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ABSTRACT

Introduction: A literature review was undertaken to
identify clinical trials and real-world studies of patients
with stage IV NSCLC who had progressed on or after
treatment with platinum-based chemotherapy.

Methods: The EMBASE and MEDLINE databases were used
to search for English-language studies published between
September 28, 2017, and September 28, 2021. Studies were
included in the review if they (1) were clinical trials or real-
world analyses of one or more treatment regimens for pa-
tients with stage IV NSCLC who had progressed on or after
treatment with platinum-based chemotherapy, (2) con-
tained an end point including efficacy, effectiveness, or
safety, and (3) included 45 or more patients.

Results: In total, there were 15 publications (nine unique
trials and three real-world studies) included. Sample size
ranged from 49 to 1253 patients. At least one treatment
arm in eight of the nine clinical trials reported an overall
response rate of �15%. Median progression-free survival
(PFS) and overall survival ranged from 1.9 to 5.2 months
and 5.4 to 15.4 months in clinical trials and 4.4 to 6.8
months and 8.3 to 18.0 months in real-world studies,
respectively. Within studies reporting median PFS, a median
PFS of more than or equal to 3 months was reported in
eight of 11 clinical trials and both real-world studies.
Discontinuation due to adverse events ranged from 1.9% to
18% across all included studies.

Conclusions: Patients with stage IV NSCLC had limited
response and a high burden of adverse events during treat-
ment after progression on platinum-containing chemotherapy.
There remains a pressing unmet need for additional, effective,
and tolerable treatment options in this setting.
� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: NSCLC; Literature review; Response; Real-world
evidence
Introduction
NSCLC is the most common type of lung cancer

making up approximately 85% of all lung cancer cases.1

Within NSCLC, there are three major histologic subtypes
including adenocarcinoma (approximately 40%), squa-
mous cell carcinoma (approximately 25%–30%), and large
cell carcinoma (approximately 5%–10%).1 Incidence rates
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of lung cancer have generally been falling in developed
countries but remain substantial with an estimated
228,820 new cases in the United States in 2020 (12.7% of
all cancer cases).2 In the People’s Republic of China, the
incidence rate of lung cancer has been rising sharply,3 and
the estimated number of cases in 2015 was approximately
787,000.4

Patients often present with advanced disease at
diagnosis, which has a poor prognosis.5 In the United
States, it is estimated that 55% of patients have distant
metastases at diagnosis.6 Delayed diagnosis is common
due to the common symptoms of lung cancer often
mirroring chronic respiratory conditions.7 These symp-
toms include fatigue, loss of appetite, respiratory prob-
lems, cough, pain, and blood in sputum. Common sites of
metastases are the bone, lung, brain, adrenal gland, liver,
and extrathoracic lymph node.8 Five-year relative sur-
vival rates for metastatic NSCLC (mNSCLC) are only 8%.9

Treatment for mNSCLC includes chemotherapy, tar-
geted therapy, and immunotherapy.10 Platinum-based
chemotherapy had long been the standard first-line
treatment for patients with mNSCLC,10 although the
treatment paradigm has shifted to targeted agents and
immunotherapies for patients with and without driver
mutations,11 respectively. Platinum-based chemotherapy
alone has moved to later lines of use in patients with
actionable oncogenic drivers and those without contra-
indications for immunotherapy.12 Nevertheless, platinum-
based chemotherapy can be used in combination with
immunotherapy or targeted therapy in patients without
actionable mutations regardless of their programmed
death-ligand 1 (PD-L1) status, or those with actionable
mutations, respectively.12

The objective of this review was to identify all clinical
trials and real-world evaluations of therapeutic regimens
for the treatment of patients with stage IV NSCLC after
failure of a platinum-based chemotherapy regimen
regardless of its positioning in the treatment paradigm
and across all patient types. The results of this review
can be used to better understand the unmet needs of
patients with stage IV NSCLC after failure of platinum-
based chemotherapy and contextualize the results of
future treatments.
Methods
Search Strategy

A literature review was conducted using the MED-
LINE (PubMed) and EMBASE databases to identify clin-
ical trials and real-world studies of interventions
specifically in patients with stage IV NSCLC regardless of
oncogenic drivers, who have previously progressed on
or after treatment with a platinum-containing chemo-
therapy regimen at any line of treatment. The search
covered September 28, 2017, to September 28, 2021.
Studies were excluded if they were not in English or did
not include an abstract. Conference abstracts were
included in this review.
Study Selection
After the searches were executed, duplicate publica-

tions were removed, and the remaining set of unique
studies was screened in two phases. The first phase was
a screening of the titles and abstracts to identify studies
that were not clinical trials or real-world evaluations of
interventions or were in a different patient population
than the one of interest. Studies in this phase were
screened by a single reviewer. Studies passing the title
and abstract screen were then included in the full-text
review. The full text of each study was evaluated by
two independent reviewers to determine whether it met
the criteria for inclusion in this review. A third inde-
pendent reviewer served as the tiebreaker for any
studies with a disagreement between the two primary
reviewers.

Studies must have been either a clinical trial or real-
world evaluation of one or more interventions in
patients with stage IV (metastatic) NSCLC who had
progressed on or after platinum-based chemotherapy.
Studies with mixed populations of stage IIIa or IIIb and
stage IV patients were not included unless results were
available for a subgroup of stage IV patients only. There
were no restrictions placed on the presence or absence
of biomarkers, the number of prior treatment lines, or
the type of previous treatment outside of patients having
to have received and progressed on or after platinum-
based chemotherapy. Patients may have previously
received both platinum-based chemotherapy and tar-
geted therapies. Studies with a sample size of less than
45 patients were excluded.

Studies must have also included at least one result for
efficacy or effectiveness (response, progression-free
survival [PFS], or overall survival [OS]) or safety
(adverse events [AEs] grade �3). Response included
objective response rate (ORR), disease control rate
(DCR), complete response (CR), partial response (PR),
stable disease (SDi), and progressed disease (PD).
Data Extraction
Studies included in the review had their contents

extracted by a reviewer according to a data extraction
sheet in Microsoft Excel. Key data extracted included the
study type, country or setting, data source, number of
patients, time period, patient population description,
interventions, outcome measures, and results. In the case
of clinical trials, the trial phase and National Clinical Trial
(NCT) number were extracted when available.



Table 1. Summary of Study Details and Patient Characteristics

Study Study Type
Study
Location(s)

Study
Start

Sample
Size

Current
Treatment
Line

Prior
Immunotherapy
Use

Median
Age

Brain
Metastasis Adenocarcinoma

Baseline
Biomarker
Testing

EGFR-
mut ALKþ PD-L1 KRAS Experimental Comparator

Disease progression after first-line platinum-based chemotherapy

Kim et al.13 Trial (phase 2) -
NCT01498562

Korea Dec.
2011

160 2L ———— 63 18.80% 66% EGFR 19% N/R N/R 4% Nimotuzumab þ
gefitinib

Gefitinib

Garon
et al.14

Trial (phase 3) -
NCT01168973

Multinational Dec.
2010

1253 2L ———— 62/61 N/R N/R N/R 3% N/R N/R N/R Docetaxel þ
ramucirumab

Docetaxel þ
placebo

Park et al.15 2L ———— 62/57.5/
62/61

N/R N/R N/R 3% N/R N/R N/R

Ramalingam
et al.
201727

2L ———— 62 N/R N/R N/R 3% N/R N/R N/R

Reck et al.16 360 2L ———— 63/60 N/R 59% N/R N/R N/R N/R N/R

Shih et al.17 Trial (phase 2) -
NCT01168973/
NCT01703091

Multinational Dec.
2010/
Dec.
2012

246 2L ———— N/R N/R N/R N/R N/R N/R N/R N/R Docetaxel þ
ramucirumab

Docetaxel þ
placebo

Garassino
et al.18

Trial (phase 3) -
NCT00637910

Italy Oct.
2007

222 2L ———— 67/66 N/R 69% EGFR and KRAS 0% N/R N/R N/R Docetaxel Erlotinib

Disease progression after second or subsequent-line platinum-based chemotherapy

Brueckl
et al.19

Real world
(retrospective)

Germany N/R 67 3L 100% 61.7 N/R 58% Nonsquamous
patients
tested for
EGFR and
ALK

N/R N/R Negative:
22%

N/R: 40%
1%–49%: 25%
�50%: 12%

N/R Ramucirumab þ
docetaxel

None

Disease progression after first or subsequent-line platinum-based chemotherapy

Heist
et al.20

Trial (phase 1/2) -
NCT01631552

United States Dec.
2013

54 2L: 9%; 3L:
32%; 4L:
28%; >5:
32%

33% 64 6% N/R N/R 17% N/R N/R 17% Sacituzumab
govitecan

None

Moezi
et al.21

Real world
(prospective,
observational)

United States N/R 383 2L and 3L N/R 66 (mean) N/R N/R N/R N/R N/R N/R N/R Nivolumab Chemotherapy

Katakami
et al.22

Trial (phase 3) -
NCT01454934

Multinational Sept.
2011

540 2L: 3%; 3L:
42%; 4L:
30%; 5L:
18%; 6Lþ:
8%

N/R 62.0/62.0 N/R N/R N/R 15% N/R N/R N/R Eribulin Physician’s
choice

Disease progression after platinum-based chemotherapy (lines of treatment not reported)

Wills et al.23 Real-world
(prospective,
observational)

Colombia Mar.
2011

49 Unknown N/R 60 N/R N/R EGFR, KRAS,
and TIMP1

29% N/R N/R 2% Irinotecan þ
bevacizumab

None

Gerber
et al.
201926

Trial (phase 2) -
NCT01778803

United States Sept.
2013

55 Unknown N/R 62 (mean) N/R N/R KRAS, CDKN2A
and TP53

N/R N/R N/R 100% Defactinib None

Goldman
et al.24

Trial (phase 3) -
NCT02152631

Multinational Dec.
2014

453 Unknown 16.8% 62/63 N/R 90% KRAS N/R N/R N/R 100% Abemaciclib Erlotinib

Scagliotti
et al.25

Trial (phase 2) -
NCT02450539

Multinational Aug.
2015

159 Unknown N/R 64 N/R N/R N/R N/R N/R N/R N/R Abemaciclib Docetaxel

2L, second line; 3L, third line; 4L, fourth line; 5L, fifth line; 6L, sixth line; Aug., August; Dec., December; EGFR-mut, EGFR mutant; Mar., March; N/R, not reported; Oct., October; PD-L1, programmed death-ligand 1;
Sept., September.
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Results
Summary of Studies

There were a total of 15 publications identified,
which covered nine unique clinical trials (12 publica-
tions) and three real-world studies (Table 1).13–27

Within the clinical trials, there was one phase 1/2
study,20 four phase 2 studies,17,25,26,28 and four phase 3
studies.14–16,18,22,24,27 The sample size of the trials
ranged from 54 patients to 1253 patients. Five of the
studies were large multinational trials14–17,22,24,25,27 and
four were conducted in single countries, which included
the United States,20,26 Korea,13 and Italy.18 All patients
evaluated in the trials had stage IV disease and had
progressed on or after platinum-based chemotherapy
regimen. Across the nine clinical trials, there were 10
unique treatment arms evaluated. The most frequently
evaluated regimens were docetaxel plus or minus pla-
cebo (n ¼ 4), docetaxel plus ramucirumab (n ¼ 2),
abemaciclib (n ¼ 2), and erlotinib (n ¼ 2).

Among the three real-world studies, one study each
was conducted using data from Colombia,23 Germany,19

and the United States.21 The study sample size ranged
from 49 patients to 383. Two of the studies evaluated
one treatment regimen (docetaxel þ ramucirumab and
irinotecan þ bevacizumab),19,23 and the other study
compared nivolumab with chemotherapy.21
Clinical Trials
Brief descriptions of the trials and a summary of the

patients included are reported in Table 1.13–27 The mean
or median reported age in all clinical trials was above 60
years of age. Two studies reported the prevalence of
brain metastases in patients, which ranged from 6% to
18.8%.13,20

There were seven clinical trial publications (four
unique trials) evaluating outcomes exclusively in the
second-line setting,13–18,27 two in a mix of second- and
third-line and above,20,22 and the remaining three trials
did not report the exact treatment line(s).24–26

Clinical outcomes for the included trials are
detailed in Table 2.13–27 Response rates including
ORR, DCR, CR, PR, SDi, or PD were reported in nine
publications,14–16,18,22,24,25,27,28 PFS in 11,14–16,18,20,22,24–28

and OS in 11.14–18,20,22,24,25,27,28 An ORR of �15% for
any treatment arm was observed in eight of the nine
studies reporting ORR. ORR varied between 2.7% (erlo-
tinib) and 25.6% (docetaxel þ ramucirumab).24,28 The
2.7% ORR for erlotinib was observed in a phase 3 trial of
453 patients receiving either abemaciclib (ORR ¼ 8.9%)
or erlotinib.24 All patients in this trial had stage IV NSCLC
with KRAS-mutated (KRAS-mut) tumors. Erlotinib was
also studied in Garassino et al., which reported a similar
ORR of 3%.18
Docetaxel plus ramucirumab was compared with
docetaxel plus placebo in the REVEL trial,14 subgroup
analyses,15,16,27 and pooled analysis.17 Subgroup ana-
lyses included demographics (East Asian versus non-
East Asian patients15 and age27) and NSCLC type
(adenocarcinoma versus all patients16). Reported ORRs
were relatively consistent across the primary REVEL
analysis, subgroup analyses, and pooled analysis for
docetaxel plus ramucirumab (range: 20%–25.6%) and
docetaxel plus placebo (range: 8.7%–15%).14–17,27

Docetaxel was also evaluated as a monotherapy in two
additional trials, which reported a similar (15.5%18) and
slightly higher (20.8%25) ORR compared with the REVEL
trial and subgroup analyses.

Median PFS was reported in 11 of the 12 publica-
tions, and eight of the 11 publications reported a median
PFS of three or more months in one or more treatment
arms. Median PFS in the 14 studies with data ranged
from 1.9 months (defactinib)26 to 5.2 months (sacitu-
zumab govitecan).20 Median PFS was the only outcome
of interest reported for defactinib in the phase 2 trial of
55 patients with EGFR wild-type (EGFR-wt), KRAS-mut,
and stage IV NSCLC and ranged from 41 to 47 days
depending on TP53 and CDKN2A alterations.26 Other
instances of median PFS of two months or less were
reported for erlotinib in the phase 2 study of EGFR-wt
patients29 and nimotuzumab plus gefitinib.13 Docetaxel
plus ramucirumab consistently reported median PFS of
more than 4 months in the REVEL analyses.14–17,27

Docetaxel monotherapy reported a median PFS of 4.1
months in a REVEL subgroup analysis of patients 70
years and older27 and a broader trial of patients with
stage IV squamous NSCLC.25 One study reported the
6-month PFS rate, which was 16.5% for erlotinib.18

Median OS was reported in 11 publications and
ranged from 5.4 months (erlotinib)18 to 15.4 months
(docetaxel þ ramucirumab)17 (Fig. 1). All trials reported
at least one regimen with a median OS of 6 or more
months. The lowest median OS was observed for erloti-
nib in a phase 3 study of EGFR-wt patients with a median
OS of 5.4 months. Nevertheless, another phase 3 study of
KRAS-mut patients reported a slightly improved median
OS of 7.8 months for erlotinib.24 Median OS of docetaxel
plus ramucirumab and docetaxel plus placebo in various
analyses of the REVEL trial ranged from 8.3 months to
15.44 months and 6.2 months to 12.88 months, respec-
tively.14–17,27 Outside of the REVEL analyses, docetaxel
had a median OS of 8.2 months18 in EGFR-wt NSCLC and
12.4 months in squamous NSCLC.25 One-year OS rate
was reported in one trial with rates of 39.6% for doce-
taxel and 31.8% for erlotinib.18

The incidence of grade �3 AEs was relatively high for
all studies with reporting data. AE (grade �3) rates were
noticeably higher in patients receiving docetaxel-based



Table 2. Summary of Outcomes in Clinical Trials and Real-World Studies in Stage IV NSCLC After Platinum-Based Chemotherapy

Study Study Type Sample (n)
Treatment
Line Subgroup(s) Regimen

Outcomes

Discontinuation
due to AEResponse

Progression-Free
Survival Overall Survival

Grade �3 AEs
Most Frequent
Grade 3þ AEsMedian 6-mo (%)

Median
(mo)

12-mo
(%)

Disease progression after first-line platinum-based chemotherapy

Garon et al.14 Clinical trial 1253 2L ——— Docetaxel þ
ramucirumab

ORR: 23% 4.5 mo ————— 10.5 ————— 79% Neutropenia, febrile
neutropenia,
fatigue

15.00%

Docetaxel þ
placebo

ORR: 14% 3 mo ————— 9.1 ————— 71% Neutropenia,
leucopenia, fatigue

8.90%

Kim et al.13 Clinical trial 160 2L ——— Nimotuzumab þ
gefitinib

ORR: 16.7%
CR: 0%
PR: 16.7%
SDi: 37.2%
DCR: 53.9%

2.0 mo ————— 14.0 ————— ————— Acneiform rash,
diarrhea, anorexia,
AST elevation, and
ALT elevation

—————

Gefitinib ORR: 22.1%
CR: 0%
PR: 22.1%
SDi: 42.9%
DCR: 64.9%

2.8 mo ————— 13.5 ————— ————— Anorexia, ALT
elevation, AST
elevation, and
nausea

—————

Park et al.15 Clinical trial 1253 2L East Asian
patients

Docetaxel þ
ramucirumab

ORR: 25.6% 4.9 mo ————— 15.4 ————— 75 mg/m2

docetaxel:
96.9%

60 mg/m2

docetaxel:
54.5%

Neutropenia, febrile
neutropenia,
anemia

—————

Docetaxel þ
placebo

ORR: 8.7% 2.8 mo ————— 10.2 ————— 75 mg/m2

docetaxel:
78.8%

60 mg/m2

Docetaxel:
53.8%

Neutropenia, febrile
neutropenia,
anemia

—————

Non-East Asian
patients

Docetaxel þ
ramucirumab

ORR: 22.7% 4.5 mo ————— 10.3 ————— 75 mg/m2

Docetaxel:
78.4%

Neutropenia, febrile
neutropenia,
fatigue

—————

Docetaxel þ
placebo

ORR: 14% 3.0 mo ————— 9.1 ————— 75 mg/m2

docetaxel:
71.9%

Neutropenia, fatigue,
febrile neutropenia

—————

Ramalingam
et al.27

Clinical trial 1253 2L <65 y Docetaxel þ
ramucirumab

ORR: 24.3% 4.8 mo ————— 10.9a ————— 75.60% Neutropenia, febrile
neutropenia,
leukopenia

8.50%

Docetaxel þ
placebo

ORR: 13.5% 2.8 mo ————— 9.1b ————— 68.80% Neutropenia,
leukopenia, febrile
neutropenia,
fatigue

4.70%

�65 y Docetaxel þ
ramucirumab

ORR: 20.7% 4.4 mo ————— 8.8a ————— 84.40% Neutropenia, febrile
neutropenia,
fatigue

10.50%

Docetaxel þ
placebo

ORR: 13.8% 4.1 mo ————— 9.0b ————— 77.60% Neutropenia, febrile
neutropenia,
fatigue

6.10%

(continued)
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Table 2. Continued

Study Study Type Sample (n)
Treatment
Line Subgroup(s) Regimen

Outcomes

Discontinuation
due to AEResponse

Progression-Free
Survival Overall Survival

Grade �3 AEs
Most Frequent
Grade 3þ AEsMedian 6-mo (%)

Median
(mo)

12-mo
(%)

Reck et al.16 Clinical trial 360 2L ——— Docetaxel þ
ramucirumab

ORR: 23% 4.0 mo ————— 8.3 ————— 74% ————— 5%

Docetaxel þ
placebo

ORR: 13% 2.5 mo ————— 6.3 ————— 70% ————— 4%AZ

Adenocarcinoma Docetaxel þ
ramucirumab

ORR: 20% 4.0 mo ————— 8.5 ————— 74% ————— 5%

Docetaxel þ
placebo

ORR: 15% 2.6 mo ————— 6.2 ————— 72% ————— 4%

Shih et al.17 Clinical trial 246 2L ——— Docetaxel þ
ramucirumab

N/R ————— ————— 15.44 ————— ————— ————— —————

Docetaxel þ
placebo

N/R ————— ————— 12.88 ————— ————— ————— —————

Disease progression after second or subsequent-line platinum-based chemotherapy

Brueckl
et al.19

Retrospective 67 3L only ——— Ramucirumab þ
docetaxel

ORR: 36% 6.8 mo ————— 11 ————— ————— Neutropenia,
diarrhea,
stomatitis, and
hematothorax

—————

Disease progression after first or subsequent-line platinum-based chemotherapy

Heist et al.20 Clinical trial 54 2L: 9%; 3L:
32%; 4L:
28%; >5:
32%

——— Sacituzumab
govitecan

N/R 5.2 mo ————— 9.5 ————— ————— Neutropenia,
leukopenia,
pneumonia

1.90%

Prior immune
checkpoint
inhibitor
therapy

N/R 5.2 mo ————— 14.6 ————— —————

Katakami
et al.22

Clinical trial 540 2L: 3%; 3L:
42%; 4L:
30%; 5L:
18%; 6Lþ:
8%

——— Eribulin ORR: 12% 3.0 mo ————— 9.5 ————— ————— Neutropenia,
leukopenia,
asthenia

—————

TPC ORR: 15% 2.8 mo ————— 9.5 ————— ————— Neutropenia,
leukopenia,
dyspnea

—————

Moezi et al.21 Prospective,
observational

383 2L and 3L ——— Nivolumab N/R ————— ————— 11.5 ————— ————— ————— 9%

Chemotherapy N/R ————— ————— 8.3 ————— ————— ————— 18%

Disease progression after platinum-based chemotherapy (lines of treatment not reported)

Garassino
et al.18

Clinical trial 222 Unknown ——— Docetaxel CR: 5.2%
PR: 10.3%
OR: 15.5%

2.9 mo 27.3% 8.2 39.6% ————— Neutropenia,
alopecia,
neurologic

Docetaxel weekly: 5%

Erlotinib CR: 0%
PR: 3.0%
OR: 3.0%

2.4 mo 16.5% 5.4 31.8% ————— Dermatologic,
asthenia, diarrhea

3%

(continued)
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Table 2. Continued

Study Study Type Sample (n)
Treatment
Line Subgroup(s) Regimen

Outcomes

Discontinuation
due to AEResponse

Progression-Free
Survival Overall Survival

Grade �3 AEs
Most Frequent
Grade 3þ AEsMedian 6-mo (%)

Median
(mo)

12-mo
(%)

Gerber et al.
201926

Clinical trial 55 Unknown Wild-type INK4a/
ARF and wild-
type TP53

Defactinib N/R 41 d ————— ————— ————— 27% Nausea, vomiting,
hyperbilirubinemia

9.3%

INK4a/ARF
alteration and
wild-type TP53

N/R 47 d ————— ————— —————

Wild-type INK4a/
ARF and TP53
mutation

N/R 47 d ————— ————— —————

INK4a/ARF
alteration and
TP53 mutation

N/R 47 d ————— ————— —————

Goldman
et al.24

Clinical trial 453 Unknown ——— Abemaciclib ORR: 8.9%
CR: 0%
PR: 8.9%
SDi: 45.6%

3.6 mo ————— 7.4 ————— Grade 3: 49.1%
grade 4:
9.1%

Neutropenia, anemia,
fatigue

—————

Erlotinib ORR: 2.7%
CR: 0%
PR: 2.7%
SDi: 29.0%

1.9 mo ————— 7.8 ————— Grade 3: 34.3%
grade 4:
3.4%

Diarrhea, fatigue,
dyspnea

—————

Scagliotti
et al.25

Clinical trial 159 Unknown ——— Abemaciclib ORR: 2.8%
DCR: 50.9%

2.5 mo ————— 7.0 ————— ————— ————— —————

Docetaxel ORR: 20.8%
DCR: 64.2%

4.2 mo ————— 12.4 ————— ————— ————— —————

Wills et al.23 Prospective,
observational

49 Unknown ——— Irinotecan þ
bevacizumab

ORR: 32% 4.4 mo ————— 18.0 ————— ————— Hematological
(neutropenia and
thrombocytopenia)

—————

aIncludes patients aged <70 years.
bIncludes patients aged >70 years.
2L, second line; 3L, third line; 4L, fourth line; 5L, fifth line; 6L, sixth line; AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; CR, complete response; DCR, disease control rate; N/R, not
reported; OR, objective response; ORR, overall response rate; PR, partial response; SDi, stable disease; TPC, treatment of physician’s choice.
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Figure 1. Overall survival results for clinical trials and real-world studies.
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regimens including docetaxel monotherapy (53.8%–
78.8%)14–16,27 and docetaxel plus ramucirumab (54.5%–
96.9%).14–16,27 Common grade �3 AEs for docetaxel-
based regimens included neutropenia, febrile neu-
tropenia, anemia, fatigue, and leukopenia. Abemaciclib
reported grade 3 and 4 AE rates of 49.1% and 9.1%,24

which was slightly higher than erlotinib with 34.3% and
3.4%, respectively.24

Discontinuation due to an AE ranged from 3% to
8.9% in docetaxel monotherapy,14,16,18,27 5% to 15% in
docetaxel plus ramucirumab,14,16,27 1.9% for sacituzu-
mab govitecan,21 3% for erlotinib monotherapy,18 and
9.3% for debactinib.26
Real-World Studies
A summary of the included real-world studies and the

patient characteristics are reported in Table 1 13–27 and
reported outcomes in Table 2.13–27 The age of patients
included in the real-world studies was overall consistent
with the clinical trials with the reported median or mean
ages above 60 years in all three studies. The presence of
brain metastases was not reported in any of the included
studies. As with the patient population of the clinical tri-
als, patients in the real-world study were heavily pre-
treated. The study of Brueckl et al.19 only included
patients receiving third-line therapy, and in Wills et al.,23

most patients had received an average of three prior lines.
Response rates were reported in two of the three

real-world studies, whereas OS and PFS were reported in
two and three of the studies, respectively. Within the
response rates, the ORR ranged from 32% (docetaxel þ
ramucirumab) to 36% (irinotecan þ bevacizumab).19,23

Median PFS was reported for the same two studies
also reporting ORR and was 6.8 months for docetaxel
plus ramucirumab and 4.4 months for irinotecan plus
bevacizumab.19,23

Median OS ranged from 8.3 months (chemotherapy)
to 18.0 months (irinotecan þ bevacizumab) (Fig. 1).21,23

A median OS of 11 months for docetaxel plus ramucir-
umab in the third line was reported for patients without
treatable EGFR or ALK mutations.19

The most common real-world grade 3 to 4 AEs were
neutropenia, diarrhea, stomatitis, and hematothorax as
reported for docetaxel plus ramucirumab.19 Discontinu-
ation due to an AE was reported for nivolumab and
chemotherapy in the real-world study by Moezi et al.21

and was 9% and 18%, respectively.

Clinical Trial Outcomes Versus Real-World
Outcomes

Docetaxel plus ramucirumab was the only treatment
regimen included in both the trials and real-world
studies. It was evaluated in one real-world study21 and
two unique clinical trials, the results of which were
included in five separate publications.14–17,27

Differences in patient populations and the number of
patients being studied make cross-study comparisons
difficult. Nonetheless, clinical outcomes were remarkably
similar between real-world studies and clinical trials for
docetaxel plus ramucirumab. The ORR was higher in the
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real-world study of Brueckl et al.19 (36%) compared
with the clinical trials, which ranged between 20%16 and
25.6%.15 This difference may be attributed to the
exclusion of nonsquamous patients with treatable EGFR/
ALK mutations, although this patient population was
heavily pretreated as all were on third-line therapy,19

whereas the clinical trial outcomes were all in the
second-line setting. Median OS in the real-world study
was 11 months and fell within the reported range of 8.3
months and 15.44 months in the clinical trials. Grade 3
to 4 AE rates were not reported in the real-world study,
but the most common grade 3 to 4 AEs included neu-
tropenia, which was also consistently observed as a
common AE in clinical trials.
Prior Immunotherapy Use
Within the studies included in this review, three

studies reported the percentage of patients who had
received immune checkpoint inhibitors before their in-
clusion into the study.19,20,24 Two were trials20,24 and
the other was a real-world study.18 Within the two trials,
33% of patients in Heist et al.20 and 16.8% in Goldman
et al.24 had received prior therapy with an immune
checkpoint inhibitor. All patients in the real-world study
were previously treated with immune checkpoint
inhibitors.19

The study of Heist et al.20 of sacituzumab govitecan
reported results for all patients (n ¼ 47) and patients
specifically with prior immune checkpoint inhibitor
therapy (n ¼ 14). The reported clinical benefit (PR þ SDi
for four or more months) was similar for both patient
groups with 43% (n ¼ 20) rate among all patients and
36% (n ¼ 5) among patients with prior immune
checkpoint inhibitor use. Median PFS was the same (5.2
mo) for both treatment groups. Nevertheless, median OS
was 9.5 months for all patients and 14.6 months among
patients with prior immune checkpoint inhibitor use.

The phase 3 trial of 453 patients evaluating abema-
ciclib versus erlotinib reported no significant differences
in the hazard ratios between patients with and without
prior immunotherapy use for OS (p ¼ 0.4827) and PFS
(p ¼ 0.5084).24
Biomarkers
The reporting of the prevalence of biomarkers and

the number of trials that included testing as part
of enrollment were low considering the importance of
biomarkers to the current treatment paradigm of
mNSCLC. Four of the included trials included biomarker
testing as a part of enrollment.13,18,24,26 Kim et al.13

included EGFR testing as did Garassino et al.,18 which
tested for EGFR and KRAS mutations to exclude EGFR-
mut patients from the study population. The trials
reported by Goldman et al.24 and Gerber et al.26 both
tested for KRAS and only included KRASþ patients.
Gerber et al.26 also tested for CDKN2A and TP53 muta-
tions using central fluorescence in situ hybridization
testing.

Within the real-world studies, Moezi et al.21 did not
report biomarker rates or exclusions on the basis of
biomarkers but did exclude patients receiving TKIs for
EGFR or ALK-mutated NSCLC. The study by Brueckl
et al.19 mandated EGFR and ALK testing for non-
squamous patients to exclude these patients with
actionable mutations. This study also reported PD-L1
expression by immunohistochemistry, the only study
(trial or real-world) to report such in our review. Last,
Wills et al.23 reported EGFR, KRAS, and TIMP1 mutation
rates.

One real-world study evaluated the impact of EGFR
mutation on clinical outcomes.23 In the analysis of iri-
notecan plus bevacizumab, EGFR-mut patients had
significantly improved PFS compared with EGFR-wt pa-
tients with no difference in OS.23 In the same study,
lower median expression of TIMP1 was found to be
significantly associated with improved OS but not PFS.23

EGFR was evaluated in three clinical trials.13,14,22

Patients with EGFR-mut had significantly longer PFS
and OS in the study of gefitinib with and without
nimotuzumab (p < 0.001 for PFS and p ¼ 0.001 for
OS).13 The phase 3 trial of eribulin compared with phy-
sician’s choice included patients with EGFR-mut
(16.3%), EGFR-wt (61.9%), and EGFR unknown
(21.9%) NSCLC.22 Median OS was numerically higher for
both eribulin (13.9 mo versus 8.9 mo) and physician’s
choice (13.0 mo versus 8.7 mo) in EGFR-mut patients
compared with EGFR-wt patients. The REVEL trial eval-
uating ramucirumab plus docetaxel versus docetaxel
plus placebo reported a consistent hazard ratio between
the comparators in both OS and PFS for EGFR-wt and
EGFR-mut patients.14 Nevertheless, EGFR-mut patients
were only 2% and 3% of the ramucirumab plus doce-
taxel and docetaxel plus placebo arms, respectively.

The phase 3 clinical trial of patients evaluating
docetaxel versus erlotinib in patients with EGFR-wt
mNSCLC reported no significant differences in the haz-
ard ratios between the treatments according to KRAS
mutation status for OS (p ¼ 0.82) and PFS (p ¼ 0.32).18 A
phase 2 study of defactinib did not find any association
of TP53 or CDKN2A with survival in KRAS-mut
patients.26
Discussion
Previous literature reviews and meta-analyses have

either only focused on clinical trials, treatment in the
second-line, or have been limited to only PFS and OS as
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outcomes.30,31 This is the first review of clinical trial and
real-world treatment outcomes specifically for patients
with stage IV NSCLC after failure on or after platinum-
based chemotherapy across all patient types and treat-
ment lines. As expected, overall treatment outcomes for
these patients were relatively poor and in a tight range.
Median PFS and OS ranged from 1.9 to 5.2 months
and 5.4 to 15.4 months in clinical trials and 4.4 to 6.8
months and 8.3 to 18.0 months in real-world studies,
respectively. The frequency of AEs, especially docetaxel-
based regimens, was high, as was the rate of discontin-
uation due to AEs.

Overall, treatment outcomes between clinical trials
and real-world studies were relatively consistent. One
key difference between clinical trials and real-world
studies was the type of included interventions. Clinical
trials most often included chemotherapies and targeted
therapies. There were no trials evaluating immune
checkpoint inhibitors fitting the inclusion criteria of this
review. Nivolumab was included in one real-world study.21

Nevertheless, three additional real-world studies of nivo-
lumab were excluded from this review due to the sample
size restriction.32–34

An interesting finding of this review was the rela-
tively low testing, reporting of prevalence, and analysis
of key biomarkers for mNSCLC. Given the patient pop-
ulation of interest and the time frame of most of the
included studies, it is possible that these patients may
not have been tested given the lack of targeted therapies
available at the time and their initiation of platinum-
based chemotherapy or due to lack of access to testing.
Nevertheless, biomarker testing has risen significantly in
recent years with approximately two-thirds of patients
with newly diagnosed mNSCLC receiving guideline-
recommended biomarker testing for the five major bio-
markers (BRAF, ROS1, EGFR, ALK, and PD-L1).35

Adherence to biomarker testing guidelines has also
been found to improve patient outcomes.36 In this
analysis, only six studies evaluated the impact of one or
more biomarkers including EGFR, KRAS, TP53, TIMP,
and CDKN2A on outcomes.13,14,18,22,23,26 Furthermore,
only EGFR was found to significantly affect outcomes.13,23

These findings can perhaps be due to the low sample size
in most of the studies which limit the ability to conduct
statistical comparisons and the relatively low survival
rates overall.

Cross-study comparison is limited due to large var-
iations in the patient populations owing to locations of
metastases, prior therapies, mutation status, and other
clinical characteristics. Furthermore, the methodologies
used in the assessment and quantification of clinical
and safety outcomes can vary between studies and may
have significant differences between clinical trials and
real-world studies. This also includes the time used to
measure outcomes as clinical trials often start mea-
surement at study entry or randomization whereas a
retrospective study may index patients on their first
dose of the treatment regimen. The frequency of
monitoring and examination may also lead to differ-
ences in outcomes between clinical trials and real-
world studies as patients in clinical trials are often
subject to more frequent interactions with the health
system. For example, the monitoring of AEs in the real
world may not be as frequent or stringent as a clinical
trial.37

Within the study, comparisons of treatment regimens
were limited as there was only one real-world compar-
ative study, which compared nivolumab with chemo-
therapy.21 Comparative studies were more common in
clinical trials, with 10 of 12 publications including more
than one treatment arm. The average incremental PFS
gain was only 1.3 months (range: 0.2–2.1 mo) across the
nine studies reporting median PFS and more than one
treatment arm.13–16,18,22,24,25,27 In the real-world study,
the median OS was numerically 3.2 months higher for
nivolumab compared with chemotherapy.21 In the clin-
ical trials, the average incremental gain in median OS
between treatment arms was 2.0 months (range: 0–5.4
mo). These incremental gains in median OS and PFS
between treatment arms are heavily influenced by the
choice of comparators, which make it difficult for
crosstrial comparison. Given the extremely small in-
creases of median OS and PFS between the treatment
arms within the studies, a large unmet need exists for
new and innovative therapies that can significantly
extend life in this population.

This study has several limitations. First, as with any
review of the literature, this study is subject to the
sensitivity of the searches, databases used, and the
human judgment in the selection of appropriate arti-
cles. Some relevant publications could have been
missed due to the limitations of the search, which
include only English-language publications and publi-
cation within the searched databases. Second, this re-
view only included studies of patients with stage IV
NSCLC. Studies with a mixed population of patients
with other stages in addition to stage IV, including stage
IIIa or IIIb NSCLC, were excluded. Third, comparison
across trials, real-world studies, and between trials and
real-world studies is problematic due to large differ-
ences in the patient populations, regimens, monitoring,
assessment of outcomes, and other confounding factors.
Last, the relevance and impact to clinical practice are
limited as this review includes interventions that may
not be approved by regulatory authorities for the
treatment of stage IV NSCLC or those that are being
studied in patient populations that differ from their
approved population.
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In conclusion, few clinical trials and real-world
studies focus specifically on patients with stage IV
NSCLC with progression on or after platinum-based
therapy. Overall treatment outcomes in clinical trials
and real-world analyses were similar with both revealing
limited PFS and OS duration along with a high burden of
AEs. Additional research and investment are needed in
this indication to identify life-extending interventions.
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