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Background: Keeping on original epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-
TKI) treatment is the standard treatment for gradual progression EGFR-positive metastatic non-small
cell lung cancer (NSCLC). Angiogenic pathway can lead to EGFR-TKI resistance, but the effectiveness of
combination strategies in this group is still controversial. This study aimed to assess the efficacy and safety
of the original EGFR-TKI combined with bevacizumab in advanced and metastatic lung adenocarcinoma
patients harboring EGFR-mutation who experience gradual progression in a real-world setting.

Methods: From June 2019 to December 2021, a total of 35 metastatic EGFR positive NSCLC patients
experienced gradual progression after EGFR-TKI treatments and received original TKI combined with
bevacizumab were identified at Chongqing University Cancer Hospital, China. All patients were confirmed
EGFR positive by rebiopsy before treatment. Patients were treated with EGFR-TKI and bevacizumab
(15 mg/kg Q3W) after gradual progression until rapid progression or intolerable toxicity. The overall
survival (OS), progression-free survival 1 (PFS1, period from the beginning of EGFR-TKI treatment to
the rapid progression of the disease), PFS2 (period from the beginning of EGFR-TKI combined with
bevacizumab treatment to the rapid progression of the disease), disease control rate (DCR), and adverse
events of the combined treatment were collected and analyzed.

Results: A total of 33 patients could participate the efficacy evaluation. Median PFS1 and PFS2 were 20.5
and 8 months, respectively; DCR was 93.94%; median OS was immature. Multivariate Cox proportional
hazards model showed that smoking status [hazard ratio (HR) =3.692, 95% confidence interval (CI): 1.450—
9.404, P=0.006], combined EGFR T790M mutation or rare mutation (HR =2.480, 95% CI: 1.073-5.729,
P=0.034), and malignant pleural effusion (HR =3.707, 95% CI: 1.460-9.414, P=0.006) were independent
risk factors for PFS2. The most common treatment-related adverse events greater than grade 3 included
hypertension (23.7%), proteinuria (8.3%), and increased alanine aminotransferase (AL'T; 4.1%) and aspartate
aminotransferase (AST; 2.9%).

Conclusions: Continuous original TKI combined with bevacizumab showed partly favorable efficacy and
safety and may represent a therapeutic option for metastatic EGFR-mutation NSCLC patients experiencing
gradual progression after EGFR-TKI treatment.
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Introduction

Lung cancer is one of the most common malignancies
and is the leading cause of cancer deaths worldwide (1).
Non-small cell lung cancer (NSCLC) has the highest
incidence and accounts for over 80% of lung cancer cases.
As the early symptoms are not obvious, the majority
of lung cancer patients are diagnosed at the advanced
stages (2). With the discovery of driver mutations in lung
cancer, the personalized treatment of advanced NSCLC
has made rapid progress over the last decade. Epidermal
growth factor receptor (EGFR) mutation is the most
common gene mutation in NSCLC patients. About 50%
of Chinese NSCLC patients have EGFR mutation. EGFR
tyrosine kinase inhibitor (T’KI) could inhibit tumor growth
and promote tumor cell apoptosis by inhibiting EGFR
phosphorylation (3). A series of studies have supported that
EGFR-TKIs can provide a favorable treatment outcome
in EGFR mutation-positive NSCLC patients with a
response rate as high as 80% and around 10-14 months of

Highlight box

Key findings

* Continuous original TKI combined with bevacizumab in EGFR
mutation gradual progression NSCLC showed the trend of longer
PFS and good tolerance of adverse reactions compared to that of
continuation of original EGFR-TKI treatment.

What is known and what is new?

* Continuing the original EGFR-TKI is the current recommended
treatment for gradual progression NSCLC patients by the
guidelines. Many other strategies are also currently being explored.

¢ EGFR-TKIs and antiangiogenic drugs are commonly used in
advanced NSCLC. Our study yielded some evidence in support
of the benefit of combination strategies and to find a new feasible
therapeutic option for this group.

What is the implication, and what should change now?

®  Our study suggests that the combination strategies of EGFR-
TKI with bevacizumab may be a new treatment option for EGFR
positive gradual progression NSCLC. Results from the small
sample need to be further confirmed in real-world setting.
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progression-free survival (PFS) (4-6). At present, EGFR-
TKI is the standard first-line treatment for metastatic
NSCLC with EGFR-positive, and is recommended by many
guidelines, such as those of the National Comprehensive
Cancer Network (NCCN) and Chinese Society of Clinical
Oncology (CSCO).

However, most patients with EGFR-mutation will
face the challenge of EGFR-TKI acquired resistance (7)
after an average of 10-14 months of first- or second-
generation EGFR-TKI treatment. According to the
nature of progression after drug resistance, patients are
generally divided into 3types: rapid progression, gradual
progression, and local progression (8). Gradual progression
refers to disease control for >6 months, a slight increase
in the harmful impact of the tumor on the body compared
with previous assessments, and a symptom score of <1. In
a study, median PFS of the 3 modes were 9.3, 12.9, and
9.2 months, respectively, and the median overall survival
(OS) times were 17.1, 39.4, and 23.1 months, respectively
(8). Currently, continuing with EGFR-TKI treatment
is generally recommended by the guidelines for gradual
progression patients; however, many other strategies are
also currently being explored. Combination strategies have
shown significant tumor response in NSCLC and may also
benefit this group. Neovascularization is a fundamental
activity in tumor growth, metastasis, and dissemination.

Vascular endothelial growth factor (VEGF) family plays
a key role in tumor angiogenesis (9). Through binding
to transmembrane tyrosine kinases receptors, VEGF
stimulates downstream signal transduction and promotes
proliferation, mitosis, differentiation, and migration of
endothelial cells to form new vascular cavities (10).

Preclinical studies have confirmed that EGFR and
vascular endothelial growth factor receptor (VEGFR)
pathways have synergistic effects in tumor development.
Anti-angiogenic drugs can promote the normalization
of tumor blood vessels and improve the local tumor
microenvironment, so that targeted drugs can play a
better role (11). Antiangiogenic drugs have been actively
investigated in lung cancer. Bevacizumab, a recombinant
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monoclonal antibody against VEGF, is the first
antiangiogenic drug to be approved by Food and Drug
Administration (FDA). Based on many promising studies,
bevacizumab has been widely accepted as a standard first
line treatment with chemotherapy for many advanced
metastatic tumors including lung cancer and colorectal
cancer (12-14). To date, few studies have explored whether
patients with gradual progression after first-line TKI could
benefit more from combination therapy than from EGFR-
TKI alone. Thus, our study aimed to evaluate the efficacy
and the safety profiles of original EGFR-TKIs combined
with bevacizumab in advanced NSCLC patients who had
gradual progression after EGFR-TKIs treatment in our
medical center in a real-world setting. We present the
following article in accordance with the TREND reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6101/rc).

Methods
Study design and patient information

From June 2019 to December 2021, 35 NSCLC patients
harboring EGFR mutation and experiencing gradual
progression of disease after EGFR-TKI treatment who
received original EGFR-TKI combined with bevacizumab
were enrolled at the Department of Medical Oncology,
Chongqing University Cancer Hospital, China. All the
patients had been confirmed by cytology or histology.
The study protocol was performed in accordance with
the Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Chongqing University
Cancer Hospital (No. CZLS2019243-A). All participants
provided informed consent prior to treatment. The
inclusion criteria were as follows: pathologically diagnosed
NSCLC; achieved a >3-month disease control after original
EGFR-TKI treatment; EGFR mutations was reperformed
and EGFR-positive redetected by polymerase chain reaction
(PCR)-based direct sequencing method or next-generation
sequencing (NGS); The objective tumor response was
evaluated every 6-8 weeks; at least 1 radiologically measurable
lesion did not receive local treatments such as radiotherapy.
The radiographic response to EGFR-TKI treatment was
determined according to the Response Evaluation Criteria
in Solid Tumors (RECIST) criteria. The main exclusion
criteria were patients with uncontrolled blood pressure with
medication (>140/90 mmHg) and with those with bleeding
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tendency and receiving thrombolytics or anticoagulants.
The patient’s general information collection included
gender, age, and pathological types, smoking status, EGFR
mutations, Eastern Cooperative Oncology Group (ECOG)
scores and prior treatment, and so on. Gradual progression
patients were treated with original EGFR-TKIs combined
with bevacizumab until rapid progression of the disease or
intolerable side effects. EGFR-TKIs at a daily dose and
bevacizumab 15 mg/m’ every 3 weeks constituted 1 treatment
cycle. Computed tomography (CT) scans of the lungs and
other metastatic sites reviewed after 2 cycles of treatment.
Other exams included routine blood and biochemical tests.
Follow-up time was until rapid progression of the disease or

the end of the study.

Responses and toxicity assessments

The size of measurable lesions was determined by CT scan
every 2 treatment cycles. The tumor response was evaluated
according to RECIST1.1 criteria. The evaluation of tumor
efficacy included complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD). The
disease control rate (DCR) was defined as the percentage
of CR, PR, and SD. In addition, toxicities were assessed by
the National Cancer Institute Common Toxicity Criteria
Adverse Events version 4.0 (NCICTCAE 4.0) (15).

Follow-ups

PES1 was defined as the period from the beginning of
EGFR-TKI treatment to the rapid progression of the
disease. PFS2 was defined as the period from the beginning
of EGFR-TKI combined with bevacizumab treatment to
the rapid progression of the disease.

Statistical analysis

Data analysis was performed using SPSS version 19.0 IBM
Corp., Chicago, IL, USA). Survival curves were estimated
by the Kaplan-Meier method and compared by means of the
log-rank test. Patients’ characteristics before the combined
treatment were analyzed in univariate and multivariate
Cox proportional hazard regression model. Pearson i’ or
the Fisher exact test was used to compare the qualitative
data. Differences with a 2-sided P value of 0.05 or less were
considered statistically significant.
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Table 1 Characteristics of the study population

Characteristic

Values, n (%)

Gender
Male
Female

Age (years)
Median
Range

Histology
Adenocarcinoma
Others

Stage
lib/llc
\Y

Smoking status
Yes

No

EGFR mutation status

19 del
L858R

Rare mutation

Combined mutation

Yes
T790M
Rare mutation
No
ECOG
0
1

Site of metastasis at beginning

Brain
Yes
No

Liver
Yes
No

Pleura
Yes

No

14 (40.0)
21 (60.0)

62
33-79

35 (100.0)
0(0.0)

0(0.0)
35 (100.0)

9 (25.7)
26 (74.3)

17 (48.6)
16 (45.7)
2(5.7)

6 (17.1)
1(2.9)
28 (80.0)

12 (34.3)

23 (65.7)

16 (45.7)

19 (54.3)

5 (14.3)
30 (85.7)

9 (25.7)
26 (74.3)

Table 1 (continued)
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Table 1 (continued)

Characteristic Values, n (%)

Numbers of metastatic organs

<2 16 (45.7)

>2 19 (54.3)
Site of gradual progression

Brain 11 (31.4)

Pleura 6(17.1)

Others 18 (51.4)
Previous EGFR-TKI

First/second generation TKI 31 (88.6)

Third generation TKI 4 (11.4)

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase
inhibitor; ECOG, Eastern Cooperative Oncology Group; PS,
performance status.

Results
Patient characteristics

A total of 35 patients with EGFR-mutation advanced
NSCLC were enrolled; 14 were male and 21 were female
with a median age of 62 years (range, 33-79 years). The
histopathology types were all adenocarcinoma. All cases
had received EGFR-TKIs treatment including gefitinib,
erlotinib, icotinib, and osimertinib before the combined
treatment. A total of 17 of 35 (48.6%) patients had deletion
of exon 19, whereas 16 patients (45.7%) had L858R in exon
21, and 2 patients had EGFR rare mutation (5.7%). Among
them, 6 patients had EGFR T790M mutation (17.1%)
and 1 case (2.9%) had EGFR rare mutations. Further, 12
patients had ECOG performance status (PS) scores of 0
and 23 patients had of 1. Reasons for gradual progression
included asymptomatic progression of brain lesions in
11 cases (31.4%), malignant pleural effusion in 6 cases
(17.1%), and other causes in 18 cases (51.4%). The patients’
characteristics are summarized in Zable 1. Follow-ups were
conducted up to 25 January 2022.

Response and survival

Median follow-up period for the analysis of OS was
13 months (range, 5-42.5 months). A total of 33 patients
could participate the efficacy evaluation. As determined
by RECIST criteria, there were 31 SD, 2 PD, and no CR
or PR, which resulted in a DCR of 93.94%. The results

Ann Transl Med 2022;10(24):1334 | https://dx.doi.org/10.21037/atm-22-6101



Annals of Translational Medicine, Vol 10, No 24 December 2022

Table 2 Efficacy of EGFR-TKI combined with bevacizumab in
patients with gradual progression

Response N (%)
CR 0 (0.00)
PR 0 (0.00)
SD 31 (93.94)
PD 2 (6.06)

DCR (CR + PR + SD) 31 (93.94)

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase
inhibitor; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; DCR, disease control
rate.

of response are summarized in 7able 2. Median PFS1 and
PFS2 for all patients were 20.5 months [95% confidence
interval (CI): 16.1-24.9 months] and 8 months (95% CI:
6.3-9.7 months), respectively (Figure 14,1B). Median OS

was immature.

Clinicopatbologic factors associated with prognosis

The median PFS2 for patients with EGFR T790M and
EGFR rare mutation and without combined mutation was
5.0 months, 1 month, and 8 months, respectively, and the
difference was statistically significant (P=0.002) (Figure 1C).

Univariate log-rank test revealed that the median PFS2
differed significantly between patients with smoking and no
smoking (8.0 vs. 5.0 months, P=0.013) (Figure 1D).

Patients with less than two metastatic organs, without
brain metastasis, and without malignant pleural effusion
showed a trend of longer PFS2 (figure not shown).
Multivariate analysis demonstrated that smoking status
[hazard rado (HR) =3.692, 95% CI: 1.450-9.404, P=0.006],
combined EGFR T790M mutation/rare mutation (HR
=2.480, 95% CI: 1.073-5.729, P=0.034) and malignant
pleural effusion (HR =3.707, 95% CI: 1.460-9.414,
P=0.006) were the independent prognostic factors of PFS2.
The ECOG score, EGFR TKI type, and EGFR status of
the patients were not predictors of PFS2 (see Table 3).

Adverse events

All patients were assessed for toxicity. Bevacizumab was
used from 1 to 25 cycles, with an average of 8.4 cycles.
Two patients withdrew from the study due to grade 3
increased aminotransferase after 1 cycle. The most common
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treatment-related adverse events greater than grade 3 were
hypertension (23.7%), proteinuria (8.3%), and increased
alanine aminotransferase (ALT; 4.1%) and aspartate
aminotransferase (AST; 2.9%). The symptoms related to
treatment-related adverse events of grade 3 were quickly
reduced and recovered after timely symptomatic treatment.
There were no interstitial pneumonias and no treatment-
related deaths in any of the cases.

Discussion

EGFR is one of the most common driver genes in NSCLC.
The emergence of EGFR-TXKI has significantly improved
the survival and quality of life of the patients with EGFR-
positive advanced NSCLC. Unfortunately, despite the
significant response rate, PFS, and OS achieved with TKIs
in EGFR mutant NSCLC, most patients treated with first-
line EGFR-TKI will experience disease progression after
a median of 10 to 14 months. Currently, the guidelines
recommend continuing treatment with EGFR-TKIs for
asymptomatic gradual progression EGFR-mutant lung
cancer. The preclinical research suggested that some tumor
cells in tumor tissues which had acquired resistance to
TKIs were still effective for EGFR-TKI therap. Therefore,
patients with EGFR-TKI-acquired resistance may partly
benefit from continuously using TKIs. Retrospective
clinical observations have also observed that discontinuation
of erlotinib or gefitinib before initiation of study treatment
in patients with EGFR-mutant and acquired resistance to
TKIs was associated with a significant risk of accelerated
progression and the median time to disease flare after
TKI discontinuation was 8 days (range, 3-21 days) (16).
Increased maximum standardized uptake value (SUVmax)
and tumor size had been found in 18-fluoro-2-deoxy-
d-glucose-positron emission tomography/computed
tomography (18F-FDG PET/CT) and CT scans in patients
who developed acquired resistance results in symptomatic
progression and had stopped erlotinib or gefitinib (17).
Therefore, patients with EGFR-TKI resistance, especially
those without T790M resistance mutation, should not stop
TKIs treatment immediately. Continuing the original TKI
treatment after progression may prevent tumor progression
from accelerating in a short term and maintain the quality
of life. Some clinical trials have also supported this result.
For example, Asami et /. (18) reported that a longer clinical
benefit can be obtained for EGFR-mutation patients
with Iressa failure but continuous Iressa treatment. The

ASPIRATION study also explored the efficacy and safety
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Figure 1 Kaplan-Meier curves of time to PFES. (A) PFSI. (B) PFS2. (C) Univariate log-rank test among different EGFR-mutation status. (D)
Univariate log-rank test between smoking status. PFS, progression-free survival; EGFR, epidermal growth factor receptor.

Table 3 Multivariate analysis of PFS2

PFS2
Factors
HR P value 95% CI

Gender 0.345 0.471 0.099-2.247
Smoking history 3.692 0.006 1.450-9.404
Combined mutation 2.480 0.034 1.073-5.729
Malignant pleural effusion 3.707 0.006 1.460-9.414
Types of EGFR mutation 0.883 0.825 0.293-2.657
ECOG PS performance 0.800 0.676 0.280-2.281
Numbers of metastatic organ 0.690 0.518 0.224-2.215
Brain metastasis 1.697 0.338 0.575-5.009
Liver metastasis 1.741 0.449 0.414-7.317

PFS, progression-free survival; EGFR, epidermal growth factor receptor; ECOG, Eastern Cooperative Oncology Group; PS, performance
status.
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of first-line erlotinib after gradual progression. The median
PES of patients who continued erlotinib after progression
was extended to 14.1 months on the basis of 11.0 months,
and a PFS of 3.1 months was obtained (19).

Some other studies have explored combination therapy
as the treatment mode in gradual progression after first-
line EGFR-TKI (20-22). The IMPRESS trial confirmed,
compared to chemotherapy, that patients with EGFR-
mutated at the time of RECIST progression benefitted
from EGFR-TKI combined with chemotherapy (20).
A single-center, prospective clinical study initiated by
Chang ez al. (22) compared different treatment methods
for patients with gradual progression but without EGFR-
T790M mutation after first-line TKI treatment. They also
found that EGFR-TKI combined with chemotherapy had
better PFS and OS benefits than single TKI continuous
treatment first, and then chemotherapy after clear
progression for gradual progression patients after initial
TKIs (22). These findings suggest that for patients with
gradual progression after first-line TKI, early combination
therapy may bring benefits than of EGFR-TKI alone. Anti-
angiogenic drugs are also commonly used in combination
therapy. As the most important factor influencing
neovascularization, increased VEGF messenger RNA
(mRNA) expression can be detected in many types of tumor.
Clinical evidence from ECOG4599 (12) and AVAIL (13)
had shown, compared with standard chemotherapy alone,
advanced NSCLC patients have higher response rates
and prolonged time to progression when treated with
bevacizumab combined with chemotherapy. The RCT-
JO25567 study (23) and the NEJ026 study from Japan (24)
both demonstrated that the first-line combination of
TKI and bevacizumab in non-squamous NSCLC showed
significant PFS benefit and good tolerability despite not
prolonging the OS of patients. A real-world study also
yielded similar results (25). The BELIEF, CTONG1509,
and others trials had further verified the higher PFS in
patients with TKIs combined with bevacizumab (26,27).
The addition of erlotinib to bevacizumab maintenance after
first-line chemotherapy in the ATLAS trial also significantly
improved PFS (4.76 vs. 3.75 months) and the risk of disease
progression was reduced by 28% (28). Preclinical study also
confirmed combined blockade of the VEGFR and EGFR
pathways are useful for reversing primary or acquired
resistance to EGFR TKIs (29). These studies suggest that
the combination of bevacizumab with EGFR-TKI could
enhance the efficacy and have the potential to overcome
TKI resistance. A combined regimen could provide a
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therapeutic option for NSCLC gradual progression patients
after first-line EGFR-TKI resistance. However, considering
the side effects and the long-term tolerance of patients,
most clinicians and patients prefer to choose first-line single
EGFR-TKI therapy and then consider a combination
regimen after progression in a real-world setting. The
ASPIRATION (28) model also reports that the timing of
switching to second-line therapy in EGFR-mutated lung
cancer patients is a very personal decision. More than half
of the patients with RECIST progression continued to
use erlotinib with a median duration of 3 months before
changing the protocol. The subjective awareness of patients
and physicians plays an important role in the choice of
subsequent treatment options in the real world. Moreover,
not all first-line EFGR-TKI patients are T790M mutation
resistant, and it is theoretically feasible for patients to
continue using the original EGFR-TKI. Therefore, for
the patients with gradual asymptomatic progression who
are not willing to adjust the protocol to second-line TKI
immediately, considering decreased benefit of single TKI,
the combined mode of anti-vascular drug and TKI could
improve the benefit. The data of our study suggested that
gradual progression advanced NSCLC patients could
acquire longer efficacy from combination strategies of
EGFR-TKI with bevacizumab. The DCR of all patients
was 93.94% and the overall median PFS was 20.5 months,
including 11.5 months for PFS1 and 8 months for PFS2.
This data was superior to the current data for second-
line chemotherapy and the continuation of the original
TKI alone. Moreover, some common adverse reactions
of combination therapy which were mainly bevacizumab
induced such as hypertension could be well controlled by
symptomatic treatment and well tolerated in strictly selected
patients.

Some studies have observed that the sensitivity to
EGFR-TKIs could be influenced by co-occurring rare
partner mutation. Complex mutations account for 5-15%
of EGFR mutations in NSCLC (30,31). Patients who
harbor the complex mutations which include a resistance
mutation such as T790M were reported to have poor
clinical responses (32). Due to our data, patients with
complex EGFR mutation such as T790M or rare mutations
seemed to achieve poor PFS2. Those suggested EGFR
mutations in lung cancer are extremely complicated.
Patients who are EGFR less sensitive and resistant
mutations should select more aggressive treatment or
more appropriate and effective TKIs early. Our data also
suggested that patients who had pleural effusion did not
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benefit from combination strategies. Our data exhibited
that some clinical-pathological features such as the number
of metastatic lesions, brain metastases, and ECOG score did
not correlate with PFS in patients who accepted combined
therapy. However, for patients with asymptomatic brain
metastases who are unwilling to cooperate with long-
term radiotherapy, TKIs combined with bevacizumab can
delay the progression and avoid prolonged hospital stays
at the same time. Since bevacizumab also has the effect of
relieving brain edema and a direct anti-tumor effect, which
may partially make up for the disadvantage that the first and
second generation TKIs has a low brain penetration rate.

Even though we could see some PFS benefit from
EGFR-TKIs combined with bevacizumab treatment
in gradual progression NSCLC patients after first-line
EGFR-TKI treatment, there are many questions which
remained to be answered. What are the appropriate
gradual progression cases for EGFR-TKI combined with
bevacizumab treatment, and when is the best time to use
combined therapy? To answer these questions, more clinical
studies are needed. The results from this small sample-sized
study also need to be further confirmed in larger sample
size, prospective studies which are closer to a real-world
setting which could provide certain treatment information
for doctors’ clinical options.

Conclusions

In summary, our study proposed that EGFR-TKIs combined
with bevacizumab treatment in gradual progression NSCLC
patients after first-line EGFR-TKI treatment could slightly
prolong PES in comparison with continuing the original
TKI treatment after progression. Further investigation
is needed to identify the value of combined treatment in
EGFR mutation gradual progression NSCLC.
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