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First-line Aumolertinib (EGFR tyrosine kinase inhibitor) plus
apatinib (VEGFR inhibitor) versus aumolertinib in EGFR-
mutant non-small cell lung cancer patients: a randomized,
multicenter, phase II trial
Fan Zhang1, Zhendong Zheng2, Hongmei Zhang3, Xiaolong Yan 4, Zhefeng Liu5, Fan Yang1, Juyi Wen6, Xin Gan7, Lin Wu 8,
Shundong Cang9, Hongmei Wang10, Jun Zhao11, Liang Peng12, Xiaosong Li13, Zaiwen Fan14, Ge Shen15, Qiong Zhou 16, Jinjing Zou17,
Yu Xu18, Lei Zhang18, Mingfang Zhao19✉, Shangli Cai 18✉ and Yi Hu1✉

Inactivating vascular endothelial growth factor receptor (VEGFR) may improve the efficacy of epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) in EGFR-mutant non-small cell lung cancer (NSCLC). The ATTENTION study (phase II, open-
label, randomized, multicenter trial (Registration number: ChiCTR2100047453), evaluated the efficacy and safety of aumolertinib
plus apatinib vs. aumolertinib alone in untreated, EGFR-mutant, advanced NSCLC. The primary endpoint was the 18-month PFS rate.
Across 18 centers in China, 104 patients were enrolled to receive aumolertinib alone (n= 51) or with apatinib (n= 53). At a median
follow-up duration of 19.4 months, aumolertinib plus apatinib outperformed aumolertinib alone in terms of the 18-month
progression-free survival (PFS) rate (74% vs. 50%, P= 0.036), median PFS (not reached [NR] vs. 20.1 months, hazard ratio
[HR]= 0.41, P= 0.017), and objective response rate (79% vs. 59%, P= 0.024). No grade 4/5 treatment-related adverse effects
(TRAEs) were observed, whereas grade 3 TRAEs occurred in 38% vs. 27% of patients, with hypertension (11%) and platelet count
decrease (9%) being most common in the combination arm. Exploratory analysis revealed that PFS benefits from aumolertinib plus
apatinib predominantly in those with TP53 mutations. As an infusion-free option, aumolertinib plus apatinib demonstrated PFS
benefits with manageable safety in patients with untreated, EGFR-mutant, advanced NSCLC.
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INTRODUCTION
Lung cancer is the leading cause of cancer-related death
worldwide,1–3 and nearly 85% of lung cancers are non-small cell
lung cancer (NSCLC) subtype.4 Epidermal growth factor receptor
(EGFR) mutations define a distinct subset of NSCLC, accounting for
47% of the NSCLC cases in the Asia–Pacific region, 15% in Europe,
and 22% in North America.5 In EGFR-mutant advanced NSCLC,
tyrosine kinase inhibitors targeting EGFR (EGFR-TKIs) have
demonstrated remarkable efficacy, and third-generation EGFR-
TKIs have become the preferred first-line option.6–8

Despite the ongoing development of novel EGFR-targeting
agents, combination strategies based on third-generation EGFR-
TKIs as first-line treatments remain an appealing area of research.

The addition of chemotherapy, amivantamab, or ramucirumab has
been shown to delay recurrence;9–12 however, these regimens are
often associated with severe adverse effects (AEs) or the
requirement for intravenous administration, which can lead to
treatment discontinuation and/or reduced adherence and thus
limit clinical feasibility.
Multiple randomized controlled trials (RCTs) have reported that

adding antiangiogenic agents (bevacizumab, ramucirumab, and
apatinib) to first-generation EGFR-TKIs (erlotinib and gefitinib) can
confer significant PFS benefits,13–21, indicating the feasibility of
incorporating antiangiogenic agents in combination therapies.
Aumolertinib, a third-generation EGFR-TKI, has been approved

for first-line treatment of advanced EGFR-mutated NSCLC patients
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in China.22–25 Here, we conducted this open-label, randomized,
multicenter, phase II trial (ATTENTION) to evaluate the efficacy and
safety of aumolertinib plus apatinib in untreated patients with
EGFR-mutant, advanced NSCLC.

RESULTS
Patient characteristics
The flowchart of the participants is shown in Fig. 1. From June
2021 to November 2022, 104 patients were enrolled and
randomized. All patients were included for analysis of treatment
efficacy. One patient assigned to the aumolertinib arm withdrew
consent before study treatment and was thereby excluded from
the safety analysis. Baseline characteristics are shown in Table 1.
The median (range) age was 60 (33–75) years. Most of the subjects
had adenocarcinoma histology (95%), stage IV disease (95%), and
an Eastern Cooperative Oncology Group (ECOG) performance
status of 1 (87%). Notably, 26 (25%) patients had central nervous
system (CNS) metastasis. With respect to EGFRmutations, 50 (48%)
and 50 (48%) presented exon 19 deletions and L858R mutations,
respectively, and 4 (4%) harbored G719C, L861Q, or G719A
mutations, which have been shown to be sensitive to third-
generation EGFR-TKIs.26–28 The baseline characteristics were
generally balanced between the two arms (P > 0.20, Table. 1).
Notably, compared to the monotherapy arm, a mildly higher
proportion of female was observed in the combination arm (60%
vs. 49%, P= 0.24; Table. 1), which requires attention in the
subgroup analyses.
At the cutoff date (June 20, 2024), the median follow-up was

19.4 months, and 17 of 53 (32%) patients in the aumolertinib‒
apatinib arm and 12 of 51 (24%) patients in the aumolertinib arm
were still receiving treatment. Notably, 12 patients (12%)
discontinued treatment due to the strict quarantine policies of
COVID-19 in China, and the discontinuation in 9 cases (9%) was
owing to COVID-19-induced pneumonia, leading to a slightly
higher rate of non-progression-induced discontinuation than that

Fig. 1 Flow chart of patient selection

Table 1. Baseline characteristics

Characteristic Aumolertinib +
Apatinib (N= 53)

Aumolertinib
(N= 51)

P

Age 0.59

Median (range), y 60 (33–75) 61 (37–75)

Sex, No. (%) 0.24

Male 21 (40) 26 (51)

Female 32 (60) 25 (49)

Smoking history, No. (%) 0.91

Yes 12 (23) 12 (24)

No 41 (77) 39 (76)

Histology, No. (%) 0.62

Adenocarcinoma 51 (96) 48 (94)

Others 2 (4) 3 (6)

Stage, No. (%) 0.34

IIIB ~ IIIC 1 (2) 4 (8)

IV 52 (98) 47 (92)

EGFR mutation, No. (%) 0.53

Exon 19 deletion 25 (47) 25 (49)

L858R 27 (51) 23 (45)

Othersa 1 (2) 3 (6)

ECOG 0.94

0 7 (13) 7 (14)

1 46 (87) 44 (86)

Number of metastasis
organs, No. (%)

0.91

≥2 14 (26) 14 (27)

<2 39 (74) 37 (73)

CNS metastases, No. (%) 0.57

Yes 12 (23) 14 (27)

No 41 (77) 37 (73)

ECOG Eastern Cooperative Oncology Group
aOther EGFR mutations: G719C, G719A and/or L861Q
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reported in similar clinical studies.15,18,29 Excluding those discon-
tinued treatments, the patients on treatment at the data cutoff
were followed up for more than 18 months to ensure the
assessment of the 18-month PFS rate (primary endpoint).

Efficacy
At the data cutoff, progression or death was observed in
10 subjects in the aumolertinib‒apatinib arm (19%) and 21 in
the aumolertinib arm (41%). The maturity of overall survival (OS)
was 15%, which was insufficient for statistical testing in this
interim analysis. The 18-month PFS rate was 74% in patients
receiving aumolertinib plus apatinib and greater than 50% in
patients treated with aumolertinib monotherapy (P= 0.036; Fig.
2a), meeting the primary endpoint. The median PFS was not
reached (NR) in the aumolertinib‒apatinib arm versus 20.1 months
in the aumolertinib arm (HR= 0.41, 95% CI: 0.19–0.88, P= 0.017;
Fig. 2a). Subgroup analysis for the 18-month PFS rate and PFS
revealed comparable benefits in most subgroups, including those

with ≥2 metastatic organs, CNS metastasis, and different
mutations in EGFR (Fig. 2b). Specifically, the addition of apatinib
increased the 18-month PFS rate in males (79% vs. 25%) but not in
females (70% vs. 83%); a similar trend was observed in the PFS
analysis (Fig. 2b). In the multivariable analysis of PFS, the benefit
from additional apatinib remained significant after adjusting for
sex and other key variables, including age, smoking history, CNS
metastasis status, number of metastasis sites, EGFR mutation
status, and ECOG (HR= 0.38, 95% CI 0.18–0.84, P= 0.016;
supplementary Fig. 1).
Since COVID-19 caused the discontinuation of COVID-19 in 21

patients in our study, a sensitivity analysis excluding these
patients was performed. The benefits of the 18-month PFS rate
and median PFS rate remained significant (18-month PFS rate:
72% vs. 46%, P= 0.025; median PFS: NR vs. 15.0 months,
HR= 0.41, 95% CI 0.19–0.86, P= 0.015; Supplementary Fig. 2),
indicating that the discontinuation caused by COVID-19 may not
significantly affect the study’s conclusions.

Fig. 2 Progression-free survival. a Kaplan‒Meier curves of progression-free survival. b Subgroup analysis of progression-free survival
according to baseline characteristics. CI confidence interval, ECOG Eastern Cooperative Oncology Group, HR hazard ratio, NR not reached
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The confirmed objective response rate (ORR) was 79% in the
aumolertinib‒apatinib arm, which was higher than the 59% in the
aumolertinib arm (RR= 1.35, 95% CI 1.03‒1.76, P= 0.024; Table. 2).
The detailed depth of the response is shown in Fig. 3a. Time-to-
response was similar in the two arms (HR= 1.31, 95% CI 0.80–2.15,
P= 0.28; supplementary Fig. 3a), whereas the duration of response
(DoR) appeared to be longer in the combination arm (HR= 0.41,
95% CI 0.17–0.99, P= 0.040; supplementary Fig. 3b). The ORR
benefit was comparable in most subgroups, while a significant
interaction between treatment and CNS metastasis was observed
(P= 0.002; Fig. 3b). A remarkable ORR benefit was revealed in
patients with CNS metastasis (RR= 2.80, 95% CI 1.39–5.65,
P= 0.001), and in those without CNS metastasis, the ORR was
similar between the two arms (RR= 1.08, 95% CI 0.81–1.45; P= 0.59;
Fig. 3b). Despite this, the DoR in patients without CNS metastasis
was better in those who responded to aumolertinib plus apatinib
than in those who responded to aumolertinib alone (P= 0.050;
supplementary Fig. 3c), indicating the benefit of adding apatinib to
these patients. Moreover, the relationship between additional
apatinib and a high ORR remained significant in the multivariable
logistic regression model (P= 0.015; Supplementary Fig. 4).

Safety
The median duration of exposure to apatinib was 8.1 months
(interquartile range [IQR]: 3.4–18.9; Supplementary Table 1) in the
aumolertinib plus apatinib arm. The median duration of exposure
to aumolertinib was 12.8 months (IQR: 6.9–20.9) in the aumolerti-
nib‒apatinib arm and 11.7 months (IQR: 5.7–17.4; Supplementary
Table 1) in the aumolertinib arm. Discontinuation with apatinib
due to adverse effects was observed in 10 patients (19%) in the
aumolertinib-apatinib arm, including pneumonia (n= 3, 6%),
pleural effusion (n= 2, 4%), hypertension (n= 1, 2%), rash
(n= 1, 2%), proteinuria (n= 1, 2%), hematuresis (n= 1, 2%), and
pressure ulcers (n= 1, 2%).
The percentages of patients who experienced any-grade

treatment-emergent adverse events (TEAEs) in the aumolertinib-

apatinib arm and the aumolertinib arm were 92% and 80%,
respectively, and any-grade TRAEs were reported in 91% and 76%
of patients (Table 3). Most TRAEs were mild (no grade 4–5 TRAEs),
and grade 3 TRAEs were observed in 38% and 27% of patients in
the aumolertinib-apatinib arm and the aumolertinib arm, respec-
tively (Table 3). Common grade 3 or worse TRAEs in the
aumolertinib‒apatinib arm included hypertension (11%) and
decreased platelet count (9%; Table 3).

TP53 mutations and treatment effects
Multiple gene polymerase chain reaction (PCR) or next-generation
sequencing (NGS) was performed on 42 patients in the
aumolertinib‒apatinib arm and 39 patients in the aumolertinib
arm. Compared with the overall population, these patients had
similar baseline characteristics (Supplementary Table 2). TP53 was
the most mutated tumor-suppressing gene (52%, Fig. 4a), and its
mutation was associated with worse PFS (HR= 4.83, 95% CI
1.79–13.05; P= 0.001; Fig. 4b). In the TP53-mutant patients with a
poorer prognosis, the median PFS was NR in the combination arm
and 12.4 months in the monotherapy arm (HR= 0.33, 95% CI
0.11–1.00; P= 0.039; Fig. 4c). In those with wild-type TP53, PFS was
similar between the two arms (P= 0.30, Supplementary Fig. 5).

DISCUSSION
ATTENTION demonstrated the superiority of aumolertinib plus
apatinib over aumolertinib monotherapy for improving the 18-
month PFS rate (74% vs. 50%) and median PFS (NR vs. 20.1
months, HR= 0.41) in untreated patients with EGFR-mutant,
advanced NSCLC. No grade 4–5 TRAEs were observed, and the
incidence rate of grade 3 TRAEs was 38% in the combination arm
and 27% in the monotherapy arm. Given this, aumolertinib plus
apatinib may serve as a chemotherapy-free and infusion-free
option for first-line treatment. Post hoc biomarker analysis
revealed the linkage between TP53 mutation and remarkable
benefits from additional apatinib.
Aumolertinib, a third-generation EGFR-TKI, has antitumor

efficacy similar to that of osimertinib in both untreated patients
and those with a T790M mutation in EGFR.22–25 The median PFS of
patients receiving aumolertinib monotherapy was 20.1 months in
our study, closely approximating the 19.3 and 18.9 months
reported for patients receiving aumolertinib (AENEAS) and
osimertinib monotherapies (FLAURA), respectively.23,30 Therefore,
the addition of apatinib to aumolertinib further reduced the risk of
progression by 59%, potentially making it the optimal choice for
first-line therapy. The confirmed ORR in our study of the
aumolertinib group was 59%, which was lower than that of the
aumolertinib group in the AENEAS study, and the difference might
be related to the lower proportion of patients with an EGFR exon
19 deletion (proportion of the third-generation EGFR-TKI group in
ATTENTION: 49%; AENEAS: 65.4%; FLAURA: 63%).
Subgroup analysis demonstrated that adding apatinib to

aumolertinib could confer benefits in most subpopulations.
Notably, males and smokers tended to acquire better PFS benefits
compared to females and non-smokers, respectively. These results
were consistent with a meta-analysis focusing on the impact of
adding bevacizumab to osimertinib.31

In patients treated with aumolertinib plus apatinib, there were
marked increases in the incidence of some adverse effects, e.g.,
decreased platelet count, rash, diarrhea, and hypertension, which
is consistent with previous reports.18 Despite these findings, no
grade 4–5 TRAEs were reported, and most TRAEs were manage-
able. The incidence rate of grade 3 or worse TRAEs was 38% in the
aumolertinib‒apatinib arm, which was comparable to those in the
aumolertinib monotherapy arm (27%). Notably, apatinib-related
TRAEs occurred at a lower frequency in the aumolertinib‒apatinib
arm than in the CTONG1706 study (gefitinib plus apatinib), which
might be due to the relatively lower dosage of apatinib used in

Table 2. Overall responses

Aumolertinib +
Apatinib (N= 53)

Aumolertinib
(N= 51)

Confirmed objective response

No. of patients with
confirmed objective
response

42 30

% of patients (95% CI) 79 (66–88) 59 (45–72)

Best overall response–no. (%)

Complete response 2 (4) 0 (0)

Partial response 40 (76) 30 (59)

Stable disease 6 (11) 15 (29)

Progression disease 0 (0) 3 (6)

Not evaluated 5 (9) 3 (6)

CNS objective response

No. of patients with CNS
metastasis

12 14

No. of patients with CNS
objective response

10 6

% of patients (95% CI) 83 (62–100) 43 (17–69)

Time to response–months

Median (95% CI) 1.6 (1.5–2.9) 1.6 (1.5–2.9)

Duration of response–months

Median (95% CI) NR (NR–NR) 22.3 (11.9–NR)

CI confidence interval, NR not reached
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our study.18 Moreover, the frequency of grade 3 or higher AEs in
the aumolertinib‒apatinib arm was markedly lower than that in
the osimertinib plus platinum‒pemetrexed chemotherapy arm
(64%).9 The PFS benefit from the addition of apatinib (HR= 0.41)
may be equivalent to that of chemotherapy (HR= 0.62), while
chemotherapy can cause severe adverse effects (AEs) and requires
intravenous infusion,9 which may somewhat affect compliance
and clinical applicability. A recent MARIPOSA study demonstrated
that the median progression-free survival was significantly longer
in the amivantamab–lazertinib group than in the osimertinib
group (23.7 vs. 16.6 months), whereas combination therapy failed
to increase the objective response rate compared with osimertinib
monotherapy, and the rate of grade 3 or higher AEs was 75%.12

Loss-of-function mutations of TP53 reduce its function and
thereby relieve its degradation of hypoxia-inducible factor 1 alpha,
leading to angiogenesis in tumor xenografts.32 In NSCLC tissue
samples, TP53 mutations are independently correlated with high
expression of VEGF-A,33 suggesting a potential benefit from
antiangiogenic agents. Biomarker analyses of RELAY and
CTONG1706 also revealed greater PFS benefits from, respectively,
adding ramucirumab to erlotinib and adding apatinib to gefitinib
in the TP53-mutant patients compared to those without.18,34 The
above findings identified TP53 mutations as predictive biomarkers
of benefits from adding antiangiogenic agents to EGFR-TKIs.
Intriguingly, a phase II RCT in Japan (WJOG9717L) failed, aiming

to assess the PFS benefit of adding bevacizumab to osimertinib in

Fig. 3 Treatment response assessment. a Best percentage change from baseline in target lesion size. # indicates progression of the
nontarget lesion. * indicates an unconfirmed PR. b Subgroup analysis of the objective response rate according to baseline characteristics. CR
complete response, PR partial response, RR risk ratio, SD stable disease, PD progressive disease
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the first-line setting (HR= 0.86, one-sided P= 0.21).29 This out-
come may be attributed to the high objective response rate (ORR)
in the control arm (86%), the high discontinuation rate of
bevacizumab (64%), and the higher age of enrolled subjects
(age ≥ 75 years: 23%).29 Other studies evaluating the efficacy of
bevacizumab plus osimertinib (NCT04181060, NCT03909334, and
TORG1833) are currently ongoing. In contrast to bevacizumab
binding exclusively to VEGF, the multitarget apatinib may
demonstrate enhanced antitumor efficacy via the inhibition of
multiple pathways. Furthermore, apatinib can evoke cytotoxic
effects, boost autophagy and apoptosis-induced cell death, and
optimize the immune microenvironment in vivo;35,36 apatinib can
also modestly inactivate other tyrosine kinases with the IC50 values
of 0.013 μM, 0.429 μM, and 0.53 μM for Ret, c-kit, and c-src,
respectively.37 Whether these functions account for the synergy
between apatinib and aumolertinib requires further study.
Our study has several limitations that should be acknowl-

edged. First, ATTENTION is a phase II trial design. Although a
significant prolongation of median PFS induced by the addition
of apatinib to aumolertinib was revealed, the power of this result
is limited by the sample size. The trial was performed in China,
with no other ethnicities being treated. Second, COVID-19 and
strict quarantine policies in China increased the discontinuation
rate in our study, but this effect was comparable between the
two arms. Excluding patients who ceased treatment due to

COVID-19, those remaining on treatment at the data cutoff were
tracked for more than 18 months to ensure a thorough
assessment of the 18-month PFS rate (primary endpoint). In
addition, the exclusion of these patients did not significantly
affect the 18-month PFS rate or median PFS. Third, in our study,
some secondary endpoints, including PFS in the treatment
group and OS, were immature at the data cutoff for interim
analysis, which needs further follow-up.
Aumolertinib plus apatinib may be a compelling candidate

therapeutic option for first-line treatment in patients with
untreated, EGFR-mutant, advanced NSCLC owing to improve-
ments in the ORR and PFS, efficacious disease control in patients
with CNS metastasis, a lack of increase in severe TRAEs, and
chemo-free and infusion-free characteristics. A phase III trial is
warranted to further investigate the efficacy and safety of adding
apatinib to aumolertinib.

MATERIALS AND METHODS
Study design
ATTENTION is an open-label, randomized, multicenter, phase II
trial involving 18 medical centers in China (registration number:
ChiCTR2100047453; medical centers: see Supplemental Informa-
tion, Text S1). The study protocol and amendments were
approved by the participating centers’ Ethics Committees (Ethics

Table 3. Adverse effects

Adverse Events Aumolertinib + Apatinib (N= 53) Aumolertinib (N= 51)

All Grade Grade 1-2 Grade 3 All Grade Grade 1-2 Grade 3

Patients with any TEAE 49 (92) 27 (51) 41 (80) 19 (37)

Patients with any TRAE 48 (91) 20 (38) 39 (76) 14 (27)

Platelet count decrease 20 (38) 15 (28) 5 (9) 2 (4) 2 (4) 0 (0)

Rash 15 (28) 14 (26) 1 (2) 4 (8) 4 (8) 0 (0)

Diarrhea 14 (26) 14 (26) 0 (0) 4 (8) 2 (4) 2 (4)

Hypertension 14 (26) 8 (15) 6 (11) 1 (2) 0 (0) 1 (2)

CK increased 12 (23) 10 (19) 2 (4) 8 (16) 5 (10) 3 (6)

WBC count decrease 10 (19) 9 (17) 1 (2) 4 (8) 2 (4) 2 (4)

Hypokalaemia 8 (15) 8 (15) 0 (0) 2 (4) 1 (2) 1 (2)

ALT increased 7 (13) 6 (11) 1 (2) 3 (6) 3 (6) 0 (0)

Neutrophil count decrease 7 (13) 6 (11) 1(2) 3 (6) 0 (0) 3 (6)

Anemia 6 (11) 5 (9) 1(2) 1 (2) 1 (2) 0 (0)

Nausea 6 (11) 6 (11) 0 (0) 1 (2) 1 (2) 0 (0)

AST increased 5 (9) 5 (9) 0 (0) 1 (2) 1 (2) 0 (0)

Decreased appetite 5 (9) 4 (7) 1 (2) 1 (2) 1 (2) 0 (0)

Blood bilirubin increased 5 (9) 5 (9) 0 (0) 1 (2) 1 (2) 0 (0)

Insomnia 4 (7) 4 (7) 0 (0) 1 (2) 1 (2) 0 (0)

Weight decreased 4 (7) 4 (7) 0 (0) 1 (2) 0 (0) 1 (2)

Upper respiratory tract infection 4 (7) 4 (7) 0 (0) 2 (4) 2 (4) 0 (0)

GGT increased 3 (6) 2 (4) 1 (2) 1 (2) 0 (0) 1 (2)

Hand-foot syndrome 3 (6) 3 (6) 0 (0) 0 (0) 0 (0) 0 (0)

Headache 3 (6) 2 (4) 1 (2) 0 (0) 0 (0) 0 (0)

Vomiting 2 (4) 2 (4) 0 (0) 2 (4) 2 (4) 0 (0)

Constipation 2 (4) 2 (4) 0 (0) 2 (4) 2 (4) 0 (0)

ECG QT prolonged 2 (4) 1 (2) 1 (2) 1 (2) 0 (0) 1 (2)

Occult blood positive 1 (2) 1 (2) 0 (0) 1 (2) 1 (2) 0 (0)

Abdominal pain 1 (2) 1 (2) 0 (0) 2 (4) 2 (4) 0 (0)

Data in n (%)
ALT alanine aminotransferase, CK creatine kinase, ECG electrocardiograph, GGT gamma-glutamyl transpeptidase, TEAE treatment emergent adverse effect, TRAE
treatment-related adverse effect, WBC white blood cell
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Number: S2021-233-02). The trial was conducted in compliance
with the Declaration of Helsinki. All patients provided informed
consent before participation. The complete study protocol can be
found in the Supplemental Information (Text S2).

Participants
The main eligibility criteria were as follows: (1) aged over 18 years;
(2) ECOG score of 0 or 1; (3) histologically confirmed treatment-
naïve or recurrent stage IIIB–IV NSCLC; (4) harboring EGFR exon 19
deletion, L858R mutation, or other EGFR-sensitive mutations (e.g.,
L861Q); and (5) measurable disease according to the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1). The
key exclusion criteria included previous medical treatment for
advanced NSCLC (previous adjuvant or neoadjuvant chemother-
apy was allowed if it ended more than 6 months before
randomization), symptomatic brain metastases (patients with
stable brain metastases are eligible), and known ALK/ROS1 fusions.
The detailed inclusion and exclusion criteria are described in the
supplemental information (Text S1).

Randomization and masking
Randomization was performed by stratified blocked randomiza-
tion (block size: 4) via Clinflash IRT (Clinflash Healthcare
Technology (Jiaxing) Co. Ltd., Zhejiang, People’s Republic of
China) and stratified by EGFR mutation types and CNS metastases.
All patients and investigators were unmasked to treatment
allocation.

Procedures
EGFR mutations were screened by PCR or NGS using either
baseline tumor tissue or plasma samples from hospital

laboratories or third-party testing organizations accredited by
the Clinical Laboratory Improvement Amendments (CLIA) and the
College of American Pathologists (CAP).
The participants were randomly assigned (1:1) to receive

either oral aumolertinib (110 mg/day) plus apatinib (250 mg/
day) or oral aumolertinib alone (110 mg/day). Therapy was
continued until disease progression, unacceptable toxicity,
withdrawal of consent, COVID-19-induced pneumonia, or
investigator decision. After disease progression, study treat-
ment only continued at the discretion of the investigators. The
dose reduction for adverse events of apatinib was permitted to
be 250 mg every other day. Patients who discontinued study
treatment were followed up for survival until study completion.
The criteria for the discontinuation of patients from study
participation included the investigator’s decision, becoming
pregnant during the study, the patient’s decision to withdraw,
or whether the study was stopped for medical, safety,
regulatory, or other similar reasons.
Tumor assessments were performed at screening and after

6 weeks (within a window of ±1 week), 12 weeks (window,
±1 week), and then every 6 weeks (window, ±1 week) from
randomization until the occurrence of disease progression, as
assessed radiologically. Brain scans were performed at screening
and at the time of progression in all patients. Patients with brain
metastases at screening underwent brain scans at each tumor
assessment. The response was reported according to the Response
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1).
Treatment-emergent adverse events (TEAEs) were evaluated from
the first dose throughout the treatment period and 30 days after the
end of treatment according to the Common Terminology Criteria
for Adverse Events version 4.0.

Fig. 4 Mutation frequencies and concurrent mutations. a Heatmap illustrating the clinical features, treatment response, and mutation
landscape of the samples subjected to multigene NGS testing. Kaplan‒Meier curves of progression-free survival between patients with
different TP53 mutation statuses b and patients with TP53 mutation in the two treatment groups c. CI confidence interval, HR hazard ratio, NR
not reached
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NGS or PCR reports illustrating the mutational status of key
genes other than EGFR in baseline cancer tissue (n= 73) or plasma
samples (n= 8) were retrieved to explore biomarkers. The panels
used are shown in the Supplemental Information (Text S1).

Outcomes
The primary endpoint was the 18-month PFS rate, defined as the
proportion of patients at 18 months after randomization who
were alive and had not experienced disease progression (assessed
by RECIST v1.1). Patients with treatment discontinuation for any
reason were censored at the date of the last progression
assessment with no documented progression. Those on treatment
at the data cutoff should have been tracked for more than
18 months.
The secondary endpoints consisted of PFS (time from rando-

mization to the first time of disease progression or death),
confirmed ORR (the proportion of patients with confirmed
complete response or partial response), DoR (time from the first
documented response to the first time of disease progression or
death), safety, and OS (time from randomization to death).
Exploratory endpoints included PFS benefits in patients with
CNS metastasis, EGFR exon 19 deletion, EGFR L858R mutation, and
other mutational events.

Sample size calculation
This trial aimed to observe the superiority of aumolertinib plus
apatinib over aumolertinib alone. Given the assumptions of an 18-
month PFS rate of 75% for aumolertinib plus apatinib and 50% for
aumolertinib alone23 and a 10% drop-out rate, to achieve 80%
power at the 5% level of significance with equal allocation, a total
of 98 subjects were needed (49 per arm).38

Statistical analysis
To assess the between-group differences, we used (i) the chi-square
test for categorical variables, (ii) the Mann‒Whitney test for
continuous variables, (iii) the Kaplan‒Meier method and the log-
rank test for time‒event variables, and (iv) the “naïve” test, which is
based on the comparison of Kaplan‒Meier estimators for the 18-
month PFS rate (“Fixpoint.test” function of the R package:
ComparisonSurv).39 Hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs) were estimated via the Cox proportional
hazards model. The 95% CIs for the ORR were generated through
the Clopper‒Pearson method. Univariable and multivariable
analyses of PFS and ORR were performed with the Cox proportional
hazards model and the logistic regression model, respectively. The
interaction effect between treatment and each key variable was
calculated via a Cox proportional hazards model (for PFS) or a
logistic regression model (for ORR) that included the treatment
group, key variable, and treatment-by-variable interaction term.40

All the statistical analyses mentioned above were performed via IBM
SPSS Statistics 22 or R 4.1.3. The complete statistical analysis plan
can be found in the Supplemental Information (Text S2).
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