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Introduction: In the REVEL trial, ramucirumab plus docetaxel demonstrated

significant improvements in overall survival (OS), progression-free survival (PFS),

and overall response rate (ORR) compared with placebo plus docetaxel for

treatment of metastatic non-small cell lung cancer (NSCLC) that progressed

during or after platinum-based chemotherapy. Since the approval of

ramucirumab plus docetaxel, immune checkpoint inhibitors (ICIs), either as

single agents or in combination with chemotherapy, have become the

standard of care for first-line treatment of patients with advanced NSCLC.

However, efficacy and safety data for ramucirumab plus docetaxel after prior

ICI treatment from randomized controlled clinical studies are lacking.

Methods: Following Preferred Reporting Items for Systematic Reviews andMeta-

Analyses guidelines, a systematic literature review was performed. Electronic

databases and select international oncology conference proceedings were

searched. Studies published between 01 January 2014 and 01 July 2022,

which evaluated 2 efficacy outcomes (and included at least 1 time-to-event

endpoint) or safety outcomes of ramucirumab plus docetaxel in NSCLC that

progressed after prior ICI treatment, were identified. Twelve studies were

included in the analysis. Two treatment groups were selected: ramucirumab

plus docetaxel after prior ICI ± chemotherapy (RAM + DTX ICI pre-treated) and

ramucirumab plus docetaxel after prior chemotherapy only (RAM + DTX ICI

naïve). OS, PFS, ORR, disease control rate (DCR), and safety data were extracted

and descriptively summarized across both treatment groups.

Results: The pooled weighted median PFS andmedian OS were 5.7 months (95%

confidence interval [CI]: 3.9-6.8) and 11.2 months (95% CI: 7.5-17.5), respectively,

in the RAM + DTX ICI pre-treated group and 3.8 months (95% CI: 2.3-4.1) and

13.5 months (95% CI: 8-24.0), respectively, in the RAM + DTX ICI naïve group.

The ORR and DCR ranged from 20.9% to 60.0% and from 62.4% to 90.0%,
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respectively, in the RAM + DTX ICI pre-treated group and from 17.7% to 20.0%

and from 57.1% to 75.0%, respectively, in the RAM + DTX ICI naïve group. The

safety profile across studies was consistent between both treatment groups, and

no new safety signals were reported.

Conclusions: Cumulatively, these results support the combination of

ramucirumab plus docetaxel as an effective and safe subsequent therapy for

the treatment of patients with metastatic NSCLC with disease progression

irrespective of previous ICI treatment.
KEYWORDS

non-small cell lung cancer, ramucirumab, docetaxel, immune checkpoint inhibitors,
antiangiogenic therapy
1 Introduction

The introduction of immune checkpoint inhibitors (ICIs) for the

first-line treatment of patients with advanced non-small cell lung cancer

(NSCLC) without driver alterations has dramatically improved clinical

outcomes, with patients experiencing prolonged overall survival (OS)

and durable responses compared with chemotherapy alone (1–6).

Several ICIs, including anti-programmed death 1 (PD-1) or anti-

programmed death ligand 1 (anti-PD-L1) antibodies, are currently

recommended for the front-line treatment of metastatic NSCLC,

either as single agents in select patient populations or in combination

with chemotherapy or other immunotherapeutic agents (7, 8). However,

approximately 50% of patients receive subsequent treatment upon

progression during or after first-line treatment (9–12).

The current treatment guidelines for patients with metastatic

NSCLC who experience disease progression after standard-of-

care therapy in the first-line setting (7, 8) consist of single-

agent chemotherapy or a combination of docetaxel with an

antiangiogenic agent such as ramucirumab and nintedanib, or

single agent anti-PD-(L)1 antibodies if not previously administered

(13–17). Clinical outcomes with single-agent chemotherapy are

modest. Treatment with docetaxel, in comparison to best

supportive care, resulted in an overall response rate (ORR) of

7.1%, time to progression of 10.6 weeks, and median OS of 7.0

months (18). Similarly, treatment with gemcitabine, pemetrexed, or

nab-paclitaxel demonstrated a median OS of 5.1 months (19), 8.3

months (20), and 8.5 months (21), respectively. Combination

approaches with chemotherapy and antiangiogenic agents in the

second-line setting have produced more favorable outcomes

compared with chemotherapy alone.
l; DCR, disease control

eckpoint inhibitor; NE,

cell lung cancer; ORR,

mmed death 1; PD-L1,

al; RAM, ramucirumab;

elial growth factor.
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Ramucirumab is a fully human immunoglobulin G1 monoclonal

antibody that specifically binds to the vascular endothelial growth

factor (VEGF) receptor-2 extracellular domain with high affinity,

preventing binding of all VEGF ligands and subsequent receptor

activation (22). In the phase 3 REVEL trial, the combination of

ramucirumab plus docetaxel demonstrated a significant

improvement in median OS (10.5 vs 9.1 months; hazard ratio

[HR]: 0.86; P=0.023), median progression-free survival (median

PFS, 4.5 vs 3.0 months; HR: 0.76; P<0.0001), and ORR (23% vs

14%; odds ratio: 1.89; P<0.0001) relative to docetaxel plus placebo in

patients with stage IV NSCLC whose disease had progressed during

or after first-line platinum-based chemotherapy (13). Importantly,

ramucirumab plus docetaxel had a manageable safety profile and no

detrimental impact on quality of life (13, 23). Based on these results,

ramucirumab in combination with docetaxel received regulatory

approval in 2014 in the United States and European Union for the

treatment of patients with metastatic NSCLC with disease

progression during or after platinum-based chemotherapy (24, 25).

Additionally, second-line treatment with ramucirumab plus

docetaxel resulted in an improvement of median PFS relative to

docetaxel in other studies (26, 27), including in a randomized phase 2

trial that enrolled 160 Japanese patients with stage IV NSCLC

(median PFS: 5.2 vs 4.2 months; HR: 0.83, 95% CI: 0.59-1.16) (28).

Studies have also demonstrated improved efficacy with other

antiangiogenic agents in combination with chemotherapy in the

second-line treatment of metastatic NSCLC. In the LUME-Lung 1

study, the combination of nintedanib, an antiangiogenic agent

targeting 3 angiogenesis-related transmembrane receptors (14),

with docetaxel resulted in statistically significant improvement in

PFS, compared to docetaxel monotherapy. However, a statistically

significant improvement in OS was observed only in the subgroup

of patients with adenocarcinoma histology but not in the intention-

to-treat population (13, 14). Hence, the approval of nintedanib in

the European Union was restricted to NSCLC patients with

adenocarcinoma histology who have undergone first-line

chemotherapy (29).

The currently recommended treatment options for patients

with NSCLC whose disease progressed during or after first-line
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treatment were investigated before the approval of ICIs in

immunotherapy-naïve patients. Therefore, the results from these

trials, including REVEL, do not optimally reflect the current patient

population with disease progression after ICI treatment.

Randomized controlled studies investigating the efficacy and

safety of ramucirumab plus docetaxel in the post-immunotherapy

setting are lacking. Nevertheless, the efficacy and safety of

ramucirumab plus docetaxel in patients previously treated with

ICIs have been reported in recent years, mostly from retrospective

observational studies (30–44) and electronic health record studies

(45–47). We conducted a systematic literature review (SLR) to

consolidate the available evidence on the efficacy and safety of

ramucirumab plus docetaxel when administered to patients with

metastatic NSCLC previously treated with ICIs.
2 Methods

2.1 Search strategy

The SLR search, selection, and data extraction were conducted

and reported using the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses 2020 statement (48).

PubMed and EMBASE were searched to identify English-

language manuscripts and abstracts submitted to select

international oncology meetings (American Society of Clinical

Oncology, European Society for Medical Oncology and World

Conference on Lung Cancer) between 01 January 2014 and 01

July 2022. This literature search was completed on 11 July 2022. The

following MeSH terms were used: (“non-small cell lung cancer” OR

“NSCLC”) AND (“docetaxel” OR “DTX”) AND (“ramucirumab”

OR “RAM”) AND (“immunotherapy” OR “Immune checkpoint

inhibitor” OR “nivolumab” OR “pembrolizumab” OR

“atezolizumab” OR “anti PD-1” OR “PD-L1”) (Supplementary

Text 1.1).

The analysis included studies that evaluated at least 2 efficacy

endpoints with at least one being a time-to-event endpoint (PFS or

OS) of treatment with ramucirumab plus docetaxel in patients with

advanced NSCLC who received prior ICI treatment. Studies

reporting safety outcomes (irrespective of whether they reported

efficacy outcomes) were also included. Two treatment groups were

selected: ramucirumab plus docetaxel after prior ICI ±

chemotherapy (RAM + DTX ICI pre-treated) and ramucirumab

plus docetaxel after prior chemotherapy only (RAM + DTX

ICI naïve).

The studies differed from each other on account of variations in

several characteristics including sample size, lines of prior

treatment, presence of driver alterations, PD-L1 expression, and

patient performance status. Individual patient-level data was not

available from any study. Therefore, data from the included studies

were analyzed in a descriptive manner without formal statistical

analysis. PFS, OS, ORR, disease control rate (DCR), and safety

results were extracted and summarized for the 2 treatment groups.
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2.2 Statistical analysis

Efficacy outcomes for each treatment group were pooled from

the studies selected for efficacy analysis and compared descriptively.

Estimates of median PFS and median OS from individual studies

were pooled using the weighted median of medians, and

approximate 95% confidence intervals (CIs) for weighted pooled

medians were calculated using the wtd.quantile function from the

Hmisc package of the R Statistical Software (v4.1.2; R Core Team

2021) (49). The weighted median of the study-specific medians was

a pooled median estimate, where the weights were proportional to

the number of patients in the study because sample sizes in the

studies were independent of the individual study medians. ORR and

DCR were summarized as ranges of percentages with 95% CIs from

individual studies. For studies with available safety data, a

descriptive comparison was performed for common adverse

events (AEs) and AEs of special interest.
2.3 Assessment of bias

The Newcastle-Ottawa Scale was used to assess the risk of bias

of studies comparing RAM + DTX ICI pre-treated versus RAM +

DTX ICI naïve treatment groups (50). The Newcastle-Ottawa Scale

includes 8 items within 3 categories: selection (4 items, 1 point

each), comparability (1 item, up to 2 points), and outcome (3 items,

1 point each). The sum of points represents the methodologic

quality of each study included in the SLR, with 9 points indicating

the highest quality and 0 points the lowest quality. For studies that

reported results from the RAM + DTX ICI pre-treated group only,

the “quality assessment tool for before-after (pre-post) studies with

no control group” outlined by the National Institutes of Health was

used to assess the risk of bias (51). This tool comprises 12 questions,

such as selection, reporting, or observer bias, with responses of yes,

no, other, not reported (NR), not applicable, or cannot determine.

All selected studies were free from the risk of bias as per the

Newcastle-Ottawa Scale (Supplementary Table 1) and National

Institutes of Health tools score (Supplementary Table 2). Two

independent reviewers from Eli Lilly and Company assessed the

risk of bias in the included studies for the RAM + DTX ICI pre-

treated versus RAM + DTX ICI naïve groups. Disagreements were

resolved by consensus with assistance from a third reviewer, also

from Eli Lilly and Company.
3 Results

3.1 Search results

An initial literature search yielded 142 entries, with 23 results

from PubMed and 119 results from EMBASE (Figure 1). Twelve of

the 142 studies were included in the final analysis. Of these, 10 were

retrospective observational studies (30–34, 36, 38–41) and 2 were
frontiersin.or
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prospective studies (43, 44). Among the 10 retrospective studies, 6

studies reported both safety and efficacy endpoints (30, 32–34, 39,

40) and 4 studies reported only efficacy endpoints (31, 36, 38, 41).

Among the 10 studies included in the efficacy analysis, 5 compared

outcomes between RAM + DTX ICI pre-treated and RAM + DTX

ICI naïve patients (30–32, 38, 41) while the remaining 5 studies

reported efficacy results only for RAM + DTX ICI pre-treated

patients (33, 34, 36, 39, 40). Safety outcomes were extracted from 6

retrospective studies and 2 prospective studies (30, 32–34, 39, 40,

43, 44). Of the 2 prospective studies, one was a phase 2 randomized

clinical trial that investigated the combination of pembrolizumab

plus ramucirumab in patients whose disease had progressed during

or after front-line ICI and platinum-based chemotherapy. The

control arm, which comprised investigator’s choice standard-of-

care therapy, included ramucirumab plus docetaxel among other

agents. Safety data from the cohort of patients treated with

ramucirumab plus docetaxel were used for the safety analysis

reported in this SLR (44). The other prospective trial was a

single-arm, multicenter, post marketing study, which reported

safety and a time-to-event efficacy endpoint (12-month OS rate)

in patients treated with ramucirumab plus docetaxel in the post-

immunotherapy setting only (43).

Eight studies were conducted in Japan where docetaxel doses

ranged from 60 to 75 mg/m2 (30–32, 38–41, 43), while 2 studies

each were conducted in Germany (33, 34), and in the United States

(36, 44), where docetaxel is generally administered at a dose of

75-mg/m2.
Frontiers in Oncology 04
Anti-PD-(L)1 agents use varied across studies, with nivolumab

(21.7%), pembrolizumab (3.1%) and atezolizumab (2.8%), being the

most frequently reported single-agent ICIs (61.0%) (30, 32, 34, 38,

39, 41). Chemoimmunotherapy combinations were used in 27.9%

of patients (30, 33, 38, 40). The most commonly used combination

of platinum-based chemotherapy and ICIs was platinum plus

pemetrexed plus pembrolizumab (16.0%) (33, 40). Of the 12

studies, 4 included patients who had received only previous ICI

monotherapy (32, 34, 39, 41), 2 included patients who had received

only previous ICI in combination with chemotherapy (33, 40), 2

studies included patients who had received ICI in combination with

chemotherapy or ICI monotherapy (30, 38) and the other 4 studies

did not specify the type of immunotherapy used (31, 36, 43, 44). Of

note, 2 studies that included patients who had received only

previous ICI monotherapy investigated ramucirumab plus

docetaxel in the third-line setting (32, 34), while both studies that

included patients who had received only previous ICI in

combination with chemotherapy investigated ramucirumab plus

docetaxel in the second-line setting (Table 1) (33, 40). The other 8

studies did not specify the treatment line for ramucirumab plus

docetaxel. Median follow-up was not reported for most studies but

when reported ranged from 5.0 months (33) to 17.9 months (44).
3.2 Patient baseline characteristics

The median age of patients ranged from 59 to 70 years. Most

patients had an Eastern Cooperative Oncology Group performance

status score of 0 or 1 with an unknown PD-L1 status and wild-type

epidermal growth factor receptor (EGFR). Patient characteristics

across studies are summarized in Table 2.
3.3 Efficacy

Ten studies were included in the final efficacy analysis. From

these studies, 387 pooled patients received ramucirumab plus

docetaxel after ICI treatment (RAM + DTX ICI pre-treated) (30–

34, 36, 38–41) and 239 pooled patients received ramucirumab plus

docetaxel after chemotherapy only (RAM + DTX ICI naïve) (30–32,

38, 41). All included studies measured efficacy outcomes from the

first day of treatment with ramucirumab plus docetaxel.

3.3.1 Progression-free survival
Of the 10 studies included in the efficacy analysis, median PFS

was reported in 9 for RAM + DTX ICI pre-treated patients (30–34,

36, 39–41) and 4 of these 9 studies also reported median PFS in

RAM + DTX ICI naïve patients (Figure 2A) (30–32, 41).

Of the 9 studies in RAM + DTX ICI pre-treated patients, 5

included patients in the RAM + DTX ICI pre-treated group only

(33, 34, 36, 39, 40). Median PFS in these 5 studies ranged from 3.9

months (95% CI: 3.1-4.6) to 6.8 months (95% CI: 4.6-9.0) (33, 34).

The other 4 studies reported median PFS across both RAM + DTX

ICI pre-treated and RAM + DTX ICI naïve patients (30–32, 41). All

4 studies reported a trend toward improved median PFS for RAM +
FIGURE 1

PRISMA flow diagram for article selection. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram for the systematic review, detailing the database searches
and the number of studies screened and included for final analysis.
*Outcomes that were not of interest included 12-month overall
survival rate and time to treatment discontinuation. DTX, Docetaxel;
HEOR, Health economics and outcomes research; ICI, Immune
checkpoint inhibitor; n, Number of patients; RAM, Ramucirumab.
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TABLE 1 Study characteristics.

Study
(reference)

Study
type

Country Treatment No. of total
patients

Type of prior ICI
(no. of patients)

Median
lines of

treatment
(range)

Median
follow-

up
(months)ICI

pre-
treated

ICI
naïve

RAM + DTX ICI pre-treated vs ICI naïve

Harada, 2019
(30)1

Retrospective,
single-center,
observational,
2 treatment

arms

Japan RAM + DTX
ICI pre-treated

vs naïve

18 21 Nivo (11), Pembro (1), Atezo (1),
ICI + Chemo (5)2

3 (2–5) NS

Yoshimura,
2019 (31)

Retrospective,
multicenter,
observational,
2 treatment

arms

Japan RAM + DTX
ICI pre-treated

vs naïve

52 83 NS 3 (2–9) NS

Kato, 2020
(32)1

Retrospective,
multicenter,
observational,
2 treatment

arms

Japan ICI pre-treated
vs

ICI naïve3

62 84 Nivo (NS), Pembro (NS) 37 ICI pre-
treated:

8.1 (95% CI,
7.5-9.4)
Control
cohort:

9.3 (95% CI,
8.7-9.9)

Tozuka, 2020
(41)

Retrospective,
single center,
observational,
4 treatment

arms

Japan RAM + DTX
vs DTX

ICI pre-treated
vs naïve

21 25 Nivo (NS), Pembro (NS), Atezo
(NS)

2/39 NS

Nishimura,
2022 (38)

Retrospective,
multicenter,
observational,
4 treatment

arms

Japan RAM + DTX
vs DTX

ICI pre-treated
vs naïve

17 26 Atezo (1), Nivo (4), Pembro (4),
CBDCA + Nab-ptx + Atezo (1),
CBDCA + Pem + Pembro (6),

CBDCA + Nab-ptx + Pembro (1)

NS NS

Chen, 2022
(43)1

Prospective,
single center,
observational,

post
marketing
study, single
treatment arm

Japan RAM + DTX
ICI pre-treated

vs naïve3

172 226 NS NS 12 from
start of
RAM +
DTX10

RAM + DTX ICI pre-treated

Shiono, 2019
(39)1

Retrospective,
single-center,
observational,

single
treatment arm

Japan RAM + DTX
ICI pre-treated

20 Nivo (20) 3 (3–5) NS

Brueckl, 2020
(34)1

Retrospective,
multicenter,
observational,

single
treatment arm

Germany RAM + DTX
ICI pre-treated

67 Nivo (49), Pembro (7), Atezo (9),
Durva (2)

37 ≥610

Dawar, 2021
(36)

Retrospective,
single-center,
observational,

single
treatment arm

United
States

RAM + DTX
ICI pre-treated

35 NS 2–3 NS

Brueckl, 2021
(33)1

Retrospective,
multicenter,
observational,

Germany RAM + DTX
ICI pre-treated

77 Pt + Pem + Pembro (50), Pt + Ptx/
Nab-ptx + Pembro (9), Pt + Ptx/
Nab-ptx + Atezo (8), Pt + Pem +

28 ≥5 before
data cut-off

(Continued)
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DTX ICI pre-treated patients (5.1 months [95% CI: 3.4-10.3] to 5.9

months [95% CI: Not reported (NR)]) compared with RAM + DTX

ICI naïve patients (2.3 months [95% CI: 1.7-4.4] to 4.1 months [95%

CI: 2.6-5.8]) (30–32, 41), with statistical significance established in 2

studies (P=0.012 and P=0.041) (Table 3) (30, 31).

The pooled weighted median PFS across all 9 studies was 5.7

months (95% CI: 3.9-6.8) in the RAM + DTX ICI pre-treated group

and 3.8 months (95% CI: 2.3-4.1) in the RAM + DTX ICI naïve

group (Table 4). The median PFS ranged from 3.9 months (95% CI:

3.1-4.6) (33) to 6.8 months (95% CI: 4.6-9.0) (34) in the RAM +

DTX ICI pre-treated groups and from 2.3 months (95% CI: 1.7-4.4)

(30) to 4.1 months (95% CI: 2.9-5.1) (32) in the RAM + DTX ICI

naïve groups.

3.3.2 Overall survival
Median OS was reported in all 10 studies included in the efficacy

analysis. Median OS for RAM + DTX ICI pre-treated patients were

reported in all 10 studies (30–34, 36, 38–41), while only 5 studies

reported median OS for RAM + DTX ICI naïve patients (Figure 2B)

(30–32, 38, 41).

Of the 5 studies that included only RAM + DTX ICI pre-treated

patients (33, 34, 36, 39, 40), median OS ranged from 7.5 months

(95% CI: 5.1-10.0) to 20.9 months (95% CI: 13.4-not estimable

[NE]) (33, 36). The other 5 studies reported outcomes for both

RAM + DTX ICI pre-treated and RAM + DTX ICI naïve patients

(30–32, 38, 41). Three of these 5 studies reported longer median OS

in the RAM + DTX ICI pre-treated group (13.8 months [95% CI:
Frontiers in Oncology 06
10.2-NE] to 19.8 months [95% CI: NR]) compared with the RAM +

DTX ICI naïve group (8.0 months [95% CI: NR] to 13.5 months

[95% CI: 8.5-16.5]), but statistical significance was not established

in any of these studies (30, 32, 41). In the other 2 studies, a

numerically longer median OS was observed in the RAM + DTX

ICI naïve group (17.8 months [95% CI: 8.7-NE] and 24.0 months

[95% CI: 10.6-NE]) compared with the RAM +DTX ICI pre-treated

group (11.8 months [95% CI: 8.1-16.2] and 7.2 months [95% CI:

3.6-NE]), but this difference was not statistically significant in either

study (P=0.14 and P=0.20, respectively) (Table 3) (31, 38).

The pooled weighted median OS across all 10 studies was 11.2

months (95% CI: 7.5-17.5) in the RAM + DTX ICI pre-treated

group and 13.5 months (95% CI: 8.0-24.0) in the RAM + DTX ICI

naïve group (Table 4). The median OS ranged from 7.2 months

(95% CI: 3.6-NE) (38) to 20.9 months (95% CI: 13.4-NE) (36) in the

RAM + DTX ICI pre-treated groups and from 8.0 months (95% CI:

NR) (41) to 24.0 months (95% CI: 10.6-NE) (38) in the RAM +

DTX ICI naïve groups.

3.3.3 Overall response rate
Of the 10 studies included in the efficacy analysis, ORRs were

reported in 8 studies (Figure 2C) (30, 32–34, 38–41) in RAM + DTX

ICI pre-treated patients (30, 32–34, 38–41), 4 of these studies also

reported ORR in RAM + DTX ICI naïve patients (30, 32, 38, 41)

studies (Figure 2C). In the 4 studies that reported outcomes with

RAM + DTX in the ICI pre-treated groups only (33, 34, 39, 40), the

ORR ranged from 32.5% (95% CI: NR) to 60.0% (95% CI: 38.5-81.4)
TABLE 1 Continued

Study
(reference)

Study
type

Country Treatment No. of total
patients

Type of prior ICI
(no. of patients)

Median
lines of

treatment
(range)

Median
follow-

up
(months)ICI

pre-
treated

ICI
naïve

single
treatment arm

Durva + Treme (2), CBDCA + Ptx
+ Bev + Atezo (2), Pt + GemVin +
Pembro (3), Pt + GemVin + Durva

+ Treme (3)

Ishida, 2021
(40)1

Retrospective,
multicenter,
observational,
2 treatment

arms

Japan RAM + DTX
ICI pre-
treated4

18 Pt + Pem + Pembro (12), CBDCA
+ Ptx/Nab-ptx + Pembro (3),

CBDCA + Ptx + Atezo + Bev (2),
CBDCA + Nab-ptx + Atezo (1)

28 9 from start
of second-

line
treatment

Reckamp, 2022
(44)1

Randomized,
multicenter,
phase 2, 2
treatment
arms

United
States

RAM +
Pembro vs

SoC
ICI pre-
treated5

1366 Nivo (NS), Pembro (NS), Atezo
(NS), Durva (NS)

NS 17.9
f

1The study also reported safety outcomes; 2The types of chemotherapy were not specified; 3RAM + DTX was a subgroup analysis; 4The study also included patients who received pre-treatment
with single‐agent chemotherapeutic ICIs: 11 received DTX and 4 received TS‐1; 5RAM + DTX ICI pre-treated was a subgroup of the Standard of Care arm; 6Forty-five of these patients in the SoC
arm were previously treated with ramucirumab plus docetaxel and included in our pooled efficacy analysis, and 44 patients were included in our pooled safety analysis; 7Studies reported
outcomes for patients treated with RAM + DTX in the third line only; 8Studies reported outcomes for patients treated with RAM + DTX in the second line only; 9Not specified; 10Reported only
total duration of follow-up.
Atezo, Atezolizumab; Bev, Bevacizumab; CBDCA, Carboplatin; CI, Confidence interval; DTX, Docetaxel; Durva, Durvalumab; GemVin, Gemcitabine/vinorelbine; ICI, Immune checkpoint
inhibitor; n, Number of patients; Nab-ptx, Nanoparticle albumin bound-paclitaxel; Nivo, Nivolumab; NS, Not specified; Pembro, Pembrolizumab; Pem, Pemetrexed; Pt, Platinum; Ptx, Paclitaxel;
SoC, Standard of care; Treme, Tremelimumab; TS-1, 5-Fluorouracil (5-FU) 1.
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TABLE 2 Patient characteristics.

ADC/SCC, n EGFR/ALK
alterations, n

PD-L1 status
negative/
positive, n

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

13/5 20/0 2/0 8/1 4/4 6/4

114/21 27/2 44/38

61/12 87/6 4/2 23/3 12/26 30/24

17/4 22/1 03 63 6/7 4/8

36/5 148/1 7/14

311/66 102/12 NS

16/3 — 3/NS — NS —

39/24 — NS6 — 15/25 —

33/2 — NS — NS —

55/16 — 174 — 33/37 —

165/2 — NS6 — 5/10 —

NS — NS — NS —

or naïve; 3Type of oncogene not specified; 4KRAS mutation; 5Nonsquamous cell carcinoma;
e RAM + DTX subgroup. PD-L1 status of <1 is negative and PD-L1 status ≥1 to 50 is positive;

EGFR, Epidermal growth factor receptor; ICI, Immune checkpoint inhibitor; n, Number of
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Study
(reference)

Total patients, n Age, years,
median (95% CI)

Male/female, n ECOG PS
0,1/≥2, n

Never smoker/
current or

former smoker, n

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

ICI pre-
treated

ICI
naïve

RAM + DTX ICI pre-treated vs naïve

Harada, 2019
(30)1

18 21 67
(54–78)

65
(50–76)

15/3 10/11 17/1 18/3 2/16 7/14

Yoshimura,
2019 (31)2

52 83 66
(37–83)

95/40 125/10 43/92

Kato, 2020
(32)1

62 84 66
(38–80)

66
(30–79)

54/23 57/37 63/6 85/5 20/57 28/65

Tozuka, 2020
(41)

21 25 65
(36–73)

59
(36–77)

17/4 10/15 20/1 24/1 4/17 11/14

Nishimura,
2022 (38)2

17 26 NS 23/20 38/5 13/30

Chen, 2022
(43)1,2

172 226 67
(29–88)

273/125 374/24 NS

RAM + DTX ICI pre-treated

Shiono, 2019
(39)1

20 — 70
(55–77)

— 12/8 — 18/2 — 8/12 —

Brueckl, 2020
(34)1

67 — 62
(43–82)

— 46/21 — 61/2 — NS —

Dawar, 2021
(36)

35 — 65
(45–76)

— 18/17 — NS — 7/28 —

Brueckl, 2021
(33)1

77 — 63
(41–83)

— 53/24 — 68/5 — NS —

Ishida, 2021
(40)1

18 — 69
(43–79)

— 11/7 — 16/2 — 2/16 —

Reckamp, 2022
(44)1,7

45 — NS — NS — NS — NS —

1The study also reported safety outcomes; 2Patient characteristics for these studies were only reported for the total RAM + DTX population and not separated by ICI pre-treate
6Patients were excluded if they had EGFR activating mutations or ALK arrangement fusion; 7Patient characteristics were only reported for the total standard of care group, not th
8EGFR mutations included 7 patients with an Exon 19 deletion, 6 patients with an Exon 21 L858R mutation and 1 patient with an Exon 20 insertion.
ADC, Adenocarcinoma; ALK, Anaplastic lymphoma kinase; CI, Confidence interval; DTX, Docetaxel; ECOG PS, Eastern Cooperative Oncology Group performance status;
patients; NS, Not specified; PD-L1, Programmed death ligand 1; RAM, Ramucirumab; SCC, Squamous cell carcinoma.
d
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(33, 39). In the 4 remaining studies, which reported results from

both RAM + DTX ICI pre-treated and RAM + DTX ICI naïve

groups (30, 32, 38, 41), the ORR was numerically higher in the

RAM + DTX ICI pre-treated groups (38.9%, 20.9%, 57.1%, and

42.6%) compared with the respective RAM + DTX ICI naïve groups
Frontiers in Oncology 08
(19.0%, 18.3%, 20.0%, and 17.7%) (Figure 2C). Across all 8 studies,

the ORR ranged from 20.9% (95% CI: NR) (32) to 60.0% (95% CI:

38.5-81.4) (39) in the RAM + DTX ICI pre-treated groups and from

17.7% (95% CI: NR) (41) to 20.0% (95% CI: 5.7-43.7) (38) in the

RAM + DTX ICI naïve groups (Figure 2C).
B

C D

A

FIGURE 2

Efficacy endpoints across studies in RAM + DTX ICI pre-treated and ICI naïve patients. (A) Median progression-free survival; (B) Median overall survival;
(C) Overall response rate; and (D) Disease control rate. Red bars indicate the RAM+DTX ICI pre-treated group and brown bars the RAM+DTX ICI naïve
group. CI, Confidence interval; DTX, Docetaxel; ICI, Immune checkpoint inhibitor; n, Number of patients; NE, Not estimable; RAM, Ramucirumab.
TABLE 3 Treatment comparisons between the ICI pre-treated and ICI naïve groups.

Study (reference) Patients, n Treatment comparison
RAM + DTX ICI pre-treated vs RAM + DTX ICI naïve

RAM + DTX ICI
pre-treated

RAM + DTX ICI naïve

Harada, 2019 (30) 18 21 PFS
Univariate: 0.43 (0.21–0.89); P=0.023*

Multivariate: 0.36 (0.16–0.80); P=0.012*
OS

Univariate: 0.46 (0.20–1.07); P=0.071
Multivariate: 0.41 (0.16–1.04); P=0.061

Yoshimura, 2019 (31) 52 83 PFS
Univariate: 0.63 (0.39–1.02); P=0.059

Multivariate: 0.59 (0.35–0.98); P=0.041*
OS

Matched pair analysis: 1.71 (0.84–3.47), P=0.14

Kato, 2020 (32) 61/62 84 PFS
IPTW adjusted: 0.97 (0.68–1.38); P=0.86

OS
IPTW adjusted: 0.67 (0.41–1.11); P=0.12

Tozuka, 2020 (41) 21 25 —

Nishimura, 2022 (38) 17 26 OS
P=0.20
Data are shown as hazard ratio (95% confidence interval) with corresponding P value, unless otherwise stated.
*Significance established.
DTX, Docetaxel; ICI, Immune checkpoint inhibitor; IPTW, Inverse probability treatment weighting; OS, Overall survival; PFS, Progression-free survival; RAM, Ramucirumab.
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3.3.4 Disease control rate
DCRs were reported in 6 of the 10 studies included in the

efficacy analysis (30, 33, 34, 38–40). Four studies reported outcomes

in the RAM + DTX ICI pre-treated groups alone (33, 34, 39, 40),

whereas the remaining 2 studies reported DCRs in both the RAM +

DTX ICI pre-treated and ICI-naïve groups (30, 38). Overall, the

DCR ranged from 62.4% (95% CI: NR) to 90.0% (95% CI: 76.9-

100.0) (33, 39) in the RAM + DTX ICI pre-treated groups and from

57.1% (95% CI: 34.0-78.2) to 75.0% (95% CI: 50.9-91.3) (30, 38) in

the RAM + DTX ICI naïve groups (Figure 2D).
3.4 Safety

Safety data were derived from 8 studies for a total of 493 RAM +

DTX ICI pre-treated patients and 341 RAM + DTX ICI-naïve

patients (Table 5) (30, 32–34, 39, 40, 43, 44). All 8 studies included

in the analysis reported any-grade AEs from the RAM + DTX ICI

pre-treated group only (30, 32–34, 39, 40, 43, 44), and 3 studies

reported any-grade AEs in both the RAM + DTX ICI naïve group

and RAM + DTX ICI treated group (Table 5) (30, 32, 43).

Grade ≥3 AE data were derived from 7 studies for a total of 321

RAM + DTX ICI pre-treated patients and from 2 studies for a total

of 115 patients in the RAM + DTX ICI naïve group (30, 32–34, 39,

40, 44). Of these 7 studies, 4 reported only grade ≥3 AEs (33, 34, 40,

44). For the purpose of this analysis, we focused on hematologic

AEs, including neutropenia and febrile neutropenia; two

nonhematologic AEs: fatigue and stomatitis; and AEs of special

interest for antiangiogenic treatment, including bleeding events,

hypertension, and proteinuria.

The percentage of any-grade AEs were calculated based on the

cumulative safety population for the RAM + DTX ICI pre-treated

group (493 patients) (30, 32–34, 39, 40, 43, 44) and RAM + DTX

ICI naïve group (341 patients) (30, 32, 43), while the percentages of

grade ≥3 AEs were calculated based on the 321 patients in the

RAM + DTX ICI pre-treated group (30, 32–34, 39, 40, 44) and 115

patients in the RAM + DTX ICI naïve group (30, 32). This

difference was because the Chen et al. study did not contribute

grade ≥3 AEs to the data pooling due to the absence of published

data in the manuscript (43). Neutropenia of any grade was reported

in 53 (10.8%) patients in the RAM + DTX ICI pre-treated group

(30, 33, 34, 39, 40, 43, 44) and in 32 (9.4%) patients in the RAM +

DTX ICI naïve group (30, 43). Grade ≥3 neutropenia was reported

in 41 (12.8%) patients in the RAM + DTX ICI pre-treated group

(30, 33, 34, 39, 40, 44) and in 9 (7.8%) patients in the RAM + DTX

ICI naïve group (Figure 3; Table 5) (30).
Frontiers in Oncology 09
Febrile neutropenia of any grade was reported in 19 (3.9%)

patients in the RAM + DTX ICI pre-treated group (30, 33, 39, 43,

44) and in 25 (7.3%) patients in the RAM + DTX ICI naïve group

(30, 43). Grade ≥3 febrile neutropenia was reported in 7 (2.2%)

patients in the RAM + DTX ICI pre-treated group (33, 39, 44) and

in 3 (2.6%) patients in the RAM + DTX ICI naïve group (Figure 3;

Table 5) (30).

The incidence of neutropenia of any grade in the RAM + DTX

ICI pre-treated group was comparable to the RAM + DTX ICI naïve

group in the two studies where both treatment groups were

evaluated (Table 5). Similarly, the incidence and severity of febrile

neutropenia were not higher in the RAM + DTX ICI pre-treated

group (Table 5).

Stomatitis of any grade was reported in 42 (8.5%) patients in the

RAM + DTX ICI pre-treated group (32–34, 39, 43) and in 47 (13.8%)

patients in the RAM + DTX ICI naïve group (32, 43). Grade ≥3

stomatitis was reported in 10 (3.1%) patients in the RAM + DTX ICI

pre-treated group (32–34, 39) and in 3 (2.6%) patients in the RAM +

DTX ICI naïve group (Figure 3; Table 5) (32).

Fatigue of any grade was reported 29 (5.9%) patients in the

RAM + DTX ICI pre-treated group (30, 33, 39, 44) and in 11 (3.2%)

patients in the RAM + DTX ICI naïve group (30). Grade ≥3 fatigue

was reported in 8 (2.5%) patients in the RAM + DTX ICI pre-

treated group (33, 44), and no cases were reported in the RAM +

DTX ICI naïve group (Figure 3; Table 5).

Among AEs of special interest, bleeding or epistaxis of any grade

was reported in 19 (3.9%) patients in the RAM+DTX ICI pre-treated

group (30, 39, 43) and in 27 (7.9%) patients in the RAM + DTX ICI

naïve group (30, 43); no cases of grade ≥3 epistaxis were reported in

either group.

The overall incidence of hypertension of any grade in the RAM +

DTX ICI pre-treated and RAM + DTX ICI naïve groups was 9 (1.8%)

and 14 (4.1%), respectively (30, 43, 44). The incidence of grade ≥3

hypertension in the RAM + DTX ICI pre-treated and RAM + DTX

ICI naïve groups was 2 (0.6%) patients and 1 (0.9%) patient,

respectively (Figure 3; Table 5).

Proteinuria of any grade was reported in 13 (2.6%) patients in

the RAM + DTX ICI pre-treated group and in 20 (5.9%) patients in

the RAM + DTX ICI naïve group (30, 43). No cases of grade ≥3

proteinuria were reported in either group (Figure 3; Table 5).
4 Discussion

The treatment landscape for patients with NSCLC that has

progressed after front-line therapies has changed dramatically with
TABLE 4 Pooled weighted efficacy outcomes.

Progression-free survival Overall survival

ICI pre-treated
n= 370

ICI naïve
n= 213

ICI pre-treated
n= 387

ICI naïve
n= 239

Median, months (95% CI) 5.7 (3.9–6.8) 3.8 (2.3–4.1) 11.2 (7.5–17.5) 13.5 (8.0–24.0)
CI, Confidence interval; ICI, Immune checkpoint inhibitor.
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TABLE 5 Summary of safety outcomes of RAM + DTX in the ICI pre-treated and ICI naïve groups.

1 kl,
2

Brueckl,
20212

(33)

Ishida,
20212

(40)

Reckamp,
20222 (44)

Pooled AEs

e-
d
)

ICI pre-
treated
(n=77)

ICI pre-
treated
(n=18)

ICI pre-
treated
(n=44)

ICI pre-
treated
N1 =
4933

N2 =
3215

ICI
naïve
N1 =
3414

N2 =
1156

— — — 53 (10.8) 32 (9.4)

) 12 (15.6) 3 (16.7) 14 (31.8) 41 (12.8) 9 (7.8)

— — — 19 (3.9) 25 (7.3)

3 (3.9) — 3 (6.8) 7 (2.2) 3 (2.6)

— — — 42 (8.5) 47 (13.8)

) 1 (1.3) — — 10 (3.1) 3 (2.6)

— — — 1 (0.2) 0

— 1 (5.6) — 1 (0.3) 0

— — — 29 (5.9) 11 (3.2)

5 (6.5) — 3 (6.8) 8 (2.5) 0

— — — 13 (2.6) 20 (5.9)

— — — 0 0
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Adverse event,
n (%)

Harada, 2019 (30) Kato, 2020 (32) Chen, 2022 (43) Shiono,
2019 (39)

Bruec
2020
(34

ICI pre-
treated
(n=18)

ICI
naïve
(n=21)

ICI pre-
treated
(n=77)

ICI
naïve
(n=94)

ICI pre-
treated
(n=172)

ICI
naïve

(n=226)

ICI pre-
treated
(n=20)

ICI pr
treate
(n=6

Neutropenia Any
grade

6 (33.0) 12 (57.0) — — 7 (4.1) 20 (8.9) 3 (15.0) —

Grade
≥3

1 (5.6) 9 (42.9) — — — — 3 (15.0) 8 (11.

Febrile
neutropenia

Any
grade

0 3 (14.0) — — 12 (7.0) 22 (9.3) 1 (5.0) —

Grade
≥3

0 3 (14.0) — — — — 1 (5.0) —

Stomatitis Any
grade

— — 16 (20.8) 20 (21.2) 17 (9.9) 27 (12.0) 4 (20) —

Grade
≥3

— — 4 (5.2) 3 (3.2) — — 1 (5.0) 4 (6.0

Vasculitis Any
grade

— — — — — — — —

Grade
≥3

— — — — — — — —

Fatigue Any
grade

14 (78.0) 11 (52.0) — — — — 7 (35.0) —

Grade
≥3

0 0 — — — — 0 —

Proteinuria Any
grade

8 (44.0) 10 (48.0) — — 5 (2.9) 10 (4.4) — —

Grade
≥3

0 0 — — — — — —
)

7

9
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TABLE 5 Continued

221 (43) Shiono,
2019 (39)

Brueckl,
20202

(34)

Brueckl,
20212

(33)

Ishida,
20212

(40)

Reckamp,
20222 (44)

Pooled AEs

ICI
naïve

(n=226)

ICI pre-
treated
(n=20)

ICI pre-
treated
(n=67)

ICI pre-
treated
(n=77)

ICI pre-
treated
(n=18)

ICI pre-
treated
(n=44)

ICI pre-
treated
N1 =
4933

N2 =
3215

ICI
naïve
N1 =
3414

N2 =
1156

24 (10.6) 7 (35.0) — — — — 19 (3.9) 27 (7.9)

— 0 — — — — 0 0

— — — — — — 1 (0.2) 0

— — 1 (1.5) — — — 1 (0.3) 0

10 (4.2) — — — — — 9 (1.8) 14 (4.1)

— — — — — 2 (4.5) 2 (0.6) 1 (0.9)

de ≥3 adverse events and were also used to calculate cumulative any-grade AEs.3,4N1 is the percentage of any-grade AEs were calculated based on the
up (341 patients).5,6N2 is the percentages of grade ≥3 AEs were calculated based on the 321 patients in the RAM + DTX ICI pre-treated group and 115
rade ≥3 AEs to the data pooling due to the absence of published data in the manuscript.
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Adverse event,
n (%)

Harada, 2019 (30) Kato, 2020 (32) Chen, 20

ICI pre-
treated
(n=18)

ICI
naïve
(n=21)

ICI pre-
treated
(n=77)

ICI
naïve
(n=94)

ICI pre-
treated
(n=172)

Epistaxis Any
grade

2 (11.0) 3 (14.0) — — 10 (5.8)

Grade
≥3

0 0 — — —

Hematothorax Any
grade

— — — — —

Grade
≥3

— — — — —

Hypertension Any
grade

1 (5.6) 4 (19.0) — — 6 (3.5)

Grade
≥3

0 1 (4.8) — — —

1This study only reported events of any grade for ICI pre-treated and naïve groups; 2These studies only reported gra
cumulative safety population for the RAM + DTX ICI pre-treated group (493 patients) and RAM + DTX ICI naïve gr
patients in the RAM + DTX ICI naïve group. This difference was because the Chen et al. study did not contribute g
Different number of patients for the safety and efficacy analysis across studies.
DTX, Docetaxel; ICI, Immune checkpoint inhibitor; n, Number of patients; RAM, Ramucirumab.
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the approval and availability of ICIs targeting coinhibitory

molecules including anti-PD-1, anti-PD-L1, or anti-CTLA-4 (1–

6). The introduction of ICIs in the first-line setting has resulted in

significant improvement in efficacy outcomes; however, it has also

generated a certain degree of complexity and uncertainty pertaining

to the optimal treatment sequence for patients with disease

progression during or after immunotherapy, mainly because the

currently recommended treatment options for subsequent therapy,

including the REVEL regimen, were investigated prior to the

approval of ICIs for immunotherapy naïve patients (13, 14, 18–

21). Thus, assessment of efficacy and safety for the combination of

ramucirumab plus docetaxel after administration of ICIs provides

important clinical information in support of its role in sequencing

strategies after ICIs.

We analyzed the available information, derived mostly from

retrospective observational studies, on the efficacy and safety of

ramucirumab plus docetaxel in patients with metastatic NSCLC

who had received prior ICIs with the aim of advancing the

understanding of the clinical benefit and safety profile of

ramucirumab plus docetaxel in the post-immunotherapy setting.

To the best of our knowledge, we report the first SLR on the efficacy

and safety of ramucirumab plus docetaxel in patients with NSCLC

whose disease had progressed after treatment with ICIs either as

single agents or in combination with chemotherapy.

We performed a weighted analysis of PFS and OS to adjust for

the differing sample sizes across the studies included in the efficacy

analysis. Based on this analysis, a numerically longer pooled

weighted median PFS was observed with RAM + DTX ICI pre-

treated patients compared with RAM + DTX ICI-naïve patients.

The signal of improvement of median PFS was observed across all

studies included in the efficacy analysis for the RAM + DTX ICI

pre-treated group, although statistical significance for the treatment
Frontiers in Oncology 12
effect was reported in only 2 studies (30, 31). In contrast to PFS, the

pooled weighted median OS was numerically longer in the RAM +

DTX ICI naïve group compared with the RAM + DTX ICI pre-

treated group. These results reflect the variations in median OS

across the studies included in the pooled weighted analysis. Among

the 5 studies that evaluated OS with ramucirumab plus docetaxel in

both ICI pre-treated and ICI naïve groups, 3 reported an

improvement in median OS in the RAM + DTX ICI pre-treated

group compared with the ICI naïve group (30, 32, 41) while the

remaining 2 studies reported numerically longer OS in the RAM +

DTX ICI naïve group compared with the ICI pre-treated group (31,

38). These discrepancies in outcomes across studies are likely a

result of several factors including imbalances in patient baseline and

disease characteristics, differences in lines of treatment with

ramucirumab plus docetaxel being administered in second line

versus third and later lines, differences in timing between ICI

administration and initiation of ramucirumab plus docetaxel

therapy, and due to small sample sizes. It is also important to

emphasize the contribution of variations in the proportion of

patients with EGFR mutations across all the studies included in

our pooled efficacy analysis. Thus, while 3 studies (30, 32, 38)

included patients with mutant EGFR-positive lung adenocarcinoma

who were treated with ramucirumab plus docetaxel, two others (34,

40) excluded patients who had EGFR or ALK alterations. In

contrast, the remaining studies either reported mutation status for

the total ramucirumab plus docetaxel treated populations and did

not separate characteristics by ICI pre-treated or naïve (31, 43) or

did not specify the type of oncogenic alteration (EGFR or ALK) (33,

36, 39, 41).

Only a few studies included in the efficacy analysis of this SLR

included a control cohort of single-agent chemotherapy

administered after ICIs (32, 38, 41). Therefore, a formal efficacy

analysis of ramucirumab plus docetaxel relative to single-agent

docetaxel after immunotherapy was not performed. However, in

the retrospective observational study conducted by Kato et al, where

a propensity score was used to correct for imbalances in patient

characteristics across the ICI pre-treated and the ICI naïve cohorts,

median OS in the subgroup of patients treated with single-agent

docetaxel (n=102) or ramucirumab plus docetaxel (n=62) after anti-

PD-1 treatment was 9.0 months and 17.5 months, respectively (32).

Similarly, the retrospective study by Tozuka et al. in patients who

had received prior anti-PD-(L)1 antibody therapy reported a

median OS of 8.6 months in the cohort treated with single-agent

docetaxel (n=18) and 19.8 months in the cohort treated with

ramucirumab plus docetaxel (n=21). Additionally, a significant

PFS improvement with ramucirumab plus docetaxel compared to

docetaxel was reported (median PFS: 5.9 vs 2.8 months, HR: 0.43;

95% CI: 0.20-0.96; P=0.03) (41).

The combination of platinum-based chemotherapy and ICIs is

currently the most widely used therapeutic option for the treatment

of newly diagnosed patients with metastatic NSCLC without driver

alterations (52). Results from real-world studies indicate that

ramucirumab plus docetaxel is a widely used second-line therapy

in NSCLC (53). Among the studies included in our analysis, only

Brueckl et al. (2021) (33) and Ishida et al. (40) investigated the

clinical benefit of second-line ramucirumab plus docetaxel after
FIGURE 3

Pooled adverse events of any grade and grade ≥3 in RAM + DTX ICI
pre-treated and naïve groups. The percentage of any-grade AEs
were calculated based on the cumulative safety population for the
RAM + DTX ICI pre-treated group (493 patients) and RAM + DTX ICI
naïve group (341 patients), while the percentages of grade ≥3 AEs
were calculated based on the 321 patients in the RAM + DTX ICI
pre-treated group and 115 patients in the RAM + DTX ICI naïve
group. This difference was because the Chen et al. study did not
contribute grade ≥3 AEs to the data pooling due to the absence of
published data in the manuscript. DTX, Docetaxel; ICI, Immune
checkpoint inhibitor; RAM, Ramucirumab.
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progression during or after chemoimmunotherapy. Of note,

approximately two-thirds of patients in both studies had received

prior treatment with pembrolizumab plus pemetrexed and

platinum-based chemotherapy (33, 40). Both studies reported

efficacy outcomes with ramucirumab plus docetaxel comparable

to those reported in the REVEL trial with the exception of higher

response rates. High response rates in the RAM + DTX ICI pre-

treated group were also reported by other studies included in the

efficacy analysis (30, 32–34, 38–41). Although OS is the gold

standard to establish treatment efficacy, ORR represents an

important clinical endpoint given the high symptom burden

experienced by patients with lung cancers (54). Results from the

VARGADO trial investigating the combination of nintedanib plus

docetaxel in the post-ICI setting also reported improved ORR

(58.0%) and median PFS (5.5 months) in patients with NSCLC

receiving second-line nintedanib plus docetaxel after

chemoimmunotherapy (55).

Prior response to immunotherapy and the timing between ICI

treatment and initiation of the subsequent treatment may influence

clinical responses to the next line of therapy. Among the studies

included in the efficacy analysis of this SLR, few investigated the

potential association between prior ICI treatment and improved

efficacy outcomes with ramucirumab plus docetaxel. Prior

treatment with ICIs was found to be an independent predictive

factor for improvement in PFS with ramucirumab plus docetaxel by

Harada et al. (30). Yoshimura et al. also demonstrated that prior

immunotherapy was an independent prognostic factor for

prolonged PFS, but not OS, with ramucirumab plus docetaxel

(HR: 0.59; 95% CI: 0.35-0.98; P=0.041) (31). The potential

association between response to prior immunotherapy and

subsequent response to ramucirumab plus docetaxel was also

investigated. Ishida et al. demonstrated that clinical benefit from

prior ICI therapy, defined as a PFS of ≥8.8 months, was associated

with a significantly longer PFS with ramucirumab plus docetaxel

compared with the group of patients with a PFS of <8.8 months

(HR: 0.12; 95% CI: 0.03-0.48; P=0.003) (40). The timing of

administration of ramucirumab plus docetaxel after ICI treatment

was investigated by Yoshimura et al. A trend suggesting prolonged

PFS (HR: 0.54; 95% CI: 0.21-1.40; P=0.202) and OS (HR: 0.49; 95%

CI: 0.22-1.10; P=0.079) was observed when ramucirumab plus

docetaxel was administrated consecutively with ICI treatment

(31). Taken together, these findings support the role of

ramucirumab plus docetaxel in post- immunotherapy

sequencing strategies.

The significant association between prior ICIs and favorable

clinical outcomes with ramucirumab plus docetaxel may be

explained, at least in part, by a role of ramucirumab in

overcoming resistance to ICIs, a critical contributing factor that

limits the efficacy of immune checkpoint blockade therapy in many

patients (56, 57). Although several aspects of the underlying

mechanisms responsible for resistance to ICIs have yet to be

identified, emerging evidence supports a causal role of tumor

extrinsic factors including immunosuppressive signals emanating

from the tumor microenvironment (58). In addition to promoting

angiogenesis, VEGF exerts important immunosuppressive effects

on the tumor microenvironment. VEGF-induced abnormal
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neovascularization not only limits the access of tumor-directed

cytotoxic T cells but also stimulates the recruitment of

immunosuppressive cells, including myeloid-derived suppressor

cells and regulatory T cells, and inhibits dendritic cell maturation,

which ultimately leads to decreased activation of antigen-specific

cytotoxic T cells (59–61). Therefore, targeting angiogenesis

represents a rational approach to hinder immunosuppressive

signals within the tumor microenvironment and restore

antitumor cytotoxic T-cell responses. The immunomodulatory

effects of ramucirumab may also explain the antitumor effects of

ramucirumab combinations with anti-PD-(L)1 antibodies.

Preclinical studies support this possibility. In a recently published

study, the combination of DC101, a mouse surrogate of

ramucirumab, with an anti-PD-1 antibody induced tumor

regression and immunological memory in EMT6-LM2 and MC38

murine tumor models (62). Furthermore, the recently reported

results from the phase 2 S1800A study of Lung-MAP demonstrated

an improvement in OS (both median OS and HR), albeit no

difference in ORR and PFS, with ramucirumab plus

pembrolizumab compared with other standard-of-care options in

patients with metastatic NSCLC whose disease had progressed on

prior chemoimmunotherapy (63). Based on these results, a phase 3

trial investigating the combination of ramucirumab plus

pembrolizumab in the same patient population is currently

enrolling (NCT05633602) (64). An early efficacy signal has also

been reported with ramucirumab in combination with

atezolizumab in a heavily pre-treated NSCLC patient population

(65), while another study investigating the combination of

ramucirumab plus nivolumab in patients previously treated with

ICIs and chemotherapy is currently ongoing (NCT03527108) (66).

A total of 11 studies were excluded from the efficacy analysis

because they did not meet the inclusion criteria. However, results

from these excluded studies also indicated that ramucirumab plus

docetaxel was a safe and efficacious treatment after prior treatment

with ICIs (35, 37, 42, 45–47, 67–70). Five of these were real-world

studies that used electronic health record-derived databases were

not included in the efficacy analysis because they did not meet the

SLR inclusion criteria (45–47, 71) or they had a high percentage of

missing data (e.g., tumor response assessment) and therefore had a

high potential for misclassification and residual confounding bias

(72). However, results from most of these studies suggest a trend

towards improved efficacy outcomes with ramucirumab plus

docetaxel administered after ICIs. In a small cohort of patients

treated with second-line ramucirumab plus docetaxel after

chemoimmunotherapy, real-world ORR and DCR were 37.5%

and 75.0%, respectively (46). In an additional study by Clarke

et al, ramucirumab plus docetaxel administered as a second- or

third-line therapy after chemotherapy plus ICIs was associated with

numerically higher real-world ORR (40.9% vs 30.4; P=0.21).

Moreover, a statistically significant improvement in real-world

DCR was observed when compared to ramucirumab plus

docetaxel given after other non–ICIs (80.7% vs 54.4%; P<0.01)

(45). Furthermore, in a cohort of patients treated with third-line

ramucirumab plus docetaxel after ICI treatment, median real-world

PFS (measured from the start of third-line ramucirumab plus

docetaxel) was 3.6 months (range: 3.0-4.6 months) while median
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real-world OS (measured from the start of first-line therapy) was 19

months (range: 15.7-23.7 months) (47). The TREAT-LUNG study,

a large retrospective observational study that collected data from 3

electronic health record-derived databases, investigated efficacy

outcomes of second- or third-line therapy with ramucirumab plus

docetaxel administered after prior chemotherapy plus ICIs. Study

results showed that, after adjustment for baseline variables,

differences in response rates, PFS, and OS were not statistically

significant but trended in favor of ramucirumab plus docetaxel as

observed in the REVEL trial (72). Taken together, with the

limitations inherent to real-world data, these studies are

supportive of a signal for increased activity of ramucirumab plus

docetaxel in the post-immunotherapy setting.

A recently disclosed single-arm, multicenter, prospective

phase 2 study of ramucirumab plus docetaxel following

chemoimmunotherapy (SCORPION) in patients with metastatic

NSCLC was not included in the SLR analysis as it was reported

outside the window of literature search. This study demonstrated

median PFS and median OS of 6.5 months and 17.5 months,

respectively. ORR and DCR were 34.4% and 81.3%, respectively

(73). No new safety signals were observed (73).

The descriptive safety analyses reported in this SLR support the

conclusion that the select AEs observed with ramucirumab plus

docetaxel administered after immunotherapy were similar in

incidence and severity to those reported in the REVEL trial.

Importantly, no new safety signals or additive toxicities emerged

with ramucirumab plus docetaxel when administered after ICI

treatment, including in the only controlled prospective study in

the analysis (44). Notably, the retrospective study conducted by

Harada et al. reported a higher incidence of pneumonitis in

Japanese patients who had received ICIs before ramucirumab plus

docetaxel; however, a causal relationship with ramucirumab plus

docetaxel was not established (30). On the other hand, in the post

marketing study by Chen et al, the incidence of pneumonitis of any

grade in ICI-exposed and ICI-naïve patients was 1.2% and 0.9%,

respectively (43). No cases of pneumonitis were observed or

reported in the remaining studies. The safety analyses presented

here must be interpreted with caution because most of the studies

included in the safety analysis were retrospective and therefore

underreporting of AEs cannot be ruled out.

Overall, the results presented in this SLR should be interpreted

in the context of limitations inherent to the retrospective nature of

most studies included in the analysis. To offset some limitations and

decrease the heterogeneity of the data across studies, we included

only studies free of bias that reported at least 2 efficacy endpoints

with at least one being a time-to-event endpoint and performed

weighted analyses to control for sample size. Despite the limitations,

we believe that in the absence of controlled randomized clinical

trials, the results present here provide valuable clinical information

to complement current guideline recommendations for the use

of ramucirumab plus docetaxel as a subsequent therapy in

metastatic NSCLC.

In conclusion, the results of this SLR support the combination

of ramucirumab plus docetaxel as an effective and safe subsequent

therapy for the treatment of patients with metastatic NSCLC with

disease progression regardless of prior treatment with ICIs.
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55. Grohé C, Gleiber W, Haas S, Losem C, Mueller-Huesmann H, Schulze M, et al.
Nintedanib plus docetaxel after progression on immune checkpoint inhibitor therapy:
insights from VARGADO, a prospective study in patients with lung adenocarcinoma.
Future Oncol (2019) 15(23):2699–706. doi: 10.2217/fon-2019-0262

56. Tokaz MC, Baik CS, Houghton AM, Tseng D. New immuno-oncology targets
and resistance mechanisms. Curr Treat Options Oncol (2022) 23(9):120118.
doi: 10.1007/s11864-022-01005-8

57. Gide TN, Wilmott JS, Scolyer RA, Long GV. Primary and acquired resistance to
immune checkpoint inhibitors in metastatic melanoma. Clin Cancer Res (2018) 24
(6):1260–70. doi: 10.1158/1078-0432.CCR-17-2267

58. Labani-Motlagh A, Ashja-Mahdavi M, Loskog A. The tumor microenvironment:
a milieu hindering and obstructing antitumor immune responses. Front Immunol
(2020) 11:940. doi: 10.3389/fimmu.2020.00940

59. Gabrilovich D, Ishida T, Oyama T, Ran S, Kravtsov V, Nadaf S, et al. Vascular
endothelial growth factor inhibits the development of dendritic cells and dramatically
affects the differentiation of multiple hematopoietic lineages in vivo. Blood (1998) 92
(11):4150–66. doi: 10.1182/blood.V92.11.4150

60. Gabrilovich DI, Chen HL, Girgis KR, Cunningham HT, Meny GM, Nadaf S,
et al. Production of vascular endothelial growth factor by human tumors inhibits the
functional maturation of dendritic cells. Nat Med (1996) 2(10):1096–103. doi: 10.1038/
nm1096-1096

61. Khan KA, Kerbel RS. Improving immunotherapy outcomes with anti-angiogenic
treatments and vice versa. Nat Rev Clin Oncol (2018) 15(5):310–24. doi: 10.1038/
nrclinonc.2018.9

62. Li Y, Amaladas N, O’Mahony M, Manro JR, Inigo I, Li Q, et al. Treatment with a
VEGFR-2 antibody results in intra-tumor immune modulation and enhances anti-
tumor efficacy of PD-L1 blockade in syngeneic murine tumor models. PloS One (2022)
17(7):e0268244. doi: 10.1371/journal.pone.0268244

63. Reckamp KL, Redman MW, Dragnev KH, Minichiello K, Villaruz LC, Faller BA,
et al. Overall survival from a phase II randomized study of ramucirumab plus
pembrolizumab versus standard of care for advanced non–small-cell lung cancer
previously treated with immunotherapy: Lung-MAP S1800A. J Clin Oncol (2022) 40
(21):2295–306. doi: 10.1200/JCO.22.00912

64. Reckamp KLSouthwest Oncology Group Cancer Research Network. Ramucirumab
plus pembrolizumab vs usual care for treatment of stage IV or recurrent non-small cell lung
cancer following immunotherapy, Pragmatica-Lung Study (2023). Available at: https://
clinicaltrials.gov/ct2/show/NCT05633602 (Accessed March 9, 2023).

65. Herzog BH, Waqar SN, Devarakonda S, Ward JP, Gao F, Govindan R, et al.
Ramucirumab plus atezolizumab in patients with stage IV non-small cell lung cancer
previously treated with immune checkpoint inhibitors. Lung Cancer (2022) 173:101–6.
doi: 10.1016/j.lungcan.2022.09.011

66. Borghaei HFox Chase Cancer Centre. Nivolumab plus ramucirumab in patients
with recurrent, advanced, metastatic NSCLC (2023). Available at: https://www.
clinicaltrials.gov/ct2/show/NCT03527108 (Accessed March 9, 2023).

67. Tamura N, Horinouchi H, Sekine K, Matsumoto Y, Murakami S, Goto Y, et al.
Efficacy of subsequent cytotoxic chemotherapy after nivolumab for patients with
advanced non-small cell lung cancer. In: Abstract Book of the ESMO Asia Congress;
frontiersin.org

https://doi.org/10.1016/j.lungcan.2016.07.019
https://www.ema.europa.eu/en/documents/product-information/vargatef-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vargatef-epar-product-information_en.pdf
https://doi.org/10.21873/anticanres.13688
https://doi.org/10.21037/tlcr.2019.08.07
https://doi.org/10.1136/jitc-2019-000350
https://doi.org/10.21037/tlcr-21-197
https://doi.org/10.1177/1179554920951358
https://doi.org/10.1200/JCO.2019.37.15_suppl.9078
https://doi.org/10.1200/JCO.2019.37.15_suppl.9078
https://doi.org/10.1016/j.jtho.2021.01.333
https://doi.org/10.1200/JCO.2017.35.15_suppl.9082
https://doi.org/10.1200/JCO.2017.35.15_suppl.9082
https://doi.org/10.3390/cancers14122970
https://doi.org/10.1111/1759-7714.12998
https://doi.org/10.1111/1759-7714.14236
https://doi.org/10.1016/j.lungcan.2020.04.021
https://doi.org/10.1016/j.lungcan.2020.04.021
https://doi.org/10.1007/s10637-022-01214-w
https://doi.org/10.1080/14740338.2022.2023127
https://doi.org/10.1200/JCO.22.00912
https://doi.org/10.1200/JCO.2019.37.15_suppl.e20725
https://doi.org/10.1200/JCO.2019.37.15_suppl.e20725
https://doi.org/10.1200/JCO.2019.37.15_suppl.e20727
https://doi.org/10.1016/j.jtho.2018.08.1579
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/sim.8013
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.uptodate.com/contents/initial-management-of-advanced-non-small-cell-lung-cancer-lacking-a-driver-mutation
https://www.uptodate.com/contents/initial-management-of-advanced-non-small-cell-lung-cancer-lacking-a-driver-mutation
https://doi.org/10.1016/j.lungcan.2023.107177
https://doi.org/10.1007/s00520-020-05623-6
https://doi.org/10.2217/fon-2019-0262
https://doi.org/10.1007/s11864-022-01005-8
https://doi.org/10.1158/1078-0432.CCR-17-2267
https://doi.org/10.3389/fimmu.2020.00940
https://doi.org/10.1182/blood.V92.11.4150
https://doi.org/10.1038/nm1096-1096
https://doi.org/10.1038/nm1096-1096
https://doi.org/10.1038/nrclinonc.2018.9
https://doi.org/10.1038/nrclinonc.2018.9
https://doi.org/10.1371/journal.pone.0268244
https://doi.org/10.1200/JCO.22.00912
https://clinicaltrials.gov/ct2/show/NCT05633602
https://clinicaltrials.gov/ct2/show/NCT05633602
https://doi.org/10.1016/j.lungcan.2022.09.011
https://www.clinicaltrials.gov/ct2/show/NCT03527108
https://www.clinicaltrials.gov/ct2/show/NCT03527108
https://doi.org/10.3389/fonc.2023.1247879
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Garon et al. 10.3389/fonc.2023.1247879
2017 Nov 17-19; Singapore. Ann Oncol (2017) 28(10S):x134. doi: 10.1093/annonc/
mdx671.027

68. Matsumoto K, Tamiya A, Matsuda Y, Taniguchi Y, Atagi S, Kawachi H, et al.
Impact of docetaxel plus ramucirumab on metastatic site in previously treated patients
with non-small cell lung cancer: a multicenter retrospective study. Transl Lung Cancer
Res (2021) 10(4):1642–52. doi: 10.21037/tlcr-20-1263

69. Kamiyoshihara M, Yazawa T, Igai H, Matsuura N, Ohsawa F, Iwashita H.
Docetaxel and ramucirumab combination chemotherapy after nivolumab treatment for
pretreated pulmonary squamous cell carcinoma: a successful case [in Japanese]. Gan To
Kagaku Ryoho (2021) 48(2):211–3.

70. Usui Y, Sasada S, Kirita K, Watanabe S, Tsuchiya Y, Nakamura M. A case of lung
adenocarcinoma that responded to ramucirumab and docetaxel after rapid tumor
growth after administration of pembrolizumab [in Japanese]. Haigan (2021) 61
(7):970–4. doi: 10.2482/haigan.61.970
Frontiers in Oncology 17
71. Molife C, Hess LM, Cui ZL, Li XI, Beyrer J, Mahoui M, et al. Sequential
therapy with ramucirumab and/or checkpoint inhibitors for non-small-cell lung
cancer in routine practice. Future Oncol (2019) 15(25):2915–31. doi: 10.2217/fon-
2018-0876

72. Pennel NA, Clarke J, Liu SV, Gutierrez M, Batus M, Bauman J, et al. CO154
Ramucirumab+docetaxel post immune checkpoint inhibitors (ICIS) and platinum-
based chemotherapy (CHEMO) in advanced or metastatic non-small cell lung cancer
(ANSCLC): learnings from the Treat-Lung Observational study. Value Health (2022)
25(7):S333. doi: 10.1016/j.jval.2022.04.247

73. Matsuzawa R, Morise M, Ito K, Hataji O, Takahashi K, Kuwatsuka Y, et al. 46P
Multi-center, phase II study of docetaxel (DTX) plus ramucirumab (RAM) following
platinum-based chemotherapy plus ICIs in patients with NSCLC: SCORPION study.
In: Abstract Book of the European Lung Cancer Congress (ELCC) 2023; 2023 Mar 29-
Apr 1. J Thorac Oncol (2023) 18(4S):S68. doi: 10.1016/S1556-0864(23)00300-3
frontiersin.org

https://doi.org/10.1093/annonc/mdx671.027
https://doi.org/10.1093/annonc/mdx671.027
https://doi.org/10.21037/tlcr-20-1263
https://doi.org/10.2482/haigan.61.970
https://doi.org/10.2217/fon-2018-0876
https://doi.org/10.2217/fon-2018-0876
https://doi.org/10.1016/j.jval.2022.04.247
https://doi.org/10.1016/S1556-0864(23)00300-3
https://doi.org/10.3389/fonc.2023.1247879
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Clinical outcomes of ramucirumab plus docetaxel in the treatment of patients with non-small cell lung cancer after immunotherapy: a systematic literature review
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Statistical analysis
	2.3 Assessment of bias

	3 Results
	3.1 Search results
	3.2 Patient baseline characteristics
	3.3 Efficacy
	3.3.1 Progression-free survival
	3.3.2 Overall survival
	3.3.3 Overall response rate
	3.3.4 Disease control rate

	3.4 Safety

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


