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Abstract 
Background:  A history of pre-administration of immune checkpoint inhibitors has been reported to be associated with good outcomes of ramu-
cirumab (RAM) plus docetaxel (DOC) combination therapy for advanced non-small-cell lung cancer (NSCLC). However, existing knowledge on 
the clinical significance of RAM and DOC following combined chemoimmunotherapy is limited. Therefore, we evaluated the efficacy and safety 
of RAM plus DOC therapy after combined chemoimmunotherapy and attempted to identify the predictors of its outcomes.
Patients and Methods:  This multicenter, prospective study investigated the efficacy and safety of RAM plus DOC after combined chemoim-
munotherapy. The primary endpoint was progression-free survival (PFS). Secondary endpoints were the objective response rate (ORR), disease 
control rate (DCR), overall survival (OS), and incidence of adverse events. An exploratory analysis measured serum cytokine levels at the start 
of treatment.
Results:  Overall, 44 patients were enrolled from 10 Japanese institutions between April 2020 and June 2022. The median PFS and OS were 
6.3 and 22.6 months, respectively. Furthermore, the ORR and DCR were 36.4% and 72.7%, respectively. The high vascular endothelial growth 
factor D (VEGF-D) group had a significantly shorter PFS and OS. A combination of high VEGF-A and low VEGF-D levels was associated with a 
longer PFS.
Conclusion:  Our results showed that RAM plus DOC after combined chemoimmunotherapy might be an effective and relatively feasible  
second-line treatment for patients with advanced NSCLC in a real-world setting.
Key words: ramucirumab; docetaxel; non-small-cell lung carcinoma; combined drug therapy; VEGF-A; VEGF-D.

Implications for Practice
The application of combined chemoimmunotherapy exhibits improved outcomes for patients with advanced non-small-cell lung cancer 
(NSCLC); however, preferred options for subsequent treatment of patients with progressive disease remain to be established. In this 
prospective observational study, we show that ramucirumab (RAM) plus docetaxel (DOC) is an effective and relatively safe second-line 
treatment after combined chemoimmunotherapy for advanced NSCLC. Moreover, a combination of serum vascular endothelial growth 
factors A and D may be a potent biomarker for predicting the efficacy of RAM plus DOC.
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Introduction
Lung cancer has become the leading cause of cancer-related 
deaths.1 The clinical development of immune checkpoint inhib-
itors (ICIs) has drastically improved the therapeutic outcome 
of advanced lung cancer.2-4 Moreover, novel combination ther-
apies, such as combined chemoimmunotherapy, have recently 
emerged as standard treatments for patients with advanced 
non-small-cell lung cancer (NSCLC), replacing platinum-based 
chemotherapy.5-7 However, treatment options after com-
bined chemoimmunotherapy pose major clinical challenges. 
Ramucirumab (RAM) is a human recombinant IgG1 mono-
clonal antibody that specifically targets the vascular endothelial 
growth factor (VEGF) receptor-2.8 In the REVEL phase III clini-
cal trial, the effectiveness of RAM plus docetaxel (DOC) combi-
nation therapy was compared with that of DOC monotherapy 
in patients with advanced NSCLC who experienced disease 
progression after receiving platinum-based chemotherapy. The 
findings revealed that RAM plus DOC significantly improved 
progression-free survival (PFS), overall survival (OS), and objec-
tive response rate (ORR) compared to DOC monotherapy.9 
RAM plus DOC is considered one of the standard second-line 
treatments for advanced NSCLC and has been approved in sev-
eral countries, including the US and Japan.

VEGF modulates the tumor immune microenvironment by 
suppressing dendritic cell maturation and decreasing the number 
of CD4 + and CD8 + T cells.10,11 Alternatively, anti-angiogenic 
drugs reprogram the tumor milieu from an immunosuppressive 
to an immune permissive microenvironment.

Numerous clinical trials have demonstrated the potential 
for enhanced anticancer efficacy by combining anti-angiogenic 
agents with ICIs across various cancer types.10 The addition of 
atezolizumab to a combination of anti-VEGF antibody beva-
cizumab and chemotherapy is effective in NSCLC treatment, 
including epidermal growth factor receptor (EGFR)-positive 
lung cancer and liver metastases, owing to its synergy as a com-
bined therapy of anti-angiogenic agents and ICIs.6

Previous studies have found that consecutive RAM plus 
DOC after ICI treatment is more effective than nonconsecu-
tive RAM plus DOC after ICIs.12-15 Moreover, the measured 
half-life of anti-programmed cell death ligand 1 (PD-L1) 
antibody nivolumab has been reported to be 12-20 days, and 
the pharmacodynamic effects of programmed cell death pro-
tein 1 (PD-1) receptor occupancy were even more prolonged 
at 85 days.16 Therefore, a pseudo-combined effect of anti- 
angiogenic agents and PD-1 blockade by RAM plus DOC 
after ICI treatment may be expected.

Given that combined chemoimmunotherapy has become 
a standard first-line treatment for advanced NSCLC, val-
idating the efficacy of RAM plus DOC after combined 
chemoimmunotherapy is crucial. Additionally, no promising 
predictive biomarkers currently exist for identifying patients 
with NSCLC who are more likely to benefit from RAM treat-
ment. Therefore, to address these issues, this study investi-
gated the efficacy, safety, and predictive biomarkers of RAM 
plus DOC as a second‐line therapy after combined chemoim-
munotherapy in a real‐world setting.

Materials and Methods
Patients
We prospectively enrolled patients with advanced or recurrent 
NSCLC who provided written informed consent and were 

treated with combination chemoimmunotherapy at 8 institu-
tions in Japan (the Kyoto Prefectural University of Medicine, 
Niigata University Graduate School of Medical and Dental 
Sciences, Tokyo Metropolitan Cancer and Infectious Diseases 
Center Komagome Hospital, Japanese Red Cross Kyoto Daini 
Hospital, Uji-Tokushukai Medical Center, Japanese Red 
Cross Kyoto Daiichi Hospital, Shonan Fujisawa Tokushukai 
Hospital, and Fukuchiyama City Hospital) between April 
2020 and June 2022. The inclusion criteria were as follows: 
(i) histologically and cytologically confirmed unresectable 
advanced or recurrent NSCLC and (ii) previously treated 
with combined chemoimmunotherapy. Patients with systemic 
chemotherapy or immunotherapy history after combination 
chemoimmunotherapy were excluded. All patients were fol-
lowed up from the start of treatment until November 2021. 
The study protocol was approved by the Ethics Committee 
of the University Hospital, Kyoto Prefectural University of 
Medicine (ERB-C-1649) and was conducted in accordance 
with the tenets of the Declaration of Helsinki. The study pro-
tocol was registered with the University Medical Hospital 
Information Network (UMIN) Clinical Trials Registry 
(UMIN 000044807). All patients provided written informed 
consent before enrollment.

Assessments of Serum VEGF-A, VEGF-D, and 
Soluble PD‐L1
Blood serum samples were collected from each participant at 
the start of DOC plus RAM and stored at –80 °C. Serum 
concentrations of VEGF-A and VEGF-D were measured using 
human VEGF-A or VEGF-D enzyme-linked immunosorbent 
assay (ELISA) kits (RayBiotech, Inc., Norcross, GA, USA). 
sPD-L1 serum concentrations were measured using a Human/
Cynomolgus Monkey PD‐L1/B7‐H1 ELISA kit (RayBiotech, 
Inc.). The baseline cutoff values for VEGF-A and VEGF-D 
were set at the median values. We defined the sPD‐L1 cutoff 
value as 90 pg/mL based on previous studies.17

Sample Size Calculation
In the REVEL study, the median PFS was reported to be 4.5 
months (95% CI: 4.2-5.4 months).9 In several retrospective 
studies comparing ICI pre-treatment followed by RAM plus 
DOC (ICI pre-treatment) with chemotherapy pre-treatment 
alone (ICI naïve), the median PFS for ICI pre-treatment was 
5.1, 5.9, 5.7, and 5.7 months, while that for ICI naïve was 
3.8, 2.6, 4.1, and 2.3 months.12-15 Based on these assumed 
PFS values and considering these data to be real-world data, 
including ineligible patients for clinical trials, such as patients 
with poor performance status (PS) and central nervous system 
metastases, PFS for RAM plus DOC after combined chemo-
immunotherapy and RAM plus DOC with chemotherapy 
pre-treatment alone were assumed to be 6.0 and 3.0 months, 
respectively, with significance level and power of 5% (2 
sided) and 80%, respectively, making the number of required 
patients 44.

Statistical Analysis
PFS and OS were calculated using the Kaplan-Meier 
method, and differences were compared using the log-rank 
test. When the lower limit of 95% confidence interval (CI) 
was above the threshold of PFS at 3.0 months, PFS was con-
sidered statistically significantly superior to the threshold 
value. The ORR values were presented with 95% CIs using 
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the Wilson method. Regarding safety, adverse events (AEs) 
were summarized using the Common Terminology Criteria 
for Adverse Events version 5.0 grade. For univariate analy-
sis, hazard ratios (HRs) and 95% CIs were estimated using 
Cox proportional hazards models; OS and PFS were cen-
sored at the date of last survival confirmation for patients 
who had no documented disease progression and were 
alive. Based on previous reports, the Eastern Cooperative 
Oncology Group performance status (ECOG-PS; ≥2), sex, 
and age (≥75 years) were selected as covariates.18 Statistical 
analyses were performed using EZR statistical software ver-
sion 1.40.19

Results
Patient Characteristics
Forty-four patients were enrolled from 8 institutions in 
Japan from April 2020 to June 2022 in this study. One 
patient did not receive RAM owing to gastrointestinal 
hemorrhage (Fig. 1).

The median (range) age was 69 (39-79) years; 30 (68.2%) 
patients were males, 34 (77.3%) had a smoking history, 
and most (93.2%) had an ECOG-PS of 0 or 1. The histo-
logical subtypes included adenocarcinoma (n = 31; 70.5%) 
and squamous cell carcinoma (n = 8; 18.2%). The PD-L1 
tumor proportion score was ≥ 50%, 1%–49%, and < 1% in 
9 (20.5%), 19 (43.2%), and 16 (36.4%) patients, respectively. 
Six (13.6%) patients had EGFR mutations, and none had 
anaplastic lymphoma kinase fusion. Except for one patient 
with EGFR exon20ins, 5 were treated with EGFR-TKIs 
before combined chemoimmunotherapy. The median time 
from the last dose of combined chemoimmunotherapy to the 
start of RAM plus DOC was 32.5 (14-505) days. The median 
PFS of previously combined chemoimmunotherapy was 8.0 
months (95% CI: 6.2-9.7). Disease progression was the most 

common reason for discontinuing combined chemoimmuno-
therapy (86.4%; Table 1).

Efficacy of RAM Plus DOC After Combined 
Chemoimmunotherapy
The median follow-up time was 13.9 months. Among the 44 
patients with lung adenocarcinoma, 35 had disease progres-
sion, and 18 died by the cutoff date. The median PFS was 6.3 
months (95% CI: 4.2-8.8). This treatment protocol surpassed 
the threshold value (≥3.0 months of the lower limit value of 
the 95% CIs), which met the primary endpoint (Fig. 2A).

The median OS was 22.6 months (95% CI: 13.9-NE) (Fig. 
2B). The ORR and disease control rate were 36.4% (95% 
CI: 22.4-52.2) and 72.7% (95% CI: 57.2-85.0), respectively. 
The overall responses were partial response, stable disease, 
progressive disease, and not assessable in 16 (36.4%), 16 
(36.4%), 8 (18.2%), and 4 (9.1%) patients, respectively; no 
patients exhibited complete response (0.0%; Supplementary 
Table S1). The analysis excluding patients with EGFR-positive 
lung cancer also showed similar efficacy with PFS and OS of 
6.6 (95% CI: 4.2-10.2) and 22.2 (95% CI: 12.7-NE) months, 
respectively (Supplementary Fig. S1).

Effect of Serum Biomarkers on Clinical Outcomes 
of RAM Plus DOC
Next, we investigated the effects of serum VEGF-A, VEGF-D, 
and sPD-L1 levels on the outcomes of RAM plus DOC com-
bination therapy as an exploratory analysis. Among the 44 
enrolled patients, serum VEGF-A, VEGF-D, and sPD-L1 levels 
were measured at the initiation of DOC plus RAM treatment 
in 39 patients (Fig. 1). The median (range) VEGF-A, VEGF-D, 
and sPD-L1 levels were 161 (14-710), 968 (194-2571), and 
65 (37-2587) pg/mL, respectively. Regarding serum cytokines, 
the VEGF-D high group (n = 19) had significantly shorter PFS 

Figure 1. CONSORT diagram of the study. CONSORT, Consolidated Standards of Reporting Trials.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
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and OS (4.5 vs. 6.3 months; P = .04, 15.5 vs. 30.1 months; 
P = .002, respectively) than the VEGF-D low group (n = 20; 
Fig. 3).

Serum levels of VEGF-A and sPD-L1 showed no significant 
differences regarding PFS and OS. ORR was significantly 
higher in the VEGF-A high group than in the VEGF-A low 
group (47.4% [95% CI: 24.4%–71.1%] vs. 15.0% [95% CI: 
3.2-37.9%], P = .04) (Supplementary Table S2).

In the univariate analysis, high VEGF-D levels were sig-
nificantly correlated with shortened PFS and OS (HR, 2.17, 
95% CI: 1.02-4.62, P = .04; and HR, 4.94, 95% CI: 1.60-
15.3, P = .005, respectively). In the multivariate analysis, high 
VEGF-D levels were independently correlated with shortened 
PFS and OS (HR, 2.64, 95% CI: 1.15-6.03, P = .02; and HR, 
7.25, 95% CI: 1.95-26.9, P = .003, respectively; Table 2).

We also analyzed the relationship between VEGF-D lev-
els and patient characteristics. The high VEGF-D group had 
a significantly higher incidence of high VEGF-A levels than 
the low VEGF-D group (P = .03; Supplementary Table S3). 
The levels of VEGF-D were positively correlated with those 
of VEGF-A (r = 0.41, P = .01; Supplementary Fig. S2). We 
further evaluated the predictive value of the combination 
of VEGF-A and VEGF-D levels. The PFS of patients in the 
high VEGF-A + low VEGF-D group was significantly longer 
than that of those in the other groups (high VEGF-A + low 
VEGF-D vs. low VEGF-A + high VEGF-D: P = .01; high 
VEGF-A + low VEGF-D vs. low VEGF-A + low VEGF-D: 
P = .04, high VEGF-A + low VEGF-D vs. high VEGF-A + high 
VEGF-D: P = .006; Fig. 4). These results suggest that a combi-
nation of pre-treatment serum levels of VEGF-A and VEGF-D 
is a predictive factor for identifying responders to RAM plus 
DOC treatment.

Safety
A safety analysis was performed on 43 patients who received 
at least 1 dose of RAM plus DOC (Fig. 1). All AE grades 
and grades ≥ 3 were observed in 38 (88.4%) and 18 (41.9%) 
patients, respectively. Grades ≥ 3 neutropenia and febrile neu-
tropenia were observed in 8 (18.6%) and 2 (4.7%) patients, 
respectively. All grades and grades ≥ 3 pneumonitis were 
observed in 4 (9.3%) and 3 (7.0%) patients, respectively. No 
grade 5 AE was observed (Table 3).

Discussion
This prospective observational study demonstrated that com-
bined chemoimmunotherapy with RAM plus DOC was effec-
tive for patients with NSCLC. Further, the PFS of RAM plus 
DOC after combined chemoimmunotherapy was 6.3 months 
(95% CI: 4.2-8.8), which met the primary endpoint. ORR for 
RAM plus DOC after combined chemoimmunotherapy was 
36.4% (95% CI: 22.4-52.2). A recently reported multicenter 
phase II prospective study on RAM plus DOC after com-
bined immunotherapy showed similar results with PFS and 
ORR of 6.5 months and 34.4%, respectively.20 These results 
were considered better than those of the REVEL trial and the 
phase II study of RAM plus DOC in Japanese patients (with 
PFS and ORR of 4.5 months and 22.9%, and 5.22 months 
and 28.9%, respectively),9,21 suggesting that the synergistic 
effects of RAM and history of ICIs pre-administration are the 
basis for the high efficacy of RAM plus DOC after combined 
immunotherapy. However, a previous retrospective study that 
evaluated RAM plus DOC immediately after PD-1 blockade 

Table 1. Patient characteristics.

Characteristics All patients

(n = 44)

Age

Median (range) 69 (39-79)

Sex

Male 30 (68.2%)

Female 14 (31.8%)

ECOG-performance status

0 17 (38.6%)

1 24 (54.6%)

2 3 (6.8%)

Stage

III/IV 41 (93.2%)

Recurrence 3 (6.8%)

Oncogenic driver

EGFR mutation positivity 6 (13.6%)

ALK rearranged positivity 0 (0.0%)

Smoking status

Current/former 34 (77.3%)

Never 10 (22.7%)

Histology

Adeno 31 (70.5%)

Squamous 8 (18.2%)

Others 5 (11.4%)

PD-L1 status

<1% 16 (36.4%)

1-49% 19 (43.2%)

≥50% 9 (20.5%)

Metastasis sites

Brain 13 (19.6%)

Liver 3 (6.8%)

Bone 15 (34.1%)

Interval from combined chemoimmunother-
apy to RAM + DOC, days

Median (range) 32.5 (14-505)

Previous combined chemoimmunotherapy 
regimen

Platinum + pemetrexed + pembrolizumab 22 (50.0%)

Platinum + paclitaxel/nab-paclitaxel +  
pembrolizumab

8 (18.2%)

Platinum + paclitaxel/pemetrexed +  
bevacizumab + atezolizumab

9 (20.5%)

Platinum + pemetrexed + atezolizumab 2 (4.5%)

Platinum + paclitaxel/nab-paclitaxel +  
atezolizumab

1 (2.3%)

Platinum + pemetrexed +  
ipilimumab + nivolumab

2 (4.5%)

Reasons for discontinuation of combined 
chemoimmunotherapy

Due to progression disease 38 (86.4%)

Due to adverse event 6 (13.6%)

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae001#supplementary-data
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plus platinum-based chemotherapy reported a median PFS 
and ORR of 4.1 months and 28.8%, respectively, which was 
inferior to our results.18 A possible explanation for this result 
could be the inclusion of many vulnerable patients with poor 
PS. In safety assessment, interstitial pneumonia and aspartate 
aminotransferase (AST)/alanine aminotransferase (ALT) lev-
els increased for grades ≥ 3 (7.0% and 2.3%, respectively) 
tended to be more frequent than those reported to have 
occurred in a RAM plus DOC prospective trial conducted in 
Japan (2.6% and 1.3%, respectively). A retrospective study 
of RAM plus DOC after combined chemoimmunotherapy 
found that pneumonitis and AST/ALT levels increased for 
grades ≥ 3 in 4.9% and 3.1% of the cases, respectively, consis-
tent with the findings of this study.18 The delayed appearance 
of immune-related AEs due to previously combined chemo-
immunotherapy may lead to more interstitial pneumonia and 

an increase in AST/ALT levels. Previous retrospective studies 
have reported that patients treated with RAM plus DOC after 
ICI had more AEs, particularly diarrhea, peripheral neurop-
athy, fever, myalgia, arthritis, pleural effusions, and pneu-
monia, than those treated with RAM plus DOC ICI naïve.13 
Therefore, it may be necessary to exercise caution regarding 
AEs, such as pneumonitis, associated with the combination 
of DOC and RAM, particularly in patients with prior ICI 
treatment in a real-world setting. Further large-scale investi-
gations of the safety of this approach are warranted. Overall, 
based on these results and our findings, RAM plus DOC may 
be an effective and relatively feasible second-line treatment 
for patients with advanced NSCLC who received combined 
chemoimmunotherapy.

The VEGF protein family is the most critical factor in 
the induction of neovascularization. Additionally, VEGF 

Figure 2. Progression-free survival (A) and overall survival (OS) (B) of patients treated with ramucirumab (RAM) plus docetaxel (DOC) after combined 
chemoimmunotherapy.

Figure 3. Progression-free survival (PFS) and overall survival (OS) based on the level of serum vascular endothelial growth factor (VEGF)-A, VEGF-D, 
and soluble programmed cell death ligand 1 (sPD-L1). PFS and OS analyses were performed by stratifying the VEGF-A, VEGF-D, and sPD-L1 levels. 
Comparison of Kaplan-Meier curves of PFS and OS between patients with VEGF-A (A, B), VEGF-D (C, D), and sPD-L1 (E, F).
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has been identified as a prognostic factor in various types 
of cancers. VEGF-A and its receptor VEGFR2 have major 
angiogenic effects. VEGF-D contributes to tumor angio-
genesis and lymphangiogenesis by binding to VEGFR2 and 
VEGFR3.8 Elevated levels of VEGF-A and VEGF-D are 
associated with poor prognosis in cases of lung, colorec-
tal, breast, and ovarian cancers.22-25 Furthermore, numerous 
blood cytokines have been documented as potent predictors 
of ICIs or angiogenesis inhibitors.26,27 Serum VEGF-A levels 
are reported as biomarkers of bevacizumab efficacy in breast 
cancer metastatic duodenal and jejunal adenocarcinoma.28,29 
The RAISE study evaluating colorectal cancer showed that 
high plasma VEGF-D levels were associated with improved 

PFS and OS in patients with colorectal cancer treated with 
RAM + FOLFIRI.30 However, no predictive biomarkers cur-
rently exist for identifying patients with NSCLC who are 
more likely to benefit from RAM-containing treatments. 
Therefore, this study evaluated baseline serum VEGF-A and 
VEGF-D levels to identify potential RAM biomarkers. The 
serum-soluble form of PD‐L1 (sPD‐L1), which can bind to 
PD‐1 receptors and may play an important role in immuno-
regulation,17 was also evaluated. To the best of our knowl-
edge, this is the first prospective real-world study to assess 
pre-treatment biomarkers of RAM plus DOC in patients with 
NSCLC after treatment with combined chemoimmunother-
apy. Therefore, clinical research efforts aimed at identifying 

Table 2. Univariate and multivariate Cox hazard model for progression-free survival and overall survival of RAM + DOC.

Items Progression-free survival Overall survival

(comparator) Univariate Multivariate Univariate Multivariate

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

P-value P-value P-value P-value

VEGF-A high 0.68 (0.34-1.37) 1.57 (0.59-4.16)

(vs. VEGF-A low) P = .28 P = .36

VEGF-D high 2.17 (1.02-4.62) 2.64 (1.15-6.03) 4.94 (1.60-15.3) 7.25 (1.95-26.9)

(vs. VEGF-D low) P = .04 P = .02 P = .005 P = .003

sPD-L1 high 1.72 (0.84-3.50) 1.83 (0.71-4.77)

(vs. sPD-L1 low) P = .14 P = .21

Age ≥ 75 0.34 (0.05-2.51) 0.21 (0.03-1.63) 5.03 (0.99–25.3) 4.69 (0.88-24.8)

(vs. < 75) P = .29 P = .14 P = .05 P = .07

Male sex 1.37 (0.62-3.01) 1.53 (0.64-3.70) 1.10 (0.40-3.06) 0.50 (0.15-1.63)

(vs. female sex) P = .43 P = .34 P = .85 P = .25

ECOG-PS 2 1.38 (0.32-5.89) 2.50 (0.49-12.8) 1.58 (0.32-7.90) 2.61 (0.41-16.7)

(vs. 0,1) P = .66 P = .27 P = .58 P = .31

Smoker 1.01 (0.41-2.48) 0.62 (0.20-1.92)

(vs. never smoker) P = .99 P = .41

Adeno 0.72 (0.30-1.73) 1.10 (0.31-3.84)

vs. non-Adeno P = .47 P = .88

PD-L1 ≥ 50% 0.54 (0.19-1.56) 0.31 (0.04-2.32)

(vs. < 50%) P = .26 P = .25

EGFR mutation positive 1.56 (0.59-4.12) 0.86 (0.20-3.75)

(vs. all others) P = .37 P = .83

Liver metastasis 2.77 (0.63-12.2) 2.78 (0.33-23.1)

(vs. non liver metastasis) P = .18 P = .34

Brain metastasis 1.09 (0.50-2.37) 1.01 (0.32-3.13)

(vs. non brain metastasis) P = .84 P = .99

Bone metastasis 1.50 (0.73-3.01) 1.02 (0.38-2.77)

(vs. non bone metastasis) P = .37 P = .96

Bevacizumab administration 1.49 (0.64-3.48) 1.24 (0.40-3.80)

(vs. non Bevacizumab administration) P = .36 P = .71

Interval from combined chemoimmunotherapy to 
RAM + DOC ≥ 60 days

1.98 (0.83-4.69) 0.73 (0.21-2.56)

(vs. < 60 days) P = .12 P = .62

PFS of combined chemoimmunotherapy > 8.8 months 0.58 (0.28–1.17) 0.59 (0.23-1.53)

(vs. < 8.8 months) P = .13 P = .28

discontinuation of combined chemoimmunotherapy 
due to progression disease

1.14 (0.40-3.29) 2.70 (0.36-20.5)

(vs. due to adverse event) P = .80 P = .34
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Figure 4. Progression-free survival (PFS) based on the combination of vascular endothelial growth factor (VEGF)-A and VEGF-D.

Table 3. Safety analysis.

All grade Grade 3 or higher

Number of cases % Number of cases %

N 43

All adverse events 38 88.4 18 41.9

Neutropenia 13 30.2 8 18.6

Stomatitis 5 11.6 0 0.0

Thrombocytopenia 5 11.6 0 0.0

Interstitial lung disease 4 9.3 3 7.0

Leg edema 4 9.3 0 0.0

Paronychia 3 4.7 1 2.3

Febrile neutropenia 2 4.7 2 4.7

Intracranial hemorrhage 2 4.7 2 4.7

AST ALT increased 2 4.7 1 2.3

Hypertension 2 4.7 0 0.0

Nausea 2 4.7 0 0.0

Proteinuria 2 4.7 0 0.0

Dysgeusia 2 4.7 0 0.0

Alopecia 2 4.7 0 0.0

Peripheral neuropathy 2 4.7 0 0.0

Pneumothorax 1 2.3 1 2.3

General edema 1 2.3 1 2.3

Hyponatraemia 1 2.3 1 2.3

Fracture 1 2.3 1 2.3

Anorexia 1 2.3 1 2.3

Malaise 1 2.3 1 2.3

Gastrointestinal hemorrhage 1 2.3 1 2.3

Epistaxis 1 2.3 0 0.0

Anaemia 1 2.3 0 0.0

Bloody stools 1 2.3 0 0.0

Constipation 1 2.3 0 0.0

Dyspnoea 1 2.3 0 0.0
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biomarkers that can predict treatment outcomes are crucial, 
given their potential to evolve into the basis of personalized 
medicine in the future.

In this study, the combination of high VEGF-A and low 
VEGF-D levels served as a predictive marker of the efficacy 
of RAM plus DOC. Notably, despite the positive correla-
tion between VEGF-A and VEGF-D levels, VEGF-A was 
positively correlated with RAM plus DOC efficacy, whereas 
VEGF-D was negatively correlated. This discrepancy may be 
attributed to the different binding receptors of VEGF-A and 
VEGF-D. VEGF-A primarily binds to VEGFR2, promoting 
angiogenesis; in contrast, VEGF-D binds to both VEGFR2 
and VEGFR3, exerting various tumor-promoting effects, such 
as tumor growth, angiogenesis, lymphangiogenesis, metas-
tasis, and immunosuppression.31 Furthermore, the affinity 
of VEGF-D for VEGFR3 is reportedly higher than that for 
VEGFR2.32 Although RAM suppresses VEGFR-2 signaling 
activated by both VEGF-A and VEGF-D, VEGF-D may con-
tribute to a poor prognosis, mainly by binding to VEGFR3 
and inducing lymphangiogenesis and immunosuppression. 
These findings contradict the results of the RAISE trial, which 
might have been influenced by the fact that all patients in that 
study received bevacizumab as a first-line therapy. Therefore, 
further studies are needed to validate these hypotheses and 
determine the impact of VEGF-A and VEGF-D on the efficacy 
of angiogenesis inhibitors in advanced NSCLC.

This study has some limitations. First, the sample size was 
small. Second, we included only Japanese patients. Third, the 
follow-up period was relatively short and insufficient to eval-
uate the OS data. Fourth, the biomarker analyses were per-
formed as exploratory studies. Some of the analyses, including 
univariate and multivariate analyses, were performed retro-
spectively; therefore, further prospective investigations are 
required to validate these findings. Finally, a selection bias 
may have occurred because only patients with NSCLC were 
treated with DOC plus RAM after first-line chemotherapy.

Conclusion
Our prospective study demonstrated that RAM plus DOC 
combined therapy might be a useful and relatively safe  
second-line treatment after combined chemoimmunotherapy 
for advanced NSCLC in the real-world setting. The combina-
tion of serum VEGF-A and VEGF-D may be a biomarker for 
predicting the efficacy of RAM plus DOC.
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