cancer predominantly affects older adults, and approximately 67% of SCLC patients are
considered elderly.® In these patients, coexistent comorbidities and age-related decline in organ function often limit the use of
aggressive therapies.” In the present study, age >65 years was selected as the elderly threshold because this cutoff was widely
used in geriatric oncology research and clinical guidance, while recognizing that chronological age alone did not define
physiologic fitness.® Clinical trials in SCLC have historically imposed strict upper age limits or fitness criteria (usually <75
years), resulting in underrepresentation of patients >65-70 years.” For example, the pivotal trials of new agents in SCLC
enrolled relatively younger patients (median ages in the 50s—60s). As a consequence, evidence guiding optimal therapy in the
elderly population is scarce, and clinicians must extrapolate from younger cohorts.'® Real-world patterns show that many very
elderly SCLC patients receive no specific anticancer therapy due to frailty, leading to a median survival of only 1-3 months if
untreated.!' Even among octogenarians who do receive chemotherapy, outcomes are poor (median survival of approximately
7 months), highlighting the need for more effective yet tolerable treatments for elderly patients.'?

Recent therapeutic innovations in SCLC have introduced immune checkpoint inhibitors (ICIs) into first-line treatment. In
2019, the IMpower133 trial demonstrated that adding the anti-PD-L1 antibody atezolizumab to first-line platinum—etoposide
significantly prolonged overall survival (OS) (median: 12.3 vs 10.3 months, HR=0.70) and increased 1-year survival from
38% to 51%." This established chemo-immunotherapy followed by maintenance immunotherapy as a new standard of care
for ES-SCLC. Similarly, the CASPIAN trial showed improved outcomes with durvalumab (another PD-L1 inhibitor) plus
platinum—etoposide.'* However, these advances, while important, have yielded only incremental survival gains of 2-3 months,
and most patients still relapse within 6 months of first-line therapy.'> Moreover, the benefit of immunotherapy in the elderly
remains uncertain, as elderly patients are underrepresented in trials (in one analysis, only 40% of patients in key immunother-
apy trials were >65). There is concern that frail older individuals may not tolerate combination chemo-immunotherapy,
leading some to receive attenuated regimens or immunotherapy alone in real-world practice.'®

The later-line setting is further complicated by platinum sensitivity. Platinum-sensitive relapse, commonly defines as
relapse >90 days after completion of platinum-based therapy, tends to be associated with better subsequent outcomes than
platinum-resistant relapse. Nevertheless, both platinum-sensitive and platinum-resistant diseases have limited durable
treatment options, especially in elderly patients.'” Although lurbinectedin and other newer agents have expanded the
therapeutic landscape in some regions, access and elderly-specific evidence remain limited, and the optimal later-line
strategy after platinum-based therapy and immunotherapy has not been established.'®

Incorporating antiangiogenic therapy is a promising strategy. SCLC is highly vascular with VEGF expression
reported in a large proportion of tumors (up to 80% in some series), and higher VEGF levels have been associated
with poorer prognosis.'® This provides a rationale for targeting angiogenesis in SCLC. Early trials of antiangiogenic
agents produced mixed results. The VEGF antibody bevacizumab modestly improved progression-free survival (PFS)
when added to frontline chemotherapy in ES-SCLC, other randomized programs (including maintenance/continuation
strategies) similarly failed to show a consistent survival advantage.”® Multiple tyrosine kinase inhibitors (TKIs) against
VEGF receptors (vandetanib, sunitinib, sorafenib, pazopanib, apatinib, etc.) were tested in second-line settings, but most
failed to show significant clinical benefit. One notable exception was anlotinib, a novel oral TKI targeting VEGFR-1-3,
FGFR-1-4, PDGFR-0/f, c-Kit and RET. In the randomized Phase II ALTER 1202 trial, anlotinib as third-line therapy for
relapsed SCLC significantly improved median PFS (4.1 vs 0.7 months for placebo) and OS (7.3 vs 4.9 months).?' These
positive results led the China National Medical Products Administration (formerly CFDA) to approve anlotinib in 2019
as the standard of care for third-line treatment of SCLC. Subsequent studies confirmed that anlotinib monotherapy
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exhibited meaningful activity in refractory SCLC, including in elderly patients: for instance, anlotinib achieved an
objective response rate (ORR) of 9% and median OS of 7 months in elderly (=60) ES-SCLC patients who had failed >2
prior therapies.'® Although the ORR with single-agent anlotinib is modest, disease control rate (DCR) is seen in
approximately 60-70% of patients.”> Combining antiangiogenic agents with ICIs is an attractive approach that may
synergistically enhance anti-tumor efficacy. Mechanistically, VEGF/VEGFR signaling contributes not only to tumor
angiogenesis but also to immune suppression within the tumor microenvironment. VEGF may impair immune-cell
trafficking, limit T-cell infiltration, and promote suppressive immune-cell populations. Antiangiogenic therapy may
partially normalize abnormal tumor vasculature, reduce hypoxia and facilitate immune-cell infiltration into tumor tissue.
Therefore, anlotinib may provide a rational partner for PD-1/PD-L1 blockade by promoting vascular normalization,
facilitating CD8+ T-cell infiltration and reshaping the tumor immune microenvironment toward a more immune-active
state.”” Clinical experience in other cancers (eg. non-small cell lung cancer and hepatocellular carcinoma) demonstrated
that combining anti-VEGF therapies with ICIs yielded superior outcomes compared to either alone, presumably via these
complementary mechanisms of action. In SCLC, retrospective studies have begun to explore this strategy. For example,
a recent real-world analysis reported that adding anlotinib to immunotherapy in relapsed SCLC achieved an ORR of 32%
and prolonged median OS to 13.2 months, far exceeding historical results of single-agent immunotherapy or TKIs.'
Furthermore, a maintenance therapy study in ES-SCLC found that anlotinib plus ICIs after first-line chemo-
immunotherapy led to promising survival (median OS of 19.5 months) with tolerable toxicity.”’ The mechanism by
which anlotinib plus ICIs might reshape the tumor microenvironment was summarized in Supplementary Figure S1.

To date, however, there is a lack of published data specifically comparing anlotinib plus immunotherapy versus
conventional chemotherapy in the second-line or later-line treatment of SCLC, particularly in elderly patients. In clinical
practice, elderly ES-SCLC patients who progress after first-line therapy often have limited options. Many are not
candidates for aggressive combination chemotherapy regimens due to age-related toxicity concerns. Although ICI
monotherapy remains a treatment consideration in later-line SCLC (and was previously approved as third-line therapy
in some settings), ORR are low (10-20%) and durable survival benefit has not been consistently demonstrated in
refractory disease.”* Single-agent chemotherapy (such as topotecan, irinotecan or taxanes) remains a common palliative
approach in second-line treatment, but its efficacy is quite limited (ORR of 10-20%, median OS of 5-6 months)."”
Therefore, new combination strategies are needed to improve outcomes in this setting without unacceptable toxicity.
Consequently, we performed a retrospective exploratory study to evaluate the real-world effectiveness and safety of
anlotinib combined with ICIs versus single-agent chemotherapy in elderly patients with ES-SCLC in clinical practice.

Methods
Study Design and Screening Criteria

This was a retrospective cohort study, patients with SCLC who were hospitalized in Liaoning Cancer Hospital & Institute
from January 2020 to August 2025 were screened retrospectively. The main inclusion criteria were: (1) Histologically or
cytologically confirmed SCLC with extensive-stage disease (ES-SCLC); (2) Age >65 years according to previous
criteria;® (3) Eastern cooperative oncology group (ECOG) performance status <2 score; (4) received at least one cycle
of either anlotinib plus ICIs or single-agent chemotherapy as subsequent line treatment for ES-SCLC in clinical practice
when previous systemic treatment failure; (5) at least one measurable target lesion per RECIST vl.1; (6) adequate
clinical data and follow-up information available. Key exclusion criteria included: (1) Prior treatment with anlotinib or
any antiangiogenic TKI (to isolate the effect of anlotinib in this line); (2) Other concurrent cancers apart from SCLC; (3)
serious or life-threatening comorbidities that, in the investigator’s judgment, might compromise patient safety, study
compliance or the interpretation of study outcomes; (4) concurrent use of other systemic anticancer agents (including
chemotherapy, targeted therapy or other immunotherapy) during treatment with anlotinib plus ICIs or chemotherapy
monotherapy. However, local therapy was permitted; (5) substantially unavailable baseline characteristics, therapeutic
outcomes or follow-up information. Finally, a total of 119 elderly patients met the eligible criteria were included in this
study: 59 patients received anlotinib plus ICIs regimens and 60 patients were treated with single-agent chemotherapy, and
the study profile was illustrated in Figure 1.
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From January 2020 to August 2025, a total of 268 patients with ES-SCLC underwent eligible
screening retrospectively

A total of 119 patients with elderly ES-SCLC were eligible

y

L 59 patients received anlotinib plus ICIs ] [ 60 patients received single-agent chemotherapy ]
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59 patients were included in observation 60 patients were included in control group
group (0OG) (CG)

Figure | Study profile of this retrospective study.

OS was the primary endpoint, ORR, DCR, duration of response (DoR), PFS and safety profile were secondary
endpoints. The study was approved by the institutional ethics committee of Liaoning Cancer Hospital & Institute
(approval number: KY20241016), which was conducted in accordance with the Declaration of Helsinki. Informed
consent was waived due to the retrospective design.

Therapeutic Regimens

The decision to administer anlotinib plus ICIs or single-agent chemotherapy in clinical practice was made by treating
physicians based on the patient’s performance status, comorbidities, prior therapy and preference. Therefore, potential
selection bias was inherent to the retrospective real-world design. Both platinum-sensitive relapse (relapse >90 days after
first-line therapy) and platinum-resistant relapse (<90 days) were included to reflect real-world diversity. Eligible patients
were categorized into two treatment cohorts: the anlotinib plus ICIs group and the single-agent chemotherapy group. The
anlotinib+ICIs group was treated as observation group (OG), and received anlotinib in combination with a PD-1 or PD-L1
inhibitor. The single-agent chemotherapy group was deemed as control group (CG), and received a single cytotoxic agent
(such as irinotecan, docetaxel, or paclitaxel).

Treatment details were retrieved from medical records, including dosing, schedule and duration. Anlotinib plus ICIs
in OG: anlotinib was administered orally at a starting dose of 10-12 mg once daily on days 1-14 of a 21-day cycle
(2 weeks on, 1 week off). The initial anlotinib dose was typically 12 mg daily for patients with good performance status
and no contraindications; dose reductions to 10 mg or 8 mg were allowed for toxicity, per physician decision, with the
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lowest effective dose maintained. In combination, the specific ICIs agent was chosen according to availability and
physician preference: Tislelizumab (200 mg intravenously every 3 weeks), pembrolizumab (200 mg intravenously every
3 weeks), Serplulimab (a PD-1 inhibitor, 4.5 mg/kg intravenously Q3W) and atezolizumab (PD-L1 inhibitor, 1200 mg
intravenously Q3W). All ICIs were continued until disease progression or unacceptable toxicity. Single-agent chemother-
apy in CG: the specific agent (irinotecan, docetaxel or paclitaxel) was selected by the treating oncologist based on prior
therapy and patient factors. Irinotecan was administered intravenously at 100-125 mg/m” on days 1 and 8 of a 21-day
cycle. Docetaxel was administered intravenously at 60—75mg/m?” on day 1 of a 21-day cycle. Paclitaxel was administered
as 175 mg/m® intravenously on day 1 Q3W, depending on patient tolerance. Growth factor support (G-CSF) was
provided per guidelines if neutropenia risk was high, particularly for patients receiving taxanes. Chemotherapy was
continued until disease progression or unacceptable toxicity.

All patients in both cohorts received supportive care as needed, including antiemetics, prophylactic antibiotics (for
neutropenia), transfusions, or management of symptoms.

Sample Size Calculation

Given the retrospective design, we performed a post hoc sample-size justification based on the primary endpoint of OS in
this study using PASS software (version 15.0). Prior evidence indicated that single-agent chemotherapy (irinotecan,
docetaxel or paclitaxel) achieved a median OS of approximately 6 months in previously treated ES-SCLC,'”** which
served as the reference value for the control arm assumption. This study assumed that anlotinib plus ICIs regimen might
prolong the median OS from 6 months to 11 months. A two-sided Log rank test with an overall sample size of 101
subjects (50 in the OG and 51 in the CG) achieved 80% power at a two-sided o of 0.05 significance level to detect
a hazard ratio (HR) of 0.54. The planned study duration was 48 months, including a 36-month retrospective identification
(screening) period. Allowing for a 15% attrition rate, the target screening sample size was 59 patients per group.
Ultimately, 59 and 60 patients were included in the OG and CG, respectively.

Response Assessment and Data Collection

Treatment responses were typically assessed every 6—8 weeks with imaging (contrast-enhanced CT scans of chest and
abdomen plus brain MRI if clinically indicated). Patients who progressed on this study’s treatment could receive further
lines of therapy at the physicians’ discretion.

Trained investigators reviewed electronic medical records to extract data on baseline patient characteristics, treatment
delivery, tumor response, survival status and adverse events. Baseline variables collected included: age, gender, smoking
history, ECOG performance status, comorbid conditions, baseline weight loss and laboratory values, sites of metastases
(eg. liver, bone, brain) and prior first-line treatment details (including whether immunotherapy was part of first-line). We
also noted the chemotherapy agent used in the single-agent group and the specific ICIs agent in the combination group.

The primary endpoint was OS, defined as the time from initiation of the treatment (anlotinib plus ICIs or single-agent
chemotherapy) to death from any cause. Surviving patients were censored at the date of data cut-off. PFS was
a secondary endpoint, measured from treatment initiation to the first documented disease progression (radiologic or
clinical) or death, whichever occurred first. Patients alive without progression were censored at last disease assessment.
ORR was defined as the proportion of patients achieving a complete response (CR) or partial response (PR) as their best
response, according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. DCR was defined as the
proportion achieving CR, PR or stable disease (SD). DoR was defined as the time from the first documented CR or PR to
disease progression or any-cause death. Tumor responses were assessed by the local investigators/radiologists; for
consistency, the response assessments documented in the clinical charts or radiology reports were accepted. Where
imaging was available, an independent investigator performed a verification of response classification according to
RECIST 1.1 criteria. The data cut-off date of this study was January 10, 2026.

Safety profile was evaluated by reviewing recorded treatment-related adverse events (TRAEs), laboratory results, and
dose modifications. TRAEs were graded per the National Cancer Institute’s Common Terminology Criteria for Adverse
Events (CTCAE), version 5.0. We specifically captured all grade 3 or higher TRAESs, and selected lower-grade AEs of
clinical interest (eg. immune-related AEs).
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Statistical Analysis

Statistical analyses in this study were performed using SPSS Statistics (Version 25.0) and Stata (Version 14.0). Descriptive
statistics to summarize baseline characteristics and treatment exposure were adopted. Continuous variables were reported
as median (range) and compared between groups using the Mann—Whitney U-test. Categorical variables were summarized
as counts and percentages, and compared using the chi-square test or Fisher’s exact test (if expected counts were <5). The
Kaplan—Meier method was employed to estimate survival distributions for OS, PFS and DoR in each treatment group using
Stata 14.0 to generate survival curves. The Log rank test was used for univariate comparison of survival curves. Median OS
and PFS with two-sided 95% confidence interval (CI) were reported for each cohort. Cox proportional hazards model was
constructed to estimate the hazard ratio (HR) and 95% CI for treatment effect (anlotinib plus ICIs vs single-agent
chemotherapy) on OS, PFS and DoR, both without adjustment and with multivariable adjustment for covariates. Pre-
specified covariates in multivariate analyses included factors that might influence outcomes: age, ECOG performance status
(0-1 vs 2), platinum-sensitivity of disease (sensitive vs resistant relapse), presence of liver metastases and whether previous
treatment included immunotherapy. Proportional hazards assumptions were tested by examination of log(-log) survival
plots. For ORR and DCR, group differences were assessed by chi-square test.

Propensity score matching was not performed because of the modest sample size, the need to retain as many elderly
patients as possible, and the comparable distribution of measured baseline factors between the two cohorts. Instead,
multivariable Cox models were used to adjust for clinically relevant covariates. Accordingly, the findings were inter-
preted as exploratory associations rather than definitive causal effects. All statistical tests were two-sided, P<0.05 was
considered statistically significant. Given the exploratory nature of the study, P-values were not adjusted for multiple
comparisons.

Results

Patient Characteristics

A total of 119 elderly patients with ES-SCLC met the inclusion criteria and were included in the analysis (59 in the OG,
60 in the CG). As shown in Table 1, the median age was 71 years (range: 65-86) in the OG and 71 years (range: 65-88)
in the CG (no significant difference, P=0.518). All patients had extensive-stage disease by definition and the distribution
of metastases was similar: about 40% had liver metastases. By inclusion criteria, all patients had received at least one
lines of systemic chemotherapy. Approximately 34-42% patients had also received an ICIs previously. At the time of
initiating study treatment, 22 patients (37.3%) were classified as platinum-sensitive relapse (progression >3 months after
completing first-line), whereas 37 (62.7%) had platinum-resistant disease (progression within <3 months). The split was
similar in CG (35.0% and 65.0%, respectively).

In the single-agent chemotherapy group, the agents used were: paclitaxel in 22 patients (36.7%), docetaxel in 20
patients (33.3%) and irinotecan in 18 patients (30.0%). In the anlotinib plus ICIs group, the breakdown of ICIs agents
was: PD-1 inhibitors in 50 patients (84.7%) including Tislelizumab (n=27), pembrolizumab (n=12) and Serplulimab
(n=11). And PD-LI inhibitors in 9 patients (15.3%): atezolizumab (n=9).

Anlotinib was started at 12 mg daily in 45 patients (76.3%) and at a reduced dose of 10 mg in 14 patients (23.7%)
(often due to low body weight or physician’s precaution in very elderly). No patient started at 8 mg initially, but dose
reductions to 8 mg occurred later in 10 patients.

Therapeutic Exposure and Compliance
Patients in anlotinib plus ICIs group received a median of 6 cycles of therapy corresponding to approximately 4.2 months
of treatment. In contrast, the chemotherapy group received a median of 4 cycles of their regimen. At data cutoff, 8
patients (13.6%) in anlotinib plus ICIs arm were still on treatment, whereas only 3 patients (5.0%) in the chemotherapy
arm remained on therapy (others had discontinued due to progression or intolerance).

In the OG, anlotinib dose reductions were required in 12 patients (20.3%): 8 patients reduced from 12 mg to 10 mg,
and 4 patients from 10 mg to 8 mg, mostly owing to hypertension or hand-foot syndrome after 1-2 cycles. Temporary
anlotinib interruptions occurred in 15 patients (25.4%) for management of adverse events, typically for one week beyond
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Table | Comparison of Baseline Clinical Characteristics Between Observation Group and
Control Group Among the |19 Elderly Patients with ES-SCLC

Baseline Characteristics Observation Group | Control Group Ve P
(N=59) (N=60)

Age (years)

Median (range) 71 (65-86) 71 (65-88) NA 0.518

Gender

Male 41 (69.5) 43 (71.7) 0.068 | 0.795

Female 18 (30.5) 17 (28.3)

ECOG performance status

01 43 (72.9) 41 (68.3) 0.296 | 0.586

2 16 (27.1) 19 31.7)

Smoking Status

Non-smoker Il (18.6) 14 (23.3) 0.394 | 0.530

Smoker 48 (81.4) 46 (76.7)

Previous treatment lines

| 38 (64.4) 36 (60.0) 0.246 | 0.620

22 21 (35.6) 24 (40.0)

Status of previous ICls treatment 20 (33.9) 25 (41.7)

Yes 39 (66.1) 35 (58.3)

No

Response to platinum-based therapy

Platinum-sensitive 22 (37.3) 21 (35.0) 0.763 | 0.382

Platinum-resistant 37 (62.7) 39 (65.0)

Liver metastases

Yes 23 (39.0) 27 (45.0) 0.442 | 0.506

No 36 (61.0) 33 (55.0)

Combination with local therapy

Yes 9 (15.3) 13 (21.7) 0.812 | 0.368

No 50 (84.7) 47 (78.3)

Number of metastatic lesions

<3 43 (72.9) 42 (70.0) 0.121 | 0.728

>3 16 (27.1) 18 (30.0)

Abbreviations: ES-SCLC, extensive-stage small-cell lung cancer; ECOG, Eastern Cooperative Oncology Group; ICls,
immune checkpoint inhibitors; NA, not applicable.

the scheduled break clinically. In the CG, 18 patients (30.0%) had >1 dose reduction of the chemotherapy agent (eg.
docetaxel reduced to 40 mg/m?, or paclitaxel reduced by 20%) due to toxicity such as neutropenia or neuropathy.
Approximately 25% of patients in CG required cycle delays of >7 days at least once. These data indicate that while both
regimens needed dose adjustments in some elderly patients, overall treatment delivery was feasible, with the combination

therapy showing a somewhat longer continuation.

Prognosis Outcomes

At the date of data cut-off (January 10, 2026), the median follow-up duration was 11.3 months (range: 1.1-33.5 months)
in OG and 6.5 months (range: 0.7-30.3 months) in CG. A total of 90 deaths events (deaths) were observed: 39 in the
anlotinib plus ICIs group (66.1%), 51 in the chemotherapy group (85.0%). The Kaplan—Meier curve for OS was shown in
Figure 2, the median OS for patients receiving anlotinib plus ICIs was 11.9 months (95% CI: 8.93—14.87 months), which
was significantly longer than the median OS of 6.7 months (95% CI: 3.41-9.99 months) for those receiving single-agent
chemotherapy. And the 24-month OS rate was 34.7% (95% CI. 22.5-47.3%) and 15.5% (95% CI: 7.2-26.7%),
respectively. The difference in OS between the two groups was statistically significant by Log rank test (y°=9.078,
P=0.003). The HR for OS with anlotinib plus ICIs versus chemotherapy was 0.53 (95% CI: 0.35-0.81).
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Figure 2 Comparison of Kaplan-Meier Overall survival curve between anlotinib plus ICls regimens and single-agent chemotherapy.

With regard to the PFS analysis. Most patients experienced progression or death at the time of data cut-off. In the

anlotinib plus ICIs group, 49 progression or death events (83.1%) were observed, whereas in the chemotherapy group, 55

progression or death events (91.7%) were detected. As illustrated in Figure 3, the median PFS was 5.5 months (95% CI:
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Figure 3 Comparison of Kaplan-Meier Progression-free survival curve between anlotinib plus ICls regimens and single-agent chemotherapy.
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4.43—-6.57 months) with anlotinib plus ICIs and 3.1 months (95% CI: 2.82—3.38 months) with single-agent chemotherapy.
And the 12-month PFS rate was 25.4% (95% CI: 15.2-37.0%) and 13.1% (95% CI: 6.0-23.0%), respectively. This
difference was statistically significant (y’=8.896, P=0.003). HR of PFS was 0.56 (95% CI: 0.38-0.83) favoring OG.

Additionally, a multivariate Cox regression analysis for OS was constructed to identify the independent significance
in the context of another prognostic factors: ECOG performance status, age, previous treatment lines, status of previous
ICIs treatment, response to platinum-based therapy, liver metastases and number of metastatic lesions. As exhibited in
Table 2, after multivariate adjustment, therapeutic regimen (OG vs CG) was still independent factor influencing OS
(adjusted HR=0.58, 95% CI: 0.41-0.89, P=0.011). Other covariates with significant impact on OS in multivariate
analysis were ECOG performance status (HR=0.52, P=0.009), response to platinum-based therapy (HR=0.64,
P=0.021), liver metastases (HR=1.38, P=0.025) and number of metastatic lesions (HR=0.61, P=0.015). Importantly,
there was no significant influence of age for OS (>71 vs <71, P=0.218).

Tumor Response

Therapeutic response outcomes were summarized in Table 3. No CR were observed, 20 PR was detected, 27 SD was
noted, 7 PD was found and 5 patients were not available in OG. 9 PR was observed, 24 SD was reported, 21 PD was
detected and 6 patients were not available in CG. Therefore, ORR was 33.9% (95% CI: 22.1-47.4%) for anlotinib plus
ICIs and 15.0% (95% CI: 7.1-26.6%) for single-agent chemotherapy, respectively, which showed a statistically sig-
nificant difference (P=0.016). And DCR was 79.7% (95% CI: 67.2-89.0%) for anlotinib plus ICIs and 55.0% (95% CI:
41.6-67.9%) for single-agent chemotherapy (P=0.004). Specifically, the best percentage change in target lesion from
baseline of the two groups was illustrated in Figure 4, each bar represented an individual patient. The waterfall plot
illustrated that 54 patients in OG demonstrated a more dramatical reduction of target lesions compared with 54 patients in
CG (mean: —18.1% vs 9.7%).

Additionally, DoR was also evaluated in this study among patients who achieved CR or PR. As exhibited in Figure 5,
the median DoR of the 20 responders in OG and 9 responders in CG was 6.8 months (95% CI: 0.00-20.44 months) and
3.3 months (95% CI: 2.72-3.88 months), respectively. And the 12-month DoR rate in OG and CG was 50.0% (95% CI:
27.1-69.2%) and 22.2% (95% CI: 3.4-51.3%), which showed a trend toward marginal statistical significance (y°=4.034,
P=0.045).

Table 2 Multivariate Cox Regression Adjustment for OS
Analysis

Variables in the analysis HR (95% CI) P

ECOG performance status

0-I vs 2 0.52 (0.27-0.87) | 0.009
Age (years)

>71 vs 71 1.08 (0.93-1.31) | 0.218
Previous treatment lines

| vs 22 0.83 (0.73-1.06) | 0.093
Status of previous ICls treatment

Yes vs No 1.03 (0.89-1.37) | 0.315

Response to platinum-based therapy
Platinum-sensitive vs Platinum-resistant | 0.64 (0.38-0.93) | 0.021

Liver metastases

Yes vs No 1.38 (1.03-1.98) | 0.025
Number of metastatic lesions

<3 vs >3 0.61 (0.35-0.91) | 0.015
Therapeutic regimen

OG vs CG 0.58 (0.41-0.89) | 0.011

Abbreviations: OS, overall survival; HR, hazard ratio; Cl, confidence interval;
ECOG, Eastern Cooperative Oncology Group; ICls, immune checkpoint inhibi-
tors; OG, observation group; CG, control group.
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Table 3 Comparison of Therapeutic Outcomes Between Observation Group and Control Group
Among the 119 Elderly Patients with ES-SCLC

Therapeutic outcomes Observation group (N=59) | Control group (N=60) 2 P
CR 0 0

PR 20 (33.9%) 9 (15.0%)

SD 27 (45.8%) 24 (40.0%)

PD 7 (11.9%) 21 (35.0%)

NA 5 (8.5%) 6 (10.0%)

ORR (95% Cl) 33.9% (22.1%-47.4%) 15.0% (7.1%-26.6%) 5.764 | 0.016
DCR (95% Cl) 79.7% (67.2%-89.0%) 55.0% (41.6%-67.9%) 8211 | 0.004
DoR 4.034 | 0.045
Median DoR (95% Cl) (months) 6.8 (0.00-20.44) 3.3 (2.72-3.88)

I2-month DoR rate (95% CI) 50.0% (27.1%-69.2%) 22.2% (3.4%-51.3%)

Abbreviations: ES-SCLC, extensive-stage small-cell lung cancer; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; NA, not available; ORR, objective response rate; DCR, disease control rate; Cl, confidence interval; DoR,
duration of response.

Tolerability

All patients were evaluable for safety profile. Overall, both treatment approaches were tolerable in this elderly cohort, but
they exhibited distinct TRAE profiles consistent with their different mechanisms. As shown in Table 4, in OG, 52
patients (88.1%) who received anlotinib plus ICIs regimens experienced any-grade TRAEs, which was similar to the 56
patients (93.3%) in the chemotherapy group. The incidence of grade >3 TRAEs was slightly higher in OG at 42.2%
compared to 55.0% in CG, but this difference was not statistically significant (’=1.898, P=0.168).

The most frequent TRAEs in anlotinib plus ICIs group were fatigue (54.2%), hypertension (45.8%), nausea/vomiting
(39.0%) and hand—foot syndrome (27.1%). And clinically relevant grade >3 events mainly included hypertension
(22.0%), fatigue (11.9%), nausea/vomiting (11.9%) and hand-foot syndrome (6.8%). In contrast, the chemotherapy
group showed a toxicity profile dominated by cytotoxic-related events, with higher rates of myelosuppression (55.0%;

80+

70- Anlotinib plus ICIs (N=54) Single-agent chemotherapy (N=54)

- = N W & O O
©O O O ©o o o o o
1 1 1 1 1 1 1

after treatment (%)

® © 0 0 0 0 0 0 0 0 00 0 000 0 0 0 0 00 0 000 00 0000000000000 00000000000000000 0 0

Best percentage change in target lesion from baseline

Figure 4 Waterfall plot of the best percentage in target lesion from baseline after treatment of anlotinib plus ICls regimens and single-agent chemotherapy.
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Figure 5 Comparison of Kaplan-Meier Duration of response survival curve between anlotinib plus ICls regimens and single-agent chemotherapy among responders.

grade >3=36.7%), nausea/vomiting (48.3%; grade >3=16.7%), Fatigue (41.7%; grade >3=11.7%) and AST/ALT eleva-
tion (33.3%; grade >3=11.7%), along with alopecia (31.7%) and diarrhea (28.3%). Rash, proteinuria, and pneumonia
were observed only in the observation group, whereas grade >3 rash, proteinuria, and pneumonia were uncommon
(55.1%). Overall, safety profile findings suggested that anlotinib plus ICIs was feasible in elderly patients with a toxicity
spectrum distinct from and in some respects more favorable than that of single-agent chemotherapy.

Table 4 Safety Profile of Patients in Observation Group and Control Group

Adverse events

Observation group (N=59)

Control group (N=60)

Any grade

Fatigue

Nausea and vomiting
Myelosuppression
Hypertension
AST/ALT elevation
Alopecia

Diarrhea

Hand-foot syndrome
Constipation

Rash

Stomatitis
Proteinuria

Pneumonia

All grades (N, %) | Grade =3 (N, %)
52 (88.1) 25 (42.4)
32 (54.2) 7(11.9)
23 (39.0) 7(11.9)
6 (10.2) I (1.7)
27 (45.8) 13 (22.0)
13 (22.0) 2 (34
6 (10.2) I (1.7)
7(11.9) I (1.7)
16 (27.1) 4 (6.8)
8 (13.6) I (1.7)
10 (16.9) 3(5.1)
4 (6.8) 0 (0.0)
8 (13.6) 2 (34

5 (8.5) I (1.7)

All grades (N, %) | Grade =3 (N, %)
56 (93.3) 33 (55.0)
25 (41.7) 7(11.7)
29 (48.3) 10 (16.7)
33 (55.0) 22 (36.7)

4 (6.7) I (1.7)
20 (33.3) 7(11.7)
19 31.7) 5(83)
17 (28.3) 5(8.3)

3 (5.0 0 (0.0
14 (23.3) 3 (5.0

4 (6.7) 0 (0.0
10 (16.7) 2 (3.3)

2 (33) 0 (0.0)

0 (0.0) 0 (0.0

Abbreviations: TRAE, treatment-related adverse event; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Drug Design, Development and Therapy 2026:20

https:



Lu et al

Discussion

From a novelty perspective, although antiangiogenic agents combined with ICIs were explored previously in SCLC,
direct comparative evidence in elderly patients with relapsed ES-SCLC remained limited. By focusing on an elderly
population and using single-agent chemotherapy as a direct comparator, the present study provided clinically relevant
real-world evidence. Nevertheless, given its retrospective design, these findings should be considered hypothesis-
generating and required prospective validation.

These findings were significant given the historically poor outcomes of second-line treatments in SCLC. For context,
traditional second-line chemotherapy options (such as topotecan, the only FDA-approved second-line drug for SCLC until
recently) yielded median OS of approximately 6 months and ORRs below 15%.2° Our control arm results were consistent with
this: median OS of 6.7 months and ORR 15% with single agents like irinotecan or taxanes, reflecting the limited efficacy of
chemotherapy in refractory SCLC, especially among elderly patients.?” In contrast, the anlotinib plus ICIs combination in our
study achieved an ORR of 34% and extended median OS to nearly 12 months, essentially doubling survival time. Although
cross-trial comparisons must be cautious, it was notable that the OS of 11.9 months with the combination approached the
survival durations seen in some first-line immunochemotherapy trials (for instance, atezolizumab plus chemotherapy in first-
line gave median OS of 12.3 months in a broader population).”® Achieving a similar magnitude of survival in a subsequent-line
elderly cohort was remarkable and underscored the potential efficacy of this combination. Our results aligned with and built
upon emerging evidence from other studies exploring angiogenesis inhibition plus immunotherapy in SCLC. Chen et al (2025)
reported a retrospective series of 68 ES-SCLC patients who received anlotinib plus PD-1/PD-L1 inhibitors after prior
immunotherapy failure.! They observed an ORR of 32.4%, median PFS of 5.6 months, and median OS of 13.2 months,
which were very close to the efficacy outcomes in our combination arm (ORR=33.9%, median PFS=5.5 months, and median
OS of 11.9 months). This convergence of data strongly suggested that adding anlotinib might substantially enhance the activity
of immunotherapy in SCLC, even after prior exposure. Another real-world study by Yang et al (2024) evaluated anlotinib plus
immunotherapy as maintenance after first-line chemo-ICI in 12 ES-SCLC patients they found a median PFS of 13.6 months
and median OS of 19.5 months in that small cohort, while not directly comparable (given maintenance setting and highly
selected patients), indicated the combination’s potential to extend survival beyond what immunotherapy alone might achieve.
Taken together, these studies and our current analysis painted a consistent picture: the synergistic combination of antiangio-
genic therapy and ICIs might provide durable disease control in SCLC, surpassing historical benchmarks of either modality
alone. The multivariable Cox analysis highlighted that therapeutic regimen remained independently associated with survival,
anlotinib plus ICIs demonstrated a significantly lower hazard of death than chemotherapy (HR=0.58, 95% CI: 0.41-0.89,
P=0.011). Clinically, this benefit was observed after adjusting for key disease and host-related factors that were particularly
relevant in elderly ES-SCLC. Better performance status (ECOG 0-1 vs 2) was a strong favorable factor (HR=0.52, P=0.009),
consistent with real-world ES-SCLC data showing ECOG status as a major determinant of outcomes.*® Likewise, platinum-
sensitive relapse (vs platinum-resistant) predicted improved OS (HR=0.64; P=0.021), in line with the established prognostic
and treatment-selection role of platinum sensitivity status in relapsed SCLC.?' Conversely, liver metastases status was
independently associated with worse survival (HR=1.38; P=0.025), aligning with contemporary evidence that liver involve-
ment was a negative prognostic feature in ES-SCLC.** A lower metastatic burden (<3 vs >3 lesions) also correlated with
longer OS (HR=0.61; P=0.015), supporting the concept that tumor burden adversely impacted prognosis.>® Notably,
chronologic age (>71 vs <71) and prior ICIs exposure were not independently associated with OS in this model, suggesting
that in an elderly population, functional status and disease biology (platinum sensitivity, liver involvement, metastatic burden)
might be more informative than age alone for risk stratification and treatment selection.

Mechanistically, this synergy likely arose from multiple factors. Anlotinib’s inhibition of VEGFR and related receptors not
only exerted direct anti-tumor and antiangiogenic effects (starving the tumor of blood supply and slowing growth), but also
might modulate the tumor microenvironment in ways that enhanced immune response.** Antiangiogenic TKIs might
normalize the abnormal tumor vasculature, improving perfusion and immune-cell trafficking into tumor sites.*> VEGF
pathway blockade also reversed immunosuppressive signals. For instance, VEGF inhibition might decrease myeloid-
derived suppressor cells and regulatory T-cells, while increasing cytotoxic T-cell infiltration in tumors.’® These changes

created a more favorable milieu for ICIs to activate an anti-tumor immune attack. In essence, anlotinib might convert
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previously “cold” tumors (with low immune activity) into “hotter”” tumors more susceptible to immune-mediated killing.*’
Our finding that some patients in OG had very prolonged responses (with a tail of the survival curve at 2+ years) was
suggestive of the kind of durable benefit one might expect from immune mechanism engagement. This was in stark contrast to
chemotherapy, where responses were rarely durable in SCLC. From a clinical standpoint, these results might inform treatment
decisions in subsequent-line ES-SCLC. Currently, there was no globally accepted standard for second-line systemic therapy in
ES-SCLC, especially after failure of platinum and immunotherapy.'® Topotecan was a traditional option (with poor efficacy
and significant toxicity). In 2020, lurbinectedin (a novel DNA minor-groove binder) received accelerated approval as
a second-line treatment based on a 35% ORR in platinum-sensitive disease, but subsequent trials had tempered enthusiasm
and access to lurbinectedin was limited in some regions.*® Anlotinib was approved in China for third-line SCLC and was
included in Chinese guidelines. Our data suggested that combining it with PD-1/PD-L1 blockade might be a superior
paradigm to monotherapy. Perhaps the future of SCLC management might involve triplet combinations (chemotherapy
plus immunotherapy plus antiangiogenic TKI) in fit patients, or dual combinations (immunotherapy plus antiangiogenic TKI)
in those who could not tolerate chemotherapy. Our study contributed real-world evidence that, in practice, this strategy yielded
better survival than chemotherapy in elderly, previously treated population.

In this elderly ES-SCLC cohort, the safety profile of anlotinib plus ICIs was clinically manageable and mechan-
istically distinct from single-agent chemotherapy with broadly comparable rates of any-grade TRAEs (88.1% vs 93.3%)
and a numerically lower incidence of grade >3 events in OG (42.4% vs 55.0%). The OG toxicity spectrum was
dominated by VEGFR-pathway/on-target adverse events, particularly hypertension (45.8%), hand—foot syndrome
(27.1%) and proteinuria (13.6%), alongside fatigue and nausea/vomiting—patterns consistent with established VEGFR-
TKI toxicity.>” In contrast, the CG toxicity profile was driven by cytotoxic-typical toxicities, most notably myelosup-
pression (55.0%) with higher gastrointestinal toxicity and alopecia, reflecting the expected burden of irinotecan and
taxanes in later-line settings.*® Notably, events such as rash, proteinuria and pneumonia in OG were infrequently severe,
reinforcing the need for routine monitoring (blood pressure, urinalysis, and respiratory symptoms) and timely supportive
management rather than suggesting new safety signals.*' From a geriatric-oncology perspective, several adverse events
warranted heightened surveillance and proactive management when using anlotinib plus ICIs in elderly ES-SCLC.
Hypertension, proteinuria and AST/ALT elevation were more common among elderly patients and proactive symptom-
directed supportive care should be implemented throughout administration of anlotinib plus ICIs among elderly
patients.'%** It was worth noting that no new safety signals emerged from combining anlotinib with ICIs in our study.
The toxicities were largely predictable from each component and did not appear to synergize to produce worse outcomes.
Specifically, although both anlotinib and ICIs might independently cause pneumonitis (TKI-induced or immune-related
pneumonitis),* we saw pneumonitis was only 8.5% of patients, a manageable incidence. Thus, the combination appeared
to be not only effective but also tolerable for elderly patients as long as they were monitored and managed appropriately.

This study specifically focused on an elderly cohort with a median age of 71 years and including patients up to 88 years old.
This was a group often underrepresented in clinical trials and sometimes undertreated in practice due to concerns about frailty.
Importantly, the survival advantage of the combination was seen even in patients >75, and the toxicity did not seem prohibitive
in this subgroup. In fact, one could argue that avoiding intensive chemotherapy in favor of a targeted plus immunotherapy
approach might be preferable for many elderly patients. Our findings thereby stressed that age alone should not exclude
patients from receiving potentially effective therapies like anlotinib plus ICIs. With careful patient selection (eg. those with
ECOG 0-2 and without uncontrolled comorbidities) and supportive measures, even septuagenarians and octogenarians might
tolerate and benefit from this regimen. This was consistent with other real-world observations in lung cancer that chron-
ological age was less important than biological fitness in determining treatment tolerability.** It also resonated with a prior
analysis that showed even very elderly SCLC patients (=80) who received some active treatment (chemotherapy or radio-
therapy) doubled their survival compared to those untreated,'’ implying that offering therapy was crucial, and our results
suggested that offering a more efficacious therapy (anlotinib plus ICIs) might substantially improve outcomes in this group.

Several limitations should be acknowledged. First, the retrospective design introduced risks of selection bias and residual
confounding. Although measured baseline characteristics were balanced and multivariable adjustment was performed,
unmeasured factors might have influenced treatment selection. For example, physicians might have preferentially selected
anlotinib plus ICIs for patients with better functional reserve, stronger treatment motivation, or better access to ICIs, which
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might result in improved outcomes. Second, propensity score matching was not performed. We chose not to apply matching
because the sample size was modest and matching might have excluded clinically informative elderly patients, but the absence
of PSM limited causal inference. Third, the treatment arms were heterogeneous: the chemotherapy group included irinotecan,
docetaxel and paclitaxel, while the combination group included several PD-1/PD-L1 inhibitors. This heterogeneity reflected
real-world practice but might introduce variability. Fourth, the sample size was limited, and the study was underpowered for
definitive subgroup comparisons. Fifth, follow-up duration was still relatively short to fully assess long-term survival tail or
late toxicities, especially for those on immunotherapy (immune-related effects like endocrinopathies might occur late among
elderly patients).* Continued follow-up was important to determine if any long-term survivors emerged predominantly from
the combination treatment.

Prospective validation was warranted. A suitable next step would be a multicenter randomized phase II trial
comparing anlotinib plus a predefined PD-1/PD-L1 inhibitor versus investigator’s choice standard single-agent che-
motherapy in elderly patients with previously treated ES-SCLC. Stratification factors should include platinum sensitivity,
prior ICI exposure, ECOG performance status, liver metastases and age subgroup. In addition to OS and PFS, future
trials should incorporate independent radiologic review, geriatric assessment, patient-reported quality of life, comorbidity
burden and prospective toxicity monitoring. If positive, such a trial could support a larger Phase III confirmatory study.

Conclusion

Anlotinib plus ICIs was associated with improved survival and tumor control compared with single-agent chemotherapy
with manageable toxicity in elderly patients with previously treated ES-SCLC. The observed benefit appeared clinically
relevant and was not limited by chronological age or prior ICIs exposure in the adjusted analysis. Nevertheless, the
present real-world evidence should be considered hypothesis-generating because of the retrospective design, treatment
heterogeneity and potential selection bias. Careful patient selection, particularly regarding ECOG performance status,
comorbidities and the ability to tolerate antiangiogenic and immune-related toxicities, remained essential. Prospective
randomized trials were needed to confirm whether anlotinib plus ICIs might become a standard later-line option for
elderly patients with ES-SCLC subsequently.
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