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ABSTRACT

Introduction Non-small-cell lung cancer (NSCLC)

is a heterogeneous disease. Front-line therapy may

affect responses to subsequent treatment regimens,

thus influencing second-line therapy decision making.

In the randomised phase 3 REVEL study, second-line
ramucirumab plus docetaxel (ram+doc) versus docetaxel
(doc) improved survival of patients with metastatic NSCLC.
We explore efficacy, safety and quality-of-life (QoL) in
REVEL based on front-line therapy.

Methods Patients were grouped by specific front-line
therapy received. Qverall survival (0S), progression-free
survival (PFS), objective response rate, safety and QoL
were assessed descriptively. Kaplan-Meier estimation

and Cox proportional hazards modelling were used;
frequencies reported in percentages.

Results Baseline characteristics of 1253 patients were
generally well balanced between treatment arms within
each front-line therapy subgroup. For patients with non-
squamous disease (n=912), induction therapies included
platinum-based chemotherapy plus a taxane (n=227;
25%) or pemetrexed (n=449; 49%), with (n=172; 19%) or
without bevacizumab. For patients with squamous disease
(n=328), induction therapies included platinum-based
chemotherapy plus gemcitabine (n=176; 54%) or a taxane
(n=69; 21%). A highly selected subgroup (n=127; 14%)
received pemetrexed continuation maintenance therapy.
Ram+doc improved median OS and PFS versus doc across
front-line therapy subgroups, as reflected by HRs ranging
from 0.78 to 0.91 and 0.66 to 0.92, respectively, similar to
results in the overall intention-to-treat cohort (HRs: 0.86
and 0.76, respectively). High-grade treatment-emergent
adverse events of special interest (including neutropenia,
febrile neutropenia, leucopenia and hypertension) were
generally higher in ram+doc-treated patients relative to
doc-treated patients regardless of front-line therapy. No

Key questions

What is already known about this subject?

» Second-line ramucirumab, a vascular endotheli-
al growth factor receptor-targeted antibody, plus
docetaxel improved efficacy compared with placebo
plus docetaxel in patients with advanced non-small-
cell lung cancer (NSCLC) in REVEL, a large phase
3 trial.

» Little is known regarding what role, if any, front-line
therapy and maintenance therapy have on the effi-
cacy, safety and quality-of-life outcomes of patients
treated with second-line therapy.

What does this study add?

» Overall, second-line ramucirumab plus docetaxel
appeared clinically beneficial across a wide range
of patients with non-squamous or squamous meta-
static NSCLC who progressed during or after front-
line treatment with platinum-based chemotherapy
in combination with a taxane, pemetrexed, gemcit-
abine or bevacizumab.

How might this impact on clinical practice?

» In light of the rapidly evolving treatment landscape
for advanced NSCLC, this analysis provides addi-
tional data for clinicians on appropriate treatment
sequencing strategies in this difficult-to-treat
NSCLC population.

clear differences in safety or QoL were seen across front-
line therapy subgroups; outcomes were consistent with
those reported in the overall intention-to-treat cohort.
Conclusions Results of this exploratory analysis suggest
that second-line ram+doc may be effective regardless
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of prior treatment with platinum-based chemotherapy plus a taxane,
pemetrexed, gemcitabine or bevacizumab. Overall, ram+doc is clinically
beneficial across a wide range of patients with metastatic NSCLC who
have progressed after various front-line therapies.

Trial registration number NCT01168973.

INTRODUCTION
Non-small-cell lung cancer (NSCLC) accounts for nearly
85% of all lung cancers and includes predominately
adenocarcinomas, squamous carcinoma and large cell
carcinoma.! Unfortunately, nearly 70% of patients with
NSCLC will present with advanced-stage disease, at
which time, treatments with curative intent (surgery or
radiotherapy) are no longer feasible. Depending on the
country or region, the estimated 5-year survival rate of
metastatic (stage IV) NSCLC is between 2% and 13%.”

In the first-line setting for stage IV NSCLC lacking targe-
table mutations, standard of care has frequently consisted
of platinum-based combination chemotherapy including
a taxane, pemetrexed, gemcitabine or bevacizumab,
depending on histological subtype.3 A recent therapeutic
advancement in first-line treatment options is the use of
an immune-checkpoint inhibitor as a single agent or in
addition to platinum-based combination chemotherapy.
Single-agent pembrolizumab has been approved in the
European Union (EU)* as a firstline treatment option
for patients with metastatic NSCLC whose tumours have
high PD-LI expression (tumour proportion score (TPS)
250%) based on the results of the phase 3 Study Keynote
024.° Results of a subsequent phase 3 study, Study Keynote
042,° further demonstrated the efficacy of single-agent
pembrolizumab versus platinum-based chemotherapy in
the firstline setting in patients with metastatic NSCLC
and a PD-L1 TPS 21%, and thus lead to the approval of
first-line pembrolizumab monotherapy in this patient
population in both]apan7 and the USA.® Pembrolizumab
has also been approved in the EU,“Japan7 and the USA®
as first-line therapy in combination with pemetrexed and
platinum chemotherapy for patients with metastatic non-
squamous NSCLC based on the phase 2 Study Keynote
021G ' and the phase 3 Study Keynote 189,'"" and is
approved in combination with chemotherapy in the EU,*
]apan7 and the USA,” for patients with metastatic squa-
mous NSCLC based on the phase 3 Study Keynote 407."
Other immuno-oncology and chemotherapy combina-
tions, such as the IMpower 150 regimen, which has been
approved in the EU" and USA™ and includes atezoli-
zumab and chemotherapy in combination with bevaci-
zumab, have also demonstrated efficacy in patients with
metastatic non-squamous NSCLC."” '°

Given the changing treatment landscape and the emer-
gence of immune-checkpoint inhibitors and chemo-
therapy combinations in the firstline setting, docetaxel
in combination with an antiangiogenic agent may be
an appropriate second-line treatment option following
progression on a platinum containing regimen.'” The
randomised phase 3 REVEL trial (NCT01168973),'* which
included patients with non-squamous and squamous

stage IV NSCLC, demonstrated that the addition of
ramucirumab, an antibody targeted to the vascular endo-
thelial growth factor receptor 2, to docetaxel improved
survival compared with docetaxel alone (increase of 1.4
months for overall survival (OS); HR 0.86; 95% CI 0.75
to 0.98; p=0.023) after disease progression on platinum-
based chemotherapy. Although the REVEL study was
not powered for subgroup analysis, most preplanned
subgroup analyses in the original report showed numer-
ically longer survival in the ramucirumab plus docetaxel
arm, including patients with squamous and non-
squamous histology.'® The REVEL trial also demonstrated
an acceptable safety profile and no detriment to quality of
life (QoL) as reported by the patients when ramucirumab
was added to docetaxel.'®"” The results of this study led to
the approval of ramucirumab plus docetaxel for second-
line treatment of patients with metastatic NSCLC in the
EU* and USA,”" and this combination was also approved
in Japan based on both the REVEL study'® and a phase 2
study® with a similar study design conducted in Japanese
patients. In addition, nintedanib, a triple angiokinase
inhibitor, in combination with docetaxel was approved
in the EU only for patients with advanced non-squamous
NSCLC.*

In general, additional data are needed to assess the
potential effects of prior treatments on subsequent
second-line therapy considering the use of different
chemotherapy regimens in the first line. Little is known
regarding what role, if any, frontline therapy and main-
tenance therapy have on the efficacy, safety and QoL
outcomes of patients treated with second-line therapy.
Here, we present results of a retrospective, exploratory
analysis of the data from the REVEL trial investigating
the potential impact of prior chemotherapy (a taxane,
gemcitabine or pemetrexed as part of platinum-based
front-line therapy) on efficacy, safety and QoL. Additional
efficacy, safety and QoL data are presented for a subset of
patients who received pemetrexed induction, followed by
pemetrexed maintenance therapy and for those whose
frontline therapy included bevacizumab.

MATERIALS AND METHODS

Study design and patients

The REVEL study design has been previously reported.'®
Briefly, REVEL was a randomised, double-blind, placebo-
controlled phase 3 trial evaluating the clinical bene-
fits of ramucirumab in combination with docetaxel for
adult patients (aged 18 years or older) with pathologi-
cally confirmed stage IV NSCLC that had progressed on
or after a platinum-containing chemotherapy, with or
without bevacizumab or maintenance therapy. Patients
were randomised 1:1 to receive intravenous docetaxel
75mg/m” plus intravenous ramucirumab 10mg/kg or
placebo on day 1 of a 21 day cycle. Patients received treat-
ment until disease progression or unacceptable toxicity.
Those who discontinued combination therapy because of
adverse events related to ramucirumab or docetaxel were
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allowed to continue monotherapy with either agent until
disease progression or unacceptable toxicity.

Study assessments and clinical endpoints

Tumour response was assessed by investigators according
to Response Evaluation Criteria in Solid Tumors V.1.1 at
baseline and every 6 weeks (+3 business days) thereafter
until radiographic documentation of disease progres-
sion. Adverse events were coded according to the Medical
Dictionary for Regulatory Activities, V.16.1, and graded
with the National Cancer Institute Common Terminology
Criteria for Adverse Events, V.4.0. Patientreported
outcomes were assessed with the Lung Cancer Symptom
Scale (LCSS) questionnaire.

The primary endpoint was OS, defined as the time
from randomisation to death from any cause. Secondary
endpoints included progression-free survival (PFS),
defined as the time from randomisation until progres-
sion or death from any cause, and objective response rate
(ORR), defined as the proportion of patients with a best
overall response of complete or partial response.

Statistical analyses

The statistical analysis plan for the REVEL intention-to-
treat (ITT) population has been previously reported.'® In
this post hoc analysis of front-line therapies administered
prior to enrolment in REVEL, patients were grouped
according to the specific agent received as part of the
first-line regimen (a taxane, pemetrexed (with or without
pemetrexed continuation maintenance), gemcitabine
or bevacizumab). For each firstline therapy subgroup,
a corresponding subgroup that did not receive prior
treatment with the specified agent was also generated.
Endpoints evaluated were OS, PFS, ORR, safety and
patientreported QoL outcomes. For efficacy analysis, OS
and PFS were estimated using the Kaplan-Meier method
and a Cox proportional hazards model with treatment as
the only variable. Summaries for baseline characteristics,
ORR and treatment-emergent adverse events (TEAEs)
were given in percentages. A TEAE is defined as any unto-
ward medical occurrence that either occurs or worsens
at any time after treatment baseline and which does not
necessarily have to have a causal relationship with study
treatment. The primary QoL analysis was time to deteri-
oration using a prespecified 215 mm increase from base-
line of the LCSS and was evaluated using the Cox propor-
tional hazards model, stratified by Eastern Cooperative
Oncology Group performance status, sex, country group
and prior maintenance therapy. Total LCSS and average
symptom burden index were calculated as described."
Analyses were carried out using SAS V.9.1.2 or higher.

RESULTS

Patients and demographics

The ITT population of REVEL (n=1253) consisted of 912
(73%) patients with non-squamous, 328 (26%) patients
with squamous and 13 (1%) patients with unknown
histology."® Of the 912 patients with non-squamous

NSCLC randomised in REVEL, 908 patients received
prior first-line therapy and were included in the current
exploratory analysis. All patients with squamous histology
were included, while the 13 patients with unknown
histology were excluded from analysis.

In the ITT population of REVEL, patient demo-
graphics, baseline disease characteristics and prior thera-
pies were generally balanced between treatment arms and
were consistent with the overall population of patients
with advanced NSCLC enrolled in other clinical trials."®
Almost all patients in REVEL (99.4%) had received prior
platinum-based chemotherapy (eight patients did not
receive prior platinum-based chemotherapy), 22% had
received prior maintenance therapy, 24% had received
a prior taxane (paclitaxel only) and 14% had received
prior bevacizumab as first-line treatment.

In the current analysis, modest differences in some
baseline characteristics between prior therapy subgroups
(irrespective of treatment arm) were observed (table 1
and online supplementary table SI). For example,
compared with the other prior therapy subgroups, a
slightly higher proportion of patients who received prior
treatment with gemcitabine were male. However, base-
line demographics and clinical characteristics were well
balanced between treatment arms within prior therapy
subgroups. Among REVEL patients who had received a
taxane, pemetrexed or gemcitabine in platinum-based
front-line therapy (table 1), the median ages ranged
from 60 to 64 years with 53%-71% of patients ages 18
to <65 years. Additionally, 65% of these patients were
male, predominately white, and 52%-70% had less than
9 months since prior therapy before enrolling in REVEL
(table 1). Similar baseline characteristics were observed
in patients who received bevacizumab as part of front-line
therapy (see online supplementary table S1).

For patients with non-squamous disease, the most
frequent induction therapies were platinum based
that included a taxane (n=227; 25%) or pemetrexed
(n=449; 49%), with (n=172; 19%) or without beva-
cizumab (see online supplementary table S2). For
patients with squamous disease, the most frequent
induction therapies included gemcitabine (n=176;
54%) or a taxane (n=69; 21%) (see online supplemen-
tary table S2). The frequency of patients who received
poststudy therapy and the type of poststudy therapy
received were also reasonably balanced (see online
supplementary table S3).

Efficacy in REVEL by front-line therapy

Taxane

Approximately 24% of patients in REVEL received
frontline taxane chemotherapy (n=227 for non-
squamous and n=69 for squamous) (table 2 and
online supplementary table S2). For taxane-treated
patients, numerically longer medians for OS (10.8vs
10.4 months; HR 0.85; 95% CI 0.64 to 1.13) and PFS
(4.4vs 3.6 months; HR 0.92; 95% CI 0.72 to 1.19) and
a higher ORR (18%vs 13%) were observed in the

Garon EB, et al. ESMO Open 2020;5:e000567. doi:10.1136/esmoopen-2019-000567

3


https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567

(€0)

Open access

"aseasip

3|qElS ‘gS ‘wie [9xee00p snid qewnJionwes ‘wey ‘esuodsal [eiued ‘dd ‘wie [axeleoop snid ogeoeld ‘|4 ‘esessip aaissaiboid ‘qd ‘1easi-o3-uonuajul ‘] || ‘sniels souewopad dnoun ABojoouQ aanesadoo) uisise] ‘Sd HODT ‘esuodsal 819|dwiod ‘Yo
“(wJe gewnJionwes ‘ou) paxaldwad ul jusied e ioj s|ge|ieAe jou eled,,
“(wue ogeoeld ‘sak) uononpul paxasswad ul Jusized e 1o} S|ge|iene jou eledlh
*(WJe gewnJionwes ‘ou) uononpul paxaliawad ul jusied e Joj S|qe|ieAe jou eleq§
(%1 SA% 1) gewnwnyoau snid une|dsio pue (%6 SA %01) uiie|dogies ‘(wie |d % | SA wie wey 9% | |) uieldsio :21em auigenowsb yym suoieuiquiod Adessyy Joud papodas saiyy doy sy ‘uoneindod snowenbgt

(%1 SA%¢g) unejdogues snid qewnzioeasq pue (% || SA% | L) ureidogied ‘(Wie |d %9| SA Wie wey %9|) une|dsio :a1em paxaliawad yym suoneuiquod Adessyy Joud pauodas saiyy doy ayj ‘uoireindod snowenbs-uoNt
(%€ SA%g) une|dsio pue (%G SA %G) unejdogued snid gqewnzioeasq ‘(WJe |d %t | SA Wie wey %g|) uiie|doqued :aiem suexe) Yyim suoljeuiquiod Adessyy Joud papodal saiyy doy ay; ‘uonendod | |,

"pae]S 9SIMIBYI0 SSBJUN (94) U se pajussaid ale ejeq

@©) 2L V2 (CTARAN GHer (r1) oe (1) ee (6€) 68 (o) 18 (¢2) 201 (12) 0oL (ve) 9e (e2) se Adesayy soueusiuey
(6€) €€ (ev) 62 (0% (CXe; (2v) 2oL (7¥) 201 (€8 (v) 6 = = = = suexe|
(28 (2K (O} 0 (51 ee (V) (e2) €9 (02) vv (1) 95 (V3% (re) 9e (L2) \v qewnzioensq
papn|oul >Qm._mr_u aull-1uoi4
(@2 (6) 9 (€)e (@2 ()40 W) ke (€) L ¥ 6 (S) ze (S) e € v (6) 2 Buissiy
(ce) L2 (se) ve (92) €2 (2) 2z (¥e) vL (e€) 08 (¥e) 98 (c2) 617 (1e) L¥L (62) 8EL (e2) g (92) ov ad
(59) 55 (99) 8¢ 02 19 (€2) g9 (69) 621 (€9) 151 (c2) 991 (r2) 291 (#9) 20g (99) vi€ (r2) ok (69) 901 ds 1o ‘Hd ‘"0
Adessyjowsyo paseq-wnuiie|d o} asuodsal 1sag
S1 ek €6 (VAN (Ly ok (82) 19 (12) 23 (e2) 25 (21) 8e (02) 26 Q1) 2L (62) v (12) e JaneN
(S8) 1L (28) 69 (98) 62 (68) 6.2 (L2) gS1 (82) 061 (22) 221 (e8) 281 (62) 828 (¥8) L6€ (02) soL (62) 121 Jang
wdnoub Bupjows
(9v) 68 (ov) 22 (1e) L2 (0e) 22 (6€) ¥8 (€) 98 (1) g6 (8¢) €8 (8€) 6.1 (€e) 851 (8Y) L (v) 89 syjuow 62
(r9) o 09 ¥ (69) 09 (02) 29 (19) eet (¥9) 951 (89) veL (c9) 2e1 (c9) L62 (99) G1e (e9) 22 (99) 8 syjuow 6>
AdeJayy Joud souis swi|
(29) 95 (12) 8¥ (69) 09 (e2) v9 (L2) gS1L (99) 091 (99) LSL (¥9) Ly (89) 9z¢ (29) 81€ (99) 66 (29) 2oL L
(e€) 82 (62) 02 (1e) L2 (82) 2 (62) 29 (7€) 28 (7€) 2L (9¢) 62 (1e) 671 (ee) 951 (¥€) 06 (€€) 1S 0
bsd ©003
©) v (N3 ((}N0 0 @) vt (v) ok (k>) b = @8 (1>) ¢ @®) ek (©) 8 Jayl0
(O} (N} 0 (ON8 (€) L (€) L (€) 8 (€L (9 @ 1t 96 9 uedLIBLY UBDLIY JO 30k|g
(4008 (b 2 (404 (VD] (oh ez (1) 62 81 er (ob ce (1) 62 (1) €9 ) 1t )1t ueisy
(c8) 69 (28) 6S (S8) 7L (e8) €L (08) vL1L (18) 961 (82 8L1L (28) 161 (18) 98¢ (8) 86€ (82) L1 (¥8) 821 SHUM
§(papodal-es) eoey
(€2) 19 (S2) 15 (8) €2 (£2) 69 (69) 621 (99) 1oL (9) s¥1 (69) LEL (69) 82€ (29) oce (89) 28 (59) 66 SeiN
) v €L 9L 89 gL gL €L L. v. 0L 2L B3 JyBrem ueips|y
(9¢) oe (2€) g2 (Lv) v (sv) ov (se) 22 (2€) 06 (62) 99 (5€) 8L (€€) 651 (2e) 621 (ov) 65 (ov) 29 G9=
(¥9) v (€9) e (e9) o (S9) 617 (#9) oL (€9) 251 (12) €9t (S9) erL (29) 21 (€9) 00g (09) 06 (69) 16 G9> 0} 8|
sseak ‘dnoib aby
29 79 79 79 19 29 09 19 19 29 €9 €9 sieaA ‘abe uelipsy
(¥8=u) (89=u) (28=u) (68=u) (Z1e=u) (evz=u) (622=U) (0ze=u) (92v=u) (§2p=u) (6¥1=u) (eg1=u)
Id wey Id wey Id wey Id wey Id wey Id wey
ON SOA ON SOA ON SOA
Fauigeyowoan Jpoaxanewad Louexel

sdnoJbgns Adessyy Joud urew Ag ‘seibojoisiy e ‘sjusied TIATY JO SoNSLIBIoRIBYD Buljeseqg

| aiqeL

Garon EB, et al. ESMO Open 2020;5:e000567. doi:10.1136/esmoopen-2019-000567



Table 2 Efficacy endpoints in the overall trial population and in selected prior therapy subgroups in REVEL

Prior therapy subgroup N OS (months) PFS (months) ORR (%)
(population) Ram Pl Ram PI HR* (95% CI) Ram Pl HR*(95% Cl) Ram PI
REVEL (ITT) 628 625 105 9.1 0.86(0.75t00.98) 4.5 3.0 0.76 (0.68t0 0.86) 23 14
Taxane (ITT)

Yes 153 149 10.8 10.4 0.85(0.64t01.13) 44 3.6 0.92(0.72t01.19) 18 13

No 475 476 103 9.0 0.87(0.75t01.01) 45 2.9 0.73(0.63t00.83) 24 14
Pemetrexed (non-squamous)

Yes 220 229 118 9.0 0.78(0.62t00.98) 5.1 3.7 0.69 (0.56t00.85) 20 15

Front-line+maintenancett 64 63 16.3 11.4 0.80(0.48t01.33) 5.8 3.9 0.66(0.43t01.01) 23 14

No 242 217 11.0 9.9 0.86(0.68t01.07) 4.5 3.5 0.77(0.63t00.94) 24 14
Gemcitabine (squamous)

Yes 89 87 10.2 74 091(0.64t01.29) 42 28 0.73(0.51t01.04) 24 13

No 68 84 93 85 0.87(0.59t01.27) 42 2.7 0.75(0.52t01.06) 31 8
Bevacizumab (non-squamous)

Yes 85 86 11.1 7.7 0.78(0.53t01.15) 4.5 2.8 0.70(0.49t00.98) 12 14

No 380 361 11.1 9.9 0.84(0.70t01.00) 4.7 3.9 0.74(0.63t00.86) 24 15

*Stratified HR.
TPatients received front-line pemetrexed, followed by pemetrexed maintenance therapy.

}0OS from start of pemetrexed induction was 24.9 months (range: 17.7-32.9) for the Ram arm versus 17.5 months (range: 13.8-25.6) for the PI

arm.

ITT, intention-to-treat; N, number of patients; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; Pl, placebo

plus docetaxel arm; Ram, ramucirumab plus docetaxel arm.

ramucirumab plus docetaxel arm compared with the
placebo plus docetaxel arm (figures 1A and 2A and
table 2). Similarly, patients who had not previously
received a taxane experienced numerically longer
medians for OS (10.3vs 9.0 months; HR 0.87; 95% CI
0.75 to 1.01) and PFS (4.5vs 2.9 months; HR 0.73;
95% CI 0.63 to 0.83) and a higher ORR (24% vs 14%)
in the ramucirumab plus docetaxel arm than in the

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

placebo plus docetaxel arm (figures 1A and 2A and
table 2).

Pemetrexed

Of the 449 patients with non-squamous carcinoma who
received prior pemetrexed-based induction chemo-
therapy, 220 (49%) were randomised to the ramucirumab
plus docetaxel arm and 229 (51%) to the placebo plus

ramuciumat + cocetael
Placano +cocatael

? ool A e

w7 o w ®
mmmmmmmmm

Figure 1

Overall survival of REVEL patients by prior therapy received. Kaplan-Meier survival curves of patients treated with

ramucirumab plus docetaxel or placebo plus docetaxel by front-line therapy that included (A) a taxane versus no taxane, (B)
pemetrexed induction versus no pemetrexed induction, (C) pemetrexed induction followed by pemetrexed maintenance, (D)
gemcitabine versus no gemcitabine and (E) bevacizumab versus no bevacizumab.
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docetaxel arm (table 1). Ramucirumab plus docetaxel
treatment of patients with prior pemetrexed resulted
in longer medians for OS (11.8vs 9.0 months; HR 0.78;
95% CI 0.62 to 0.98) and PFS (5.1vs 3.7 months; HR
0.69; 95% CI 0.56 to 0.85) and a higher ORR (20% vs
15%) as compared with placebo plus docetaxel treatment
(figures 1B and 2B and table 2). In patients who had not
previously received pemetrexed, patients treated with
ramucirumab plus docetaxel also had longer medians for
OS (11.0vs 9.9 months; HR 0.86; 95% CI 0.68 to 1.07) and
PFS (4.5vs 3.5 months; HR 0.77; 95% CI 0.63 to 0.94) and
a higher ORR (24%vs 14%) than patients treated with
placebo plus docetaxel (figures 1B and 2B and table 2).

Pemetrexed induction followed by pemetrexed maintenance

The rate of prior maintenance therapy was higher in
patients treated with pemetrexed (n=170; 38%) than
in those who had not received pemetrexed as part of
frontline therapy (n=63; 14%) (table 1). In the highly
selected subgroup of patients who did not progress on
pemetrexed induction therapy and subsequently received
pemetrexed maintenance therapy (n=127; 14% of non-
squamous patients), median OS was 16.3 months in the
ramucirumab plus docetaxel arm (n=64) compared with
11.4 months in the placebo plus docetaxel arm (n=63)
(HR 0.80; 95% CI 0.48 to 1.33), with median PFS (5.8vs
3.9 months; HR 0.66; 95%CI 0.43 to 1.01) and ORR
(23%vs 14%) showing similar trends (figures 1C and 2C
and table 2).

Gemcitabine

In patients with squamous carcinoma who received front-
line gemcitabine (n=176; 54%) (see online supplemen-
tary table S2), those treated with ramucirumab in combi-
nation with docetaxel (n=89) had longer medians for OS
(10.2vs 7.4 months; HR 0.91; 95% CI 0.64 to 1.29) and

o Sl
2388888

PFS (4.2vs 2.8 months; HR 0.73; 95% CI 0.51 to 1.04) and
a higher ORR (24%vs 13%) compared with those who
received placebo plus docetaxel (n=87) (figures 1D and
2D and table 2). Likewise, patients who had not received
prior gemcitabine had longer medians for OS (9.3vs 8.5
months; HR 0.87;95% CI 0.59 to 1.27) and PFS (4.2vs 2.7,
HR 0.75; 95% CI 0.52 to 1.06) and a higher ORR (31%vs
8%) in the ramucirumab plus docetaxel arm than in
the placebo plus docetaxel arm (figures 1D and 2D and
table 2).

Bevacizumab

Atotal of 19% (n=171) of non-squamous patients in REVEL
received prior treatment with bevacizumab as part of front-
line therapy (table 2 and online supplementary table S2).
Prior bevacizumab-treated patients in the ramucirumab
plus docetaxel arm (n=85) compared with those in the
placebo plus docetaxel arm (n=86) had longer medians
for OS (11.1vs 7.7 months; HR 0.78; 95% CI 0.53 to 1.15)
and PFS (4.5vs 2.8 months; HR 0.70; 95% CI 0.49 to 0.98)
but a numerically lower ORR (12%vs 14%) (figures 1E
and 2E and table 2). In patients who had not previously
received bevacizumab, patients treated with ramucirumab
plus docetaxel had longer medians for OS (11.1vs 9.9
months; HR 0.84; 95% CI 0.70 to 1.00) and PFS (4.7vs 3.9
months; HR 0.74; 95% CI 0.63 to 0.86) and a higher ORR
(24%vs 15%) than similar patients who received placebo
plus docetaxel (figures 1E and 2E and table 2). Although
the ORR in patients who had received prior bevacizumab
was numerically lower in the ramucirumab plus docetaxel
arm compared with the placebo plus docetaxel arm, the
addition of ramucirumab to docetaxel generally improved
efficacy relative to placebo plus docetaxel with respect to
OS and PFS, regardless of whether or not patients received
prior bevacizumab treatment.
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Figure 2 Progression-free survival of REVEL patients by prior therapy received. Kaplan-Meier survival curves of patients
treated with ramucirumab plus docetaxel or placebo plus docetaxel by front-line therapy that included (A) a taxane versus
no taxane, (B) pemetrexed induction versus no pemetrexed induction, (C) pemetrexed induction followed by pemetrexed
maintenance, (D) gemcitabine versus no gemcitabine and (E) bevacizumab versus no bevacizumab.
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Safety in REVEL by frontline therapy

A safety overview for prior therapy subgroups is shown in
table 3 and online supplementary table S4. The incidence
of TEAEs and of serious TEAEs was similar between the
ramucirumab plus docetaxel and placebo plus docetaxel
treatment arms, irrespective of frontline therapy. In
general, the incidence of grade =3 TEAEs was slightly
higher in the ramucirumab plus docetaxel arm than in
the placebo plus docetaxel arm for most prior therapy
subgroups. The dose adjustments of any study drug due
to TEAEs were also higher in the ramucirumab plus
docetaxel arm for each subgroup. Although numbers
were small, the incidence of TEAEs leading to discontinu-
ation of any REVEL study drug was consistently higher in
the ramucirumab plus docetaxel arm compared with the
placebo plus docetaxel arm, regardless of type of prior
therapy. The TEAEs that resulted in death were relatively
few across prior therapy subgroups. To further explore
safety, TEAEs of special interest were defined based on
the known safety profiles and prior clinical experience
with ramucirumab or docetaxel. Consistent with the
ITT population of REVEL, events of grade =3 hyperten-
sion, neutropenia, febrile neutropenia and leucopenia
(in squamous histology only) were each reported more
frequently in the ramucirumab plus docetaxel arm than
in the placebo plus docetaxel arm in all prior therapy
subgroups.

QoL in REVEL by front-line therapy

The LCSS completion rate was 75%. Overall, no apparent
differences were observed for time to deterioration of
LCSS items between the ramucirumab plus docetaxel
and placebo plus docetaxel arms, as indicated by HRs
and 95% ClIs (including 1.0) in the patients treated with
and without a prior taxane, pemetrexed, gemcitabine or
bevacizumab, or in the patients who received or did not
receive pemetrexed continuation maintenance therapy
(see online supplementary figure SIA-E).

DISCUSSION

In the ITT population of REVEL, which included patients
with non-squamous and squamous histology, ramu-
cirumab plus docetaxel had statistically significant and
clinically meaningful OS, PFS and ORR benefits rela-
tive to the control arm.'® The changing landscape in the
treatment of metastatic NSCLC and the emergence of
immuno-oncology and chemotherapy combinations in
the firstline setting® "' '* "% have renewed an interest
in the combination of ramucirumab and docetaxel as a
treatment option in the postplatinum setting. The current
exploratory analysis, in which baseline characteristics
were generally balanced between treatment arms within
prior therapy subgroups, indicated that ramucirumab
plus docetaxel improved median OS and median PFS
compared with placebo plus docetaxel regardless of the
type of first-line treatment given, as reflected by HRs
ranging from 0.78 to 0.91 and 0.66 to 0.92, respectively,

similar to median OS and median PFS in the overall ITT
cohort (HRs 0.86 and 0.76, respectively).'® Prior induc-
tion therapy choice also did not have an apparent impact
on ORR observed in patients treated with ramucirumab
plus docetaxel relative to patients treated with placebo
plus docetaxel. It should be noted that these subgroup
analyses were not prespecified and were unadjusted for
multiple comparisons. Thus, uncertainty exists in the
data such that results are primarily useful for generating
hypotheses.

Given the use of a taxane in the first-line setting, whether
it is appropriate to use docetaxel following a taxane-
containing regimen is a clinically relevant question. It is
of specific interest that for patients treated with a prior
taxane, numerically longer median OS was observed in
the ramucirumab plus docetaxel arm compared with the
placebo plus docetaxel arm, with a similar HR observed
in patients who did not receive prior treatment with a
taxane. These results suggest that the clinical benefits of
the addition of ramucirumab to docetaxel are not dimin-
ished by prior treatment with a taxane in the firstline
setting.

Although treatmentfree intervals are suggested to be
important factors when assessing treatment options for
advanced lung cancer,”* the current findings indicate a
ramucirumab-associated survival benefit for patients with
good performance status who progressed on pemetrexed
maintenance following pemetrexed induction therapy.
While not directly comparable to the REVEL study due
to mixed patient characteristics, in a recent real-world
evidence study, median OS from the beginning of first-
line chemotherapy was 21.6 months for patients who
received maintenance and second-line, single-agent
therapy (pemetrexed, docetaxel or erlotinib).” In the
subgroup of patients reported herein who did not prog-
ress on pemetrexed induction therapy and received
pemetrexed maintenance (n=64), treatment with ramu-
cirumab plus docetaxel was associated with a median OS
of over 16 months from the start of second-line therapy
and over 2 years from the start of pemetrexed-based
induction therapy (table 2, footnote). Based on this
finding, one could hypothesise that, like patients with
better performance status, perhaps patients in this highly
selected subgroup may be able to receive pemetrexed as
part of induction/maintenance treatment, followed by
subsequent treatment with ramucirumab in combination
with docetaxel.

Given the utilisation of bevacizumab treatmentin the first-
line setting, whether it is appropriate to use ramucirumab
following a bevacizumab-containing regimen is another
clinically relevant question. Notably, for patients who had
prior treatment with bevacizumab, ORR was numerically
lower for patients in the ramucirumab plus docetaxel arm
compared with the placebo plus docetaxel arm. However,
in assessing the totality of the data for OS, PFS and ORR,
ramucirumab plus docetaxel generally improved efficacy
relative to placebo plus docetaxel, regardless of whether
or not patients received prior treatment with bevacizumab.
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Although limitations of the small sample size should be
taken into consideration, these results suggest that the clin-
ical benefits of the addition of ramucirumab to docetaxel
are not diminished by prior treatment with bevacizumab in
the first-line setting.

As the main goal of therapy for patients with advanced
NSCLC is prolongation of patient survival without experi-
encing intolerable side effects or having a negative impact
on QoL,* the choice of lung cancer therapy also considers,
in part, whether or not a treatment reduces symptoms and/
or improves or maintains QoL.?”* Importantly, the clinical
benefit of ramucirumab plus docetaxel in REVEL was not
at significant expense of safety or QoL."* ' Rates of TEAEs
and of common grade 3 or worse TEAEs of special interest
(including neutropenia, febrile neutropenia, leucopenia
and hypertension) were generally higher in ramucirumab
plus docetaxel-treated patients relative to the placebo plus
docetaxel-treated patients, regardless of prior therapy.
Despite the greater frequency of highergrade adverse
events in the ramucirumab plus docetaxel arm and the
relatively low LCSS completion rate, which was similar
between treatment arms, the addition of ramucirumab to
docetaxel was not a detriment to patientreported QoL
when compared with the placebo plus docetaxel arm.'™
The QoL results in this exploratory subgroup analysis are
consistent with results in the ITT population, suggesting
prior therapy does not have an impact on QoL at the time
of subsequent therapy.

The analyses presented here provide additional clinical
data to inform the use of ramucirumab plus docetaxel as
a second-line treatment option following chemotherapy
regimens including a taxane, pemetrexed, gemcitabine or
bevacizumab. In contrast to other antiangiogenic agents
such as bevacizumab® or nintedanib® that are active
only in non-squamous metastatic NSCLC, ramucirumab
is approved for use in both non-squamous and squamous
metastatic NSCLC." *' Previous exploratory subgroup
analyses of the REVEL study have also demonstrated that
efficacy and safety outcomes were consistent between the
ITT population and patients who were refractory to front-
line therapy,” as well as patients who had rapid disease
progression within 12 weeks of starting initial platinum-
based therapy.”! These results indicate that ramucirumab
added to docetaxel could provide a clinical benefit even
in these hard to treat patient populations. The efficacy,
safety and QoL data from the additional subgroup analyses
presented here provide further evidence that ramucirumab
plus docetaxel is clinically beneficial across a wide range of
patients in the second-line postplatinum setting, including
patients who continue to have good performance status but
who have progressed on the frontline therapies evaluated
herein.

As immuno-oncology and chemotherapy combinations,
which have recentlyemerged as treatmentoptionsin the first-
line setting,” "' 21°1° were not available as treatment options
when the REVEL study was conducted, there are currently
no available efficacy and safety data for ramucirumab plus
docetaxel following treatment with both immunotherapy

and chemotherapy in the first line. However, based on what
is known regarding mechanism of action, the efficacy and
safety profile for ramucirumab plus docetaxel following
both immunotherapy and chemotherapy in the first line is
expected to be consistent with what was observed in REVEL.
There are ongoing efforts to use real-world evidence to
evaluate outcomes for ramucirumab plus docetaxel in the
postimmunotherapy setting,” ** and additional studies are
needed to specifically evaluate outcomes for ramucirumab
plus docetaxel following immuno-oncology and chemo-
therapy combinations in the first line.

In summary, the results of this exploratory analysis suggest
that second-line ramucirumab plus docetaxel therapy may
be effective regardless of type of frontline therapy. Although
we do not have data on patients treated with chemotherapy
plus an immune-checkpoint inhibitor as frontline therapy,
in that clinical scenario, subsequent treatment with ramu-
cirumab plus docetaxel could be considered.

Conclusion

The overall findings from these analyses suggest that the
combination of ramucirumab and docetaxel may be effec-
tive regardless of the type of frontline therapy received. For
patients who have received prior treatment with a taxane,
pemetrexed, gemcitabine or bevacizumab as part of their
first-line treatment regimen, ramucirumab in combination
with docetaxel may be considered as a subsequent second-
line treatment option. Given that the current work from
REVEL was a retrospective, exploratory analysis, the results
should be viewed with caution and robust prospective
studies are warranted.
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