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Abstract
Background: Chemoimmunotherapy has become a standard treatment option for
patients with untreated advanced non-small-cell lung cancer (NSCLC). However,
numerous patients with advanced NSCLC develop disease progression. Therefore, the
selection of second-line treatment after chemoimmunotherapy is crucial for improv-
ing clinical outcomes.
Methods: Of 88 enrolled patients with advanced NSCLC who received chemo-
immunotherapy, we retrospectively evaluated 33 who received second-line chemother-
apy after progression of chemoimmunotherapy at six centers in Japan. Among them,
18 patients received docetaxel plus ramucirumab and 15 patients received single-agent
chemotherapy.
Results: The objective response rate in patients treated with docetaxel plus ram-
ucirumab was significantly higher than that in patients treated with a single-agent che-
motherapy regimen (55.6% vs. 0%, p < 0.001). The median progression-free survival
(PFS) of patients who received docetaxel plus ramucirumab and single-agent chemo-
therapy was 5.8 months and 5.0 months, respectively (log-rank test p = 0.17). In the
docetaxel plus ramucirumab regimen group, patients who responded to chemo-
immunotherapy for ≥8.8 months had a significantly longer response to docetaxel plus
ramucirumab than those who responded for <8.8 months (not reached
vs. 4.1 months, log-rank test p = 0.003). In contrast, in the single-agent chemotherapy
group, there was no significant difference in PFS between the ≥8.8- and <8.8-month
PFS groups with chemoimmunotherapy (5.0 vs. 1.6 months, log-rank test p = 0.66).
Conclusion: Our retrospective observations suggest that the group with longer PFS
with chemoimmunotherapy might be expected to benefit from docetaxel plus ram-
ucirumab treatment in second-line settings for patients with advanced NSCLC.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths
worldwide.1 In recent years, the prognosis of patients with
non-small-cell lung cancer (NSCLC) has been gradually

improving.2 One of the main reasons is that combination
therapy of imuune checkpoint inhibitors (ICIs) and chemo-
therapy has been established as a standard treatment option
for patients with advanced NSCLC.3–6 However, even with
chemoimmunotherapy in the initial phase, numerous
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patients with NSCLC eventually develop disease
progression.

Docetaxel plus ramucirumab is now frequently used as
the standard chemotherapeutic regimen for second-line
treatment based on the results of a clinical phase III trial.7

The efficacy and safety of docetaxel plus ramucirumab as a
second-line treatment for advanced NSCLC have been simi-
larly demonstrated in a Japanese cohort.8 In addition,
single-agent chemotherapy, such as with docetaxel, TS-1,
and nab-paclitaxel, has been administered in the second-line
setting for patients with advanced NSCLC.9–11 More
recently, a retrospective study showed that docetaxel plus
ramucirumab is an effective and safe second-line therapy
after chemoimmunotherapy.12 However, to the best of our
knowledge, no studies have compared docetaxel plus ram-
ucirumab and single-agent chemotherapy after chemo-
immunotherapy in the real-world setting. This is important
because the real-world setting includes ineligible patients for
clinical trials, such as patients with poor performance status
(PS) and central nervous system metastases.13

In this retrospective study, we investigated the safety,
efficacy, and biomarkers of docetaxel plus ramucirumab as a
second-line therapy after chemoimmunotherapy compared
to single-agent chemotherapy in a real-world setting.

MATERIALS AND METHODS

Patients

Patients with NSCLC who received chemoimmunotherapy
between January and December 2019 were selected. Among
them, those who received second-line chemotherapy after pro-
gression of chemoimmunotherapy were included. All patients
had target lesions at the start of second-line chemotherapy.
Patients were excluded if they had epidermal growth factor
receptor (EGFR) activating mutations or anaplastic lymphoma
kinase (ALK) arrangement fusion, received platinum-
containing therapy, or had missing data on second-line chemo-
therapy. All patients underwent conventional procedures such
as conventional computed tomography (CT) scans or magnetic
resonance imaging according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version1.1. Assessment of
treatment effect by CT scans was performed every 1–3 months.
The programmed death-ligand 1 (PD-L1) expression was ana-
lyzed by SRL, Inc. using a PD-L1 IHC 22C3 pharmDx assay
(Agilent Technologies). Progression-free survival (PFS) was
defined as the date from the start of docetaxel plus ram-
ucirumab or single-agent chemotherapy to the date of the first
tumor progression event. Overall survival (OS) was also calcu-
lated from the start of docetaxel plus ramucirumab or single-
agent chemotherapy. The median follow-up time from the start
date of second-line treatment was 9 months (95% confidence
interval [CI] 7.5–10.5 months) while the median follow-up time
from the first treatment start date was 23 months (95% CI
20.8–25.2 months). The following clinical data were obtained
from medical records retrospectively: age, gender, smoking

status, histological subtype, PD-L1 tumor proportion score
(TPS), disease stage, Eastern Cooperative Oncology Group PS
(ECOG-PS), PFS, OS, overall response rate (ORR), and history
of chemoimmunotherapy before and after treatment with doce-
taxel plus ramucirumab or single-agent anticancer drugs. The
tumor–node–metastasis (TNM) stage was classified using ver-
sion 8 of the TNM stage classification system. The study proto-
col was approved by the Ethics Committee of Kyoto Prefectural
University of Medicine and the Ethics Committees of each hos-
pital (approval no. ERB-C-1803). Informed consent was waived
due to the retrospective nature of the study.

Definition of neutrophil-to-lymphocyte ratio,
Glasgow prognostic score, prognostic
nutritional index, and cancer cachexia

The cut-off values for the neutrophil-to-lymphocyte ratio,
Glasgow prognostic score, and prognostic nutritional index
were determined according to previous studies.14–16 For can-
cer cachexia, we used the following previously reported
criteria: weight loss exceeding 5% of the total body weight or
a body mass index of <20 kg/m2 and weight loss of more
than 2% of the total body weight within 6 months before
treatment initiation, with laboratory results exceeding refer-
ence values (C-reactive protein >0.5 mg/dl, serum albumin
<3.2 g/dl, or hemoglobin <12 g/dl).17

Statistical analysis

PFS and OS were calculated using the Kaplan–Meier method,
and differences were compared using the log-rank test. Statis-
tical analyses for continuous and categorical variables were
conducted using Student’s t-test, Mann–Whitney U test, and
Fisher’s exact test. The hazard ratios (HRs) and their 95% CIs
were estimated using the Cox proportional hazards model in
univariate and multivariate analyses. In the subgroup analysis
of the overall population, the docetaxel-plus ramucirumab reg-
imen was used as a covariate to correct for differences in regi-
mens. In the pivotal clinical studies, the median PFS of
chemoimmunotherapy was 6.4–8.8 months,3–6 therefore we
divided the patients into two groups, those who responded to
chemoimmunotherapy and those who did not respond, using
a cutoff of 8.8 months, to evaluate the impact of prior chemo-
immunotherapy on the outcomes of second-line chemother-
apy. Statistical analyses were performed using the EZR
statistical software, version 1.54.18 All statistical tests were
two-sided and statistical significance was set at p values <0.05.

RESULTS

Patient characteristics

We enrolled 88 patients with advanced NSCLC who
received chemoimmunotherapy at six different institutions
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in Japan. Sixty-seven patients with advanced NSCLC devel-
oped disease progression. Forty-seven patients with
advanced NSCLC received second-line chemotherapy fol-
lowing chemoimmunotherapy. Among them, 18 patients
who received docetaxel plus ramucirumab and 15 patients
who received single-agent chemotherapy were evaluated.
NSCLC patients with EGFR mutations or ALK arrangement
fusion were excluded from this analysis. Patients who were
alive and progression-free until the end of May 2021 were
censored. Finally, 33 patients who received second-line
treatment were enrolled and analyzed in this study
(Figure 1). Eighteen patients (52.7%) received docetaxel and
ramucirumab, and 15 patients (47.3%) received single-agent
chemotherapy (Table 1). The median age of the patients
with NSCLC treated with docetaxel and ramucirumab was
68.5 years (range 43–79 years), 11 (69.7%) patients were
male, 16 (88.9%) had a history of smoking, and three
(16.7%) had a PD-L1 tumor proportion score (TPS) ≥50%.
Among those who received single-agent chemotherapy,
11 received docetaxel and four received TS-1. The median
age was 73 years (range, 63–79 years), 12 (80.0%) patients
were male, 12 (80.0%) had a history of smoking, and six
(40%) had a PD-L1 TPS ≥50%. The docetaxel plus

ramucirumab cohort was significantly younger than the
single-agent chemotherapy regimen cohort (p = 0.03).

Efficacy of docetaxel and ramucirumab in
patients with advanced NSCLC after
chemoimmunotherapy

The ORR in patients with NSCLC treated with docetaxel plus
ramucirumab was significantly better than that in patients
treated with single-agent chemotherapy (55.6%, 95% CI 30.8–
78.5% vs. 0%, 95% CI 0–21.6%, p < 0.001). In contrast, there
was no significant difference in the disease control rate (DCR)
between patients with NSCLC treated with docetaxel and ram-
ucirumab and those treated with single-agent chemotherapy
regimens (83.3%, 95% CI 58.6–96.4% vs. 60.0%, 95% CI 32.3–
83.7%, p = 0.24). The response after initiation of second-line
chemotherapy could not be evaluated in one patient (Table 2).
The median PFS and OS of patients with advanced NSCLC
who received second-line treatment were 5.0 and 11.2 months,
respectively (Supporting Information Figure SS1a,b). The
median PFSs of patients with advanced NSCLC who received
docetaxel plus ramucirumab and single-agent chemotherapy

Non-small cell lung cancer patients who received 

chemoimmunotherapy at 6 different institutions in Japan

(n = 88)

Excluded

-Patients who did not receive

second-line treatment 

Continuation of chemoimmunotherapy   

(n=20)

Best supportive care (n = 18)

Treatment-related death (n = 3)

Patients who received chemotherapy as 

second-line treatment (n = 47)

Docetaxel +Ramucirumab

(n = 18)

Single-agent chemotherapy

(n = 15)

Excluded for

EGFR mutation positive (n = 5)

Excluded

-Patients who received platinum

containing drugs (n = 8)

No efficacy data available (n = 1)

F I G U R E 1 Consort diagram of the study
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were 5.8 and 5.0 months (HR 0.56, 95% CI 0.25–1.29,
log-rank test p = 0.17), respectively, with no significant differ-
ence. The median OS of patients with advanced NSCLC who

received docetaxel and ramucirumab was 10.7 months and
that of patients who received single-agent chemotherapy was
17.6 months (HR 1.25, 95% CI 0.42–3.69, log-rank test

T A B L E 1 Patient characteristics

Characteristics
All patients
(n = 33)

DOC + RAM
(n = 18, 52.7%)

Single-agent
chemotherapya

(n = 15, 47.3%) p value

Age

Median (range) 70 (43–79) 68.5 (43–79) 73 (63–79) 0.03

Sex

Male 23 (69.7%) 11(61.1%) 12 (80.0%) 0.28

Female 10 (30.3%) 7 (38.9%) 3 (20.0%)

ECOG-PS

0 9 (27.3%) 5 (27.8%) 4 (26.7%) 1.0

1 20 (60.6%) 11 (61.1%) 9 (60.0%)

2 4 (12.1%) 2 (11.1%) 2 (13.3%)

Stage

III/IV 5 (15.2%) 3 (16.7%) 2 (13.3%) 1.0

Recurrence 28 (84.8%) 15 (83.3%) 13 (86.7%)

Smoking status

Current/former 28 (84.8%) 16 (88.9%) 12 (80.0%) 0.64

Never 5 (15.2%) 2 (11.1%) 3 (20.0%)

Histology

Squamous cell carcinoma 8 (24.2%) 2 (11.1%) 6 (40.0%) 0.10

Nonsquamous cell carcinoma 25 (75.8%) 16 (88.9%) 9 (60.0%)

Previous chemoimmunotherapy regimen

Platinum + pemetrexed + pembrolizumab 18 (54.5%) 12 (66.7%) 6 (40.0%)

Carboplatin + paclitaxel/nab-paclitaxel + pembrolizumab 12 (36.4%) 3 (16.7%) 9 (60.0%)

Carboplatin + paclitaxel + atezolizumab + bevacizumab 2 (6.0%) 2 (11.1%) 0

Carboplatin + nab-paclitaxel + atezolizumab 1 (3.0%) 1 (5.6%) 0

PD-L1 TPS

≥50% 9 (27.3%) 3 (16.7%) 6 (40%) 0.25

1%–49% 14 (42.4%) 7 (38.9%) 7 (46.7%)

<1% 6 (18.2%) 5 (27.8%) 1 (6.7%)

Unknown 4 (12.1%) 3 (16.7%) 1 (6.7%)

Brain metastasis

Yes 5 (15.2%) 2 (11.1%) 3 (20.0%) 0.64

No 28 (84.8%) 16 (88.9%) 12 (80.0%)

Liver metastasis

Yes 5 (15.2%) 2 (11.1%) 3 (20.0%) 0.64

No 28 (84.8%) 16 (88.9%) 12 (80.0%)

Time from last ICI administration to start of second-line chemotherapy

Median months (range) 1.1 months (0.7–18.4) 1.55 months (0.7–9.3) 1.0 months (0.7–18.4) 0.68

Best response to chemoimmunotherapy, n (%)

CR/PR/SD 29 (87.9%) 16 (88.9%) 13 (86.7%) 1.0

PD 1 (3.0%) 0 (0%) 1 (6.7%)

NE 3 (9.1%) 2 (11.1%) 1 (6.7%)

Abbreviations: CR, complete response; DOC, docetaxel; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; NE, not evaluable; PD, progressive disease; PD-L1
TPS, Programmed Death Ligand 1 Tumor Proportion Score; PR, partial response; RAM, ramucirumab; SD, stable disease.
a11 patients received docetaxel and four patients received TS-1.
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p = 0.69) (Supporting Information Figure SS1). The median
PFS and OS with chemoimmunotherapy were 9.1 and
27.4 months, respectively, for the 33 patients with advanced
NSCLC (Supporting Information Figure S2a,b).

To investigate the association with PFS between chemo-
immunotherapy and second-line chemotherapy, we divided
the patients into two groups based on a PFS cut-off of
8.8 months for chemoimmunotherapy. In the docetaxel plus
ramucirumab regimen group, the group with PFS
≥8.8 months (n = 8) with chemoimmunotherapy had signifi-
cantly longer PFS than the PFS < 8.8-month group (n = 10)
(not reached vs. 4.1 months; HR 0.12, 95% CI 0.03–0.48, log-
rank test p = 0.003) (Figure 2a). In contrast, in the single-
agent chemotherapy group, there was no significant difference
in the PFS with single-agent chemotherapy between the PFS
≥8.8-month (n = 8) and <8.8-month (n = 7) groups with che-
moimmunotherapy (5.0 vs. 1.6 months; HR 0.76, 95% CI
0.23–2.57, log-rank test p = 0.66) (Figure 2b).

Finally, we investigated the prognostic factors of second-
line treatment after chemoimmunotherapy in patients with
advanced NSCLC. In the univariate and multivariate ana-
lyses, ECOG-PS = 2 was associated with PFS (HR 7.58, 95%
CI 2.21–26.1, p = 0.001 and HR 6.66, 95% CI 1.77–25.0,
p = 0.005, respectively) and OS (HR 3.56, 95% CI 1.11–11.4,
p = 0.03 and HR 3.73, 95% CI 1.06–13.1, p = 0.04, respec-
tively). In the multivariate analyses, the docetaxel plus ram-
ucirumab regimen was associated with PFS (HR 0.40, 95%
CI 0.16–0.98, p = 0.045) (Tables 3 and 4).

Safety of docetaxel and ramucirumab in patients
with advanced NSCLC after
chemoimmunotherapy

The incidence of grade ≥3 adverse events is shown in
Table 5. In patients with NSCLC treated with docetaxel plus
ramucirumab, the incidence of grade ≥3 neutropenia was

16.7% (three of 18). In patients with NSCLC treated with
single-agent chemotherapy, the incidence of grade ≥3 neu-
tropenia was 33.3% (five of 15). There was no significant dif-
ference in the incidence of grade ≥3 hematological
(p = 0.13) and nonhematological toxicities (p = 0.58)
between the docetaxel plus ramucirumab and single-agent
chemotherapy groups. There were no treatment-related
deaths in either cohort. In the docetaxel plus ramucirumab
regimen group, one patient discontinued treatment due to
cutaneous recall phenomenon at the site of previous doce-
taxel extravasation.

DISCUSSION

In this study, we retrospectively evaluated the benefit of
docetaxel plus ramucirumab following chemo-
immunotherapy compared to single-agent chemotherapy in
a second-line setting. The ORR was significantly higher in
patients treated with docetaxel plus ramucirumab than in
those treated with single-agent chemotherapy, consistent
with a pivotal study.7 Previous studies showed that the pre-
vious administration of ICIs increases the efficacy of doce-
taxel plus ramucirumab therapy due to the maintenance of
the efficacy of prior ICI treatment for several months.19,20 It
is possible that prior chemoimmunotherapy use induces the
increase in ORR to docetaxel plus ramucirumab. Interest-
ingly, PFS positively correlated with prior chemotherapy
and second-line docetaxel plus ramucirumab. In contrast,
PFS with single-agent chemotherapy did not correlate with
prior chemoimmunotherapy. Considering this difference in
the impact of prior chemoimmunotherapy, the subsequent
angiogenesis inhibitor ramucirumab might play an important
role in the second-line treatment. One hypothesis is that the
vascular epithelial growth factor (VEGF)/VEGFR axis may be
involved in resistance after long-term disease stabilization by
chemoimmunotherapy. Functional abnormalities of blood

T A B L E 2 Response to second-line treatment

Response All patients (n = 33) DOC + RAM (n = 18, 52.7%) Single-agent chemotherapy (n = 15, 47.3%) p value

Complete response
(95% CI)

0 (0%)
(0–10.6)

0 (0%)
(0–18.5)

0 (0%)
(0–21.8)

Partial response
(95% CI)

10 (30.3%)
(15.6–48.7)

10 (55.6%)
(30.8–78.5)

0 (0%)
(0–21.8)

Stable disease
(95% CI)

14 (42.4%)
(25.5–60.8)

5 (27.8%)
(9.7–53.5)

9 (60.0%)
(32.3–83.7)

Progressive disease
(95% CI)

8 (24.2%)
(11.1–42.3)

3 (16.7%)
(3.6–41.4)

5 (33.3%)
(11.8–61.6)

Not evaluable
(95% CI)

1 (3.0%)
(0.1–15.8)

0 (0%)
(0–18.5)

1 (6.7%)
(0.2–31.9)

Objective response rate
(95% CI)

10 (30.3%)
(15.6–48.7)

10 (55.6%)
(30.8–78.5)

0 (0%)
(0–21.8)

<0.001

Disease control rate
(95% CI)

24 (72.7%)
(54.5–86.7)

15 (83.3%)
(58.6–96.4)

9 (60.0%)
(32.3–83.7)

0.24

Abbreviations: CI, confidence interval; DOC, docetaxel; RAM, ramucirumab.
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vessels in tumors result in poor blood flow and promotion of
a hypoxic tumor microenvironment (TME). Hypoxia within
the tumor attenuates the therapeutic effects of immunother-
apy, radiation therapy, and cytotoxic anticancer agents.21

Theoretically, the anti-VEGFR2 antibody ramucirumab may
have a positive impact on overcoming resistance after long-
term chemoimmunotherapy through improvement of the
hypoxic TME.

Previous reports have shown that primary or adaptive
resistance to immunotherapy has several mechanisms,
including lack of tumor antigens, activation of various sig-
naling pathways (mitogen-activated protein kinase, PI3K,

and WNT), lack of antigen presentation function, and con-
stitutive expression of PD-L1.22 Highly heterogeneous
tumors also result in a poor response to anticancer therapy,
including molecular-targeted therapy and chemotherapy.23

These findings suggest that the heterogeneity of pre-
treatment tumors might be closely related to the involve-
ment of various resistances with a complicated TME,
therefore additional inhibition of VEGF might lead to insuf-
ficient clinical outcome.

In our study, two patients who received the anti-VEGF
antibody bevacizumab-containing chemoimmunotherapy
were enrolled in the docetaxel plus ramucirumab group. An
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F I G U R E 2 Kaplan–Meier curve for progression-free survival (PFS) in non-small-cell lung cancer (NSCLC) patients who received (a) second-line
treatment, (b) second-line treatment compared with docetaxel plus ramucirumab and single-agent chemotherapy, (c) docetaxel plus ramucirumab compared
with PFS 1st (≥8.8 vs. <8.8 months), and (d) single-agent chemotherapy compared with PFS 1st (≥8.8 vs. <8.8). PFS 1st, PFS in chemoimmunotherapy
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exploratory analysis of pivotal studies reported that the
response rate to docetaxel plus ramucirumab was reduced
with prior bevacizumab treatment compared to no prior

bevacizumab treatment, although PFS and OS were
unchanged.24 In this study, the number of cases to evaluate
the efficacy of docetaxel plus ramucirumab treatment after

T A B L E 3 Cox proportional hazard models for progression-free survival (PFS) in patients with non-small-cell lung cancer who received second-line
treatment

Items

PFS (univariate analysis) PFS (multivariate analysis)

HR (95% CI) p value HR (95% CI) p value

Male sex 0.39 (0.16–0.96) 0.04 0.43 (0.16–1.13) 0.09

Age, years, ≥75 2.00 (0.73–5.46) 0.18

Recurrence 0.47 (0.11–2.04) 0.32

ECOG-PS = 2a 7.58 (2.21–26.1) 0.001 6.66 (1.77–25.0) 0.005

PD-L1 ≥ 50%b 1.12 (0.45–2.83) 0.80

Cachexiac 1.16 (0.48–2.79) 0.74

DOC+RAMd 0.56 (0.25–1.29) 0.17 0.40 (0.16–0.98) 0.045

Smoker 0.41 (0.13–1.24) 0.12

Liver metastasis 2.65 (0.95–7.43) 0.06

Brain metastasis 2.10 (0.69–6.45) 0.19

GPS ≥1 2.37 (0.97–5.77) 0.06

NLR ≥3 1.72 (0.72–4.07) 0.22

PNI ≥45.5 0.67 (0.26–1.71) 0.40

Note: Univariate and multivariate analyses.
Abbreviations: CI, confidence interval; DOC, docetaxel; ECOG-PS, Eastern Cooperative Oncology Group-Performance Status; GPS, Glasgow Prognostic Score; NLR, neutrophil to
lymphocyte ratio; PD-L1, programmed death ligand 1; PNI, Prognostic Nutritional Index; RAM, ramucirumab.
aECOG-PS = 2 vs. ECOG-PS <2.
bPD-L1 TPS ≥50% vs. all others, except for unknown.
cWeight loss amounting to >5% of body weight (BW) or body mass index <20 kg/m2 and weight loss amounting to >2% of BW with laboratory results exceeding reference values.
Laboratory results exceeding reference values: C-reactive protein > 0.5 mg/dl, serum Albumin < 3.2 g/dl, or Hemoglobin < 12 g/dl.
dDOC + RAM versus single-agent chemotherapy.

T A B L E 4 Cox proportional hazard models for overall survival (OS) in patients with non-small-cell lung cancer who received second-line treatment

Items

OS (univariate analysis) OS (multivariate analysis)

HR (95% CI) p value HR (95% CI) p value

Male sex 0.44 (0.16–1.22) 0.11

Age, years, ≥75 2.14 (0.67–6.79) 0.20

Recurrence NA NA

ECOG-PS = 2a 3.56 (1.11–11.4) 0.03 3.73 (1.06–13.1) 0.04

PD-L1 ≥ 50%b 0.64 (0.20–2.08) 0.46

Cachexiac 1.91 (0.70–5.20) 0.21

DOC + RAMd 1.25 (0.42–3.69) 0.69 0.89 (0.29–2.78) 0.84

Smoker 0.97 (0.26–3.58) 0.96

Liver metastasis 2.16 (0.68–6.83) 0.19

Brain metastasis 1.31 (0.29–5.91) 0.73

GPS ≥1 2.06 (0.72–5.88) 0.18

NLR ≥3 2.08 (0.73–5.92) 0.17

PNI ≥45.5 0.40 (0.11–1.40) 0.15

Note: Univariate and multivariate analyses.
Abbreviations: CI, confidence interval; DOC, docetaxel; ECOG-PS, Eastern Cooperative Oncology Group-Performance Status; GPS, Glasgow Prognostic Score; NLR, neutrophil to
lymphocyte ratio; PD-L1, programmed death ligand 1; PNI, Prognostic Nutritional Index; RAM, ramucirumab.
aECOG-PS = 2 vs. ECOG-PS <2.
bPD-L1 TPS ≥50% vs. all others, except for unknown.
cWeight loss amounting to >5% of the body weight (BW) or body mass index <20 kg/m2 and weight loss amounting to >2% of BW with laboratory results exceeding reference
values. Laboratory results exceeding reference values: C-reactive protein > 0.5 mg/dl, serum Albumin <3.2 g/dl, or Hemoglobin < 12 g/dl.
dDOC + RAM versus single-agent chemotherapy.
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chemoimmunotherapy, including angiogenesis inhibitors,
was quite small, and further validation is needed. In the
East-LC trial, with a total of 1154 patients enrolled, the
response rates were 8.3% and 9.9% in the S-1 and docetaxel
arms after platinum-based chemotherapy, respectively.10 In
contrast, in this study, the response rate in patients treated
with single-agent chemotherapy after chemoimmunotherapy
was 0%. The difference in the response rate might be as a
result of the sample size (n = 15) because the 95% CI for
the response rate in the single-agent chemotherapy was 0.0–
21.6%. Previous studies have shown that ECOG-PS = 2 is a
poor prognostic factor for docetaxel alone or docetaxel plus
ramucirumab therapy in previously treated patients with
NSCLC.25,26 We retrospectively demonstrated that a poor
PS (ECOG-PS = 2) was an independent prognostic factor
for PFS and OS in the second-line setting after chemo-
immunotherapy. Therefore, the decision to use second-line
therapy following chemoimmunotherapy for NSCLC
patients with a poor PS should be made with caution.

Our study had several limitations. First, the sample size
was small. The reason for the lack of significant differences
in PFS between the docetaxel plus ramucirumab and single-
agent chemotherapy groups may be due to the sample size.
Further investigations are needed to verify these results. Sec-
ond, there may be a bias in the choice of docetaxel plus ram-
ucirumab as a second-line therapy. For example, the
docetaxel plus ramucirumab group was younger than the
single-agent chemotherapy group. In addition, in cases
where there are contraindications to the administration of
angiogenesis inhibitors, single-agent chemotherapy was cho-
sen. Third, all the patients in the cohort were Japanese.
Racial differences must also be considered.

Together, our retrospective findings showed that longer
PFS with chemoimmunotherapy might be expected to bene-
fit from docetaxel plus ramucirumab treatment in the
second-line setting for patients with advanced NSCLC.
Further studies are required to confirm these observations.

ACKNOWLEDGMENTS
We thank the patients, their families, and all investigators
involved in this study. Additionally, we thank Editage
(www.editage.jp) for their help with English language
editing.

CONFLICT OF INTEREST
T.Y. received grants from Pfizer, Ono Pharmaceutical,
Chugai Pharmaceutical, and Takeda Pharmaceutical.
K.T. received grants from Chugai Pharmaceutical, Ono
Pharmaceutical, and personal fees from AstraZeneca,
Chugai Pharmaceutical, MSD, Eli Lilly, Boehringer
Ingelheim, and Daiichi Sankyo. The other authors declare
no conflicts of interest.

ORCID
Masaki Ishida https://orcid.org/0000-0002-1890-7378
Kenji Morimoto https://orcid.org/0000-0003-3394-1838
Tadaaki Yamada https://orcid.org/0000-0002-6945-281X
Takayuki Takeda https://orcid.org/0000-0002-8375-6940

REFERENCES
1. Miller KD, Goding Sauer A, Ortiz AP, Fedewa SA, Pinheiro PS,

Tortolero-Luna G, et al. Cancer statistics for Hispanics/Latinos, 2018.
CA Cancer J Clin. 2018;68(6):425–45.

2. Howlader N, Forjaz G, Mooradian MJ, Meza R, Kong CY, Cronin KA,
et al. The effect of advances in lung-cancer treatment on population
mortality. N Engl J Med. 2020;383(7):640–9.

3. Gandhi L, Rodríguez-Abreu D, Gadgeel S, Esteban E, Felip E,
de Angelis F, et al. Pembrolizumab plus chemotherapy in meta-
static non-small-cell lung cancer. N Engl J Med. 2018;378(22):
2078–92.

4. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gümüş M, Mazières J,
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