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Abstract
Background The safety and efficacy of combination of gefitinib with chemotherapy and bevacizumab in treatment 
patients with epidermal growth factor receptor (EGFR) mutations are currently unknown. This study was designed 
to evaluate the safety and preliminary efficacy of a combination therapy consisting of gefitinib, bevacizumab, 
pemetrexed, and carboplatin in patients with advanced non-squamous non–small cell lung cancer (NSCLC) harboring 
EGFR mutations.

Methods Eligible patients with EGFR-mutated advanced non-squamous NSCLC were recruited and received gefitinib 
combination with bevacizumab plus pemetrexed and carboplatin treatment. The primary endpoints were safety and 
progression-free survival (PFS). Secondary endpoints included objective response rate (ORR), disease control rate 
(DCR), duration of response (DOR), and overall survival (OS).

Results From June 2019 to June 2021, 20 patients were enrolled in this study. The median follow-up was 33.8 months 
(95% CI, 31.0-36.6). Grade ≥ 3 adverse events was 65%, including neutropenia (30%), thrombocytopenia (20%), nausea 
(20%), skin rash (20%), bleeding (10%), and increased ALT (10%). There was no death related to toxicity occurred. The 
median PFS was 28 months (95% CI, 20.4–35.6). the ORR was 95% (95% CI, 75.1-99.9%), the DCR was 100% (95% CI, 
83.2-100%), and the median DOR was 26.4 months (95% CI, 18.9–33.9). The median OS has not been reached.

Conclusion The results of this study demonstrate that the four-drug combination regimen, led by gefitinib, is 
manageable and tolerated and effective for patients with EGFR-mutated advanced non-squamous NSCLC.
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Introduction
Primary bronchogenic carcinoma is one of the most 
common and deadliest malignancies [1]. According 
to the latest data from 2020, lung cancer has the sec-
ond highest incidence rate (11.4%) among all malignant 
tumors worldwide, and it ranks first in terms of mortal-
ity rate (18.0%) (1). Non-small cell lung cancer (NSCLC) 
is the most common histological type of lung cancer, 
accounting for 80–85% of all malignant lung tumors, 
with non-squamous histology representing approxi-
mately 40% of all NSCLC cases [2]. For patients with 
advanced-stage (IIIB-IV) NSCLC, platinum-based che-
motherapy remains the standard treatment regimen 
[3–6]. However, studies have shown that approximately 
15% of Caucasian and nearly 50% of Asian patients with 
advanced NSCLC have epidermal growth factor recep-
tor (EGFR) mutations [7]. Several large-scale Phase III 
clinical trials have consistently demonstrated that first 
generation tyrosine kinase inhibitors (TKIs) such as gefi-
tinib and erlotinib, exhibit superior efficacy compared 
to standard first-line platinum-based chemotherapy in 
patients with advanced NSCLC harboring EGFR muta-
tions [8–11]. Unfortunately, despite the effectiveness of 
EGFR TKI monotherapy in these patients, most of them 
inevitably develop resistance, with a median progression-
free survival (PFS) ranging from 9 to 13 months [8, 12]. 
Therefore, there is an urgent need to develop new treat-
ment strategies to further improve the overall survival of 
patients with advanced non-squamous NSCLC harbor-
ing EGFR mutations.

Currently, the combination of EGFR TKIs with beva-
cizumab or cytotoxic chemotherapy has received wide-
spread attention [13]. The NEJ009 Study demonstrated 
that in EGFR mutation-positive NSCLC patients treated 
with the combination of chemotherapy and gefitinib, the 
objective response rate (ORR) (84% vs. 67%) and PFS 
(20.9 months vs. 11.9 months) were significantly higher 
compared to patients receiving gefitinib monotherapy 
[14]. In NEJ026 study, the results showed that the median 
PFS for patients in the erlotinib plus bevacizumab group 
was 16.9 months compared with 13.3 months for patients 
in the erlotinib group [hazard ratio (HR) 0.605, 95% CI 
0.417–0.877; P = 0.016)], and indicated that the combina-
tion of erlotinib and bevacizumab appears to be a favor-
able and well-tolerated treatment option for first-line 
therapy in advanced NSCLC patients with EGFR muta-
tions [15].

TP53 mutations co-occurring with EGFR mutations 
are very common in NSCLC [16–18]. The CTONG 0901 
study [19] revealed that in patients with EGFR-mutated 
NSCLC treated with EGFR-TKIs, the presence of TP53 
mutations was associated with a median PFS of 10.7 
months, compared to a notably longer median PFS of 
14.5 months for those without TP53 mutations. While 

Canale’s [20] research indicated that there was no statis-
tically significant difference in PFS and overall survival 
(OS) between patients with TP53 mutations and with-
out TP53 mutations. Previous studies have concentrated 
on how specific TP53 mutations within certain exons 
might affect the response to EGFR TKIs, yielding incon-
sistent results [19–22]. This has fueled ongoing debates 
about the prognostic value of TP53 mutations in EGFR-
mutated NSCLC and has stimulated interest in explor-
ing combined EGFR therapies for patients with TP53 
mutations.

However, little is known about the safety and efficacy 
of combination of four drugs (first generation EGFR-TKI, 
bevacizumab, and platinum-based dual drug chemother-
apy) in treatment NSCLC patients with EGFR mutations. 
Based on these findings, we proposed a regimen combin-
ing gefitinib, bevacizumab, pemetrexed, and carboplatin, 
and planned to conduct a clinical study to determine its 
clinical safety and preliminary efficacy.

Patients and methods
Patient population
The study was conducted following the principles of the 
Helsinki Declaration, and written informed consent was 
obtained from all patients prior to enrollment. The main 
inclusion criteria were as follows: males or females aged 
between 18 and 70 years old; Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 or 1 within 
7 days prior to randomization; untreated patients diag-
nosed with stage IIIB/IIIC/IV non-squamous NSCLC; 
confirmed EGFR mutations including 19del or L858R; 
ineligible for synchronous radiochemotherapy after 
multidisciplinary consultation; presence of at least one 
measurable objective tumor lesion with a maximum 
diameter ≥ 1 cm; and adequate organ function. The main 
exclusion criteria were serious concomitant systemic dis-
orders, interstitial pneumonia, another primary malig-
nancy, preexistence of T790M mutation, symptomatic 
brain metastases, high risk of bleeding or coagulation 
disorders, and pregnancy.

Study design and treatment
In this clinical trial, during the induction phase, each 
treatment cycle occurs every 3 weeks (Fig.  1). Patients 
received daily oral administration of gefitinib (250  mg). 
On the first day of each cycle, they received intrave-
nous infusion of bevacizumab (7.5  mg/kg), pemetrexed 
(500 mg/m2), and carboplatin [area under the curve 
(AUC) = 5)]. After 4 cycles, the induction treatment is 
completed, and carboplatin is discontinued. Maintenance 
therapy continues with the combination of gefitinib, 
bevacizumab, and pemetrexed (using the same dosage, 
route, and frequency). After 2 years, bevacizumab and 
pemetrexed are discontinued, and gefitinib maintenance 



Page 3 of 9Xiong et al. BMC Cancer         (2024) 24:1326 

therapy is continued. Administration continues until 
disease progression, intolerable toxicity, voluntary with-
drawal by the subject, or the investigator determines the 
subject’s need to exit the study, with precedence given to 
the earliest occurrence.

Safety evaluation
During the treatment period, vital signs, physical exami-
nations, hematological and clinical chemistry tests, and 
quality of life assessments should be obtained prior to 
each dose administration, at the end of each treatment 
visit, and when clinically significant. The safety evalua-
tion will be conducted by recording all adverse events 
(AEs) in the case report form. Laboratory test results, 
vital signs, and physical examination findings that are 
clinically significant will be documented as AEs. In the 
event of a serious adverse event, the provided form by the 
sponsor should be used for reporting. Adverse events will 
be described using the Medical Dictionary for Regulatory 
Activities (MedDRA) terminology and graded according 
to the NCI-CTCAE v5.0.

Efficacy evaluation
The objective response rate (ORR), disease control rate 
(DCR), duration of response (DOR), progression-free 
survival (PFS), and overall survival (OS) of all enrolled 
subjects receiving the treatment regimen will be evalu-
ated according to the Response Evaluation Criteria in 
Solid Tumors (RECIST 1.1). Radiographic assessments 
were performed at baseline and then every 6 weeks for 
the first year and every 2 months thereafter until disease 
progression (PD). PFS was defined as the time from treat-
ment initiation to disease progression or death from any 
cause. OS was defined as the time from the start of treat-
ment until death from any cause.

TP53 destructive/non-destructive mutations
Previous studies focused on the impact of TP53 muta-
tions within a certain exon on EGFR TKI efficacy and 
the results were inconsistent [16–20]. This may suggest 
that the number of exons that harbors the mutations is 
not a reliable predictor for the impact on TKI efficacy. In 
some studies, TP53 mutations have been classified into 
destructive and non-destructive types [16, 21, 22]. There-
fore, we introduced the concept of TP53 disruptive/non-
disruptive mutations in this study to explore whether the 
effect of TP53 mutations on TKI efficacy.

Statistical methods
The primary endpoints were safety and PFS. Secondary 
endpoints included ORR, DCR, DOR, and OS. Sample 
size of the study was determined on PFS. According to 
the results of NEJ009 [14], the median PFS of gefitinib 
in advanced NSCLC patients with EGFR mutation is 
about 10.0 months. The median PFS of gefitinib combi-
nation with bevacizumab, pemetrexed, and carbopla-
tin is expected to reach 30 months. The recruitment of 
patients would be completed in two years. Patients would 
be followed up for two years until the last participant 
was enrolled. Assuming a 1-sided type I error of 0.05, a 
power of 80%, and considering the 10% drop-off rate, 21 
patients were required in this study. The collected clini-
cal data will be organized and subjected to statistical 
analysis using SPSS software (version 23.0). A waterfall 
plot depicting the best overall response will be generated 
using Excel. Swimmer’s plots, as well as Kaplan-Meier 
survival curves for duration of response (DOR), PFS, and 
OS, will be constructed using GraphPad Prism (version 
8.0).

Results
Patient characteristics
From June 2019 to June 2021, 20 patients were enrolled 
in this study, and their characteristics were summarized 
in Table 1. The median age of all patients was 58 years, 
with 12 males and 8 females. All patients enrolled in the 

Fig. 1 CONSORT diagram for this clinical trial. NSCLC, non-small cell lung 
cancer; EGFR, epidermal growth factor receptor; AUC, area under the 
curve; Q3W, every 3 weeks for one cycle; PD, progressive disease
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study characterized by EGFR mutations. Molecular test-
ing for these patients was conducted exclusively using 
next-generation sequencing(NGS) techniques provided 
by Genecast Biotechnology Co., Ltd(Wuxi, China). A 
comprehensive NGS panel, covering 769 cancer-related 
genes, was employed for hybridization-based sequencing 
(refer to Supplementary Table 1 for details) 0.12 (60%) 
patients had exon 19 deletion, and 8 (40%) patients had 
exon 21 L858R mutation. 9 (45%) patients had TP53 gene 
destructive mutation.

receptor.

Safety
All patients enrolled in the study successfully com-
pleted the induction therapy phase. The median dura-
tion of exposure during the maintenance phase was 15.65 
months for both bevacizumab and pemetrexed, with 
the range of exposure being 4 to 24 months, as further 
detailed in Supplementary Table 2. A comprehensive 
overview of adverse events (AEs) occurring throughout 
the treatment period is presented in Table 2. Notably, all 
20 (100%) patients encountered AEs, with 13 (65%) expe-
riencing grade 3–4 AEs.During the maintenance phase, 
one patient (5%) discontinued all medications, includ-
ing gefitinib, bevacizumab, and pemetrexed, due to a 

recurrent grade 4 rash. Additionally, 9 (45%) patients dis-
continued bevacizumab and/or pemetrexed attributable 
to AEs. Hematological AEs of grade 3 or higher com-
prised neutropenia in 30% and thrombocytopenia in 20% 
of the patients. It is reassuring to report that no patients 
developed febrile neutropenia.Non-hematological grade 
3 or higher AEs included nausea affecting 20%, skin rash 
in 20%, bleeding in 10%, mouth ulceration in 10%, hyper-
tension in 5%, and elevated glutamic-pyruvic transami-
nase (ALT) in 5% of the patients. There were no fatalities 
associated with treatment-related toxicity.

Efficacy
The ORR was 95%, including 5% CR and 90% PR. The 
DCR was 100%. The waterfall plot, swimming plot, and 
spider plot were showed in Fig.  2. After 33.8-months 
(95% CI, 31.0-36.6) median follow-up, the median PFS 
was 28.0 months (95% CI, 20.4–35.6), median DOR was 
26.4 months (95% CI, 18.9–33.9), and median OS was not 
reached (Fig.  3). The median PFS in patients with exon 
19 deletion was 31.0 months (95% CI, 28.9–39.1), and in 
patients with exon 21 L858R was 20.5 months (95% CI, 
10.6–30.4) (HR, 0.342; 95% CI, 0.100-1.169; P = 0.074). 
The median OS was not reached in patients with exon 

Table 1 Patient characteristics at baseline
Characteristic Patients, No. (%)
Median age (range) 58 (26–68)
Sex
 Male 12 (60)
 Female 8 (40)
Smoking status
 Never 9 (45)
 Smoker 11 (55)
ECOG PS
 0 11 (55)
 1 9 (45)
Histology
 Adenocarcinoma 20 (100)
Clinical stage
 IIIB 1 (5)
 IIIC 1 (5)
 IV 18 (90)
Distant metastasis status
 Yes 20 (100)
 No 0 (0)
EGFR mutation type
 Exon 19 deletion 12 (60)
 L858R 8 (40)
TP53 destructive mutation
 Yes 9 (45)
 No 11 (55)
Abbreviations: ECOG PS: Eastern Cooperative Oncology Group performance 
status; EGFR: epidermal growth factor

Table 2 The profile of major AEs during the total period
Adverse Event Patients, No. (%) 

(N = 20)
Any 
Grade

Grade 
3–4

Any adverse event 20 (100) 13 (65)
Event leading to stop pemetrexed and bevaci-
zumab and Gefitinib

1 (5) 1 (5)

Event leading to stop pemetrexed and 
bevacizumab

5 (25) 5 (25)

Event leading to stop pemetrexed 3 (15) 3 (15)
Event leading to stop bevacizumab 2 (10) 2 (10)
Event leading to death 0 0
Event
 Neutropenia 19 (95) 6 (30)
 Thrombocytopenia 18 (90) 4 (20)
 Hemoglobin reduction 18 (90) 0 (0)
 Nausea 16 (80) 4 (20)
 Skin rash 16 (80) 4 (20)
 Asthenia 10 (50) 0 (0)
 Vomiting 9 (45) 0 (0)
 ALT increased 8 (40) 1 (5)
 AST increased 8 (40) 0 (0)
 Bleeding 6 (30) 2 (10)
 Mouth ulceration 3 (15) 2 (10)
 Hypertension 3 (15) 1 (5)
 Diarrhea 2 (10) 0 (0)
 Edema 1 (5) 0 (0)
 Protein urine 1 (5) 0 (0)
Abbreviations: AE: adverse event; ALT: glutamic-pyruvic transaminase; AST: 
glutamic-pyruvic transaminase



Page 5 of 9Xiong et al. BMC Cancer         (2024) 24:1326 

Fig. 2 (A) Waterfall plot: maximal change of tumor size from base line assessed by investigator per Response Evaluation Criteria in Solid Tumors (RECIST) 
version1.1 (N = 20); (B) Swimming plot: exposure and duration of response per RECIST version 1.1; (C) Spider plot: change in individual tumor burden over 
time from baseline assessed by investigator per RECIST version 1.1. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease
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19 deletion, and 41.2 months (95% CI, 36.8–45.6) in 
patients with exon 21 L858R (HR, 0.478; 95% CI, 0.079–
2.882; P = 0.411). The median PFS in patients with TP53 
destructive mutation and TP53 non-destructive mutation 
were 17.0 months (95% CI, 15.0–19.0) and 34.0 months 
(95% CI, 27.7–40.3), respectively (HR, 0.331; 95% CI, 
0.113–0.997; P = 0.048). The median OS in patients with 
TP53 destructive mutation and TP53 non-destructive 
mutation were 41.2 months (95% CI, 27.3-NA) and not 
reached, respectively (HR, 0.110; 95% CI, 0.014–0.995; 
P = 0.022) (Fig. 4).

Characteristics and efficacy of patients after PD
The cutoff date was August 31, 2023. 14 patients were 
disease progression, 6 patients are still received mainte-
nance treatment with gefitinib at the cutoff date. 13 of 
14 patients with disease progression received second-
ary next-generation sequencing (NGS) test. One patient 
quickly died due to brainstem metastasis and did not 
receive NGS test and treatment. One patient’s pathologi-
cal type transformed from lung adenocarcinoma to small 
cell lung cancer. 7 (7/14, 50%) patients had brain or men-
ingeal metastasis. 8 (8/13, 62%) patients had EGFR exon 
20 T790M mutation and received osimertinib or com-
bination therapy. 5 patients without T790M mutation 
received chemotherapy or combination treatment (Sup-
plementary Table 3). The PFS and OS were 10.5 months 
(95% CI, 7.5–13.5) and 18.0 months (95% CI, 13.5–22.5), 
respectively (Supplementary Fig.  1). The median PFS in 
patients with T790M mutation was 15.1 months (95% 
CI, 8.2–22.0), and in patients without T790M muta-
tion was 8.5 months (95% CI, 1.3–15.7) (HR, 0.110; 95% 
CI, 0.011–0.926; P = 0.024). The median OS in patients 
with T790M mutation was not reached, and in patients 

without T790M mutation was 15.7 months (95% CI, 8.2–
23.2) (HR, 0.187; 95% CI, 0.019–1.807; P = 0.104.) (Sup-
plementary Fig. 2).

Discussion
To the best of our knowledge, this is the first study evalu-
ating the safety and efficacy of gefitinib plus bevacizumab 
in combination with platinum-based doublet therapy 
in patients with advanced non-squamous NSCLC har-
boring EGFR mutations. After a 33.8-months median 
follow-up, the results demonstrated that this four-drug 
Most toxicities of the four-drug regimen were manage-
able and achieved the primary endpoint of a 28-months 
median PFS, as well as the secondary endpoints of a 95% 
ORR, a 100% DCR, and a 26.6-months median DOR. The 
median OS was not reached.

In terms of safety, two phase I dose-escalation stud-
ies conducted in 2017 have demonstrated the safety 
and feasibility of a four-drug combination consisting of 
EGFR-TKI (erlotinib) in combination with chemother-
apy and anti-angiogenic agents [23, 24]. Previous stud-
ies have reported that the most common AEs associated 
with single agent gefitinib therapy are skin rash, elevated 
transaminases, and diarrhea [9, 25]. On the other hand, 
chemotherapy agents such as platinum-based drugs are 
known to cause hematological toxicities such as neu-
tropenia and anemia [9, 26]. Furthermore, studies have 
shown that compared to single-agent gefitinib therapy, 
the combination of gefitinib with platinum-based dou-
blet therapy slightly increases toxicity, but the toxicity is 
manageable and clinically controllable [26]. In our study, 
all grade ≥ 3 AEs was 65%, including neutropenia (30%), 
thrombocytopenia (20%), nausea (20%), and skin rash 
(20%). When we compare these findings to the NEJ009 

Fig. 3 (A) Progression-free survival, and (B) overall survival in this clinical trial by RECIST version 1.1. PFS, progression-free survival; OS, overall survival
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Study [14], which reported a 65.3% incidence of grade 
3 or higher toxicity with the triple-drug combination of 
gefitinib, pemetrexed, and cisplatin, the rates of grade 
3/4 AEs in our study appear comparable. These results 
indicated that the toxicity of our four-drug combination 
study did not exhibit significant cumulative effects, and 
most toxicities were reversible. Therefore, we consider 
the four-drug combination regimen consisting of gefi-
tinib as the foundation, combined with bevacizumab 
and chemotherapy agents, to be both manageable and 
tolerated.

Recently, combination therapy based on the EGFR-
TKI gefitinib has demonstrated superior efficacy com-
pared to single-agent gefitinib treatment in the NEJ009 

study [14, 27]. In this study, the gefitinib, bevacizumab, 
pemetrexed, and carboplatin four-drug combination 
therapy established for the enrolled 20 patients achieved 
an ORR of 95%, and a median PFS of 28 months (95% 
CI: 20.43–35.57). Compared to the currently established 
median PFS of gefitinib-based combination therapies 
[20.9 months in gefitinib plus pemetrexed and carbopla-
tin [14];15.8 months in gefitinib plus pemetrexed [28]; 
16.0 months in gefitinib plus pemetrexed and carboplatin 
[29]], the observed PFS in this study was more promis-
ing. On one hand, the combination of gefitinib and beva-
cizumab simultaneously inhibits both EGFR and VEGF, 
further attenuating the proliferative capacity of tumor 
endothelial cells [30]. Additionally, bevacizumab inhibits 

Fig. 4 (A) Progression-free survival, and (B) overall survival in patients with EGFR exon 19 deletion (n = 12) and exon 21 L858R (n = 8) by RECIST version 1.1; 
(C) Progression-free survival, and (D) overall survival in patients with TP53 non-destructive mutation (n = 11) and destructive mutation (n = 9) by RECIST 
version 1.1. PFS, progression-free survival; OS, overall survival; TP53-, TP53 non-destructive mutation; TP53+, TP53 destructive mutation
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the formation and growth of new blood vessels, normal-
izes the vascular system, facilitates drug delivery, also 
exerts direct effects on tumor cells [30]. On the other 
hand, platinum-based drugs effectively inhibit the devel-
opment of wild-type EGFR NSCLC, while EGFR-TKIs 
effectively suppress the development of EGFR-mutant 
NSCLC [31, 32]. Due to the genetic heterogeneity of 
tumors, early treatment with EGFR TKIs and platinum-
based doublet therapy can restrain the growth of both 
wild-type EGFR and EGFR-mutant cells, thereby more 
effectively limiting tumor progression [33, 34]. Previous 
studies had reported that EGFR exon 21 L858R muta-
tion patients had poorer prognosis than exon 19 deletion 
patients [28–30], and TP53 mutation patients had poorer 
prognosis than TP53 wild-type patients [18–21]. These 
conclusions had also been confirmed in our small sample 
clinical study (Fig. 4). But the combination of four drugs 
in our study could still prolong the survival of patients 
with EGFR exon 21 L858R mutation or EGFR mutation 
accompanying TP53 destructive mutation, as compared 
with only first-generation EGFR-TKI treatment [16, 19–
21, 28–30].

After the progression of first-generation EGFR-TKI 
treatment in patients with EGFR mutation, about 60% 
of patients are found to have a T790M point mutation. 
The median PFS for second-line osimertinib treatment is 
11.1 months and for platinum therapy plus pemetrexed is 
4.4 months [35]. In our study, the incidence of acquired 
mutation of T790M was 62% (8/13) after disease pro-
gression of four-drug combination treatment, and the 
median PFS for second-line osimertinib treatment was 
15.1 months. The median PFS for second-line chemora-
diotherapy in patients without T790M mutation was 8.5 
months (Supplementary Fig.  2). These results showed 
that the combination treatment of four drugs had no 
effect on the incidence of T790M acquired mutation and 
the efficacy of second-line treatment.

Conclusion
In summary, the four-drug combination regimen of gefi-
tinib, bevacizumab, carboplatin, and pemetrexed in this 
study is safety and effective for patients with advanced 
non-squamous NSCLC harboring EGFR mutations. 
Our clinical study results indicate that the four-drug 
combination therapy holds promise and merits further 
investigation.
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