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Summary

Background—Ramucirumab—an 1gG1 vascular endothelial growth factor receptor 2 antagonist
—plus docetaxel was previously reported to improve progression-free survival in platinum-
refractory, advanced urothelial carcinoma. Here, we report the secondary endpoint of overall
survival results for the RANGE trial.

Methods—We did a randomised, double-blind, phase 3 trial in patients with advanced or
metastatic urothelial carcinoma who progressed during or after platinum-based chemotherapy.
Patients were enrolled from 124 investigative sites (hospitals, clinics, and academic centres) in 23
countries. Previous treatment with one immune checkpoint inhibitor was permitted. Patients were
randomly assigned (1:1) using an interactive web response system to receive intravenous
ramucirumab 10 mg/kg or placebo 10 mg/kg volume equivalent followed by intravenous docetaxel
75 mg/m?2 (60 mg/m? in Korea, Taiwan, and Japan) on day 1 of a 21-day cycle. Treatment
continued until disease progression, unacceptable toxicity, or other discontinuation criteria were
met. Randomisation was stratified by geographical region, Eastern Cooperative Oncology Group
performance status at baseline, and visceral metastasis. Progression-free survival (the primary
endpoint) and overall survival (a key secondary endpoint) were assessed in the intention-to-treat
population. The study is registered with ClinicalTrials.gov, ; patient enrolment is complete and the
last patient on treatment is being followed up for safety issues.

Findings—Between July 20, 2015, and April 4, 2017, 530 patients were randomly allocated to
ramucirumab plus docetaxel (n=263) or placebo plus docetaxel (n=267) and comprised the
intention-to-treat population. At database lock (March 21, 2018) for the final overall survival
analysis, median follow-up was 7-4 months (IQR 3:5-13.9). In our sensitivity analysis of
investigator-assessed progression-free survival at the overall survival database lock, median
progression-free survival remained significantly improved with ramucirumab compared with

Lancet Oncol. Author manuscript; available in PMC 2021 January 01.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Petrylak et al. Page 4

placebo (4-1 months [95% CI 3-3-4-8] vs2-8 months [2:6-2:9]; HR 0-696 [95% CI 0-573-0-845];
p=0-0002). Median overall survival was 9-4 months (95% CI 7-9-11-4) in the ramucirumab group
versus 7-9 months (7-0-9-3) in the placebo group (stratified HR 0-887 [95% CI 0-724-1.086];
p=0-25). Grade 3 or worse treatment-related treatment-emergent adverse events in 5% or more of
patients and with an incidence more than 2% higher with ramucirumab than with placebo were
febrile neutropenia (24 [9%] of 258 patients in the ramucirumab group vs 16 [6%] of 265 patients
in the placebo group) and neutropenia (17 [7%] of 258 vssix [2%] of 265). Serious adverse events
were similar between groups (112 [43%] of 258 patients in the ramucirumab group vs 107 [40%)]
of 265 patients in the placebo group). Adverse events related to study treatment and leading to
death occurred in eight (3%) patients in the ramucirumab group versus five (2%) patients in the
placebo group.

Interpretation—Additional follow-up supports that ramucirumab plus docetaxel significantly
improves progression-free survival, without a significant improvement in overall survival, for
patients with platinum-refractory advanced urothelial carcinoma. Clinically meaningful benefit
might be restricted in an unselected population.

Funding—Eli Lilly and Company.

Introduction

Prognosis for patients with locally advanced or metastatic urothelial carcinoma who have
progressed on a previous frontline platinum-based chemotherapy remains poor. The 7-8
month median overall survival for patients who receive second-line single-agent therapy
underscores the need to develop more efficacious and tolerable therapies for this treatment
setting.1® Immune therapy targeting the PD-1 protein and its ligand PD-L1 has largely
superseded chemotherapy in this setting, although few patients benefit from durable
remissions. Currently, five immunotherapy agents are approved in several regions, including
the USA, Europe, and Japan, based on second-line phase 2 and phase 3 data.2:6-% The
proportion of patients who achieved an objective response on these regimens ranged
between 13% and 21%, with durable responses also being recorded.1.6-2 Only
pembrolizumab has shown an overall survival benefit compared with chemotherapy in a
randomised phase 3 study in patients with advanced urothelial carcinoma and no treatment,
to our knowledge, has shown a progression-free survival benefit.! There remains a high
unmet need for other therapeutic targets and treatments in these patients.1.6-10

Vascular endothelial growth factor receptors (VEGFRSs) 1 and 2 and their ligands are
important mediators of tumour angiogenesis and contribute to the pathogenesis and
progression of urothelial carcinoma.1%-18 Ramucirumab is an IgG1 monoclonal antibody
VEGFR-2 antagonist.1® RANGE is a randomised, double-blind, placebo-controlled, phase 3
study assessing ramucirumab combined with docetaxel versus placebo plus docetaxel in
patients with locally advanced, unresectable or metastatic urothelial carcinoma whose
disease had progressed on or after previous platinum-based chemotherapy.2° The primary
endpoint of progression-free survival was met and reported for the first 437 randomised
patients.20 Median progression-free survival improved from 2-8 months (95% CI 2.6-3-0)
with placebo plus docetaxel to 4-1 months (3-0—-4-5) with ramucirumab plus docetaxel.
(hazard ratio [HR] 0-757, 95% CI 0-607—0-943; p=0-0118).20 The proportion of patients who

Lancet Oncol. Author manuscript; available in PMC 2021 January 01.
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achieved an objective response was also higher in the ramucirumab plus docetaxel group
than in the placebo plus docetaxel group (53 [25%] of 216 patients [95% CI 18-8-30-3] vs
31 [14%)] of 221 patients [9-4-18-6]). Here, we report the secondary endpoint of overall
survival, updated progression-free survival and overall response results in the full intention-
to-treat population, as well as updated safety and quality of life, immunogenicity, and
pharmacokinetics. Exploratory biomarker analyses of efficacy endpoints by baseline PD-L1
combined positive score are also presented.

Study design and participants

RANGE was a double-blind, multicentre, placebo-controlled, randomised, phase 3 trial at
124 investigative sites (hospitals, clinics, and academic centres) in 23 countries (appendix pp
2-8). The overall study design was previously reported?? and is summarised in the study
protocol (appendix p 30).

Full inclusion and exclusion criteria are provided in the study protocol (appendix p 30). Key
eligibility criteria included adults aged 18 years or older with histologically or cytologically
confirmed urothelial carcinoma of the bladder, urethra, ureter, or renal pelvis of
predominantly transitional cell histology; Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1; locally advanced, unresectable, or metastatic disease extent;
life expectancy of at least 3 months; and disease progression according to Response
Evaluation Criteria in Solid Tumours (RECIST) version 1.1 14 months or less after receipt
of platinum-containing chemotherapy (2 additional months were allowed for screening and
patient identification over the standard 12 months).21 We permitted previous treatment with
one immune-checkpoint inhibitor for patients who relapsed 24 months or less from the end
of a platinum-containing regimen. Patients were ineligible for inclusion if they had received
more than one previous systemic chemotherapy in the relapsed or metastatic setting
(previous systemic therapy in the perioperative setting was not considered a previous line of
treatment). Complete eligibility criteria, including laboratory tests required to assess
eligibility and exclusionary comorbidities, are in the study protocol (appendix pp 58-63).
Briefly, laboratory tests were done to assess adequate haematological, coagulation, hepatic,
and renal function, and urinary protein levels. Existing comorbidities that were exclusionary
included, but were not limited to, Child-Pugh class B (or worse), cirrhosis (any degree),
uncontrolled hypertension, symptomatic anaemia, symptomatic congestive heart failure,
unstable angina pectoris, known untreated brain metastases, or any other serious
uncontrolled medical disorders in the opinion of the investigator.

The trial complied with the Declaration of Helsinki, the International Conference on
Harmonisation Guidelines for Good Clinical Practice, and applicable local regulations. The
protocol was approved by the ethics committees of all participating centres, and patients
provided written informed consent before study entry.

Lancet Oncol. Author manuscript; available in PMC 2021 January 01.
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Randomisation and masking

Procedures

After enrolment, eligible patients were randomly assigned (1:1) to ramucirumab plus
docetaxel or ramucirumab plus placebo by an interactive web response system, with a
computer-generated random sequence. Randomisation was stratified by geographical region
(North America vseast Asia vsEurope and the rest of the world); ECOG performance status
at baseline (0 vs 1); and visceral metastasis (yes vsno), with visceral metastases involving
the liver, lung, bone, or a combination. Patients, investigators, site study staff, and the study
funder were masked to treatment assignment throughout the study. Allocated treatments
were volume equivalent and in identical-appearing containers. Employees of the study
funder who were unblinded at the time of progression-free survival analysis no longer
managed patient-level decisions between the progression-free survival and overall survival
database locks.

Patients received intravenous ramucirumab 10 mg/kg (Eli Lilly and Company; Indianapolis,
IN, USA) or placebo 10 mg/kg volume equivalent followed by intravenous docetaxel 75
mg/m? (60 mg/m? in Korea, Taiwan, and Japan) on day 1 of a 21-day cycle. Treatment
continued until disease progression, unacceptable toxicity, or other discontinuation criteria
were met. Docetaxel was limited to six cycles, with up to four additional cycles allowed
after sponsor approval. Ramucirumab or placebo was continued as monotherapy once
docetaxel treatment was completed. There was no planned crossover on disease progression.
We allowed dose modifications according to protocol-defined criteria (appendix p 80).
Specifically, up to two dose-level decreases of ramucirumab or placebo, of 2 mg/kg each,
were allowed during the study; if further dose reductions were required, the patient
discontinued ramucirumab or placebo. Dose modifications were permanent; no dose
escalations were permitted after a dose reduction. If a toxic effect related to ramucirumab or
placebo did not resolve in the same treatment cycle, administration of the next dose could be
delayed for up to 42 days; if symptoms were not resolved at this point, ramucirumab or
placebo was discontinued. Docetaxel treatment continued as scheduled if there was a delay
or modification of ramucirumab or placebo. Docetaxel dose modifications were permitted as
per the manufacturer’s instructions. Ramucirumab or placebo therapy continued as
scheduled if there was a delay or discontinuation of docetaxel. We permitted use of
granulocyte-colony-stimulating factor based on American Society of Clinical Oncology
guidelines.?2

Investigators at local sites assessed tumour responses radiographically according to RECIST
version 1-1 at baseline, every 6 weeks after randomisation for the first year, and every 12
weeks thereafter. Radiological assessments were then centrally reviewed by an independent,
blinded group (BIOCLINICA; Princeton, NJ, USA). After discontinuation, we followed up
patients for survival every 3 months. The appendix (p 97) provides details of the timing of
other efficacy assessments.

Safety data were collected at baseline, and at each subsequent study visit (appendix p 100)
or as medically necessary. Patients were instructed to call their physician to report any
adverse events between study visits. Clinical laboratory assessments including, but not
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limited to, haematology, clinical chemistry, coagulation, and urinalysis were collected at
baseline, each subsequent study visit, and if a patient required a visit because of a toxic
effect between study visits. We graded adverse events using the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 4.0. Before each treatment
cycle, we assessed patient-reported outcomes with the European Organisation for Research
and Treatment of Cancer (EORTC) Quality of Life Questionnaire Core 30 (QLQ-C30;
version 3.0) and the EQ-5D-5L questionnaire, which measure quality of life and health
status, respectively. Each of the QLQ-C30 scales was scored 0 to 100, according to the
EORTC scoring manual, and the EQ-5D-5L index was calculated using the English value
set.23 For QLQ-C30, we defined time to sustained deterioration as time from randomisation
to the first 10-point or greater worsening in score, with no subsequent on-therapy assessment
that returned to or improved from the baseline score.

In pretreatment archival tumour samples, PD-L1 was visualised with the 22C3 PD-L1
pharmDx assay (Dako; Santa Clara, CA, USA), verified in bladder cancer. Scoring was done
with the combined positive score algorithm as described in the PD-L1 IHC 22C3 pharmDx
Interpretation Manual.24

Follow-up was calculated as the time from randomisation to death or date of censoring.
Time to treatment discontinuation was defined as the time from randomisation to treatment
discontinuation. Censoring for survival at the last known treatment date before the primary
data cutoff occurred for patients who remained on treatment.

The primary endpoint of RANGE was progression-free survival as assessed by the
investigator, defined as the time from randomisation until first radiographic documentation
of progression, or death from any cause.2? Secondary endpoints were overall survival,
defined as the time from randomisation to death from any cause; objective response, defined
as the proportion of patients with a best overall response of complete or partial response;
disease control, defined as the proportion of patients with a best overall response of
complete response, partial response, or stable disease; duration of response, defined as the
time from the first date of complete or partial response until the first date of progression or
death; safety; patient-reported outcomes; pharmacokinetics of ramucirumab; and
immunogenicity of ramucirumab.2® Detailed analyses of patient-reported outcomes and
pharmacokinetic exposure response are not reported in this Article and will be reported
separately in future publications. Exploratory objectives included assessment of the change
in tumour size in patients with measurable disease and biomarker associations with clinical
outcomes.

Statistical analysis

The full intention-to-treat population that included all randomised patients was used for
efficacy and patient-reported outcome assessments. A gatekeeping design to control type |
error was implemented to assess the primary endpoint of progression-free survival, followed
by the secondary endpoints of overall survival and then achievement of an objective
response by RECIST in a fixed sequential manner. The primary statistical analyses were
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reported previously.2° Briefly, the primary progression-free analysis was done when at least
331 progression-free survival events were observed in the first 437 randomly assigned
patients.20 The planned sample size of 524 randomly assigned patients was powered to test
the secondary endpoint of overall survival, with an assumed HR of 0-75 for ramucirumab
plus docetaxel versus placebo plus docetaxel, with at least 382 events, 80% power, and two-
sided type I error of 0-049.20 Median overall survival was assumed to be 9 months for the
placebo group, such that an HR of 0-75 would show an improvement from 9 months to 12
months in the ramucirumab group. We estimated progression-free survival and overall
survival using the Kaplan-Meier method, and compared outcomes between treatment groups
using a stratified log-rank test. We estimated HRs and associated 95% Cls using a stratified
Cox proportional hazard model. The assumption of proportional hazards was met for overall
survival and was verified visually through inspection of the graph of log(-log(S(t)) versus
log(t) for the two treatment groups, as well as a test of the interaction between treatment and
log(time) in the proportional hazards model, which was not significant (Wald’s test p=0-90).
A sensitivity analysis of investigator-assessed progression-free survival and achievement of
an overall response from time of randomisation in the intention-to-treat population at the
time of overall survival database lock was done. Unless otherwise stated, efficacy analyses
were stratified by interactive web response system factors. We estimated overall survival
HRs for treatment effect and corresponding 95% Cls using the unstratified Cox proportional
hazard model for each of the subgroups on the forest plot. If the number of events in a
particular subgroup was less than 15, this subgroup might not be presented in the forest plot.

We assessed safety in all patients who received at least one dose of study medication and
incidences of adverse events were reported using descriptive statistics. We summarised
serum concentrations of ramucirumab before infusion using descriptive statistics.
Immunogenicity in response to treatment for the subset of patients with available samples in
the safety population was evaluated and summary statistics presented. We tabulated
immunogenicity incidence and assessed correlations with ramucirumab drug level, activity,
and safety. In an exploratory analysis, patients with available PD-L1 combined positive
score data made up the translational research population. We used Cox proportional hazards
modelling, Kaplan-Meier estimation, and the log-rank test to evaluate efficacy outcomes by
PD-L1 combined positive score.

For patient-reported outcomes, HRs and associated 95% Cls were evaluated using an
unstratified Cox proportional hazards model.

An independent data monitoring committee assessed unblinded safety data throughout the
study (appendix p 9).

All statistical analyses were done using SAS version 9.1.2 or later. The study is registered
with ClinicalTrials.gov, number .

Role of the funding source

The funder of the study designed the trial, in collaboration with the scientific council
(including DPP, RdW, KNC, CNS, HN, and TP), and was responsible for data management
and statistical analysis. The funder interpreted data in collaboration with all authors and
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supported development of the report by providing medical writing and editorial assistance.
The corresponding author had full access to all the data in the study and all authors had final
responsibility for the decision to submit for publication.

Between July 20, 2015, and April 4, 2017, 727 patients were screened for study eligibility,
of whom 197 (27%) were excluded (figure 1); 530 patients were enrolled and randomly
allocated to ramucirumab plus docetaxel (n=263) or placebo plus docetaxel (n=267) and
comprised the intention-to-treat population. Five patients allocated to ramucirumab and two
allocated to placebo did not receive study treatment; therefore, the safety population
comprised 523 patients, of whom 258 were allocated to ramucirumab and 265 were
allocated to placebo. At the data cutoff for the current analysis (March 21, 2018), three (1%)
of 263 patients in the ramucirumab group and three (1%) of 267 patients in the placebo
group continued to receive study treatment.

Baseline characteristics were similar between the treatment groups (table 1). Similar to the
primary progression-free survival analysis of the first 437 randomly assigned patients,20
many patients had one or more adverse prognostic risk factors, including liver metastases
(147 [28%] of 530 patients), haemoglobin less than 10 g/dL (70 [13%]), and ECOG
performance status score greater than zero (281 [53%]) and time since completion or
discontinuation of previous therapy of less than 3 months (241 [45%]; table 1). Proportions
of previous therapies received across RANGE treatment groups were similar and included
surgery, radiotherapy, or both, and platinum-based and non-platinum-based therapies
(appendix p 12). Additionally, 17 (6%) of 263 patients in the ramucirumab group and 28
(10%) of 267 patients in the placebo group received an immune checkpoint inhibitor. One
additional patient in the ramucirumab group might have received either immunotherapy or
placebo and was excluded from our analyses of this subset.

Median duration of follow-up in the full intention-to-treat population was 7-4 months (range
0-1-31-1, IQR 3:5-13.9). In the intention-to-treat population, 448 progression-free survival
events occurred (212 [81%] of 263 patients in the ramucirumab group vs236 [88%] of 267
patients in the placebo group; table 2). Our sensitivity analysis of progression-free survival
and the proportion of patients achieving an overall response at overall survival database lock
were consistent with results reported at the primary analysis (figure 2; table 2).20 Median
progression-free survival was 4-1 months (95% CI 3-3—4-8) in the ramucirumab group and
2-8 months (2:6-2-9) in the placebo group. The stratified HR for progression-free survival
decreased from 0-757 (95% CI 0-607-0-943; p=0-0118) at the primary analysis2 to 0-696
(0-573-0:845, p=0-0002) in the current analysis (figure 2). We observed improvements in
progression-free survival in the ramucirumab group versus the placebo group at landmark
timepoints of 3 months, 6 months, 9 months, and 12 months (table 2).

In the intention-to-treat population, 385 patients died (185 [70%] of 263 patients in the
ramucirumab group vs 200 [75%] of 267 in the placebo group). Median overall survival was
9-4 months (95% CI 7-9-11-4) in the ramucirumab group and 7-9 months (7-0-9-3) in the
placebo group (stratified HR 0-887 [95% CI 0-724-1-086]; p=0-25; figure 2, table 2). Overall
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survival in the ramucirumab group compared with the placebo group was not statistically
different at 6 months, 9 months, 12 months, and 24 months. Results of a prespecified
subgroup analysis for overall survival are shown in figure 3.

Formal statistical analysis of the proportion of patients with an objective response was not
done because of the gatekeeping design of the study. Table 2 shows the responses recorded
in both treatment groups. The two patients in the placebo group with a complete response
had lymph-node-only disease. Six (60%) of ten patients with complete response in the
ramucirumab group had lymph-node-only disease, three had lymph-node disease in addition
to spleen, soft tissue, or bladder lesions (one patient for each), and one had a bladder tumour
only. 12 (18%) of 68 patients in the ramucirumab group and five (14%) of 37 patients in the
placebo group were censored during the investigator-assessed duration of response analysis.
Median duration of response in the full intention-to-treat population was 5-3 months (95%
Cl 3:9-6-9) in the ramucirumab group and 4-2 months (3-3-5:6) in the placebo group
(unstratified HR 0-740, 95% CI 0-473-1-158, p=0-19; appendix p 21).

In pre-specified exploratory subgroup analyses for overall survival, median overall survival
was longer in the ramucirumab group compared with the placebo group for patients with a
primary tumour site of bladder (appendix p 24). However, no difference in overall survival
between the treatment groups was seen for patients with the primary tumour outside the
bladder (appendix p 24). We observed no overall survival benefit in the ramucirumab group
in patients from east Asia or in patients who were not from east Asia (appendix p 25).
Patients from east Asia had a lower proportion of bladder primary tumours and a higher
proportion of nonbladder primary tumours in both treatment groups compared with patients
from other regions (appendix p 20).

Five (29%) of 17 patients in the ramucirumab group and two (7%) of 28 patients in the
placebo group who received previous treatment with an immune checkpoint inhibitor had a
best overall response of partial response. Six (35%) of 17 patients in the ramucirumab group
and 16 (57%) of 28 patients in the placebo group had a best response of stable disease, and
three (18%) of 17 patients in the ramucirumab group and seven (25%) of 28 patients in the
placebo group had a best response of progressive disease. Progression-free survival and
overall survival did not differ between the ramucirumab and placebo treatment groups for
this subset of patients, although patient numbers were small for this exploratory analysis
(data not shown).

Post-discontinuation therapy, specifically systematic anticancer therapy, was received by 70
(27%) of 263 patients in the ramucirumab group and 71 (27%) of 267 patients in the placebo
group (appendix p 13). Chemotherapy was the most commonly received post-
discontinuation therapy (44 [17%] of 263 patients in the ramucirumab group and 53 [20%]
of 267 patients in the placebo group). 33 (13%) of 263 patients in the ramucirumab group
and 23 (9%) of 267 patients in the placebo group received a biological therapy after
discontinuation. Post-discontinuation biological therapies received were predominantly
antibodies targeting PD-1, PD-L1, or cytotoxic T-lymphocyte-associated protein 4 and,
between treatment groups, similar percentages of patients received these therapies.
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In the safety population, the most frequently reported any-grade treatment-emergent adverse
events were similar between treatment groups and were mostly grades 1-2 in severity
(appendix p 14). The incidence of grade 3 or worse treatment-emergent adverse events was
similar between treatment groups (appendix p 14). Grade 3 or worse treatment-related
treatment-emergent adverse events occurred in 123 (48%) of 258 patients in the
ramucirumab group and 108 (41%) of 265 patients in the placebo group; however,
treatment-related treatment-emergent adverse events were mostly grades 1-2 (table 3).
Grade 3 or worse treatment-related treatment-emergent febrile neutropenia and neutropenia
occurred in at least 5% of patients in the ramucirumab group and were at least 2% more
frequent in the ramucirumab group than in the placebo group (table 3). Adverse events of
special interest (adverse events of any grade that occurred with ramucirumab in previous
clinical studies or have been associated with other anti-angiogenic therapies) that were 5%
more frequent in the ramucirumab group than in the placebo group included epistaxis,
hypertension, haematuria, and proteinuria (appendix p 14). Grade 3 or worse adverse events
of special interest occurred in 52 (20%) of 258 patients in the ramucirumab group and 29
(11%) of 265 patients in the placebo group.

Fatigue was the most common adverse event leading to dose adjustments of any study
treatment and was mostly grade 1-2 (appendix p 15). Adverse events leading to
discontinuation of any study treatment occurred in 50 (19%) of 258 patients in the
ramucirumab group and 20 (8%) of 265 in the placebo group (appendix p 16). The most
common adverse event leading to treatment discontinuation of any therapy was sepsis,
which occurred in five (2%) of 258 patients in the ramucirumab group and no patients in the
placebo group. Despite a higher proportion of patients discontinuing treatment in the
ramucirumab group than in the placebo group, time to treatment discontinuation was longer
in the ramucirumab group than in the placebo group (median 3-4 months [95% CI 2.8-4-1]
vs 2:8 months [2-4-2-9]); unstratified HR 0-835, 95% CI 0-702-0-993; p=0-042).

Serious adverse events were reported in 112 (43%) of 258 patients in the ramucirumab
group and 107 (40%) of 265 patients in the placebo group (appendix p 17). Serious adverse
events related to study treatment occurred in 66 (26%) of 258 patients in the ramucirumab
group and 57 (22%) of 265 patients in the placebo group (appendix p 17). Febrile
neutropenia was the only treatment-related serious adverse event that occurred in more than
2% of patients in either group (17 [7%] of 258 patients in the ramucirumab group vs11
[4%] of 265 patients in the placebo group). 48 (19%) of 258 patients in the ramucirumab
group and 53 (20%) of 265 patients in the placebo group died on therapy or within 30 days
of treatment discontinuation. The incidence of adverse events leading to death on therapy or
within 30 days of discontinuation, regardless of causality, was 15 (6%) of 258 patients in the
ramucirumab group versus 12 (5%) of 265 patients in the placebo group, with the most
common adverse events leading to death being sepsis (four [2%] of 258 patients in the
ramucirumab group vsnone in the placebo group), renal failure (two [<1%] of 258 patients
in the ramucirumab group group vsnone in the placebo group), and pneumonia (none in the
ramucirumab group vstwo [<1%] of 265 patients in the placebo group; appendix p 18).
Adverse events related to study treatment and leading to death occurred in eight (3%)
patients in the ramucirumab group versus five (2%) patients in the placebo group (appendix
p 18). In the ramucirumab group, adverse events leading to death included one case of each
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of the following: basilar artery thrombosis, cardiac arrest, enterovesical fistula, gastric
haemorrhage, neutropenic sepsis, renal failure, and sepsis. In the placebo group, adverse
events leading to death included one of each of the following: asthenia, lung infection,
pneumonitis, and pulmonary embolism. In each of the treatment groups, there was one
adverse event-related death deemed to be related to study treatment, but for which no further
information on cause was available.

Two patients with treatment-emergent ramucirumab antidrug antibody positivity (one in
each treatment group) reported infusion-related reaction events (appendix p 19). The
frequency of infusion-related reactions was not higher in treatment-emergent antidrug
antibody-positive patients (two [18%] of 11 patients) compared with treatment-emergent
antidrug antibody-negative patients (116 [29%] of 401 patients; appendix pp 10, 19).
Although numbers were small, evaluation of data did not support that infusion-related
reactions were mediated by immunogenicity and we noted no new safety concerns (appendix
pp 10, 19).

245 patients in the ramucirumab group had 697 blood samples evaluable for
pharmacokinetic analyses at the overall survival database lock. After administration of 10
mg/kg ramucirumab every 3 weeks in combination with docetaxel, the geometric mean
trough concentrations of ramucirumab before doses 2, 3, 5, and 9 were 14-9 pg/mL, 23:5
ug/mL, 32-5 ug/mL, and 48-9 pug/mL, respectively (data not shown). These findings were
consistent with those of the primary progression-free survival analysis in the first 437
randomised patients.2>

Our previous primary progression-free survival analysis summarised patient-reported
outcome data.2? Baseline mean scores at the overall survival database lock were similar
between the ramucirumab group and placebo group for both the QLQ-C30 and EQ-5D-5L
(data not shown). Updated data from the overall survival database lock for time to sustained
deterioration analysis of the QLQ-C30 quality of life scales are in appendix p 22. An
exploratory post-hoc analysis of best pain improvement by maximum tumour shrinkage in
patients in each treatment group suggested pain palliation and reduction in tumour size
might be positively associated, particularly in the ramucirumab group (appendix p 23).

To gain potential clinical insights into the efficacy of ramucirumab plus docetaxel in the era
of immunotherapy, the RANGE trial included a pre-planned exploratory subgroup analysis
of treatment efficacy by PD-L1 expression measured at baseline (appendix p 11). 240 (45%)
of 530 patients in the intention-to-treat population were evaluable for PD-L1 combined
positive score determination (translational research population). We divided patients into
subgroups by high PD-L1 expression (105 [44%] of 240 patients with combined positive
score =10) and low PD-L1 expression (135 [56%] of 240 patients with combined positive
score <10). Exploratory efficacy analyses by PD-L1 expression showed that ramucirumab
led to longer progression-free survival in patients with high PD-L1 expression (table 4). We
observed a treatment difference in median overall survival in patients with PD-L1 combined
positive score of 10 or higher that favoured the ramucirumab group (table 4), but no such
effect was observed in patients with PD-L1 combined positive score less than 10 (table 4). A
treatment by PD-L1 level interaction was observed for overall survival (p=0-037). The
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proportion of patients who achieved an overall response was higher in the ramucirumab
group than in the placebo group, regardless of PD-L1 combined positive score (table 4).

Discussion

To our knowledge, ramucirumab is the only angiogenesis inhibitor, in combination with
docetaxel, to show significant improvement in progression-free survival compared with
placebo plus docetaxel in a phase 3 trial of platinum-refractory urothelial carcinoma.
Platinum-refractory urothelial carcinoma is a challenging disease with typically short overall
survival, poor achievement of overall response, and multiple failed trials. To our knowledge,
pembrolizumab is the only therapy to achieve a statistically significant improvement in
overall survival compared with chemotherapy in this population.

The RANGE trial was designed to test the primary efficacy endpoint of progression-free
survival, which was achieved. The progression-free survival benefit was maintained with
longer follow-up in the intention-to-treat sensitivity analysis (HR 0-696 [95% CI 0-573-
0-845]). The proportion of patients with an objective response also remained consistent with
that in the intention-to-treat sensitivity analysis, with an almost doubling of responses in the
ramucirumab group compared with the placebo group. Duration of response was also longer
in the ramucirumab group than in the placebo group. The higher proportion of patients with
a response and duration of response probably contributed to the longer progression-free
survival we observed in the ramucirumab group compared with the placebo group. Our
safety and quality of life findings were also consistent with previously reported results.2 No
new safety issues emerged with longer follow-up, and quality of life was maintained.

Overall survival was not significantly improved with the addition of ramucirumab to
docetaxel compared with placebo plus docetaxel in the intention-to-treat population. Post-
discontinuation therapies, including use of immune therapies, were similar between the
treatment groups and unlikely to have contributed to any overall survival differences
observed. The overall survival endpoint was designed to test a clinically meaningful
improvement with an assumed HR of 0-75 and a 3-month improvement in overall survival
from 9 months to 12 months with the addition of ramucirumab to docetaxel. RANGE did not
meet this endpoint in the intention-to-treat population. Since pembrolizumab has previously
shown a statistically significant overall survival benefit in a similar population compared
with taxane monotherapy or vinflunine in a randomised phase 3 trial, pembrolizumab could
be accepted over ramucirumab as a preferred standard of care. Atezolizumab did not show
superiority versus chemotherapy in a randomised phase 3 study? but is still used to treat
patients with locally advanced or metastatic urothelial carcinoma after progression with
platinum-based chemotherapy. Given the few treatment options for platinum-refractory
disease and the potential use of PD-1 and PD-L1 agents in frontline combinations, pending
the results of several key phase 3 trials (eg, pembrolizumab with or without standard
chemotherapy [], atezolizumab with or without platinum-based chemotherapy [], and
durvalumab with or without tremelimumab []), our trial results are important for treatment
decisions in the second-line setting.
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The pre-specified subgroup overall survival analyses in RANGE, although exploratory in
nature, warrant further consideration. We observed an almost 3-month improvement in
overall survival with the addition of ramucirumab for patients with a primary bladder
tumour, but found no difference for patients with non-bladder primary tumours (appendix p
24). A similar finding was reported in the randomised phase 3 EORTC Intergroup study,
which evaluated the addition of paclitaxel to cisplatin and gemcitabine.2% Paclitaxel has been
reported to have potential anti-angiogenic effects, which raises the question of whether the
tumour site of origin within urothelial carcinoma might result in a variable response to anti-
angiogenic therapy.2’ In the RANGE study, patients from east Asia had no overall survival
benefit with ramucirumab compared with patients not from east Asia. Patients from east
Asia also had a lower proportion of bladder primary tumours (42% in the ramucirumab
group and 49% in the placebo group) compared with patients from other geographical
regions (where bladder primary tumours ranged from 67-76%). Genomic and molecular
characterisation of upper urinary tract and lower urinary tract tumours, and knowledge of
how different urinary carcinoma molecular classifications might respond to chemotherapy;, is
evolving.28-30 The molecular alterations and relative proportions of different genomic
subgroups might vary between upper-tract and lower-tract disease. Biomarker research to
explore potential genomic drivers of response to ramucirumab and the differences seen in
upper-tract versus lower-tract tumours in the RANGE trial is ongoing.

We enrolled a population that was characteristic of patients with platinum-refractory
urothelial carcinoma; however, this might have been a limitation of the study. The short
median follow-up duration of 7-4 months (IQR 3-5-13-9) reflects the poor prognosis of the
patients enrolled in this study, with many patients succumbing to their disease within a few
months. Approxiately a quarter of patients enrolled in the study died in the first 4.5 months
of the study, which might have restricted our ability to see any treatment effects. The
RANGE team has previously reported that overall survival varies with clinical
characteristics, with median overall survival in the placebo group ranging from 6-1 months
to 10-5 months, depending on baseline characteristics, and ramucirumab having the greatest
overall survival effect in patients with more favourable clinical characteristics.3 We plan to
report pharmacokinetic analysis of exposure response in a future publication. Enrolling a
broad population might dilute the effect of anti-angiogenic treatment if only a small group of
patients truly benefit; this might also have affected the results of CALGB 90601,32 which
also did not show a significant improvement in overall survival and only a modest
improvement in progression-free survival with the addition of bevacizumab to frontline
platinum treatment in patients with metastatic urothelial carcinoma. To date, to our
knowledge, a selection strategy to identify patients who are most likely to benefit from anti-
angiogenic therapy has not been successful in any solid tumour. Biomarker analysis in
specimens obtained from patients in the RANGE trial is ongoing.

Standard-of-care therapy has evolved since the initial design and enrolment of the RANGE
trial, with five immune checkpoint inhibitors targeting PD-1 or PD-L1 approved for
platinum-refractory urothelial carcinoma in various regions. The RANGE trial allowed
previous immune checkpoint inhibitor therapy, although such patients represented a small
subgroup given the availability of these agents during trial enrolment. Efficacy results in this
subgroup were consistent with the intention-to-treat population.33 In our exploratory
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analysis of PD-L1 expression and efficacy, a higher proportion of patients achieving an
objective response was seen in the ramucirumab group than in the placebo group, regardless
of PD-L1 expression. Progression-free survival and overall survival had substantially
improved HRs in patients with a PD-L1 combined positive score of 10 or higher. These
results are hypothesis-generating and warrant exploration of the potential effects of
ramucirumab on the tumour immune microenvironment. We used the combined positive
scoring system for this analysis because a previous trial of pembrolizumab, the only therapy
approved in platinum-refractory urothelial carcinoma based on phase 3 data showing a
statistical overall survival benefit, used this approach.! We also obtained tumour cell and
immune cell scores and ongoing analyses of these will be presented in a future manuscript.

The VEGF axis has been implicated in immune suppression.34 Dual blockade of PD-L1 and
VEGF pathways has been shown to increase intratumoural CD8 T cells, MHC class 1
molecules, Th1 cells, and T-effector markers and significantly improve progression-free
survival compared with PD-L1 monotherapy in PD-L1-positive patients with renal cell
carcinoma.3°:3¢ Given the results of the RANGE trial for patients with a PD-L1 combined
positive score of 10 or higher, combining ramucirumab with PD-1 or PD-L1 therapy in the
appropriate patients warrants evaluation. Results from a phase 1b study across select tumour
types, including urothelial carcinoma, were recently published.37 In that study, molecular
subtypes and ramucirumab exposures achieved were unknown.3” A more thorough
understanding of the interaction between clinical factors, exposure response, molecular
subtypes, and PD-L1 status of the tumour and microenvironment will help to identify
patients who are most likely to benefit from a combined ramucirumab and PD-1-directed or
PD-L1-directed therapy combination. Such analyses are ongoing and will be reported
separately.

In conclusion, our results support the progression-free survival benefit of the addition of an
anti-VEGFR2 antibody to standard chemotherapy in patients with locally advanced or
metastatic urothelial carcinoma after platinum-based therapy and represent, to our
knowledge, the first positive randomised phase 3 data to evaluate anti-angiogenic therapy in
patients with urothelial carcinoma. Appropriately designed trials testing the hypotheses
derived from our subgroup and exploratory analyses are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed, abstracts of major oncology congresses (eg, American Society of
Clinical Oncology [ASCO], ASCO Genitourinary Cancer Symposium, and European
Society for Medical Oncology), and ClinicalTrials.gov from inception to Sept 5, 2014
(the time of the RANGE study design and protocol development), for clinical trials
published in English with the search terms “chemotherapy”, “anti-angiogenic therapies”,
and “platinum-refractory advanced” or “metastatic urothelial carcinoma”. Multiple
cytotoxic monotherapies, including docetaxel, showed modest clinical benefit in patients
with advanced or metastatic urothelial carcinoma. Early clinical evidence suggested that
patients with platinum-refractory urothelial carcinoma might respond to anti-angiogenic
therapy. Findings from a randomised phase 2 study () in patients with platinum-refractory
advanced or metastatic urothelial carcinoma showed that ramucirumab plus docetaxel
significantly improved median progression-free survival versus docetaxel alone, and
provided support for the phase 3 RANGE clinical trial. In a previous study, a subset of
patients with platinum-refractory urothelial carcinoma was found to be sensitive to
immune checkpoint inhibitors targeting PD-1 and its ligand PD-L1. However, to date,
evidence to support checkpoint inhibitor efficacy in second-line advanced or metastatic
urothelial carcinoma has been scarce, with only pembrolizumab monotherapy providing
an overall survival benefit versus chemotherapy. To our knowledge, no immunotherapy so
far has provided a progression-free survival improvement compared with single-agent
chemotherapy and the proportion of patients that achieved an objective response ranges
from 13% to 21% in intention-to-treat populations with second-line advanced urothelial
carcinoma.

Added value of this study

Consistent with our primary progression-free survival analysis published in 2017, this
updated analysis further supports that ramucirumab combined with docetaxel provides a
progression-free survival benefit versus placebo and docetaxel. Moreover, this benefit
occurred while safety and quality of life were maintained. To our knowledge, this is the
first analysis of overall survival in a phase 3 trial investigating an anti-angiogenic drug
combined with docetaxel in platinum-refractory advanced urothelial cancer. However, we
observed no statistically significant improvement in overall survival in the intention-to-
treat population. We could not statistically test the proportion of patients with an overall
response because of the gated study design but this was higher in the ramucirumab and
docetaxel group than in the placebo and docetaxel group. The subgroup of patients with
high baseline PD-L1 expression also had a greater clinical benefit compared with patients
with lower baseline PD-L1 expression. Ramucirumab plus docetaxel was associated with
a progression-free survival benefit regardless of PD-L1 combined positive score status
and irrespective of primary tumour site. To our knowledge, ramucirumab is the only
antiangiogenic agent to show benefit in a randomised, phase 3, placebo-controlled trial of
platinum-refractory advanced urothelial carcinoma, and RANGE is the only phase 3
study to show a progression-free survival advantage versus chemotherapy alone in
platinum-refractory advanced urothelial carcinoma.
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Implications of all the available evidence

Our results further support the progression-free survival benefit of the addition of an anti-
vascular endothelial growth factor receptor 2 antibody to standard chemotherapy in this
setting and represent, to our knowledge, the first positive randomised phase 3 data
evaluating anti-angiogenic therapy in the treatment of patients with urothelial carcinoma.
Appropriately designed trials testing the hypotheses derived from the results of subgroup
and exploratory analyses in RANGE are warranted.
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727 patients assessed for eligibility

197 excluded
154 did not meet inclusion criteria
21 withdrew
7 died
6 physician decision
2 adverse event
7 other

v

| 530 randomly assigned

v

v

263 assigned to ramucirumab plus docetaxel and
analysed for efficacy (intention-to-treat

population)

267 assigned to placebo plus docetaxel and analysed
for efficacy (intention-to-treat population)

5 not treated

3 did not meet inclusion criteria

2 not treated
1 physician decision

’ 1 protocol deviation 1did not meet inclusion criteria
1 withdrew
A A 4
258 received any dose of assigned study treatment 265 received any dose of assigned study treatment

(safety population)

(safety population)

151 progressive disease
35 adverse event
31died

—p 18 withdrew

14 physician decision
2 lost to follow-up
4 other

255 discontinued study treatment

262 discontinued study treatment
204 progressive disease
23 died
15 withdrew

8 adverse event

7 physician decision
1 protocol deviation
1 lost to follow-up
3other

v

v

3 on study treatment at data cutoff

| | 3 on study treatment at data cutoff
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Figure 2: Progression-free survival (A) and overall survival (B) in the intention-to-treat

population

Analyses are stratified by randomisation factors. HR=hazard ratio.
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Ramucirumab  Placebo group HR (95% Cl)
group (n=263)  (n=267)
Events/Patients  Events/Patients
Age (years) —a—h
<65 91/124 90/115 —a— 0794 (0-593-1:063)
265 94/139 110/152 0-940 (0-713-1-239)
Sex ——H
Male 154/213 166/215 — e 0864 (0-694-1.076)
Female 31/50 34/52 0895 (0:547-1-463)
Ethnicity —
White 143/203 159/; 04 — . 0812 (0 647—1-0;8)
Asian 40/54 40/61 1149 (0741-1782)
Geographic region —
East Asia 40/53 37/57 —a— 1156 (0739-1:809)
Europe and rest of world 130/186 147/186 . 0776 (0612-0-984)
North America 15/24 16/24 1005 (0-495-2:040)
Histological type i
Pure transitional cell 148/205 157/217 - 0874 (0-698-1.094)
Mixed histology 37/55 43/49 0.851(0:547-1:326)
Primary disease site =
ot Sawo e N Da0o 7430
er y 711-1-
ECOG performance status at baseline -
: ogms e —— 0798 061 s0aD)
: .612-14
Visceral metastases
——
Yes 137/182 153/188 = 0-881(0-699-1-110)
No 48/78 47179 0886 (0592-1326)
Lymph-node-only disease
Yes 25/41 19/42 sl 1049 (0:577-1-907)
No 160/222 181/225 0-860 (0-695-1-064)
Liver metastases
Yes 59/78 57169 [, 0885 (0-614-1-276)
No 126/185 143/198 . 0845 (0-665-1-075)
Baseline haemoglobin (g/dL)
<10 28/34 33/36 - 1.067 (0-638-1.785)
=10 157/224 167/229 " 0-863 (0-694-1-074)
Time since most recent chemotherapy (months) L,
<3 91/115 104/126 i 0-948 (0.715-1257)
=3 94/145 96/141 = 0835 ((o- 628-1.111)
Bellmunt risk factors (n)
) 52/88 60/93 - j 0849 (0585-1231)
1 78/105 82/109 = 0852 (0-624-1162)
2 51/64 51/57 - 0859 (0-581-1:270)
0-1 130/193 142/202 —— 0-864 (0-681-1:096)
2-3 55/70 58/65 - 0-829 (0-571-1-202)
Previous adjuvant therapy
Adjuvant 31/46 49/70 ., 0936 (0-596-1-470)
Neoadjuvant 26/41 29/37 T 1167 (0-674-2:019)
No previous adjuvant 128/173 122/160 —a— 0748 (0-583-0-961)
Context of most recent therapy
Adjuvant or neoadjuvant 33/48 38/53 L L — 1.084 (0-679-1.730)
Metastatic disease 22/37 38/52 T 0-820 (0:484-1:389)
Previous platinum based therapy
Carboplatin 70/97 57177 - 0-917 (0-646-1:302)
Cisplatin 113/161 143/189 - 0-834 (0-651-1.068)
Prior immune checkpoint inhibitor
Yes 15/17 2228 —_— 1227 (0-630-2:390)
No 170/242 178/239 —a— 0852 (0-691-1.052)
Overall 185/263 200/267 —a 0-866 (0:709-1-058)
04 06 14 20 40
«— —>
Favours ramucirumab  Favours placebo

Figure 3: Forest plot of overall survival by subgroups in the intention-to-treat population
(unstratified)

Bellmunt risk factors are liver metastases, haemoglobin <10 g/dL, and ECOG performance
score >0. ECOG=Eastern Cooperative Oncology Group. HR=hazard ratio.
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Table 1:

Baseline characteristics of the intention-to-treat population

Page 24

Ramucirumab plus docetaxel (n=263)

Placebo plus docetaxel (n=267)

Age (years)
265
Sex
Male
Female
Ethnicity
White
Asian
Other
Missing
ECOG performance status
0
1
Missing
Geographic region
North America
Europe and rest of the world
East Asia
Histology
Pure transitional cell
Mixed histology
Missing
Duration of disease (months) *
Bladder as primary site of tumour
Visceral metastases
Lung metastases
Liver metastases
Bone metastases
Adrenal gland
Kidney
Spleen
Other
Lymph-node-only disease
Creatinine clearance (mL/min)
<60
260
Missing

Haemoglobin concentration <10 g/dL

Completion or discontinuation of most recent therapy <3 months

65 (59-72)
139 (53%)

213 (81%)
50 (19%)

203 (77%)
54 (21%)
4 (2%)
2 (<1%)

121 (46%)
139 (53%)
3 (1%)

24 (9%)
186 (71%)
53 (20%)

205 (78%)
55 (21%)
3 (1%)
180 (10-4-36-4)
180 (68%)
182 (69%)
98 (37%)
78 (30%)
56 (21%)
15 (6%)
13 (5%)
4 (2%)
35 (13%)
41 (16%)

106 (40%)
151 (57%)
6 (2%)
34 (13%)
115 (44%)
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66 (59-72)
152 (57%)

215 (81%)
52 (19%)

204 (76%)
61 (23%)
2 (<1%)
0

125 (47%)
142 (53%)
0

24 (9%)
186 (70%)
57 (21%)

217 (81%)
49 (18%)
1(<1%)
17-0 (11-0-34-6)
177 (66%)
188 (70%)
121 (45%)
69 (26%)
53 (20%)
12 (4%)
10 (4%)
5 (2%)
28 (10%)
42 (16%)

118 (44%)
146 (55%)
3 (1%)
36 (13%)
126 (47%)
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Ramucirumab plus docetaxel (n=263)  Placebo plus docetaxel (n=267)

Bellmunt risk factors (n) t

0 88 (33%) 93 (35%)
1 105 (40%) 109 (41%)
2 64 (24%) 57 (21%)
3 6 (2%) 8 (3%)
Previous adjuvant treatment

Adjuvant 46 (17%) 70 (26%)
Neoadjuvant 41 (16%) 37 (14%)
No previous adjuvant 173 (66%) 160 (60%)
Missing 3 (1%) 0

Previous treatments¢

Cisplatin-based 161 (61%) 189 (71%)
Carboplatin-based 97 (37%) 77 (29%)
Immune checkpoint inhibitor 17 (6%) 28 (10%)

Data are median (IQR) or n (%), unless otherwise indicated. ECOG=Eastern Cooperative Oncology Group.
*

Data are median (IQR).
fBeIImunt risk factors included liver metastases, haemoglobin <10 g/dL, and ECOG performance status score >0.

11‘A summary of previous anticancer treatments is included in the appendix (p 12).
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