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Anlotinib plus toripalimab as a first-line
treatment in patients with advanced gastric
cancer andperformance status 2: thephase II
APICAL-GC trial

Ke Liu1,3, Bao-Dong Qin1,3, Shi-Qi Chen1,3, Xue Zhong1,3, Xiao-Peng Duan 1,3,
Ying Wu1,3, Zhan Wang1, Yan Ling1, Li Sun1, Chen-Yang Ye1, Dong-Min Shi1,
Ning Gao2, Xiao-Dong Jiao1 & Yuan-Sheng Zang 1

Evidence-guided regimens for advanced gastric cancer (AGC) in patients with
performance status 2 (PS 2) are limited. Here, we proposed a structured
therapeutic framework termed “performance status-matched strategy”, and
further conducted the APICAL-GC trial (NCT04278222). This open-label,
single-arm phase II study evaluated the efficacy and safety of anlotinib com-
bined with toripalimab among 24 treatment-naïve AGC patients with PS 2. The
primary outcome was the objective response rate (ORR), with secondary
endpoints including disease control rate (DCR), duration of response (DoR),
progression-free survival (PFS), overall survival (OS), and safety profile. This
trial met its prespecified endpoints, demonstrating an ORR of 58.3% (95%CI
36.6–77.9) with a DoR of 12.1 months (range: 1.43–48.5), and a DCR of 95.8%
(95%CI 78.9–99.9). Median PFS reached 7.33 months (95%CI 3.83–17.1), while
median OS was 15.9 months (95%CI 7.73–23.2). Treatment-related adverse
events (TRAEs) of any grade occurred in 21 patients (87.5%), with grade-3
TRAEs observed in 7 patients (29.2%). No grade-4/5 TRAEs were reported.
Thesefindings provide a rationale for anlotinib plus toripalimab as a promising
chemotherapy-free option for thefirst-line treatment of AGCpatientswith PS 2
under the performance status-matched strategy, showing comparable antic-
ancer activity and a lower occurrence rate of TRAEs.

The treatment of gastric cancer remains a formidable challenge in
oncology. According to the latest cancer statistics in 2024, gastric
cancer is the fifth most common malignancy worldwide and the fifth
leading cause of cancer-related deaths, with almost one million new
cases diagnosed annually and an estimated 659,805 deaths each year1.
The unique anatomical and functional features of the stomach con-
tribute significantly to the clinical presentation of gastric cancer. The
pivotal role of the stomach indigestion and nutrient absorptionmeans

that gastric cancer often results in severe clinical symptoms and
nutritional deficiencies, making patients more likely to present with a
poor performance status (PS)2. Despite the lack of specific epidemio-
logical data, the phase II GO trial, which investigated reduced-intensity
chemotherapy among older and frail patients with gastroesophageal
cancer, revealed that ~30–60% of these patients had a PS of 2, high-
lighting the significant prevalence of this vulnerable population3. The
deterioration in their general condition not only impacts their quality
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of life but also limits their treatment options. Historically, patientswith
a PS of 2 are often excluded from clinical trials4. This selection bias has
resulted in a paucity of evidence-based treatment strategies for
patientswith PS 2. Previously, thesepatients received reduceddoses of
chemotherapy or active palliative supportive care; however, the effi-
cacy was limited because the average overall survival (OS) was only ~3
months3. Therefore, there is a critical need to develop and validate
therapeutic approaches tailored to this vulnerable subgroup. Addres-
sing this gap is essential for improving the clinical outcomes and
quality of life of gastric cancer patients with a PS of 2.

The identification of immune checkpoint inhibitors has
prompted the development of cancer immunotherapies, reinvigor-
ating and potentially expanding preexisting anticancer immune
responses5. Immunotherapy has emerged as a promising treatment
for advanced gastric cancer (AGC). CheckMate-649, ORIENT-16,
RATIONALE-305, and KEYNOTE-859 have demonstrated that a PD-1
inhibitor plus chemotherapy as a first-line regimen could sufficiently
improve the clinical outcomes6–9. However, these trials also excluded
patients with PS 2 because of intolerance to aggressive treatment
regimens. With a deeper understanding of the cancer-immunity
cycle, emerging evidence has shown that immunotherapy may be
more effective in combination with agents that target other steps of
the cancer-immunity cycle10. Antiangiogenic agents can directly or
indirectly reprogram the immunosuppressive environment into an
immunostimulatory microenvironment, whereas immunotherapy
can induce the normalization of tumor vasculature11. Consequently,
combining immunotherapy with an antiangiogenic agent has been
proposed to have a synergistic antitumor effect12,13. The combination

of a PD-1 inhibitor with a multi-target tyrosine kinase inhibitor (TKI)
stands out as a prominent approach for the treatment of AGC, as
shown in the REGONIVO trial and EPOC1706 trial14,15. This combina-
tion strategy showed fewer adverse events than traditional che-
motherapy, suggesting its suitability for patients who are unable to
tolerate chemoimmunotherapy, although patients with PS 2 were
also excluded from these trials.

Based on the treatment intensity and safety profiles of the afore-
mentioned two strategies, we propose a structured therapeutic frame-
work termed “performance status-matched strategy” (Fig. 1), which
systematically integrates contemporary therapeutic advances with
established clinical practice where PS assessment routinely guides
treatment decisions. In this strategy, patients with a PSof 0–1 are eligible
for more aggressive treatments, such as chemoimmunotherapy; how-
ever, patients with a PS score of 2 are often intolerant to this aggressive
approach, leaving them in a therapeutic dilemma during the era of
traditional chemotherapy. With the advent of non-cytotoxic antitumor
agents, particularly immunotherapy, a mild treatment regimen that is
highly effective with low toxicity may represent a more appropriate
option for patients with PS 2. Specifically, the combination of anti-
angiogenic agents with immunotherapymay offer an optimized balance
between clinical efficacy and reduced toxicity, such as anlotinib plus
toripalimab. A retrospective study demonstrated that anlotinib mono-
therapy would be a feasible third-line or later therapy in AGC16. A phase
Ib/II trial showed that toripalimab monotherapy has a promising anti-
tumor activity and amanageable safety profile in chemo-refractory AGC
patients17. The combination of anlotinib and toripalimab has demon-
strated favorable tolerability and promising efficacy in the treatment of

Fig. 1 | A performance-matched strategy for advanced gastric cancer. A schematic of outcomes by treatment intensity strategy stratified by PS in AGC patients.
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advanced biliary tract cancer and nasopharyngeal carcinoma18,19. These
findings provide a strong rationale for exploring the potential syner-
gistic effects of this combination therapy in AGC.

In thiswork, we conducted a prospective, single-arm, phase II trial
to assess the efficacy and safety of anlotinib in combination with tor-
ipalimab among patients with AGC who have a performance status of
2. This trial met its prespecified primary endpoint, demonstrating an
objective response rate (ORR) of 58.3% (95%CI 36.6–77.9), exceeding
the expected ORR of 40% during trial design.

Results
Patient demographics and baseline characteristics
In thefirst phaseof this trial, 14 treatment-naïve patientswithAGCwith
PS 2 were initially enrolled, with eight achieving an objective response.
Subsequently, 10 patients were included in the study. In total, 40
gastric cancer patients were screened between April 24, 2020, and July
1, 2024, resulting in 24 patients being enrolled and treated, con-
stituting the intention-to-treat (ITT) population (Fig. 2). All patients
received first-line treatment with anlotinib and toripalimab. The
median age was 67.5 years (range 41–89 years), 83.3% were male, and
all patients had a PS of 2. Of these patients, tumor-related factors
accounted for PS 2 in 22 patients, while the remaining two cases were
attributed to non-tumor-related causes, specifically advanced age (89
and 81 years old, respectively). 62.5% had more than two sites of
metastasis, and 11 (45.8%) had liver metastases. All participants were
microsatellite stable (MSS)/proficient mismatch repair (pMMR), and
none of them harbored HER2 amplification. Ten patients had PD-L1
positivity (CPS >1), and the median tumor mutational burden (TMB)
was 8.38 muts/Mb (range 3.35–27.4) (Table 1).

Treatment and follow-up
All eligible patients underwent at least one post-baseline radiological
assessment. The data cut-off for both the efficacy and safety analyses

was August 20, 2024, with a median follow-up duration of 33.3 months
(95% CI: 13.0–50.1). At the cut-off, eight patients were still undergoing
treatment, while 15 discontinued treatments due to disease progression.
Additionally, one patient underwent radical surgery for gastric cancer.

Efficacy outcomes
The primary outcome of this trial is ORR. Among the 24 patients eli-
gible for efficacy analysis, 14 exhibited a confirmed partial response,
yielding an ORR of 58.3% (95% CI: 36.6–77.9) with a DCR of 95.8% (95%
CI: 78.9–99.9) in the ITT cohort (Fig. 3A). Of the 14 responders, the
median time to respond was 2.93 months (range: 1.33–9.53 months),
and six patients continued to show ongoing responses at the data cut-
off. Eight out of 14 responders had progressive disease, with a median
duration of response of 12.1 months (range: 1.43–48.5). Tumor
shrinkage per RECIST v1.1 was observed in 91.7% (22/24) of the patients
in the ITT cohort (Fig. 3A).

PFS events due to disease progression occurred in 16 of 24 patients.
The median PFS was 7.33 months (95% CI: 3.83–17.1) (Fig. 3B). The
6-month and 12-month PFS rates were 58.5 and 39.0%, respectively. OS
events were noted in 14 patients, with a median OS of 15.9 months (95%
CI: 7.73–23.2) (Fig. 3C). The 12-month and 24-month OS rates were 57.2
and 22.5%, respectively. The subgroup analysis suggested a positive
correlation between efficacy and age (Fig. 4 and Supplementary Table 1).
Older patients (>65 years, n= 15) demonstrated a higher ORR (70.6 vs.
28.6%), longer median PFS (15.1 months, 95% CI: 4.78–30.0 vs.
3.83 months, 95% CI: 1.30–7.57, P=0.01) and median OS (22.1 months,
95% CI: 8.80–22.1 vs. 7.73 months, 95% CI: 1.30–23.2) than younger
patients (≤65 years, n=9). Similarly, patients without liver metastases
(n= 13) had a significantly higher ORR of 69.2% than those with liver
metastases (n= 11, ORR=45.5%); however, there was no significant dif-
ference in themPFS (7.40months, 95%CI: 2.77–17.1 vs. 7.33months, 95%
CI: 3.73–30.0) andmOS (13.2months, 95%CI: 6.80–22.1 vs. 22.0months,
95% CI: 4.10–23.2) (Supplementary Fig. 1).

Fig. 2 | APICAL-GC study design. The clinical trial profile of this study. 40 Patients with AGC with PS 2 were screened and 24 patients were enrolled and treated.
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Safety profile
In the safety analysis, 21 of the 24 patients (87.5%) experienced at least
one treatment-related adverse event (TRAE) (Table 2). CommonTRAEs
include diarrhea, hypothyroidism, hypertension, and hand-foot syn-
drome (HFS). Seven patients had grade-3 TRAEs, the most common
being elevated ALT or AST levels (16.67%) and myelosuppression
(12.50%). No grade 4 or 5 TRAEs or treatment-related deaths occurred.
Most TRAEs were managed with an anlotinib dose reduction or
appropriate medication. Anlotinib dose reductions occurred in three
patients due tograde3TRAEs, andonepatient interrupted toripalimab
treatment due to grade 3 immune-related hepatitis.

Exploratory analyses
Gene sequencing data were available for 21 of the 24 eligible
patients with gastric cancer. Gene sequencing revealed that TP53
was the most frequently altered gene, occurring in 90.5% of
patients, followed by FAT4 (42.9%), CCNE1 (33.3%), and EPHA2
(23.8%) (Fig. 5). The enrichment analysis demonstrated that
responders (PR + CR) were more likely to harbor FAT4 mutations

(67 vs. 22%, P = 0.08) than non-responders (PD + SD). Patients
with FAT4 mutations had a longer PFS and OS than those without
FAT4 mutation (mPFS: 17.1 months vs 5.3 months, P = 0.03; mOS:
22.1 months vs 11.3 months, P = 0.18). Signaling pathway enrich-
ment analysis showed that responders had a higher proportion of
Hippo pathway alterations (66.6 vs. 22.2%, P = 0.08), WNT path-
way alterations (75.0 vs. 33.3%, P = 0.09), and a lower proportion
of base excision repair alterations (0 vs. 33.3%, P = 0.06) than non-
responders (Supplementary Fig. 2). Multiplex immuno-
fluorescence further confirmed that CD3+ T cells, PD-1+CD8+

T cells, CD20+ B cells, and CD56 dim NK cells were significantly
enriched in the tumor microenvironment of the responders
(Supplementary Figs. 3–6). In addition, no significant differences
were observed in tissue TMB and PD-L1 expression levels.

Discussion
Patients with AGC often present with a poor PS at the initial diagnosis
because of the direct and indirect effects of the tumors, including gas-
trointestinal obstruction, malnutrition, and systemic hormonal inflam-
matory responses. This subgroup represents a significant unmet need
for the treatment of AGC, highlighting the critical importance of tailored
therapeutic strategies for this population. Multiple large-scale phase III
trials focusing exclusively on AGC patients with PS 0–1 have established
the role of immunotherapy combined with chemotherapy as the stan-
dard first-line treatment, but patients with PS 2 would be intolerable to
this aggressive regimen. Other pilot trials have demonstrated the high
efficacy and low toxicity of antiangiogenic agents and
immunotherapy6–8,14,15. Based on the effectiveness and safety of these
two therapeutic strategies, we propose a new optimal treatment para-
digm called the “performance status-matched strategy” to achievemore
precise stratified treatment for AGC. In this trial, we attempt to deter-
mine an optimal treatment option for PS 2 AGC using the performance
status-matched strategy. To our knowledge, the present APICAL-GC trial
is the first to prospectively assess the combination of immunotherapy
and antiangiogenic agents in AGC patients with a PS of 2. In this trial,
anlotinib plus toripalimab as a first-line regimen has exhibited promising
efficacy with an ORR recorded in 58.3% of patients, and the mPFS and
mOS of 7.33 and 15.9 months, respectively. These efficacy data are
comparable to those of chemoimmunotherapy in patients with PS 0–1,
although APICAL-GC only included patients with PS 2, with a lower rate
of PD-L1 expression than prior trials. This regimen was safe and well
tolerated by these patients, andmost TRAEsweremanageablewith dose
reductions, interruptions, or supportive care.

First-line treatment for AGC has rapidly transitioned towards the
broad adoption of concurrent chemoimmunotherapy based on a ser-
ies of clinical trials, such as ATTRACTION-4, CheckMate-649, ORIENT-
16, RATIONALE-305, and KEYNOTE-8596–9,20. However, patients with a
PS of 2 were excluded from these trials. One of the underlying reasons
for this exclusion could be at least partially due to safety21. Indeed, it
cannot be neglected that patients with poor PS have poor tolerance to
chemotherapy and a high risk of toxicity. Grade 3–4 TRAEs were
observed in 54–59.8% of patients with PS 0–1 AGC who received first-
line chemoimmunotherapy6,8,20, suggesting that this strategywith high
toxicity is not optimal for patients with PS 2. Although the researchers
have attempted to use a dose-reduced chemotherapy regimen, the
side effects of chemotherapy cannot be ignored. For example, theGO2
trial, a phase III randomized clinical trial, found that in frail and elderly
patients, even with reduced doses of chemotherapy, 13–24% required
further dose reductions, and 20–29% had to discontinue treatment
due to adverse effects3. Therefore, it is essential and urgent to explore
a well-tolerated regimen for patients with PS 2.

Previously, the CheckMate-153 trial indicated that the safety
profile of immunotherapy for patients with an ECOG PS ≥2 is
consistent with that of the overall population22. Recently, the
IPSOS trial demonstrated that atezolizumab monotherapy is more

Table 1 | Patient characteristics at baseline

Characteristics Patients (N = 24)

Age

Median (Range) 67.5 (41–89)

Sex

Female 4 (16.7%)

Male 20 (83.3%)

PS

Tumor-related PS 2 22 (91.7%)

Non-tumor-related PS 2 2 (8.3%)

Primary site

Gastric 24 (100.0%)

Gastroesophageal junction 0 (0%)

Previous gastrectomy

Yes 7 (29.2%)

No 17 (70.8%)

Previous adjuvant chemotherapy

Yes 4 (16.7%)

No 20 (83.3%)

Number of metastatic sites

1 9 (37.5%)

≥2 15 (62.5%)

Metastatic site

Distant lymph node 20 (83.3%)

Liver 11 (45.8%)

Lung 6 (25.0%)

Peritoneum 3 (12.5%)

Other 4 (16.7%)

MMR status

dMMR 0 (0%)

pMMR 24 (100%)

ERBB2 amplification

Yes 0 (3.3%)

No 24 (96.7%)

PD-L1 expression

CPS <1 11 (45.8%)

CPS ≥1 10 (41.7%)

Unknown 3 (12.5%)

TMB (Mutation/Mb), median (Range) 8.38 (3.35–27.4)
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effective than single-agent chemotherapy in advanced lung can-
cer patients with poor PS (≥2), age ≥70 years, a large number of
comorbidities, and other contraindications, who are intolerant to
first-line platinum-containing dual-drug chemotherapy23. These
data suggest that patients with an ECOG PS of 2 could benefit
from immunotherapy-based therapy. Given the potential efficacy
of immunotherapy and the intolerability of chemotherapy in
patients with a poor PS, an immunotherapy combination strategy
without chemotherapy, such as immunotherapy plus anti-
angiogenic agents, may be the optimal regimen. REGONIVO trial
reported an ORR of 44% with an mPFS of 5.6 months in patients
with AGC who received regorafenib plus nivolumab14. Subse-
quently, the EPOC1706 trial showed that lenvatinib plus pem-
brolizumab as a first or second-line regimen could provide an
ORR of 69% with an mPFS of 7.1 months in patients with AGC15.
Updated findings from a phase II trial presented at the 2023
ESMO Congress demonstrated remarkable antitumor activity of
fruquintinib plus sintilimab in advanced gastric cancer, achieving
ORR of 72.2% in first-line and 33.3% in second-line settings, with
corresponding mPFS of 11.0 months and 10.5 months,
respectively24. Except for surprising efficacy, a significantly lower
risk of AEs was observed, making this combination strategy a
potential treatment for frail patients (PS 2). Thus, we explored the
possibility of anlotinib plus toripalimab for AGC patients with PS
2 using the performance status-matched strategy in the APICAL-
GC trial. This trial demonstrated that 58.3% of patients with PS 2
achieved significant tumor shrinkage, with an mPFS of
7.33 months. These efficacy data are comparable with those from

previous reports from not only the EPOC 1706 and REGONIVO
trials but also first-line chemoimmunotherapy trials, although
only patients with PS 2 were included in the APICAL-GC trial.
Compared to previous dose-reduced chemotherapy regimens
among patients with PS 225, anlotinib plus toripalimab yielded
better antitumor activity and a favorable safety profile. This trial
supported anlotinib plus toripalimab as a potential first-line
treatment option for patients with AGC and a PS of 2.

The importance of considering age as a factor associated with the
immunotherapy response has been emphasized. A previous study
found that patients >60 years old responded more efficiently to PD-1
inhibitors than younger patients26. Subsequent studies have demon-
strated that immunotherapy can prolong survival in elderly patients
with advanced cancer, regardless of age27,28; however, this conclusion
has been questioned. Some studies found that elderly patients did not
benefit from anti-PD-1/PD-L1 agents in terms of survival, especially in
patients aged 75 years and older29. Recently, increasing evidence has
suggested that age-dependent benefits vary among different immu-
notherapy types andhistology28,30. In AGC, older patients oftenpresent
with a poor PS. In the APICAL-GC trial, the median age was 67.5 years
(range: 41–89 years). The age distribution was more skewed toward
older patients than in previously reported immunotherapy-related
trials. Interestingly, our trial showed that older patients obtainedmore
clinical benefits from this regimen than younger patients, even with a
PS of 2. This result offers a highly promising treatment option for
elderly AGC patients with PS 2. Traditionally, elderly patients cannot
tolerate standard chemotherapy owing to limited efficacy and sig-
nificant AEs. Our chemotherapy-free regimen represents a new

Fig. 4 | Clinical activity endpoints analysis stratified by age. A Overall response
rate (ORR), B progression-free survival (PFS), and C overall survival (OS) stratified
by older patients (>65 years, n = 17) and younger patients (≤65 years, n = 7). P value,

two-sided Fisher exact test for ORR analysis; log-rank test for PFS and OS analysis.
Source data are provided as a Source Data file.

Fig. 3 | Tumor response and survival outcomes. Waterfall plot showing the
maximum percent change in tumor-targeted lesion size from baseline in each
patient as measured by the Response Evaluation Criteria in Solid Tumors (A). The
upper dashed line indicates a 20% increase in the tumor burden (PD), and the lower
dashed line indicates a 30% decrease in the tumor burden (PR). Asterisks indicate

the presence of a new lesion. The Kaplan–Meier curve for progression-free survival
(PFS) (B) and overall survival (OS) (C). The data cut-off date for clinical activity was
August 20, 2024, and the median follow-up interval was 33.3 months. Vertical lines
denote censoredpatients. The blue area shows the 95% confidence intervals (CI) for
the PFS and OS curves. Source data are provided as a Source Data file.
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therapeutic breakthrough for this patient population. Elderly patients
oftenhave a poor physical condition, and the excellent performanceof
this regimen in elderly patients further suggests the value of perfor-
mance status-matched strategies. Although the underlying mechan-
isms responsible for age-dependent efficacy differences remain to be
fully elucidated, the difference in the causes of PS 2 between these two
groups may be a potential factor. PS deterioration in non-elderly
patients is more likely due to aggressive tumor biology, whereas in
elderly patients, it may be more commonly associated with age or
comorbidities. In our cohort, non-elderly patients had a higher pro-
portion of two metastatic sites or more, a greater frequency of PD-L1
negative expression, and a higher incidence of peritoneal metastasis

compared to elderly patients, although these differences were not
statistically significant.

The APICAL-GC trial also explored efficacy-predictive bio-
markers for this regimen. PD-L1 has been demonstrated to predict
the response to immunotherapy in patients with gastric
cancer31,32. Compared to trials focused on first-line chemoimmu-
notherapy, the PD-1 expression level among patients from
APICAL-GC is relatively lower. For example, 81 and 60% of
patients from CheckMate-649 had a CPS > 1 and CPS >5,
respectively7. However, only nine patients had a CPS >1, and only
two patients had a CPS >5 in the APICAL-GC trial. Despite this low
PD-L1 expression, the APICAL-GC trial still demonstrated the

Fig. 5 | Prespecified exploratory analysis. Oncoprint of concomitant mutation in
21 treatment-naïve advanced gastric cancer patients in ITT (A). The association
between FAT4 mutation, and clinical benefit from anlotinib plus toripalimab (B).

P value, two-sided Fisher exact test for ORR analysis; log-rank test for PFS and OS
analysis. Source data are provided as a Source Data file.
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significant efficacy of this regimen, further underscoring its
effectiveness and adaptability in patients with PS 2; however, no
significant differences in efficacy stratified by PD-1 expression
were observed. Interestingly, the FAT4 mutation has also been
identified as a potential predictive biomarker for anlotinib plus
toripalimab. This finding is consistent with that reported in
patients with colorectal cancer who received immunotherapy
combined with an antiangiogenic agent33,34. As expected, the
exploratory analysis demonstrated that patients with gastric
cancer who benefit more from sintilimab plus anlotinib often
exhibit higher immune cell infiltration in the tumor
microenvironment.

This study has some limitations that should be acknowledged.
First, the nature of this single-center phase II trial, while providing
valuable hypothesis-generating data, necessitates confirmation
throughmulti-institutional randomized controlled trials to validate the
generalizability of the findings. Second, while the response evaluation
was performed by a masked independent radiologists’ team without
central review, the inclusion of an independent central assessment in
future trials would enhance the objectivity of efficacy evaluation.
Third, the efficacy differences stratified by age and liver metastasis
were derived from subgroup analysis. Its reliability and accuracy war-
rant further validation. Meanwhile, the findings from exploratory
analysis are also worthy of further research. Notwithstanding these
considerations, the positive results of this study suggest the potential
and feasibility of this treatment approach in AGC patients with a PS of
2. The subsequent large-sample randomized controlled trials would be
conducted to validate these results.

In conclusion, this trial yielded the rationale for anlotinib plus
toripalimab as a promising chemotherapy-free option for the first-line
treatment of AGC in patients with PS 2, which was shown to encourage
anticancer activity with manageable toxicity. This study also demon-
strated the feasibility of implementing a performance status-matched
strategy in the population with PS 2. These findings demonstrate the
importance of the development of anlotinib plus toripalimab as a first-
line treatment for AGC, which could be extended to patients with AGC
with PS 0–1 in future trials.

Methods
Study design and participants
This trial adhered to the Declaration of Helsinki and Good Clinical
Practice Guidelines and was approved by the Institutional Review Board
of Shanghai Changzheng Hospital (approval number: 2019SL036). All
patients provided written informed consent prior to enrollment.

This open-label, single-arm, phase II study, conducted at Shanghai
Changzheng Hospital, aimed to evaluate the efficacy and safety of
anlotinib combined with toripalimab in patients with AGC with PS 2 at
the Shanghai Changzheng Hospital (NCT04278222). The key inclusion
criteria were as follows: (1) patients aged older than18 years with his-
tologically confirmed, unresectable, and metastatic gastric cancer
(AJCC-TNM stage IV adenocarcinoma of the stomach); (2) PS 2 (PS was
assessed using Eastern Cooperative Oncology Group performance
score); (3) no prior systemic anticancer treatment, with relapse or
metastasis occurring more than 12 months after adjuvant che-
motherapy; (4) at least one measurable lesion as defined by the
Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1);
and (5) adequate organ function (hemoglobin (HB) ≥90 g/L, absolute
neutrophil count (ANC) ≥1.5 × 109/L, platelet count (PLT) ≥80 × 109/L,
bilirubin (BIL) <1.5 times the upper limit of normal (ULN), alanine
transaminase (ALT) and aspartate transaminase (AST) <2.5 × ULN; and
in the case of liver metastases, BIL <3 ×ULN, ALT and AST <5 ×ULN;
serum creatinine (Cr) ≤1.5 ×ULN). The exclusion criteria included the
following: (1) HER2positiveAGC (defined as immunohistochemistry 3+
or immunohistochemistry 2+/fluorescence in situ hybridization-
positive or immunohistochemistry 2+/silver in situ hybridization-
positive); (2)mismatch repair deficient (dMMR)/microsatellite
instability-high (MSI-H) status; (3) prior treatment with anti-
angiogenics or immune checkpoint inhibitors; (4) known or clinically
suspected brain metastases, autoimmune disease, or organ trans-
plantation; (5) use of glucocorticoids (>10mg prednisone daily) or
immunosuppressive agents; (6) history of another malignancy within
the past 5 years, except for treated dermal basal cell or squamous cell
carcinoma or cervical carcinoma in situ; and (7) significant con-
comitant diseases deemed by the investigator to preclude
participation.

Table 2 | Treatment-related adverse events

Adverse Event N Grade 1 Grade 2 Grade 3 Grade 4

Hypothyroidism 9 (37.5%) 7 (29.2%) 2 (8.3%)

AST elevation 6 (25%) 1 (4.2%) 1 (4.2%) 4 (16.6%)

Pain 6 (25%) 5 (20.8%) 1 (4.2%)

Diarrhea 5 (20.8%) 2 (8.3%) 3 (12.5%)

Fatigue 5 (20.8%) 4 (16.6%) 1 (4.2%)

Rash 5 (20.8%) 4 (16.6%) 1 (4.2%)

Hypertension 4 (16.6%) 2 (8.3%) 2 (8.3%)

Nausea 3 (12.5%) 2 (8.3%) 1 (4.2%)

Hand-Foot syndrome 2 (8.3%) 1 (4.2%) 1 (4.2%)

Proteinuria 2 (8.3%) 2 (8.3%)

Granulocytopenia 2 (8.3%) 1 (4.2%) 1 (4.2%)

Thrombocytopenia 2 (8.3%) 1 (4.2%) 1 (4.2%)

Anemia 2 (8.3%) 2 (8.3%)

mucositis 2 (8.3%) 1 (4.2%) 1 (4.2%)

Edema 2 (8.3%) 2 (8.3%)

Abdominal distension 1 (4.2%) 1 (4.2%)

Elevated bilirubin 1 (4.2%) 1 (4.2%)

Elevated creatinine 1 (4.2%) 1 (4.2%)

Fever 1 (4.2%) 1 (4.2%)

Hyperamylasemia 1 (4.2%) 1 (4.2%)
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Procedures
Eligible patients received toripalimab intravenously at a dose of
240mg on day 1 and anlotinib orally at a dose of 12mg daily fromdays
1–14 of each 3-week cycle. Treatment was continued until disease
progression, death, intolerable toxicity, or consent withdrawal occur-
red. Toxicitymanagement involved supportive care, dose reduction of
anlotinib, and interruption of anlotinib until the adverse events (AEs)
were grade 2 or lower. The dose reduction steps for anlotinib were
initially 10mg daily and then 8mg daily, if necessary. Treatment with
anlotinib was terminated if the 8mg dose was not tolerated. Dose
modifications for toripalimabwerenot permitted, and toripalimabwas
interrupted in cases of grade 3 or higher immune-related AEs. Patients
with intolerable AEs leading to delay or cessation of one medication
continued the treatment.

Assessment
Tumor response was evaluated using computed tomography (CT) or
magnetic resonance imaging (MRI) at baseline and every 6 weeks until
disease progression according to RECIST version 1.1 by a masked
independent radiologists’ team. Patients were examined every 3weeks
for hematology, serum chemistry, urinalysis, and Eastern Cooperative
Oncology Group (ECOG) PS. AEs were assessed using the National
Cancer Institute Common Terminology Criteria for Adverse Events,
version 5.0. Prior to enrollment, formalin-fixed paraffin-embedded
(FFPE) tissue samples were analyzed to determine the baseline mole-
cular characteristics, including MMR status, molecular alteration pro-
file, PD-L1 expression, and tumor immune-microenvironment. PD-L1
expression was defined as the combined positive score (CPS). Mole-
cular alterations were assessed using a customized next-generation
sequencing panel (3DMedicine, Shanghai, China). The tumor immune-
microenvironment was evaluated by multiplex immunofluorescence
(mIF) with an Akoya OPAL Polaris 7-Color Automation IHC kit.

NGS detection for molecular alterations
FFPE tissue sections were first evaluated using H&E staining to
ensure a tumor cell content of at least 20%. The selected sections
were then deparaffinized and digested. Genomic DNA was
extracted using the ReliaPrep™ FFPE gDNA Miniprep System
(Promega) and quantified with the Qubit™ dsDNA HS Assay Kit
(Thermo Fisher Scientific). Then, DNA extracts underwent shear-
ing to produce ~250 bp fragments. Libraries were constructed
using the KAPA Hyper Prep Kit (KAPA Biosystems). The quality
and size distribution of these libraries were assessed using a
Qubit 3.0 fluorometer (Thermo Fisher Scientific) and a LabChip
GX Touch HT Analyzer (PerkinElmer). Indexed libraries were
subjected to hybridization with a custom NGS panel targeting 733
cancer-related genes. The xGen® Hybridization and Wash Kit
(IDT) was used for the hybridization enrichment process. After
hybridization, the concentration and fragment size distribution of
the final library were determined using the same quantification
and analysis tools. Subsequently, the captured libraries were
sequenced on the NovaSeq 6000 platform (Illumina) with 100 bp
paired-end reads and a mean sequencing depth of 1000. The raw
sequencing data were aligned to the hg19 reference genome.
Variants were called within the targeted regions using an in-house
developed variant detection model based on a binomial test.
Tumor mutational burden was calculated as the count of non-
synonymous somatic SNVs and indels in the examined coding
regions, excluding known driver mutations.

Tumor microenvironment (TME) analysis by multiplex
immunofluorescence (mIF)
FFPE tissue slides were deparaffinized and sequentially incubated with
primary antibodies targeting CD163, CD68, PD-1, PD-L1, CD3, CD4,
CD8, CD56, CD20, FOXP3, pan-CK, or S100. Secondary antibodies and

correspondingOpalfluorophores were then applied, followed byDAPI
staining for nuclei. Negative controls without fluorophores were
included to assess autofluorescence. Multiplex-stained slides were
scanned using a Vectra Polaris Quantitative Pathology Imaging System
(Akoya Biosciences) at 20nm intervals from 440 to 780 nm. Images
were superimposed and imported into inForm v.2.4.8 (Akoya Bios-
ciences) for quantitative analysis. Tumor parenchymaand stromawere
differentiated via Pan-CK staining. Cell population quantities were
expressed as the number of stained cells per square millimeter and as
the percentage of positively stained cells among all nucleated cells.
Utilizing AP-TIME image analysis software (3DMedicines Inc.), images
were imported and subjected to rigorous examination.

Outcomes
The primary outcome was the objective response rate (ORR), which
was determined by the investigator using RECIST version 1.1. Second-
ary endpoints included the disease control rate (DCR), duration of
response (DoR), progression-free survival (PFS), OS, and safety. ORR
was defined as the proportion of patients who achieved a complete or
partial response. The DCR included complete response, partial
response, and stable disease as the best overall responses. PFS was
measured from enrollment date to disease progression or death from
any cause, whereas OS was measured from enrollment to death from
any cause. Exploratory analyses included identifying efficacy-related
biomarkers by comparing molecular characteristics between respon-
ders (CR + PR) and non-responders (SD + PD), as well as between long-
PFS (PFS > mPFS) and short-PFS (PFS ≤ mPFS) groups.

Statistical analysis
The sample size was estimated using Simon’s minimax two-stage
design. The response rate for anti-PD-1 antibody plus an anti-
angiogenic TKI ranged from 44.0 to 69.0% in patients with gastric
cancer with PS 0–1, while the response rate for traditional che-
motherapy among patients with AGC with PS 2 was ~20–30%25,35,36. An
ORR of 40% was expected with the combination of anlotinib and tor-
ipalimab. The null hypothesis posited a true ORR of 20% against an
alternative of 40%with 80%power and a 10% type I error rate. Fourteen
patients were recruited for the first stage; if fewer than two responses
were obtained, the study was terminated. Otherwise, an additional ten
patients were accrued. The study was deemed positive if more than
nine responders were observed among the 24 patients. Descriptive
summaries of patient characteristics, safety data, and antitumor
activities are provided. The ORR and DCR with 95% confidence inter-
vals (CIs) were calculated using the Clopper and Pearson methods,
Kaplan–Meier curve and log-rank test were used to evaluate PFS and
OS. All patients who received at least one treatment dose were inclu-
ded in the intention-to-treat (ITT) cohort for the analysis of efficacy
and safety. Fisher’s exact test was used for exploratory analyses of the
ORR and other binary outcomes among the subgroups, Wilcoxon test
is employed for comparing continuous data. P values were calculated
using a two-sided method, and statistical significance was set at
P <0.05. All statistical analyses were conducted using the R software
(https://www.r-project.org/, version 20.0.3; Belgium).

Data availability
The genomic data generated in this study have been deposited
National Genomics Data Center (NGDC) under the accession code
HRA011539. A copy of genomic data has also been deposited into the
Genome Variation Map (GVM) database under accession code
GVM001023. The individual de-identified participant data and geno-
mic data are available for scientific purposes by sending requests to
the corresponding author (Yuan-Sheng Zang, doc-
torzangys@163.com) within 5 years after this paper’s publication. The
remaining data are available within the Article, Supplementary Infor-
mation, or Source Data file. Source data are provided with this paper.
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Code availability
Customcode for data processing and analysis is available https://doi.org/
10.5281/zenodo.15362698. (https://github.com/gn123761/-APICAL-GC).
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