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Gemcitabine with or without ramucirumab as second-line
treatment for malignant pleural mesothelioma (RAMES):
a randomised, double-blind, placebo-controlled, phase 2 trial

Carmine Pinto*, Paolo Andrea Zucali*, Maria Pagano, Federica Grosso, Giulia Pasello, Marina Chiara Garassino, Marcello Tiseo, Hector Soto Parra,
Francesco Grossi, Federico Cappuzzo, Filippo de Marinis, Paolo Pedrazzoli, Maria Bonomi, Letizia Gianoncelli, Matteo Perrino, Armando Santoro,
Francesca Zanelli, Candida Bonelli, Antonio Maconi, Stefano Frega, Erika Gervasi, Luca Boni, Giovanni Luca Ceresoli

Summary

Background There is a preclinical rationale for inhibiting angiogenesis in mesothelioma. We aimed to assess the
efficacy and safety of the anti-VEGFR-2 antibody ramucirumab combined with gemcitabine in patients with pretreated
malignant pleural mesothelioma.

Methods RAMES was a multicentre, randomised, double-blind, placebo-controlled, phase 2 trial done at 26 hospitalsin
Italy. Eligible patients were aged 18 years or older, had Eastern Cooperative Oncology Group performance status 0-2,
and histologically proven malignant pleural mesothelioma progressing during or after first-line treatment with
pemetrexed plus platinum. Patients were randomly assigned (1:1) to receive intravenous gemcitabine 1000 mg/m2 on
days 1 and 8 every 3 weeks plus either intravenous placebo (gemcitabine plus placebo group) or ramucirumab
10 mg/kg (gemcitabine plus ramucirumab group) on day 1 every 3 weeks, until tumour progression or unacceptable
toxicity. Central randomisation was done according to a minimisation algorithm method, associated with a random
element using the following stratification factors: ECOG performance status, age, histology, and first-line time-to-
progression. The primary endpoint was overall survival, measured from the date of randomisation to the date of
death from any cause. Efficacy analyses were assessed in all patients who had been correctly randomised and received
their allocated treatment, and safety analyses were assessed in all patients who received at least one dose of their
assigned treatment. This trial is registered with ClinicalTrials.gov, NCT03560973, and with EudraCT, 2016-001132-36.

Findings Between Dec 22, 2016, and July 30, 2018, of 165 patients enrolled 161 were correctly assigned and received
either gemcitabine plus placebo (n=81) or gemcitabine plus ramucirumab (n=80). At database lock (March 8, 2020),
with a median follow-up of 21-9 months (IQR 17-7-28-5), overall survival was longer in the ramucirumab group
(HR 0-71,70% CI 0-59-0-85; p=0-028). Median overall survival was 13-8 months (70% CI 12-7-14-4) in the gemcitabine
plus ramucirumab group and 7-5 months (6-9-8-9) in the gemcitabine plus placebo group. Grade 3—4 treatment-
related adverse events were reported in 35 (44%) of 80 patients in the gemcitabine plus ramucirumab group and
24 (30%) of 81 in the gemcitabine plus placebo group. The most common treatment-related grade 3—4 adverse events
were neutropenia (16 [20%] for gemcitabine plus ramucirumab vs ten [12%)] for gemcitabine plus placebo) and
hypertension (five [6%)] vs none). Treatment-related serious adverse events were reported in five (6%) in the gemcitabine
plus ramucirumab group and in four (5%) patients in the gemcitabine plus placebo group; the most common was
thromboembolism (three [4%)] for gemcitabine plus ramucirumab vs two [2%] for gemcitabine plus placebo). There
were no treatment-related deaths.

Interpretation Ramucirumab plus gemcitabine significantly improved overall survival after first-line standard
chemotherapy, with a favourable safety profile. This combination could be a new option in this setting.

Funding Eli Lilly Italy.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction

Malignant pleural mesothelioma is a rare tumour with
increasing incidence globally and a dismal prognosis,
with less than 10% of patients alive at 5 years. Few
patients are candidates for multimodal therapy that
includes radical surgery, and most receive anticancer
drug therapy only. Platinum and pemetrexed chemo-
therapy has been the standard of care for unresectable
disease since 2004 In the CheckMate 743 trial?

combined first-line treatment with nivolumab and
ipilimumab showed a significant survival benefit versus
standard chemotherapy in patients with unresectable
malignant pleural mesothelioma. Although knowledge
of the biology of the disease has improved in the past
two decades, there are no approved therapies for patients
who progress during or after first-line treatment.’
Single-agent chemotherapy with vinorelbine and
gemcitabine,* pemetrexed rechallenge,® or other novel
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Research in context

Evidence before this study

We searched PubMed for studies published between Jan 1, 2005,
and Jan 31, 2021, using the following search terms:
“mesothelioma” AND “second line” OR “pre-treated”,
“mesothelioma” AND “antiangiogenic” OR “angiogenesis".
Additionally, we examined abstracts from the American Society
of Clinical Oncology, the International Association for the Study of
Lung Cancer, and the European Society of Medical Oncology
annual meetings of the same period. We selected articles that
assessed treatment options in patients with malignant pleural
mesothelioma who progressed during or after standard
chemotherapy. Our search returned 40 studies, 24 of which were
relevant to this topic. We selected articles published in English.
Second-line therapy in patients with malignant pleural
mesothelioma remains an unmet need. Single-agent
chemotherapy with vinorelbine or gemcitabine, and re-challenge
with pemetrexed, are commonly used in clinical practice even if
their efficacy is modest. Pembrolizumab, compared with single-
agent chemotherapy (gemcitabine or vinorelbine), did not show
any survival improvement in patients with mesothelioma
progressing during or after platinum-based chemotherapy in the
phase 3 randomized PROMISE-meso trial. Conversely nivolumab,
compared with placebo, significantly improved both progression-
free and overall survival in pre-treated patients in the phase 3
randomised CONFIRM study. Several preclinical studies support
angiogenesis as a therapeutic target in mesothelioma. However,
clinical data are discordant. Nintedanib, cediranib, NGR-hTNF, and
other tyrosine kinase inhibitors have not shown a clinically
meaningful advantage in any line of treatment, whereas the
addition of bevacizumab to standard chemotherapy in untreated
patients increased median survival by nearly 2 months in the
randomised, phase 3 MAPS trial.

compounds (such as trabectedin® and lurbinectedin’)
have shown poor activity. Targeted therapies have
generated interest but, until now, several compounds
against promising targets have shown poor anticancer
activity.* Two large placebo-controlled phase 3 trials did
not show any survival improvement with vorinostat’ and
NGR-hTNE.” Although preliminary uncontrolled trials
of immune checkpoint inhibitors suggested encouraging
activity, a randomised phase 3 study of pembrolizumab
versus single-agent chemotherapy with vinorelbine or
gemcitabine showed no survival improvement."
However, the phase 3 placebo-controlled CONFIRM
study reported a significant improvement of progression-
free survival and overall survival with nivolumab in a
heavily pretreated population.”

The key role of angiogenesis in the pathogenesis of
mesothelioma has been shown in several preclinical
and translational studies. VEGF and its receptors are
overexpressed in serum and tumour tissues of patients
with mesothelioma, and higher concentrations are
associated with poorer prognoses.” Various VEGFR
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Added value of this study

The RAMES study showed a clinically meaningful improvement
of overall survival in the gemcitabine plus ramucirumab group,
with a median value in the intention-to-treat population
prolonged by more than 6 months versus the gemcitabine plus
placebo group; similarly, 1-year overall survival was longer in
the gemcitabine plus ramucirumab group. The survival
advantage was seen in the ramucirumab group regardless of
histological subtype and time-to-progression after first-line
treatment. Our findings showed that the combination of
gemcitabine with ramucirumab can induce a high rate of
disease control, despite a response rate comparable to
gemcitabine alone, consistent with the mechanism of action of
antiangiogenic drugs. Adding ramucirumab to gemcitabine was
associated with a mild safety profile, with a low rate of severe
toxicities, including some specific class-related adverse events.
To our knowledge, the RAMES trial is the first randomised study
to show significant improvement in overall survival with an
antiangiogenic agent in the second-line treatment of
malignant pleural mesothelioma.

Implications of all the available evidence

There is a substantial unmet need for new therapies in
pretreated malignant pleural mesothelioma. The results of the
RAMES study show that the addition of ramucirumab to
gemcitabine can provide a notable improvement in overall
survival versus gemcitabine alone, suggesting that this
combination could be a novel, well tolerated, and active
treatment option in patients with malignant pleural
mesothelioma who have progressed on first-line chemotherapy
with pemetrexed and platinum.

tyrosine kinase inhibitors and monoclonal antibodies
against VEGF has been studied in both untreated and
pretreated patients.” Studies evaluating antiangiogenic
drugs, such as bevacizumab and nintedanib, added
to cisplatin and pemetrexed reported no or marginal
survival improvement with an increased toxicity profile.”*
Several single-group studies of VEGFR inhibitors in
pretreated patients have shown disappointing results
(with a response rate of <15%), as well as maintenance
treatment with thalidomide after first-line chemotherapy.”

Ramucirumab (also known as IMC-1121B or
LY3009806), is a fully humanised monoclonal antibody
selectively directed against the extracellular domain of
VEGFR-2, which inhibits the VEGF receptor with a much
greater affinity than its natural ligands.” As a single drug
or in combination with different chemotherapy agents,
ramucirumab has been approved for second-line
treatment of gastric adenocarcinoma, colorectal cancer,
non-small-cell lung cancer, and hepatocellular carcinoma.
Ramucirumab has shown a manageable toxicity profile
across all studies.”
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No standard treatment option is available for the
second-line treatment of patients with malignant pleural
mesothelioma who have previously been treated with
pemetrexed plus platinum. Nevertheless, gemcitabine is
widely used in clinical practice in such scenarios.* In the
phase 2, randomised RAMES trial, we aimed to provide
an initial assessment of the efficacy and safety of
combined gemcitabine and ramucirumab as second-line
treatment in patients with advanced malignant pleural
mesothelioma who had progressed on a pemetrexed plus
platinum regimen.

Methods

Study design and participants

RAMES (RAmucirumab MESothelioma treatment) was a
multicentre, randomised, double-blind, placebo-
controlled, randomised, phase 2 trial done at 26 hospitals
in Italy that explored the efficacy and safety of the
addition of ramucirumab to gemcitabine as second-line
treatment in patients with advanced malignant pleural
mesothelioma (appendix 2 p 1).

Eligible patients (aged =18 years) had a histologically
confirmed diagnosis of malignant pleural mesothelioma,
documented disease progression during or after first-
line chemotherapy with pemetrexed plus a platinum
compound (either cisplatin or carboplatin), measurable
or evaluable lesions according to Response Evaluation
Criteria in Solid Tumurs (RECIST) version 1.1, and
an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2. An adequate bone marrow
reserve was required, with an absolute neutrophil count
of at least 1-5x109 cells per L, platelets of at least
100x 109 cells per L and haemoglobin of at least 9 g/dL.
Creatinine clearance, calculated by the Cockcroft and
Gault formula, had to be at least 50 mL/min, bilirubin
1-5-times the upper limit of normal or lower, and alanine
aminotransferase and aspartate aminotransferase
2-5-times the upper limit of normal or lower. A baseline
urine dipstick with proteinuria (<2+) was required;
patients with high proteinuria (=2+) had to undergo 24-h
urine collection and have 1 g or less of protein per 24 h.
Patients previously treated with more than one line of
therapy; previously treated with agents targeting the
VEGF signalling pathway; with uncontrolled hyper-
tension; with a serious non-healing wound or ulcer; with
evidence of bleeding diathesis or coagulopathy; or who
had a major surgical procedure, open biopsy, or
significant traumatic injury within 28 days before the
start of study treatment were not eligible for the trial.
Patients were also excluded if they were currently on
treatment with anticoagulants, high-dose aspirin
(>325 mg per day), or other medications known to
predispose individuals to gastrointestinal ulceration.

The study was approved by the Italian Medicines
Agency and ethics committees at each participating
centre. The recommendations of the International
Council for Harmonization Good Clinical Practice

guidelines for clinical trials and of the Declaration of
Helsinki were followed. Written informed consent was
obtained from each patient before enrolment. The study
protocol is available in appendix 2.

Randomisation and masking

Patients were randomly assigned (1:1) to receive
intravenous gemcitabine in combination with either
placebo (gemcitabine plus placebo group) or with intra-
venous ramucirumab (gemcitabine plus ramucirumab
group). Randomisation was done by a centralised web-
based procedure, with a minimisation algorithm asso-
ciated with a random element using the following
stratification factors: ECOG performance status (0-1vs 2),
age (<70 years vs >70 years), histology (epithelioid vs
non-epithelioid), and firstline time-to-progression
(<6 months vs =6 months). The random allocation
sequence was built with random permuted blocks of
different size, and was generated according to the
Moses and Oakford algorithm at the Clinical Trials
Coordinating Centre, Istituto Toscano Tumori (Florence,
Italy). Patients, treating physicians, and those assessing
outcomes were unaware of study treatment assignment.
Placebo and ramucirumab were sealed in serially
numbered containers; their formulation, dose, label,
packaging, and storage condition were identical.

Procedures

Patients received intravenous gemcitabine 1000 mg/m?
on days 1 and 8 every 3 weeks, combined with either
intravenous ramucirumab 10 mg/kg or matching placebo
on day 1 of a 3-week cycle, until progressive disease,
unacceptable toxicity, or withdrawal of consent to
treatment occurred. Ramucirumab could be delayed or
reduced if a patient had an adverse event of special
interest or grade 3 adverse events that met all of the
following conditions: the adverse event was reversible
and non-life-threatening; the adverse event was not an
adverse event of special interest; the adverse event was
considered to be at least possibly related to ramucirumab;
and the adverse event resolved to grade 1 or to the patient’s
pretreatment baseline level within 28 days. Adverse
events of special interests were infusion-related reactions,
hypertension, proteinuria, arterial or venous thrombo-
embolic events, bleeding or haemorrhage, gastrointestinal
perforation, congestive heart failure, wound healing
complications, fistula, liver failure or liver injury, and
reversible posterior leukoencephalopathy syndrome. Any
patient who required a ramucirumab dose reduction
continued to receive a reduced dose until discontinuation
from ramucirumab or discontinuation from the study.
Any patient who had two ramucirumab dose reductions
and another event that would cause a third dose reduction
was permanently discontinued from ramucirumab but
remained on the study. Considering adverse events of
special interest, ramucirumab was also permanently
discontinued in the event of gastrointestinal perforation,
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reversible posterior leukoencephalopathy syndrome,
fistula, liver failure or liver injury, very high proteinuria
(>3 g per 24 h), nephrotic syndrome, grade 3—4 arterial or
venous thromboembolic events, grade 3—4 bleeding or
haemorrhage, grade 3—4 congestive heart failure, and
grade 4 uncontrolled hypertension or hypertensive
encephalopathy. Gemcitabine was delayed or reduced
by 25% if patients had grade 4 haematological toxicity (for
more than 3 days) or grade 3 gemcitabine-related non-
haematological toxicity that was clinically significant (as
determined by the investigator). Gemcitabine was
permanently discontinued if patients had grade 4 non-
haematological toxicity that was related to gemcitabine.
Any patient who required a gemcitabine dose reduction
continued to receive a reduced dose. Any patient who had
two gemcitabine dose reductions and another toxicity
event that would cause a third dose reduction was
permanently discontinued from gemcitabine but
remained on the study.

Baseline assessment included a complete medical
history, physical examination, and laboratory tests for
white blood cell counts, neutrophils, platelets, haemo-
globin, serum creatinine, alanine aminotransferase,
aspartate aminotransferase, total bilirubin, coagulation
profile, and urinalysis. These tests were done at baseline
and at each treatment infusion. A chest and abdomen CT
scan was done at baseline and repeated every three cycles
until the end of treatment. Radiological response was
evaluated according to RECIST (version 1.1).* No
independent central radiological and pathological review
was planned. Treatment toxicity was evaluated con-
tinuously throughout the study and during follow-up
according to version 4.0 of the National Cancer Institute’s
Common Terminology Criteria for Adverse Events. After
completion of the study treatment, patients were followed
up for survival until death or date of last contact if still
alive. No post-study treatment was planned.

Diagnostic tumour tissue samples from each patient
underwent molecular profile analysis.”> Whole-blood
samples were obtained for cell-free DNA evaluation
before the start of chemotherapy, after the first radio-
logical re-evaluation (after three therapy cycles), and at
the end of treatment. We assessed quality of life using
the European Organization for Research and Treatment
of Cancer questionnaire C30 at baseline and at day 1 of
each treatment cycle.

Outcomes

The primary endpoint was overall survival, measured
from the date of randomisation to the date of death from
any cause. Observation time of patients alive or lost to
followup at the end of the study was censored at the day
of the last study visit.

Secondary endpoints were progression-free survival
(defined as the time from randomisation to disease
progression or death, whichever happened first), objective
response rate, disease control rate, safety, quality of life,

www.thelancet.com/oncology Vol 22 October 2021

and predictive biomarkers. The objective response rate
was calculated as the number of patients achieving
complete or partial response. The disease control rate was
defined as the number of patients achieving a best overall
response of complete response, partial response or stable
disease. Patients without a tumour response assessment
for any reason were considered to be nonresponders.
Analyses of biomarkers and quality of life data are ongoing
and are not reported here.

Statistical analysis

We planned to enrol 156 patients to observe 114 deaths
from any cause; with that number of events, it was
estimated that the study would have 80% power to detect a
hazard ratio for death of 0-70 at a one-sided significance
level of 15%. This hypothesis assumed a cumulative
proportion of overall survival equal to 40% at 1 year in
the gemcitabine plus placebo group,” and an absolute
13% improvement at 1 year in the gemcitabine plus
ramucirumab group. All efficacy analyses were assessed in
the modified intention-to-treat population (ie, all patients
who had been correctly randomised and received allocated
treatment). Patients who were randomised in error or did
not receive any component of study treatment were
excluded from this population. Patients were grouped
according to the randomised treatment assignment.

We calculated the median period of follow-up for the
entire study cohort according to the reverse Kaplan-Meier
method. We estimated distributions of time-to-event
variables with the use of the Kaplan-Meier product-limit
method. We used the unstratified log-rank test as the
primary analysis for comparison of treatment groups and
used Cox proportional-hazards modelling as supportive
analysis. The proportional hazards assumption for
treatment group was tested to analyse the degree of
correlation between the scaled Schoenfeld residuals and
time, and was rejected in the presence of a p value of 0-15
or lower. All statistical tests were one-sided, and p values
of 0-15 or lower were considered to indicate statistical
significance. For prespecified subgroup analyses of
overall survival, we used a two-sided interaction test with
a significance level equal to 0-10 to determine the
consistency of the treatment effect according to key
baseline characteristics (age <70 years vs >70 years, ECOG
performance status 0 vs 1-2, histology epithelioid vs non-
epithelioid, first-line time-to-progression <6 months vs
26 months). We present crude estimates of the hazard
ratios (HRs) and associated 70% (or 90% Cls for subgroup
analyses). If the proportional hazards assumption was
not met, the 2-year restricted mean survival time for each
treatment group and the between-group contrast were
also reported as post-hoc analysis, with their 70% Cls.
The one-sided p value threshold for the restricted mean
survival time analysis was set at 0-15. We analysed
progression-free survival with the same statistical
techniques described for the primary efficacy variable. We
calculated 95% CIs for overall response rate and 70% Cls
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| 165 patients enrolled from 26 centres |

v

| 165 randomly assigned to treatment |

v

v

| 83 assigned to gemcitabine plus placebo |

| 82 assigned to gemcitabine plus ramucirumab

2 did not receive allocated treatment
| 1worsening of clinical conditions |  1randomised twice by mistake
1 withdrew consent

2 did not receive allocated treatment

1 withdrew consent

A4

A4

| 81 received allocated treatment

| | 80 received allocated treatment |

v

v

| 81 analysed for efficacy and safety outcomes |

| 80 analysed for efficacy and safety outcomes |

Figure 1: Trial profile
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Gemcitabine plus Gemcitabine plus
ramucirumab (n=80) placebo (n=81)

Median age, years (range) 69 (45-81) 69 (44-79)
Age, years

<70 49 (61%) 46 (57%)

>70 31(39%) 35 (43%)
Sex

Male 59 (74%) 60 (74%)

Female 21 (26%) 21(26%)
ECOG performance status

0 50 (63%) 46 (57%)

1 29 (36%) 34 (42%)

2 1(1%) 1(1%)
Histotype

Epithelioid 68 (85%) 70 (86%)

Non-epithelioid 12 (15%) 11 (14%)
First-line time-to-
progression, months

<6 47 (59%) 48 (59%)

=6 33 (41%) 33 (41%)

Data are n (%) unless otherwise specified. ECOG=Eastern Cooperative Oncology Group.
Table 1: Baseline characteristics

for disease control rate. We did a post-hoc analysis of
duration of response, measured from the first date of
response until the date of disease progression; 70% Cls
were calculated.

We assessed safety in all patients who received at least
one dose of their assigned treatment. To determine
whether there were sufficient safety concerns to justify
the termination of study treatment or enrolment, an
interim analysis of safety was planned after about
80 patients completed 6 weeks of therapy or discontinued
treatment due to other reasons, whichever came first. An
internal data monitoring committee reviewed adverse

event profiles, adverse events of special interest, dose
modifications, reasons for patient discontinuations, and
other safety data. There were no prespecified rules for
stopping the trial due to safety concerns.

No adjustment for multiple comparisons was made.
We used SAS software (version 9.2) for all statistical
analyses. This study is registered with ClinicalTrials.gov,
NCT03560973, and with EudraCT, 2016-001132-36.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Between Dec 22, 2016, and July 30, 2018, 165 patients
were randomly assigned to study treatment; 83 to
gemcitabine plus placebo and 82 to gemcitabine plus
ramucirumab; figure 1. Four patients were excluded
from the analysis: two patients assigned to the
gemcitabine plus placebo group who received no
treatment and two patients assigned to the gemcitabine
plus ramucirumab group, one of whom was randomised
twice by mistake and another who withdrew consent
immediately after randomisation (before treatment
began). The remaining 161 patients were included in the
analysis as the modified intention-to-treat population
(81 in the gemcitabine plus placebo group, 80 in the
gemcitabine plus ramucirumab group).

Baseline demographic and clinical characteristics of
patients are shown in table 1. Overall, median age was
69 years (range 44-81), 119 (74%) patients were male,
138 (86%) had epithelioid histology, and 95 (59%) had a
first-line time-to-progression of less than 6 months. All
participants were White. At database lock (March 8, 2020),
five (6%) of 81 patients in the gemcitabine plus placebo
group and six (8%) of 80 patients in the gemcitabine plus
ramucirumab group were still on treatment. The median
number of cycles was 3-5 (range 1-31) for placebo and 7-5
(1-28) for ramucirumab. The main reasons for treatment
discontinuation were radiological disease progression in
45 (56%) of 81 patients in the gemcitabine plus placebo
group and in 39 (49%) of 80 in the gemcitabine plus
ramucirumab group, and worsening of clinical condition
(ECOG performance status >2) in 14 (17%) of 81 patients
in the gemcitabine plus placebo group and in 11 (14%) of
80 in the gemcitabine plus ramucirumab group. Dose
reductions of either components of the treatment regimen
were required in eight (10%) of 81 patients in the
gemcitabine plus placebo group and in 25 (31%) of 80 in
the gemcitabine plus ramucirumab group. Discon-
tinuations attributed to study drug toxicity occurred in
four (5%) of 81 patients in the gemcitabine plus placebo
group (grade 3 thromboembolism in three patients
and grade 2 creatinine increased in one patient), and in
nine (11%) of 80 patients in the gemcitabine plus
ramucirumab group (grade 1-2 thromboembolism in
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three patients; grade 3 thromboembolism, grade 4 throm-
boembolism, grade 3 febrile neutropenia, grade 3 hyper-
tension, grade 2 atrial fibrillation, and grade 3 peripheral
oedema in one patient each).

Median follow-up was 21-9 months (IQR 17-7-28.5).
Median overall survival was 7- 5 months (70% CI 6-9-8-9)
in the gemcitabine plus placebo group and 13 -8 months
(12-7-14-4) in the gemcitabine plus ramucirumab group
(HR 0-71, 70% CI 0-59-0-85; unstratified log-rank test
p=0-028). Overall survival rates at 6 months and
12 months were 63-9% (70% CI 57-9-69-2) and 33-9%
(28-3-39-5) in the gemcitabine plus placebo group and
76-0% (70-6-80-5) and 56-5% (50-4-62-1) in the
gemcitabine plus ramucirumab group, respectively
(figure 2A). The number of events for overall survival
were 64 in the gemcitabine plus placebo group and 59 in
the gemcitabine plus ramucirumab group.

Median progression-free survival was 3-3 months
(70% CI 3-0-3-9) in the gemcitabine plus placebo group
and 6-4 months (5-5-7-6) in the gemcitabine plus
ramucirumab group (HR 0-79, 0-66-0-94; un-stratified
log-rank test p=0-082; figure 2B). As the proportional
hazards assumption for treatment group did not hold for
the progression-free survival analysis (appendix 2 p 2),
2-year restricted mean survival time was calculated
post hoc. 2-year restricted mean survival time was
6-6 months (70% CI 5-8-7-4) in the gemcitabine plus
placebo group and 8-3 months (7-5-9-1) in the
gemcitabine plus ramucirumab group (restricted means
survival time ratio 1-26, 70% CI 1-08-1-47; p=0-12). The
number of events for progression-free survival were 72 in
the gemcitabine plus placebo group and 71 in the
gemcitabine plus ramucirumab group.

Prespecified subgroup analyses of overall survival data
according to randomisation strata are shown in figure 3.

The objective response rates according to RECIST
version 1.1 are reported in table 2. No complete response
was seen. Eight (10%) of 81 patients in the gemcitabine
plus placebo group and five (6%) of 80 in the gemcitabine
plus ramucirumab group had a partial response;
34 (42%) patients in the gemcitabine plus placebo group
and 53 (66%) in the gemcitabine plus ramucirumab
group had stable disease. Disease control was achieved in
42 (52%; 70% CI 46-58) of 81 patients in the gemcitabine
plus placebo group and in 58 (73%; 66-78) of 80 in the
gemcitabine plus ramucirumab group. 30 (37%) of
81 patients in the gemcitabine plus placebo group and
15 (19%) of 80 in the gemcitabine plus ramucirumab
group had disease progression during treatment. In a
post-hoc analysis, the median duration of response was
5-4 months (70% CI 2-1-17-0) in the gemcitabine plus
placebo group and 8-4 months (4-2-11-5) in the
gemcitabine plus ramucirumab group.

An interim analysis of safety was done by an internal
study committee after 80 patients completed 6 weeks of
study treatment (May 11, 2018), and no safety concerns
were found to justify the early termination of the accrual.
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Figure 2: Overall survival (A) and progression-free survival (B)
Shaded areas represent 70% Cls. HR=hazard ratio.

Grade 3—4 treatment-related adverse events were reported
in 35 (44%) of 80 patients treated in the gemcitabine plus
ramucirumab group and 24 (30%) of 81 treated in the
gemcitabine plus placebo group. The most common
treatment-related grade 3—4 adverse events were neutro-
penia (16 [20%] of 80 patients in the gemcitabine plus
ramucirumab group vs ten [12%] of 81 patients in the
gemcitabine plus placebo group), hypertension (five [6%)]
vs none), and fatigue (four [5%] vs three [4%)]; table 3).
Treatment-related serious adverse events were reported
in five (6%) of 80 patients in the gemcitabine plus
ramucirumab group and in four (5%) of 81 patients in
the gemcitabine plus placebo group. Thromboembolism
was seen in three (4%) of 80 patients in the gemcitabine
plus ramucirumab group versus two (2%) of 81 patients
in the gemcitabine plus placebo group; aspartate or
alanine aminotransferase increase and fatigue were seen
each in one (1%) of 80 patients in the gemcitabine plus
ramucirumab group, and anaemia and non-specific
increase of cardiac enzymes were reported each in
one (1%) of 81 patients in the gemcitabine plus placebo
group. No severe (grade 3—4)bleeding or haemorrhage
events were reported in either treatment group. There
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Gemcitabine plus placebo

Gemcitabine plus ramucirumab

Hazard ratio

Pinteraction

(90% CI)
n/N Median overall n/N Median overall
survival (90% Cl), survival (90% Cl),
months months
Age at randomisation, years
<70 46/81 6.8 (4-8-10-5) 49/80 13.9 (11.5-16-4) — 0-53(036-0-79) 0056
>70 35/81 89(71-112) 31/80 115 (8-0-14-5) — 1.08 (0-68-1.70)
ECOG performance status
0 46/81 8.8 (7:2-11-5) 50/80 145 (13-6-16-9) — 0-65 (0-43-0-96) 029
1-2 35/81 6-8 (5-4-9-6) 30/80 5-9 (3-6-12-7) —.— 0-95 (0-61-1-50)
Histology
Epithelioid 70/81 8.8 (7:1-11-2) 68/80 13-8 (11:3-15-2) —m 0-76 (0-55-1.05)  0-15
Non-epithelioid 11/81 34 (1:3-3-8) 12/80 13.0 (2-8-14-5) 0-37 (0-18-0.78)
Time to progression during first-line treatment, months
<6 48/81 7-1(54-83) 47/80 13-6 (9-1-14-5) — 0-59 (0-41-0-86) 031
=6 33/81 115 (6:3-16-3) 33/80 139 (10-4-16-4) e 0-87 (0:53-1:42)
Overall population 81/161  7-5(6-3-10-5) 80/161  13-8(11-3-14-5) . 0-71(0-53-0-95)
T T 1
0-15 0-5 1 2

Favours gemcitabine
plus ramucirumab

Favours gemcitabine
plus placebo

Figure 3: Overall survival in predefined patient subgroups
ECOG=Eastern Cooperative Oncology Group.

Gemcitabine plus
ramucirumab (n=80)

Gemcitabine plus
placebo (n=81)

Overall response rate 5 (6%; 2-14)* 8 (10%; 4-19)*

Complete response 0 0

Partial response 5 (6%) 8 (10%)

Stable disease 53 (66%) 34 (42%)

Disease control rate 58 (73%; 66-78)t 42 (52%; 46-58)t
Progressive disease 15 (19%) 30 (37%)

Not evaluated 7 (9%) 9 (11%)

Median duration of 8-4 (4-2-11.5)t 5-4 (2-1-17-0)t

response, months

Data are n (%; 95% Cl or 70% Cl) or n (%) in the modified intention-to-treat
population (ie, all patients who had been correctly randomised and received their
allocated treatment). Patients were grouped according to their randomised
treatment assignment. *95% Cl. 70% Cl.

Table 2: Tumour response

were no treatment-related deaths in either study group.
All the deaths reported at database lock were the result of
disease progression.

Discussion
The RAMES study showed that the addition of
ramucirumab to gemcitabine chemotherapy led to an
overall survival improvement in patients with pretreated
malignant pleural mesothelioma, with a tolerable toxicity
profile. The benefit of ramucirumab was independent of
histological subtype and outcome of first-line treatment
with platinum plus pemetrexed.

Due to the challenges of radiological response assess-
ment in mesothelioma, and according to the recom-
mendation of expert consensus,” overall survival was set

as the primary endpoint of the RAMES study. The
randomised and double-blind design of the trial, and the
stratification according to histology, first-line time-to-
progression, and ECOG performance status mitigated
the possibility of selectively enrolling patients with more
indolent disease, a bias that is common in single-group
studies in this setting. The addition of ramucirumab to
gemcitabine therapy led to an improvement in median
overall survival from 7-5 to 13-8 months compared with
gemcitabine plus placebo. Moreover, the 6-month and
12-month overall survival rates suggest a long-term
benefit, with an increase in 1-year survival in patients
treated with gemcitabine plus ramucirumab from 33-9%
to 56-5%. The survival advantage was seen in subgroups
of patients that usually show poor prognoses, including
those with non-epithelioid histology and a time-to-
progression of less than 6 months after firstline
platinum plus pemetrexed. A similar finding in
non-epithelioid patients with the use of antiangiogenic
therapy was reported in the phase 3 MAPS trial.” A
significant benefit with gemcitabine plus ramucirumab
was not seen in patients aged 70 years or older nor in
patients with ECOG performance status of 1-2. However,
these subgroups were small in patient number and the
analysis had insufficient statistical power; therefore,
results from these subgroup analyses should be
interpreted with caution. Disease control rate and
progression-free survival were also improved with the
combined treatment, despite a low response rate in both
groups. This is consistent with the mechanism of action
of ramucirumab, which leads to tumour stabilisation
rather than regression—as with all antiangiogenics. A
few early clinical progressions were seen in both study

www.thelancet.com/oncology Vol 22 October 2021



Articles

groups. No post-study treatment was planned in our trial.
Third-line immunotherapy was not available in Italy at
the time of the study.

The overall survival gain with the addition of
ramucirumab in the RAMES trial was achieved without a
marked increase in toxicity. Although all-grade adverse
events were reported more frequently in the gemcitabine
plus ramucirumab group than in the gemcitabine plus
placebo group, grade 3—4 adverse events were similar
between the two groups. As expected with a VEGEF-
targeting agent, higher rates of hypertension and
thromboembolic events were reported with ramucirumab;
however, these adverse events were generally mild, with
only five (6%) of 80 patients reporting a grade 3—4
hypertension and three (4%) of 80 reporting a grade 3—4
thromboembolism.

There is a strong rationale for inhibiting angiogenesis in
mesothelioma. Ramucirumab targets the extracellular
domain of VEGFR-2 with great affinity; it has, therefore,
potential advantages over bevacizumab, which, by
targeting VEGF-A, affects VEGFR-1, VEGFR-2, and the
non-catalytic coreceptors neuropilin-1 and neuropilin-2.
Ramucirumab does not bind to the VEGFR-1 receptor,
which might behave like a decoy receptor, providing
additional potency to the VEGFR-2 inhibitory effect.* In a
large retrospective series, VEGFR-2 was strongly expressed
on more than 90% of malignant pleural mesothelioma
tissue samples.” Notably, VEGFR-2 is also expressed on
macrophages, which are often abundant in the meso-
thelioma tumour microenvironment, and are considered
responsible for resistance to both chemotherapy and
immunotherapy” The VEGFR-2 inhibition in macro-
phages results in decreased tumour immune infiltration
and cytokine and chemokine release, which inhibits
tumour growth and proliferation. Indeed, neoangiogenesis
and immune suppression are two connected, key
hallmarks of the pathogenesis of mesothelioma. Tumour-
associated macrophages accumulate in hypoxic regions,
and their recruitment and M2 polarisation is promoted by
hypoxia-inducible factor-1a.” VEGF itself plays a role in
cancer immune evasion by reducing lymphocyte adhesion
to vessel walls. Vascular-targeting agents can restore
an immune-permissive tumour microenvironment by
remodelling tumour vasculature, promoting T-cell
priming and activation via dendritic cell maturation, and
decreasing regulatory T cells and myeloid-derived
suppressor cells. Conversely, an increasing number of
studies have shown that immunotherapeutic agents
might induce changes in the tumour vasculature, thus
improving the efficacy of antiangiogenic drugs.”

Three other randomised studies in pretreated patients
with malignant pleural mesothelioma have been
reported, all focusing on the role of immunotherapy: the
MAPS-2,” the PROMISE-Meso," and the CONFIRM"
trial. The main patient baseline characteristics of these
studies were similar to those in RAMES, except for the
higher percentage of participants with an ECOG
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Gemcitabine plus ramucirumab Gemcitabine plus placebo
(n=80) (n=81)
Grade1-2  Grade3 Grade 4 Grade 1-2 Grade3  Grade 4
Neutropenia 11 (14%) 13(16%) 3 (4%) 13 (16%) 9(11%)  1(1%)
Anaemia 15 (19%) 0 0 21(26%) 4 (5%) 0
Thrombocytopenia 9 (11%) 2 (3%) 0 7 (9%) 1(1%) 0
Febrile neutropenia 0 1(1%) 0 0 0 1(1%)
Fatigue 43(54%)  4(5%) O 37(46%)  2(2%)  1(1%)
Nausea or vomiting 25 (31%) 1(1%) 0 13 (16%) 0 0
Hypertension 20 (25%) 5 (6%) 0 4 (5%) 0 0
AST or ALT increase 17 (21%) 2 (3%) 0 4 (5%) 2 (2%) 0
Thromboembolism 10 (13%) 2 (3%) 1(1%) 5 (6%) 2 (2%) 0
Diarrhoea 11 (14%) 0 0 5(6%) 0 0
Bleeding 8 (10%) 0 0 0 0 0
Proteinuria 6 (8%) 1(1%) 0 1(1%) 1(1%) 0
Mucositis 13 (16%) 0 0 9 (11%) 0 0
Skin 3(4%) 0 0 10(12%) 0 0
Data are n (%). Safety was assessed in all patients who received at least one dose of their assigned study intervention.
Grade 1-2 adverse events with an incidence of at least 10% and all grade 3 and 4 adverse events were reported. No
grade 5 toxicity occurred. AST=aspartate aminotransferase. ALT=alanine aminotransferase.
Table 3: Drug-related adverse events

performance status of 0 in RAMES. This disparity is
probably due to RAMES being a purely second-line study,
whereas 20-71% of patients were treated in the third or
further line of therapy in PROMISE-Meso, MAPS-2, and
CONFIRM. Both RAMES and CONFIRM were powered
to detect a difference in overall survival between the two
groups, whereas the primary endpoints of MAPS-2 and
PROMISE-meso were disease control rate at 12 weeks
and progression-free survival, respectively. Overall
survival with gemcitabine plus ramucirumab in RAMES
(13-8 months; 70% CI 12-7-14-4) was longer than that
seen in CONFIRM in the nivolumab group (9-2 months;
95% CI7-5-10-8), but these trials are difficult to compare
because patients enrolled in CONFIRM were more
heavily pretreated. Median overall survival in the control
chemotherapy group of RAMES was shorter than that of
the control group of PROMISE-Meso (7-5vs11-8 months).
A potential explanation of this survival difference could
be that more than 50% of RAMES patients had a first-
line time-to-progression of less than 6 months, which is
an established negative prognostic factor for second-line
chemotherapy in malignant pleural mesothelioma; these
data were not reported for PROMISE-Meso.

Our study had some limitations, mostly due to its
phase 2 design, with a relatively small sample size, and low
power in subgroup analyses. Moreover, the proportional
hazards assumption for progression-free survival was not
met, although alternative analyses were done to confirm
the secondary endpoint result. Finally, the combination of
gemcitabine with ramucirumab was based on a pragmatic
choice rather than on previous clinical data.

In summary, the RAMES study showed that the
combination of ramucirumab and gemcitabine was an
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efficacious and safe regimen in patients with malignant
pleural mesothelioma who progressed after standard
first-line chemotherapy, and could, therefore, be a new
treatment option in this setting. Moreover, the results of
the Checkmate 743 study, and of other ongoing trials
assessing the addition of chemotherapy and anti-
angiogenics to immune checkpoint inhibitors in the
first-line setting, will probably change the therapeutic
algorithm of unresectable malignant pleural meso-
thelioma in the near future.”® In this new scenario, the
combination of gemcitabine plus ramucirumab warrants
exploration in a further prospective phase 3 trial stratified
according to patient clinical and pathological features
and previous treatments, including immune checkpoint
inhibitors and antiangiogenics.

Contributors

All authors were involved in data collection, and reviewed the
radiological data at their respective site. CP and LB accessed and verified
all the data. All authors had full access to all the study data, were
responsible for the decision to submit for publication, contributed to the
writing of the manuscript, and reviewed and approved the final draft.
The corresponding author had final responsibility for the decision to
submit for publication. All authors had full access to all the study data
and took final responsibility to submit for publication.

Declaration of interests

CP reports advisory and speaker fees and travel and accommodation
expenses from Amgen, Astellas, AstraZeneca, Bayer, Bristol Myers
Squibb, Celgene, Clovis Oncology, Eisai, Ipsen, Janssen, Incyte,
Merck-Serono, Merck Sharp and Dohme, Novartis, Roche, Sandoz,
Sanofi, and Servier. PAZ reports advisory and speaker fees and travel
and accommodation expenses from Merck Sharp and Dohme, Astellas,
Janssen, Sanofi, Ipsen, Pfizer, Novartis, Bristol Myers Squibb, Amgen,
AstraZeneca, Roche, and Bayer. FGrosso reports consultancy and
speaker fees and travel and accommodation expenses from Merck
Sharp and Dohme, Novocure, Bristol Myers Squibb, Boehringer
Ingelheim, PharmaMar, and Novartis. GP reports advisory and speaker
fees from AstraZeneca, Bristol Myers Squibb, Boehringer Ingelheim,
Merck Sharp and Dohme, Roche, and Eli Lilly. MCG reports
consultancy and advisory fees from AstraZeneca, Merck Sharp and
Dohme, Bristol Myers Squibb, Boehringer Ingelheim, Celgene, Eli
Lilly, Incyte, Inivata, Novartis, Pfizer, Roche, Takeda, Seattle Genetics,
Mirati Threapeutics, Daiichi Sankyo, Bayer, GlaxoSmithKline, Sanofi-
Aventis, Spectrum Pharmaceuticals, Blueprint Medicine, Janssen,
Regeneron Pharmaceuticals; speaker fees from AstraZeneca, Merck
Sharp and Dohme, and Takeda; travel and accommodation expenses
from Roche; and a leadership or fiduciary role in European Society for
Medical Oncology, American Society of Clinical Oncology, American
Association for Cancer Research, Women for Oncology, and Italian
collaborative group for thymic malignansies. MT reports advisory fees
from AstraZeneca, Boehringer Ingelheim, Novartis, Roche, Takeda,
and Eli Lilly; speaker fees from AstraZeneca, Boehringer Ingelheim,
and Merck Sharp and Dohme; and research grants from AstraZeneca,
Boehringer Ingelheim, Novartis, and Roche. HSP reports advisory and
speaker fees and travel and accommodation expenses from Amgen,
AstraZeneca, Bristol Myers Squibb, Merck Sharp and Dohme,
Novartis, Roche, Pfizer, and Sanofi. FGrossi reports advisory fees from
AstraZeneca, Bristol Myers Squibb, Eli Lilly, Merck Sharp and Dohme,
and Roche; speaker fees from Bristol Myers Squibb, AstraZeneca,

Eli Lilly, Merck Sharp and Dohme, Roche, Amgen, Boehringer
Ingelheim, Pierre Fabre, Pfizer, Takeda, Bayer, and Sotio; and a grant
from Bristol Myers Squibb to their institution. FC reports speaker fees
from Bristol Myers Squibb and advisory fees from Amgen,
AstraZeneca, Bayer, Bristol Myers Squibb, Eli Lilly, Mirati, Merck
Sharp and Dohme, PharmaMar, Pfizer, and Roche. FdM reports
advisory and speaker fees and travel and accommodation expenses
from Merck Sharp and Dohme, Bristol Myers Squibb, Boehringer
Ingelheim, Novartis, AstraZeneca, and Roche. AS reports consultancy

fees from Arqule and Sanofi; speaker fees from Takeda, Bristol Myers
Squibb, Roche, AbbVie, Amgen, Celgene, Servier, Gilead, AstraZeneca,
Pfizer, Arqule, Eli Lilly, Sandoz, Eisai, Novartis, Bayer, and Merck
Sharp and Dohme; and advisory fees from Bristol Myers Squibb,
Servier, Gilead, Pfizer, Eisai, Bayer, and Merck Sharp and Dohme.
GLC reports advisory speaker fees from Merck Sharp and Dohme,
Astellas, and Novocure, and travel and accommodation expenses from
Merck Sharp and Dohme, Astellas, and Novocure. All other authors
declare no competing interests.

Data sharing

The study protocol is available in appendix 2. Individual data underlying
the results reported in this article will be available after updating the
survival data with correlation to the results of the translational studies,
which are still in progress. Requests for patient-level data for qualified
research projects should be addressed to info@goirc.org. Full details are
given in appendix 2 (p 3).

Acknowledgments

This study was supported by an unrestricted grant from Eli Lilly Italy to
the Italian Oncologic Group of Clinical Research. Eli Lilly Italy supplied
ramucirumab for this study. LG was supported by Fondazione Buzzi
Unicem, Casale Monferrato, Italy. We thank the participants and their
families and caregivers, and all the investigators and site personnel.

References

1 Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phase III study of
pemetrexed in combination with cisplatin versus cisplatin alone in
patients with malignant pleural mesothelioma. J Clin Oncol 2003;
21: 2636—44.

2 Baas P, Scherpereel A, Nowak AK, et al. First-line nivolumab plus
ipilimumab in unresectable malignant pleural mesothelioma
(CheckMate 743): a multicentre, randomised, open-label, phase 3
trial. Lancet 2021; 397: 375-86.

3 Kindler HL, Ismaila N, Armato SG 3rd, et al. Treatment of
malignant pleural mesothelioma: American Society of Clinical
Oncology clinical practice guideline. J Clin Oncol 2018; 36: 1343-73.

4 Zauderer MG, Kass SL, Woo K, Sima CS, Ginsberg MS, Krug LM.
Vinorelbine and gemcitabine as second- or third-line therapy for
malignant pleural mesothelioma. Lung Cancer 2014; 84: 271-74.

5  Ceresoli GL, Zucali PA, De Vincenzo F, et al. Retreatment with
pemetrexed-based chemotherapy in patients with malignant pleural
mesothelioma. Lung Cancer 2011; 72: 73-77.

6 Cortinovis D, Grosso F, Carlucci L, et al. Trabectedin in malignant
pleural mesothelioma: results from the multicentre, single arm,
phase 2 ATREUS study. Clinical Lung Cancer 2021; 4: 361-70.

7 Metaxas Y, Frith M, Eboulet EI, et al. Lurbinectedin as second- or
third-line palliative therapy in malignant pleural mesothelioma:
an international, multi-centre, single-arm, phase II trial
(SAKK 17/16). Ann Oncol 2020; 31: 495-500.

8  Zucali PA. Target therapy: new drugs or new combinations of drugs
in malignant pleural mesothelioma. | Thorac Dis 2018;

10 (suppl 2): 311-21.

9  Krug LM, Kindler HL, Calvert H, et al. Vorinostat in patients with
advanced malignant pleural mesothelioma who have progressed on
previous chemotherapy (VANTAGE-014): a phase 3, double-blind,
randomised, placebo-controlled trial. Lancet Oncol 2015; 16: 447-56.

10  Gregorc V, Gaafar RM, Favaretto A, et al. NGR-hTNF in
combination with best investigator choice in previously treated
malignant pleural mesothelioma (NGR015): a randomised,
double-blind, placebo-controlled phase 3 trial. Lancet Oncol 2018;
19: 799-811.

11  Popat S, Curioni-Fontecedro A, Dafni U, et al. A multicentre
randomised phase III trial comparing pembrolizumab versus
single-agent chemotherapy for advanced pre-treated malignant
pleural mesothelioma: the European Thoracic Oncology Platform
(ETOP 9-15) PROMISE-meso trial. Ann Oncol 2020; 31: 1734-45.

12 Fennell D, Ottensmeier C, Califano R, et al. Nivolumab versus
placebo in relapsed malignant mesothelioma: preliminary results
from the CONFIRM phase 3 trial. International Association for the
Study of Lung Cancer 2020 World Conference on Lung Cancer;
Singapore; Jan 28-31, 2021 (abstr PS 01.11).

13 Strizzi L, Catalano A, Vianale G, et al. Vascular endothelial growth
factor is an autocrine growth factor in human malignant
mesothelioma. | Pathol 2001; 193: 468-75.

www.thelancet.com/oncology Vol 22 October 2021



Articles

14

15

16

17

18

19

20

21

22

Tsao A, Nakano T, Nowak AK, Popat S, Scagliotti GV, Heymach J.
Targeting angiogenesis for patients with unresectable malignant
pleural mesothelioma. Semin Oncol 2019; 46: 145-54.

Zalcman G, Mazieres |, Margery J, et al. Bevacizumab for newly
diagnosed pleural mesothelioma in the Mesothelioma Avastin
Cisplatin Pemetrexed Study (MAPS): a randomised, controlled,
open-label, phase 3 trial. Lancet 2016; 387: 1405-14.

Scagliotti GV, Gaafar R, Nowak AK, et al. Nintedanib in
combination with pemetrexed and cisplatin for chemotherapy-naive
patients with advanced malignant pleural mesothelioma
(LUME-Meso): a double-blind, randomised, placebo-controlled
phase 3 trial. Lancet Respir Med 2019; 7: 569-80.

Buikhuisen WA, Burgers JA, Vincent AD, et al. Thalidomide versus
active supportive care for maintenance in patients with malignant
mesothelioma after first-line chemotherapy (NVALT 5): an open-label,
multicentre, randomised phase 3 study. Lancet Oncol 2013; 14: 543-51.
Spratlin JL, Cohen RB, Eadens M, et al. Phase I pharmacologic and
biologic study of ramucirumab (IMC-1121B), a fully human
immunoglobulin G1 monoclonal antibody targeting the vascular
endothelial growth factor receptor-2. J Clin Oncol 2010; 28: 780-87.
Wadhwa R, Taketa T, Sudo K, Blum-Murphy M, Ajani JA.
Ramucirumab: a novel antiangiogenic agent. Future Oncol 2013;

9: 789-95.

Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer 2009; 45: 22847,

Pagano M, Ceresoli LG, Zucali PA, et al. Mutational profile of
malignant pleural mesothelioma in the Phase II RAMES Study.
Cancers (Basel) 2020; 12: 29-48.

Zucali PA, Simonelli M, Michetti G, et al. Second-line
chemotherapy in malignant pleural mesothelioma: results of a
retrospective multicenter survey. Lung Cancer 2012; 75: 360-67.

www.thelancet.com/oncology Vol 22 October 2021

23

24

25

26

27

28

29

30

Tsao AS, Lindwasser OW, Adjei AA, et al. Current and future
management of malignant mesothelioma: a consensus report from
the National Cancer Institute Thoracic Malignancy Steering
Committee, International Association for the Study of Lung Cancer,
and Mesothelioma Applied Research Foundation. J Thorac Oncol
2018; 13: 1655-67.

Grothey A, Galanis E. Targeting angiogenesis: progress with anti-
VEGF treatment with large molecules. Nat Rev Clin Oncol 2009;

6: 507-18.

Miettinen M, Rikala M-S, Rys |, Lasota ], Wang ZF. Vascular
endothelial growth factor receptor 2 as a marker for malignant
vascular tumors and mesothelioma: an immunohistochemical
study of 262 vascular endothelial and 1640 nonvascular tumors.
Am ] Surg Pathol 2012; 36: 629-39.

Dineen SP, Lynn KD, Holloway SE, et al. Vascular endothelial
growth factor receptor 2 mediates macrophage infiltration into
orthotopic pancreatic tumors in mice. Cancer Res 2008; 68: 4340—46.
Marelli G, Sica A, Vannucci L, Allavena P. Inflammation as target in
cancer therapy. Curr Opin Pharmacol 2017; 35: 57-65.

Khan KA, Kerbel RS. Improving immunotherapy outcomes with
anti-angiogenic treatments and vice versa. Nat Rev Clin Oncol 2018;
15: 310-24.

Scherpereel A, Mazieres ], Greillier L, et al. Nivolumab or
nivolumab plus ipilimumab in patients with relapsed malignant
pleural mesothelioma (IFCT-1501 MAPS2): a multicentre,
open-label, randomised, non-comparative, phase 2 trial.

Lancet Oncol 2019; 20: 239-53.

Ceresoli GL, Pasello G. Immune checkpoint inhibitors in
mesothelioma: a turning point. Lancet 2021; 397: 348-49.

1447



	Gemcitabine with or without ramucirumab as second-line treatment for malignant pleural mesothelioma (RAMES): a randomised, double-blind, placebo-controlled, phase 2 trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


