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Background: Current clinical trials demonstrated that combination regimens comprising chemotherapy 
and immunotherapy lead to better patient outcomes compared to chemotherapy alone as the first line of 
treatment for non-small cell lung cancer (NSCLC). In addition, the combination therapy of docetaxel 
(Doc) and ramucirumab (Ram) was considered one of the standard treatments for advanced or relapsed 
NSCLC patients. However, little is known about the therapeutic responders of this combination therapy 
among previously treated NSCLC patients. In the present study, we aimed to identify predictive factors 
for therapeutic response, including programmed death-ligand 1 (PD-L1) expression in tumors, for Doc 
treatment in combination with Ram. 
Methods: We retrospectively analyzed a total of 135 advanced or relapsed NSCLC patients who were 
refractory to platinum-based chemotherapy at eleven institutions in Japan between July 2016 and November 
2018.
Results: Our observations showed that PD-L1 expression in tumors is not associated with the efficacy of 
combined therapy of Doc and Ram in previously treated NSCLC patients. Analysis of the patient clinical 
profiles indicated that prior treatment with immune checkpoint inhibitors (ICIs) is a reliable predictor for 
the good progression-free survival (PFS) to this combination therapy (P=0.041). 
Conclusions: Our retrospective study indicated that combination regimens comprising chemotherapy and 
ICIs followed by Doc and Ram could be an optimal therapeutic option for NSCLC patients regardless of the 
PD-L1 status of tumors. Further investigations are required to strengthen clinical evidence demonstrating 
the effectiveness of the combination therapy of Doc plus Ram in previously treated NSCLC patients.

Keywords: Docetaxel (Doc); ramucirumab (Ram); programmed death-ligand 1; non-small cell lung cancer 

(NSCLC); retrospective study
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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide (1). Around half of all lung cancer patients 
present several metastases at diagnosis (2), and non-small 
cell lung cancer (NSCLC) accounts for approximately 85% 
of all lung cancer cases (3). Several types of molecularly 
targeted agents and immune checkpoint inhibitors (ICIs) 
have been developed for advanced lung cancer patients 
based on the advances in molecular biology, as evidenced by 
improved clinical outcomes, such as prolonged survival and 
more durable treatment response (4-8).

Ramucirumab (Ram) is a human recombinant IgG1 
monoclonal antibody targeting the vascular endothelial 
growth factor (VEGF) receptor-2 (9). The REVEL study 
was a phase III clinical trial that compared the effectiveness 
of combination therapy of docetaxel (Doc) with Ram to 
that of Doc monotherapy in advanced NSCLC patients 
who showed disease progression after platinum-based 
chemotherapy. The results of this study demonstrated that 
the combination therapy significantly increased progression-
free survival (PFS), overall survival (OS), and objective 
response rate (ORR) compared to Doc monotherapy (10).  
Therefore, combination therapy with Doc plus Ram was 
considered as one of the standard treatments and has 
been approved in several countries, including the US and 
Japan, for the treatment of advanced or relapsed NSCLC 
patients with tumors that are refractory to platinum-based 
chemotherapy. However, only limited data is available 
regarding the therapeutic response to Doc plus Ram 
combination therapy in previously treated NSCLC patients.

ICIs are currently promising alternative treatments 
for NSCLC. Of them, nivolumab, pembrolizumab, and 
atezolizumab have been approved in the US, Japan, and 
other countries for the treatment of patients with metastatic 
NSCLC based on the findings of phase III trials, which 
showed superior outcomes of NSCLC patients treated with 
ICIs compared to patients treated with standard systemic 
chemotherapy (4-8,11). Based on indirect comparisons, a 
recent study reported that treatment with nivolumab and 
pembrolizumab significantly improved ORR compared to 
atezolizumab (12). 

To identify the responders to ICI treatment, several 

mechanisms that mediate a favorable response to ICIs have 
been reported, such as programmed death-ligand 1 (PD-L1) 
high expression in tumors, high tumor mutation burden, 
and the accumulation of tumor-infiltrating lymphocytes 
in the tumor microenvironment (7,13). Of these, PD-L1  
expression in tumors has been clinically used as a positive 
predictive biomarker for effective ICI treatment in 
NSCLC. High PD-L1 expression in tumors has been 
reported to suppress the activation and growth of T cells 
via the apoptosis of effector T cells, which in turn leads to 
impaired tumor immune responses (14,15). Thus, PD-L1 
has been recognized as a negative regulator of the immune 
response through various pathways in anti-tumor immunity. 
Contrastingly, PD-L1 expression in tumors was reported as 
a negative predictive factor for response to Doc in NSCLC 
patients (5).

The aim of this retrospective study was to elucidate 
the role of PD-L1 expression in tumors and to identify 
responders for the treatment of Doc in combination with 
Ram in advanced or relapsed NSCLC patients who are 
refractory to platinum-based chemotherapy.

Methods

Patients

We retrospectively assessed advanced or relapsed 135 
NSCLC patients who were refractory to platinum-based 
chemotherapy and had the evaluable targeted lesions, at 
11 institutions in Japan between July 2016 and November 
2018. All patients underwent image evaluation using 
a conventional computed tomography (CT) scan or a 
magnetic resonance imaging according to Response 
Evaluation Criteria in Solid Tumors (RECIST) version 
1.1. The PFS and OS were calculated from the beginning 
of Doc/Ram combination therapy. The following clinical 
data were obtained from retrospective medical records: age, 
sex, smoking status, histological subtype, PD-L1 tumor 
proportion score (TPS), disease stage, Eastern Cooperative 
Oncology Group Performance Status (PS), PFS, ORR, and 
the history of immunotherapy treatment before and after 
Doc plus Ram combination therapy. The study protocol 
was approved by the Ethics Committees of each hospital. 
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Genomic analysis

EGFR mutations were detected using polymerase chain 
reaction for tumor samples with the sequencing of exons 
18–21 performed at commercial clinical laboratories; SRL, 
Inc. and BML, Inc. (Tokyo, Japan). ALK IHC staining 
using tissue specimens was performed using the Ventana 
platform (Roche Diagnostics, Basel, Switzerland) at 
commercial clinical laboratories; SRL, Inc. and BML, Inc. 
(Tokyo, Japan).

PD-L1 expression analysis

PD-L1 TPS expression in tumors was assessed in 
pretreatment tumor samples obtained from biopsy or 
surgery by performing PD-L1 immunohistochemistry 
(IHC) 22C3 pharmDx assay at commercial clinical 
laboratories in SRL, Inc. (Tokyo, Japan). The PD-L1 
TPS was expressed as the percentage of at least 100 viable 
tumor cells for complete or partial membrane staining. 
The pathologists of the commercial vendor provided the 
TPS interpretation. The patients were categorized into 
the following three patient groups based on the PD-L1 
expression: positive (TPS ≥1%), negative (TPS <1%), and 
unknown groups.

Treatment

Patients were intravenously administered with 10 mg/kg  
Ram plus 60 mg/m2 Doc on day 1 of a 3-week cycle. 
In general, these treatments continued until disease 
progression, intolerable toxicity, or patient refusal.

Matching

We performed rigorous adjustment for significant 
differences in the baseline characteristics of patients with 
propensity-score matching using the following variables: 
age, sex, PS, disease stage, cell type, smoking status, 
and treatment line of the initiation of the combination 
therapy of Doc and Ram. Nearest neighbor matching was 
performed at a ratio of 1:1 without replacement. Caliper 
was set at 0.2.

Statistical analysis

Cox proportional hazards models evaluating several patient 
factors were used. To analyze PFS, times to events were 

estimated using the Kaplan-Meier method and compared 
using the log-rank test. PFS was confirmed at the date of 
disease progression. To construct the multivariate model, 
we selected the factors related to PFS and OS that were 
reported by the previous studies and the most relevant 
factor identified in the results of univariate analysis. The 
statistical analyses except for the propensity score analysis 
were performed using Prism (version 8.01; GraphPad 
Software Inc, CA, USA). The propensity score analysis was 
performed using EZR for Windows, version 1.35 (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan). 
P<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 135 advanced NSCLC patients from Japan, who 
showed resistance to platinum-based chemotherapy were 
enrolled in the present study (Table 1). Ninety-five (70.4%) 
patients were male, the median age was 66 years (range, 
37–83 years), and 92 (68.1%) patients had a history of 
smoking. Among them, 21 (15.6%) patients had squamous 
cell carcinoma and 118 (87.4%) patients had stage IV 
cancer. EGFR mutation and ALK rearrangement tests 
were performed on 119 (88.1%) and 108 (80.0%) patients, 
respectively. The tumor samples of 27 (20.0%) patients 
showed EGFR-mutation, while 2 (1.5%) showed ALK 
rearrangement. Almost all patients (92.6%) had PS of 0 or 1 
at the time of the induction of the treatment with DOC and 
Ram. Patients received 3.0 (range, 1.0–14.0) cycles of the 
combination therapy of Doc and Ram.

Relationship between tumor PD-L1 expression and 
clinicopathological features

The PD-L1 IHC test was performed in 82 (60.7%) out of 
the 135 NSCLC patients. Of them, 38, 44, and 53 patients 
were classified under the positive, negative, and unknown 
groups, respectively. The different patient groups showed 
no significant differences in clinicopathological features 
(Table 2). 

Relationship between treatment with Doc plus Ram 
response and PD-L1 expression

The ORR values of the treatment with Doc plus Ram were 
21.1%, 15.9%, and 24.5% in NSCLC patients with PD-
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L1 positive, negative, and unknown status, respectively. 
The three patient groups showed no significant differences 
in the ORR values following treatment with Doc plus 
Ram (P=0.623). Median PFS with the treatment of Doc 
plus Ram was 127 days in all NSCLC patients (Figure 1A).  
Median OS was 359 days in all NSCLC patients (Figure 1B).  
There was no significant correlation in the median 
PFS among the NSCLC patients with PD-L1 positive, 
negative, and unknown status (127, 124, and 172 days, 
respectively, P=0.444) (Figure 1C). We observed no 
significant correlation in the median OS of the treatment 
among NSCLC patients with PD-L1 positive, negative, 
and unknown status (542, 667, and 299 days, respectively, 
P=0.154) (Figure 1D). To minimize the impact of treatment 
allocation bias, we performed the propensity score analysis 
for PD-L1 detectable and unknown cases. There was no 
significant correlation in the median PFS and OS between 
PD-L1 detectable and unknown cases (128 and 172 days, 
respectively, P=0.649; 349 and 299 days, respectively, 
P=0.328) (Figure 1E,F) .  We further examined the 
relationship between PD-L1 expression levels and clinical 
outcomes, such as the median PFS and OS of Doc plus Ram 
treatment (Table S1). The median PFS and OS were better 
in patients with 1–49% of PD-L1 expression than in those 
with negative and >50% of PD-L1 expression (P=0.006, 
P=0.046, respectively) (Figure S1A,B).

In the univariate analysis, the PFS for Doc plus Ram 
was relatively long in patients who received previous 
immunotherapy treatment compared to those of patients 
who did not receive prior immunotherapy, although 
there was not statistically significance between the two 
groups of patients [156 days, 95% confidence interval 
(CI): 105–314 vs. 116 days; 95% CI: 100–177 days; hazard 
ratio (HR): 0.63; 95% CI: 0.39–1.02, P=0.059] (Table 3). 
Results of multivariate analysis demonstrated that prior 
immunotherapy was an independent prognostic factor for 
prolonged PFS with Doc plus Ram treatment (HR: 0.59; 
95% CI: 0.35–0.98, P=0.041) and poor ECOG PS was 
inversely an independent prognostic factor for prolonged 
OS (HR: 2.25; 95% CI: 1.01–5.01, P=0.047) (Table 4). A 
significant difference in the PFS of patients treated with 
Doc plus Ram was observed between patients who received 
prior immunotherapy and those who did not. This was 
determined based on the results of matched-pair analysis of 
PD-L1 expression levels and number of previous treatment 
lines (172 and 116 days, P=0.012) (Figure S2A). In contrast, 
there was no significant difference in OS between the two 
groups (401 days and not available, P=0.135) (Figure S2B). 

Table 1 Patients’ characteristics

Variables N (%)

Median age, years [range] 66.0 [37.0–83.0]

Age categorization

<70 91 (67.4) 

≥70 44 (32.6) 

Sex

Male 95 (70.4) 

Female 40 (29.6) 

ECOG PS

0, 1 125 (92.6) 

2, 3 10 (7.4) 

Disease stage

IV 118 (87.4) 

Postoperative relapse 17 (12.6) 

Cell type

Sq. 21 (15.6) 

Non-Sq. 114 (84.4) 

EGFR mutation

Positive 27 (20.0) 

Negative 92 (68.1) 

Unknown 16 (11.9) 

ALK rearrangement

Positive 2 (1.5) 

Negative 106 (78.5) 

Unknown 27 (20.0) 

Smoking status

Current or former smoker 92 (68.1) 

Never smoker 43 (31.9) 

Prior immunotherapy

Present 52 (38.5) 

Absent 83 (61.5) 

Median number of prior systemic regimens 
[range]

3.0 [2.0–9.0]

Treatment cycles [range] 3.0 [1.0–14.0]

Response

PR 27 (20.0) 

SD 65 (48.1) 

PD 37 (27.4) 

NE 6 (4.4) 

ORR 20.90%

DCR 71.30%

PD-L1 TPS

Positive 38 (28.1) 

Negative 44 (32.6) 

Unknown 53 (39.3) 
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Table 2 Clinicopathological features by tumor PD-L1 expression groups

Variables PD-L1 positive, N=38 PD-L1 negative, N=44 PD-L1 unknown, N=53 P value

Median age, years (range) 65.5 (37.0–83.0) 66.0 (41.0–78.0) 67.0 (44.0–82.0) 0.709

Age categorization, n (%)

<70 27 (71.1) 29 (65.9) 35 (66.0) 0.852

≥70 11 (28.9) 15 (34.1) 18 (34.0)

Sex, n (%)

Male 23 (60.5) 31 (70.5) 41 (77.4) 0.222

Female 15 (39.5) 13 (29.5) 12 (22.6)

ECOG PS, n (%)

0, 1 37 (97.4) 42 (95.5) 46 (86.8) 0.111

2, 3 1 (2.6) 2 (4.5) 7 (13.2)

Disease stage, n (%)

IV 33 (86.8) 39 (88.6) 46 (86.8) 0.956

Postoperative relapse 5 (13.2) 5 (11.4) 7 (13.2)

Cell type, n (%)

Squamous 5 (13.2) 7 (15.9) 9 (17.0) 0.881

Non-Squamous 33 (86.8) 37 (84.1) 44 (83.0)

EGFR mutation, n (%)

Positive 7 (18.4) 8 (18.2) 12 (22.6) 0.956

Negative 27 (71.1) 31 (70.5) 34 (64.2) 

Unknown 4 (10.5) 5 (11.4) 7 (13.2) 

ALK rearrangement, n (%)

Positive 0 (0.0) 0 (0.0) 2 (3.8) 0.405

Negative 30 (78.9) 37 (84.1) 39 (73.6) 

Unknown 8 (21.1)  7 (15.9) 12 (22.6) 

Smoking status, n (%)

Current or former smoker 25 (65.8) 28 (63.6) 39 (73.6) 0.54

Never smoker 13 (34.2) 16 (36.4) 14 (26.4)

Prior immunotherapy, n (%)

Present 19 (50.0) 11 (25.0) 22 (41.5) 0.058

Absent 19 (50.0) 33 (75.0) 31 (58.5)

Median number of prior systemic regimens (range) 3.0 (2.0–5.0) 2.0 (2.0–5.0) 3.0 (2.0–9.0) 0.137

Treatment cycles (range) 4.0 (1.0–11.0) 4.5 (1.0–14.0) 3.0 (1.0–14.0) 0.579

Response, n (%)

PR 8 (21.1) 7 (15.9) 12 (22.6) 0.79

SD 18 (47.4) 24 (54.5) 23 (43.4) 

PD 11 (28.9) 12 (27.3) 14 (26.4) 

NE 1 (2.6) 1 (2.3) 4 (7.5) 

ORR 21.60% 16.30% 24.50% 0.623

DCR 70.30% 72.10% 71.40% 0.984

PD-L1, programmed death-ligand 1; ECOG PS, Eastern Cooperative Oncology Groups Performance Status; EGFR, epidermal growth 
factor receptor; ALK, anaplastic lymphoma kinase; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; 
ORR, objective response rate; DCR, disease control rate.
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Figure 1 Kaplan-Meier curve for PFS and OS. Median PFS (A) and OS (B) of all NSCLC patients treated with Doc plus Ram started 
at 127 and 359 days, respectively; (C) there was no significant correlation in median PFS of the treatment among NSCLC patients with 
positive, negative, and unknown PD-L1 status (127, 124 and 172 days, respectively, P=0.444); (D) there was no significant correlation in the 
median OS of NSCLC patients with positive, negative, and unknown PD-L1 status (542, 667, and 299 days, respectively, P=0.154); (E,F) no 
significant difference in the median PFS and OS was observed between patients with detected PD-L1 (positive or negative) and unknown 
PD-L1 status adjusted for age, sex, PS, disease stage, cell type, smoking status, and treatment line of the initiation of the combination 
therapy of Doc and Ram using the propensity score analysis (PFS; 128 and 172 days, respectively, P=0.649; OS; 349 and 299 days,  
respectively, P=0.328). PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; Doc, docetaxel; Ram, 
ramucirumab; HR, hazard ratio; CI, confidence interval; PD-L1, programmed death-ligand 1; PS, Eastern Cooperative Oncology Group 
Performance Status.
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Table 3 Univariate analysis for PFS and OS

Variables Patient’s No.
PFS OS

Median PFS (95% CI) P value Median OS (95% CI) P value

Age categorization

<70 91 127 [110–177] 0.593 360 [299–667] 0.453

≥70 44 136 [84–181] 304 [215–543]

Sex

Male 95 127 [100–181] 0.791 360 [265–667] 0.851

Female 40 154 [85–175] 333 (271–NA)

ECOG PS

0, 1 125 128 [112–175] 0.502 363 [300–598] 0.07

2, 3 10 124 (25–NA) 192 [49–408]

Disease stage

IV 118 128 [110–175] 0.76 349 [271–493] 0.135

Postoperative relapse 17 116 [91–251] 763 (223–NA)

EGFR mutation

Positive 27 112 [66–213] 0.357 304 (198–NA) 0.739

Negative/unknown 108 128 [114–177] 363 [299–598]

ALK rearrangement

Positive 2 125 (37–NA) 0.662 265 (265–NA) 0.796

Negative/unknown 133 127 [112–173] 359 [299–543]

Cell type

Squamous 21 116 [84–211] 0.886 401 (215–NA) 1

Non-squamous 114 128 [110–175] 358 [299–543]

Smoking status

Current or former smoker 92 156 [114–181] 0.302 363 [273–667] 0.603

Never smoker 43 110 [78–188] 307 [217–763]

Prior immunotherapy

Present 52 156 [105–314] 0.059 359 [245–493] 0.184

Absent 83 116 [100–177] 543 (265–NA)

Number of prior systemic regimens

2, 3 97 127 [114–173] 0.693 360 [297–598] 0.861

More than 4 38 154 [66–213] 307 (232–NA)

Tumor PD-L1 expression

Positive 38 127 [82–199] 0.444 542 (245–NA) 0.154

Negative 44 124 [85–173] 667 (300–NA)

Unknown 53 172 [91–251] 299 [232–401]

PFS, progression-free survival; OS, overall survival; NA, not available; ECOG PS, Eastern Cooperative Oncology Groups Performance 
Status; EGFR, epidermal growth factor receptor; NA, not available; ALK, anaplastic lymphoma kinase; PD-L1, programmed death-ligand 1. 
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Next, we examined the timing of the combination 
treatment with Doc plus Ram after immunotherapy. Of 
the 52 patients who received immunotherapy prior to 
combination therapy with DOC and Ram, 40 patients 
treated by Doc plus Ram consecutively after immunotherapy. 
Remaining 12 patients had other treatment between 
immunotherapy and Doc plus Ram. Although the two 
groups showed no significant differences in median PFS 
and OS, patients treated with Doc and Ram consecutively 
after immunotherapy tended to have longer PFS and OS 
compared to those with inconsecutive administration of Doc 
plus Ram (PFS; HR: 0.54; 95% CI: 0.21–1.40, P=0.202, 
OS; HR: 0.49; 95% CI: 0.22–1.10, P=0.079, respectively)  
(Figure 2A,B).

Discussion

Current clinical trials demonstrated that combination 
regimens of chemotherapy and ICIs lead to better patient 
outcomes compared to chemotherapy alone as the first line 
of treatment with NSCLC, regardless of PD-L1 expression 
in tumors (16-18). Based on the results of phase III clinical 
trials, when patients show refractory responses to the initial 
systemic treatment, the combination of Doc plus Ram is 
recommended as the next line of treatment for NSCLC 
patients without driver oncogene alterations (10). However, 
the effectiveness of promising clinical biomarkers for 
predicting the efficacy of treatment with anti-angiogenesis 
agents, such as Ram, remains unclear in NSCLC patients. 
Thus, there is an urgent need to identify predictive 

Table 4 Multivariate analysis for PFS and OS

Variables
PFS OS

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

High age 1.00 (0.97–1.03) 0.98 1.00 (0.98–1.03) 0.88

Female 0.98 (0.51–1.86) 0.94 0.83 (0.43–1.60) 0.57

Poor ECOG PS 1.41 (0.54–3.69) 0.48 2.25 (1.01–5.01) 0.047

Postoperative relapse 0.75 (0.38–1.51) 0.43 0.41 (0.17–1.01) 0.052

Never smoker 1.33 (0.70–2.53) 0.39 1.32 (0.68–2.54) 0.41

Non-Squamous 0.74 (0.40–1.39) 0.36 0.89 (0.44–1.80) 0.75

Prior immunotherapy 0.59 (0.35–0.98) 0.041 – –

PFS, progression-free survival; OS, overall survival; ECOG PS, Eastern Cooperative Oncology Groups Performance Status. 
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Figure 2 Kaplan-Meier curve for PFS and OS in patients who received prior immunotherapy, classified based on the timing of treatment 
with Doc plus Ram. (A) Patients who were consecutively administered with Doc plus Ram (consecutive) tended to have longer PFS 
compared to patients with inconsecutively administration with Doc plus Ram (inconsecutive) (HR: 0.54; 95% CI, 0.21–1.40, P=0.202); (B) 
the consecutive administration group tended to have longer OS relative to the inconsecutive group (HR: 0.49; 95% CI: 0.22–1.10, P=0.079). 
PFS, progression-free survival; OS, overall survival; Doc, docetaxel; Ram, ramucirumab; HR, hazard ratio; CI, confidence interval.
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biomarkers for positive response to combination therapy 
with Doc plus Ram. 

To the best of our knowledge, the present study is the 
first to identify the clinical association between PD-L1  
expression in tumors and the efficacy of combination 
therapy of Doc plus Ram in previously treated NSCLC 
patients. Besides immunotherapy, PD-L1 expression in 
tumors has been reported to be a negative predictor of 
clinical outcome in various malignancies (19-21), including 
positive response to Doc for previously treated NSCLC 
patients (5). However, our findings showed that there was 
no significant difference in OS between PD-L1-negative 
and PD-L1-positive or unknown status patients. In 
addition, PD-L1 expression in tumors was not associated 
with the efficacy of combined therapy of Doc plus Ram, 
which indicated that PD-L1 expression in tumors is not 
a negative mediator of clinical outcome to combination 
therapy in NSCLC patients. These findings suggested that 
PD-L1 expression in tumors are not critical for patients 
receiving combination therapy with Doc plus Ram. In 
addition, following treatment with the combination of 
Doc plus Ram, NSCLC patients with known PD-L1 
expression status showed similar positive response rates to 
patients with unknown PD-L1 expression status. These 
encouraging results led us to hypothesize that combination 
therapy is a promising second-line standard treatment for 
NSCLC patients with unknown PD-L1 expression levels 
after refractory response to platinum-based chemotherapy. 
However, our observations showed that patients with 
1–49% of PD-L1 expression had better clinical outcomes 
than those with negative and >50% of PD-L1 expression. 
Therefore, additional investigations are required to clearly 
understand the relationship between PD-L1 expression 
levels and clinical outcomes of Doc plus Ram treatment.

Regulatory T cells (Tregs) are known as potent 
biomarkers and prognostic factors for various malignancies 
(22,23). Recent studies showed that the frequency of Tregs 
in tumor microenvironments is a reliable biomarker for 
clinical responses to therapies with Ram, thereby suggesting 
that Ram can be an effective immunomodulator when 
administered in combination with immune checkpoint 
blockers (24). PD-L1 expression is associated with FOXP3-
expressing Treg infiltration in tumors and poor prognosis 
in soft tissue sarcoma (25). Our findings suggested that 
treatment with Doc in combination with Ram can be 
effective for the treatment of PD-L1-expressing NSCLC 
tumors by modulating the tumor microenvironment. 
Therefore, this combination therapy could be more 

effective for PD-L1-expressing NSCLC patients than 
treatment with Doc alone. However, further studies are 
needed to validate our observations.

To further investigate the therapeutic biomarkers for 
Doc plus Ram, we analyzed responders of treatment with 
Doc plus Ram from the point of view of clinical profiles 
in previously treated NSCLC patients. Among several 
clinical parameters, prior treatment with ICIs was found 
to be a good predictor for a positive response to Doc plus 
Ram in NSCLC patients, and this was confirmed using the 
matched-pair analysis.

Consistent with our findings, previous studies showed 
that prior nivolumab treatment was associated with a high 
response rates to consecutive administration with Doc plus 
Ram after nivolumab (26). Results indicated that nivolumab 
continued to bind PD-L1 for approximately two months 
and then stopped, indicating that inhibition of PD-L1 
activity by prior treatment with ICIs was maintained when 
subsequent treatment was administered (27,28). Our results 
demonstrated that treatment with Doc plus Ram with 
consecutive administration of ICIs led to better patient 
outcomes compared to inconsecutive administration with 
ICIs. These observations supported that immunotherapy 
followed by Doc plus Ram is a promising sequential strategy 
for PD-L1 regulation. Further studies are warranted 
to evaluate our observations regarding the efficacy of 
sequential strategy with Doc plus Ram. 

The present study has several limitations. First, it is a 
retrospective study, and the cohort had a limited sample 
size of 130 cases. Second, all patients in the cohort were 
Japanese. Third, the study has several biases on patient 
conditions when treatment with Doc in combination 
with Ram started, such as the number of pre-treatment 
regimens and the PS of patients. Fourth, the frequency of 
PD-L1 detection is limited. However, although the study 
was retrospective, our novel findings regarding patient 
response to this combination therapy are notable and could 
be useful for addressing clinical issues. Future prospective 
investigations are warranted to verify our findings.

Conclusions

We retrospectively showed that PD-L1 expression in 
tumors is not significantly associated with the efficacy 
of combined therapy with Doc plus Ram in previously 
treated 135 NSCLC patients. However, results indicated 
that prior treatment with ICIs is a reliable predictor 
for good response to Doc plus Ram. Our observations 
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suggested that combination regimens with chemotherapy 
and ICIs followed by Doc plus Ram could serve as optimal 
therapeutic options for NSCLC patients without driver 
oncogene alterations, regardless of PD-L1 status in tumors. 
Further studies are required to accumulate clinical evidence 
demonstrating the effectiveness of combination therapy 
with Doc plus Ram for previously treated NSCLC patients. 
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Supplementary 

Table S1 Clinicopathological features by tumor PD-L1 expression in patients performed PD-L1 test

Variables PD-L1 >50%, N=17 PD-L1 1–49%, N=21 PD-L1 negative, N=44 P value

Median age, years (range) 68.0 (37.0–83.0) 62.0 (39.0–75.0) 66.0 (41.0–78.0) 0.347

Age categorization, n (%)

<70 10 (58.8) 17 (81.0) 29 (65.9) 0.305

≥70 7 (41.2) 4 (19.0) 15 (34.1) 

Sex, n (%)

Male 11 (64.7) 12 (57.1) 31 (70.5) 0.568

Female 6 (35.3) 9 (42.9) 13 (29.5) 

ECOG PS, n (%)

0, 1 16 (94.1) 21 (100.0) 42 (95.5) 0.567

2, 3 1 (5.9) 0 (0.0) 2 (4.5) 

Disease stage, n (%)

IV 16 (94.1) 17 (81.0) 39 (88.6) 0.453

Postoperative relapse 1 (5.9) 4 (19.0) 5 (11.4) 

Cell type, n (%)

Squamous 3 (17.6) 2 (9.5) 7 (15.9) 0.734

Non-squamous 14 (82.4) 19 (90.5) 37 (84.1) 

EGFR mutation, n (%)

Positive 3 (17.6) 4 (19.0) 8 (18.2) 0.805

Negative 11 (64.7) 16 (76.2) 31 (70.5) 

Unknown 3 (17.6) 1 (4.8) 5 (11.4) 

ALK rearrangement, n (%)

Positive – – – 0.407

Negative 12 (70.6) 18 (85.7) 37 (84.1) 

Unknown 5 (29.4) 3 (14.3) 7 (15.9) 

Smoking status, n (%)

Current or former smoker 12 (70.6) 13 (61.9) 28 (63.6) 0.839

Never smoker 5 (29.4) 8 (38.1) 16 (36.4) 

Prior immunotherapy, n (%)

Present 8 (47.1) 11 (52.4) 11 (25.0) 0.061

Absent 9 (52.9) 10 (47.6) 33 (75.0) 

Median number of prior systemic 
regimens (range)

3.0 (2.0–5.0) 3.0 (2.0–5.0) 2.0 (2.0–5.0) 0.251

Treatment cycles (range) 3.0 (1.0–7.0) 4.0 (1.0–11.0) 4.5 (1.0–14.0) 0.248

Response, n (%)

PR 0 (0.0) 8 (38.1) 7 (15.9) 0.084

SD 9 (52.9) 9 (42.9) 24 (54.5) 

PD 7 (41.2) 4 (19.0) 12 (27.3) 

NE 1 (5.9) 0 (0.0) 1 (2.3) 

ORR 0.00% 38.10% 16.28% 0.01

DCR 56.20% 81.00% 72.10% 0.254

PD-L1, programmed death-ligand 1; ECOG PS, Eastern Cooperative Oncology Groups Performance Status; EGFR, epidermal growth 
factor receptor; ALK, anaplastic lymphoma kinase; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; 
ORR, objective response rate; DCR, disease control rate. 



Figure S1 Kaplan-Meier curve for PFS and OS of patients for whom PD-L1 test was performed. Based on PD-L1 expression in tumors, the 
expressions were classified as >50%, 1–49% and negative. (A) The median PFS was better in patients with 1–49% of PD-L1 expression than 
in those with negative and >50% of PD-L1 expression (HR: 0.92; 95% CI: 0.64–1.31, P=0.006); (B) the median OS was better in patients 
with 1–49% of PD-L1 expression than in those with negative and >50% of PD-L1 expression (HR: 0.79; 95% CI: 0.52–1.19, P=0.046). PFS, 
progression-free survival; OS, overall survival; PD-L1, programmed death-ligand 1; HR, hazard ratio; CI, confidence interval.
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Figure S2 Kaplan-Meier curve for PFS and OS of patients who received immunotherapy, classified based on the timing of immunotherapy, 
i.e., whether the patients received immunotherapy before or after treatment with Doc and Ram, adjusted PD-L1 expression levels, and the 
number of previous treatment lines. (A) The median PFS was better in patients with prior immunotherapy than others (HR: 0.47; 95% 
CI: 0.26–0.86, P=0.012); (B) there was no significant difference in OS between the two groups (401 days and not available, P=0.135). PFS, 
progression-free survival; OS, overall survival; Doc, docetaxel; Ram, ramucirumab; PD-L1, programmed death-ligand 1; HR, hazard ratio; 
CI, confidence interval.
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