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chromosome 7 (the chromosome on which MET is located) was indeed observed ~30% of NSCLC [27]
and gastric [29] tumors with an increased MET copy number. Furthermore, such tumors might not be
MET driven, given that breast tumors with an increased copy number for the human epidermal growth
factor receptor 2 (HER2) gene as a result of polysomy 17 behave as HER2-negative tumors [42].
Southern blot analysis and PCR-based assays identify a gain in gene copy number regardless of the
underlying cause and are thus unable to discriminate gene amplification from polysomy (Figure 1A).
This methodological limitation is sometimes overlooked in determination of the prevalence of MET

amplification in cancer.

Table 1. Prevalence of MET amplification and increased MET gene copy number (GCN)

in NSCLC.
Study Number of Patients  Technique Classification Positivity (%)
Camidge et al. (2010) [43] 66 FISH MET/CEP7 ratio > 2.0 0
Onozato et al. (2009) [33] 148 PCR based GCN>2 1.4
Kubo et al. (2009) [34] 100 PCR based GCN > 5 2.0
Bean er al. (2007) [30] 16 PCR based GCN>5 3.0
Go et al. (2010) [27] 180 FISH MET/CEP7 ratio > 2.0 3.9
Okamoto ef al. (2014) [44] 229 FISH MET/CEP7 ratio > 2.2 3.9
Cappuzzo et al. (2009) [45] 447 FISH MET/CEP7 ratio > 2.0 4.1
Onitsuka ef al. (2010) [32] 183 PCR based GCN > 1.31 4.4
Okuda et al. (2008) [31] 213 PCR based GCN >3 5.6
GCN > mean + 2SD of 30
Beau-Faller et al. (2008) [35] 106 PCR based 20.8

normal lung DNA samples

FISH, fluorescence in situ hybridization; PCR, polymerase chain reaction; GCN, gene copy number;

CEP7, centromeric portion of chromosome 7.

Table 2. Prevalence of MET amplification and increased MET gene copy number (GCN) in
gastric cancer.

Study Number of Patients Technique Classification Positivity (%)
Janjigian ef al. (2011) [29] 38 FISH MET/CEP?7 ratio > 2.0 0
Kawakami et al. (2013) [46] 266 FISH MET/CEP7 ratio > 2.2 1.5
Lennerz ef al. (2011) [28] 267 (junctional and gastric) FISH MET/CEP7 ratio > 2.2 2.2
Hara et al. (1998) [20] 154 FISH NA 3.9
Liu et al. (2014) [47] 196 FISH MET/CEP?7 ratio > 2.0 6.1
Graziano et al. (2011) [40] 216 PCR based GCN =5 9.7
. Ratio>2
Tsugawa et al. (1998) [21] 70 Slot blot analysis . 10.0
(relative to normal mucosa)
- Southern blot Ratio > 2
Nakajima et al. (1999) [19] 128 . . 10.2
analysis (relative to normal mucosa)
Lee et al. (2011) [39] 472 PCR based GCN >4 21.2
Shi et al. (2012) [48] 128 PCR based GCN =>4 30.5

FISH, fluorescence in situ hybridization; PCR, polymerase chain reaction; GCN, gene copy number;

CEP7, centromeric portion of chromosome 7; NA, not available.
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On the other hand, FISH analysis is a semiquantitative method that can be performed with two probes
for determination of the number of signals both for a target gene and for the centromeric portion of the
corresponding chromosome. Given that the number of centromeric signals directly indicates the copy
number of the chromosome, FISH analysis reveals the copy number increase for the target gene from the
ratio of the copy number of the gene to that of the chromosome (Figure 1). Comparative genomic
hybridization (CGH) is another molecular cytogenetic approach to the identification of gene amplification.
CGH analyzes copy number variation for whole chromosomes or subchromosomal regions relative to
ploidy level in the DNA of a test sample in comparison with a reference sample [49]. Although CGH has
proved to be an efficient and reproducible technique, it remains relatively expensive to perform and
requires a well-equipped laboratory and a high level of operator expertise.

Figure 1. (A) Schematic comparison of gene amplification and polysomy. The ratio of the
copy number for the target gene to that for the centromeric portion of the chromosome
distinguishes an increased copy number of the target gene attributable to gene amplification
from that resulting from extra copies of the chromosome (polysomy). (B) FISH analysis of
a gastric cancer cell line (HSC58) positive for MET amplification. The image shows a
single cancer cell, with green and red signals corresponding to CEP7 (CEN7p) and the
MET locus, respectively.

Centromeric portion

Target gene

polysomy amplification
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FISH is thus currently the gold standard for detection of gene amplification. According to the recent
ASCO/CAP guidelines for HER2 testing, gene amplification is defined as positive with a target
gene/centromere ratio of >2.2, negative with a ratio of <1.8, and equivocal with a ratio between 1.8 and
2.2 [50]. Importantly, polysomy, which is mechanistically distinct from gene amplification, is mostly
associated with a ratio in the equivocal range [51].

With the strict definition of MET amplification as a MET/CEP7 (centromeric region of chromosome 7)
ratio of >2.2 as determined by FISH analysis, we identified nine out of 229 patients with advanced
NSCLC (3.9%) as being positive for MET amplification [44]. We also found that four out of 266
gastric cancer patients (1.5%) were positive for MET amplification as determined with a combination of
PCR-based screening and FISH confirmation [46]. These results suggest that MET amplification identifies a
small but clinically important subgroup of cancer patients who are likely to respond to MET-TKIs.

4. Clinical Response to Crizotinib in MET Amplification—Positive Cancer Patients

To date, at least 17 MET-TKIs with kinase selectivity profiles ranging from highly selective to
multitargeted have been or are currently being subjected to clinical evaluation [52]. Although several
agents including cabozantinib [53] and foretinib [54] have made good progress, they are multitargeted
MET-TKIs, and so little is known of the relation between their efficacy and MET amplification.
In NSCLC, MET amplification is one of the mechanisms responsible for the development of resistance
to EGFR-TKIs, with dual inhibition of EGFR and MET having been shown to induce apoptosis in such
resistant cells [55]. Combination treatment with an EGFR-TKI and tivantinib, a selective MET-TKI with
microtubule-disrupting activity similar to that of vincristine [56], has been evaluated in clinical trials,
but the efficacy of this approach remains unclear. Among the MET-TKIs examined, however, crizotinib
has consistently shown efficacy in patients with cancer positive for MET amplification.

Preliminary reports of the clinical response of patients with MET amplification-positive cancer to
crizotinib have come from an enriched molecular cohort of individuals with advanced cancer in a phase 1
trial of this drug (A8081001, ClinicalTrials.gov identifier NCT00585195). This cohort includes patients
with various tumor types harboring specific genetic alterations of MET or ALK, including MET
amplification defined as a MET/CEP7 ratio of >2.2 (but not polysomy 7, kinase domain-activating
mutations of MET, or other chromosomal translocations leading to altered transcriptional regulation of
MET) as well as ALK chromosomal translocation or gene amplification. A patient with stage IV lung
adenocarcinoma that was negative for ALK rearrangement but positive for high-level MET amplification
(MET/CEP?7 ratio of >5.0) started treatment with crizotinib at a dose of 250 mg twice a day [57]. The
patient achieved a maximum reduction in aggregate tumor measurement of 54.8% after 4 months of such
therapy and thereafter continued the study treatment showing a partial response. A patient with MET
amplification-positive glioblastoma was also treated with crizotinib at 250 mg twice a day [58]. After
2 months of treatment, the first scheduled cranial magnetic resonance imaging (MRI) scan revealed a
40% reduction in tumor size, and after 4 months a restaging cranial MRI examination confirmed this
effect to be stable. Administration of crizotinib was continued for a total of 6 months, until the patient
manifested disease progression.

Another study revealed a pronounced clinical response to crizotinib in two of four patients with
gastric cancer positive for MET amplification (MET/CEP?7 ratio of >2.2) [28]. After 1 week of crizotinib
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treatment, one patient experienced a rapid symptomatic response with an increase in appetite, reduction
in pain, and improvement in performance status. A computed tomography (CT) scan at the end of
treatment cycle 2 (8 weeks) revealed a partial tumor response, which was confirmed at 12 weeks.
Another patient also showed rapid clinical improvement, with reduced pain and improved performance
status, after 1 week of crizotinib treatment. Time to progression for these two patients on crizotinib
treatment was ~112 and 105 days, respectively.

Crizotinib was approved by the U.S. Food and Drug Administration for the treatment of ALK
rearrangement-positive NSCLC in 2011, and a recent report has addressed the clinical efficacy of this
agent in a clinical practice setting [59]. A male patient with stage IV squamous cell lung cancer
was found to be positive for MET amplification (MET/CEP7 ratio of >2.2) and negative for ALK
rearrangement by FISH analysis. He was treated with crizotinib monotherapy at the normal dose of
250 mg twice daily. An almost complete response of tumors in the left lung and a major response of the
primary tumor to therapy were demonstrated by chest CT and positron emission tomography (PET)-CT
after 8 weeks of therapy.

Preliminary results of the NCT00585195 phase I study for patients with MET amplification-positive
NSCLC were reported at the 2014 Annual Meeting of the American Society of Clinical Oncology
(ASCO) [60]. Patients were categorized into three classes according to MET amplification status as
determined by FISH analysis: low (MET/CEP7 ratio of >1.8 to <2.2), intermediate (MET/CEP7 ratio of
>2.2 to <5.0), and high (MET/CEP?7 ratio of >5.0). Thirteen patients with a low (n = 1), intermediate
(n = 6), or high (n = 6) MET/CEP7 ratio received crizotinib. Of the 12 evaluable patients, four (33%)
showed a partial response and were found to have an intermediate (z = 1) or high (n = 3) MET/CEP7
ratio. These findings are thus suggestive of an association between the MET/CEP7 ratio and the clinical
benefit of crizotinib in patients with MET amplification-positive cancer.

The accumulating clinical evidence thus suggests that MET amplification as strictly defined by a
MET/CEP7 ratio of >2.2 has the potential to act as an oncogenic driver and thereby to render at
least a subset of affected tumors responsive to MET-TKIs such as crizotinib. Not all MET
amplification-positive cancer patients respond to MET-TKI treatment, however, and most such patients
who do respond, even those who show an initial marked response, eventually develop resistance to
MET-TKIs. Preexisting and acquired resistance to MET-TKIs is thus an important clinical problem that
is shared with other targeted therapies. Several mechanisms of resistance to MET-TKIs have been
identified in preclinical models, including additional mutations in the activation loop of MET [61],
ligand-dependent activation of EGFR signaling [61,62], SNDI-BRAF fusion [63], and amplification and
overexpression of wild-type KRAS [64]. Further characterization of such mechanisms will be important
to provide a basis for the development of effective therapies for patients with MET-TKI resistance.

5. Conclusions

MET amplification has been identified as a potential oncogenic driver for several neoplasms, and
targeted therapy with MET-TKIs for such tumors is thus a reasonable and effective treatment. Clinical
trials of such drugs are strongly warranted for patients with advanced malignancies positive for MET
amplification as strictly defined by a MET/CEP7 ratio of >2.2 determined by FISH.
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Ramucirumab plus paclitaxel versus placebo plus paclitaxel in
patients with previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (RAINBOW):

a double-blind, randomised phase 3 trial

Hansjochen Wilke, Kei Muro, Eric Van Cutsem, Sang-Cheul Oh, Gydrgy Bodoky, Yasuhiro Shimada, Shuichi Hironaka, Naotoshi Sugimoto, Oleg Lipatov,
Tae-You Kim, David Cunningham, Philippe Rougier, Yoshito Komatsu, Jaffer Ajani, Michael Emig, Roberto Carlesi, David Ferry?, Kumari Chandrawansa,
Jonathan D Schwartz, Atsushi Ohtsu, for the RAINBOW Study Group®

Summary

Background VEGFR-2 has a role in gastric cancer pathogenesis and progression. We assessed whether ramucirumab, a
monoclonal antibody VEGFR-2 antagonist, in combination with paclitaxel would increase overall survival in patients
previously treated for advanced gastric cancer compared with placebo plus paclitaxel.

Methods This randomised, placebo-controlled, double-blind, phase 3 trial was done at 170 centres in 27 countries in North
and South America, Europe, Asia, and Australia. Patients aged 18 years or older with advanced gastric or gastro-oesophageal
junction adenocarcinoma and disease progression on or within 4 months afier first-line chemotherapy (platinum plus
fluoropyrimidine with or without an anthracycline) were randomly assigned with a centralised interactive voice or web-
response system in a 1:1 ratio to receive ramucirumab 8 mg/kg or placebo intravenously on days 1 and 15, plus paclitaxel
80 mg/m?2 intravenously on days 1, 8, and 15 of a 28-day cycle. A permuted block randomisation, stratified by geographic
region, time to progression on first-line therapy, and disease measurability, was used. The primary endpoint was overall
survival. Efficacy analysis was by intention to treat, and safety analysis included all patients who received at least one
treatment with study drug. This trial is registered with ClinicalTrials.gov, number NCT01170663, and has been completed;
patients who are still receiving treatment are in the extension phase.

Findings Between Dec 23, 2010, and Sept 23, 2012, 665 patients were randomly assigned to treatment—330 to
ramucirumab plus paclitaxel and 335 to placebo plus paclitaxel. Overall survival was significantly longer in the
ramucirumab plus paclitaxel group than in the placebo plus paclitaxel group (median 9-6 months [95% CI 8-5-10-8] vs
7-4 months [95% CI 6-3-8 - 4], hazard ratio 0-807 [95% CI 0-678-0-962}; p=0-017). Grade 3 or higher adverse events that
occurred in more than 5% of patients in the ramucirumab plus paclitaxel group versus placebo plus paclitaxel included
neutropenia (133 [41%] of 327 vs 62 [19%)] of 329), leucopenia (57 [17%] vs 22 [7%]), hypertension (46 [14%%] vs eight [2%]),
fatigue (39 [12%)] vs 18 [5%]), anaemia (30 [9%)] vs 34 [10%)]), and abdominal pain (20 [6%] vs 11 [3%]). The incidence of
grade 3 or higher febrile neutropenia was low in both groups (ten [3%] vs eight [2%]).

Interpretation The combination of ramucirumab with paclitaxel significantly increases overall survival compared with
placebo plus paclitaxel, and could be regarded as a new standard second-line treatment for patients with advanced gastric
cancer.

Funding Eli Lilly and Company.
Introduction

Gastric cancer is the fifth most common malignancy, and
the third leading cause of cancer mortality worldwide.!

cancer. In patients with gastric cancer, circulating VEGF
levels are associated with increased tumour aggressiveness
and reduced survival®” In animal models of gastric

Currently, platinum-based and fluoropyrimidine-based
combinations are accepted worldwide as established
first-line drug regimens.? There are not many treatment
options after failure of first-line therapy. In randomised
trials, selected second-line chemotherapy significantly
improved overall survival compared with best supportive
care,™ however, median survival was less than 6 months.
Therefore, new, more active second-line treatment
options are needed.

VEGF and VEGFR-2-mediated signalling and
angiogenesis contribute to the pathogenesis of gastric
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adenocarcinoma, VEGFR-2 inhibition reduced tumour
growth and vascularity® Firstline treatment with
bevacizumab, a VEGF-A-directed monoclonal antibody, in
combination with chemotherapy was associated with
significantly improved proportions of patients achieving
an objective response and progression-free survival, and
non-significantly improved overall survival in patients with
metastatic gastric cancer.”® Ramucirumab, a human IgG1
monoclonal antibody VEGFR-2 antagonist, prevents
ligand binding and receptor-mediated pathway activation
in endothelial cells.” Paclitaxel was chosen for the
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combination based on single-agent second-line trials;**
the results of a retrospective analysis in gastric cancer
indicated similar efficacy between frequently used second-
line drugs (taxanes or irinotecan).” Weekly paclitaxel is
better tolerated and more efficacious than 3-weekly
paclitaxel in metastatic breast cancer. More recently, in a
Japanese randomised trial, weekly paclitaxel was associated
with a good toxicity profile compared with irinotecan as
second-line therapy in patients with gastric cancer.”

We assessed the safety and efficacy of ramucirumab plus
paclitaxel in patients with advanced gastric or gastro-
oesophageal junction adenocarcinoma with disease
progression after first-line combination chemotherapy.

Methods

Study design and patients

RAINBOW was a double-blind, placebo-controlled phase 3
trial. Eligibility criteria included age 18 years and older;
having metastatic or non-resectable, locally advanced
gastric or gastro-oesophageal junction adenocarcinoma;
documented objective radiological or clinical disease
progression during or within 4 months of the last dose of
first-line platinum and fluoropyrimidine doublet with or
without anthracycline; an Eastern Cooperative Oncology
Group (ECOG) performance status score of 0 or 1, and
measureable or non-measurable evaluable disease (defined
with Response Evaluation Criteria In Solid Tumors
[RECIST], version 1.1).* Exclusion criteria included having
squamous or undifferentiated gastric cancer; gastro-
intestinal perforation, fistulae, or any arterial thrombo-
embolic event within 6 months, or any significant
gastrointestinal bleeding or any significant venous
thromboembolism within 3 months before randomisation;
or poorly controlled hypertension. The appendix provides
the full inclusion and exclusion criteria.

Each centre’s institutional review board or independent
ethics committee approved the study. The trial followed
the principles of the Declaration of Helsinki and the Good
Clinical Practice Guidelines of the International
Conference on Harmonisation. All patients provided
written informed consent.

Randomisation and masking

Patients were randomly assigned in a 1:1 ratio to
ramucirumab plus paclitaxel or placebo plus paclitaxel
using a randomisation sequence generated using the
permuted blocks method within each stratum by a
statistician not involved in the study activities.
Randomisation was stratified by geographic region
(region 1, Europe, Israel, Australia, and the USA; region 2,
Argentina, Brazil, Chile, and Mexico; and region 3, Japan,
South Korea, Hong Kong, Singapore, and Taiwan), time
to progression after first dose of firstline therapy
(<6 months vs =6 months), and disease measurability
(measurable vs non-measurable). This sequence was
programmed into a centralised interactive voice or web-
response system. Study sites enrolled patients by

www.thelancet.com/oncology Vol 15 October 2014

accessing the centralised interactive voice or web-
response system. The interactive voice or web-response
system then assigned a unique identification number to
each patient, and randomly assigned patients to one of
the two treatment groups.

Patients, medical staff, study investigators, individuals
who handled and analysed the data, and the funder were
masked to treatment assignment. Ramucirumab and
placebo for infusion were identical in appearance to
preserve masking. Unmasking could be done for
individual patients only on the request of a study physician
in case knowledge of the identity of study drug was
important for the treatment of serious adverse events.

Procedures

Patients received either ramucirumab 8 mg/kg (ImClone
Systems, Branchburg, NJ, USA) or placebo intravenously
on days 1 and 15, plus paclitaxel 80 mg/m? intravenously
on days 1, 8, and 15 of a 28-day cycle. Patients received
study treatment until disease progression, unacceptable
toxicity, or withdrawal of consent. Crossover between
treatment groups was not allowed. Criteria for
discontinuation of patients from study treatment, and for
dose modifications to manage treatment-related toxicities
are presented in the appendix. All patients received
supportive care if indicated.

CT scans were done every 6 weeks. Safety data were
gathered continuously and local laboratory assessments
(including haematology, clinical chemistry, coagulation,
and urinalysis [appendix]) were done at baseline, before
each treatment, at the end of therapy, and 30 days after
the last dose of study drug; adverse events were graded
in accordance with the National Cancer Institute
Common Terminology Criteria for Adverse Events
(NCI-CTCAE; version 4.02).” We planned to assess
quality of life every 6 weeks until progression using the
European Organisation for Research and Treatment of
Cancer quality-of-life questionnaire (EORTC QLQ-C30,
version 3.0)* and the EuroQoL five-dimension, three-
level health status questionnaire (EQ-5D-3L).%
Performance status was assessed at the start of each
cycle, at the end of therapy, and at the 30-day follow-up.
Blood for analysis of anti-ramucirumab antibodies
(immunogenicity) was obtained at baseline, day 15 of
cycle 2 and day 1 of cycle 4, and at the 30-day follow-up,
and patients’ sera were analysed as detailed in the
appendix.

Outcomes

The primary outcome was overall survival, defined as the
time from randomisation to death from any cause.
Secondary outcomes were progression-free survival,
defined as time from randomisation to radiographic
progression or death; objective tumour response, defined
as the proportion of patients who had a best response of
complete response or partial response; disease control,
defined as the proportion of patients who had a best
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794 patients screened

129 excluded
16 withdrew
108 screening failures
1 death
4 other

665 randomly assigned

(intention

330 ramucirumab plus paclitaxel

335 placebo plus paclitaxel

-to-treat population) (intention-to-treat population)

4 did not receive treatment

}4_

—P{ 5 did not receive treatment

327* ramucirymab plus paclitaxel
(safety population)

329" placebo plus paclitaxel
(safety population)

39 (12%) adverse events

313 (95%) discontinued study drug
2361 (72%) progressive disease

- —»! 323 (96%) discontinued study drug
2551 (76%) progressive disease

38 (11%) adverse events

12 (4%) deaths 13 (4%) deaths
23 (7%) withdrew consent 13 (4%) withdrew consent
3 (<1%) other 3 (<1%) other
1(<1%) lost to follow-up
13 on treatment 1 L 7 ontreatment

Figure 1: Trial profile

*One patient was randomly assigned to the placebo group, but received one dose of ramucirumab. tRadiographic
progression or symptomatic deterioration.
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response of complete response, partial response, or stable
disease; patient-reported outcomes, as assessed using
EORTC QLQ-C30 and EQ-5D-3L; immunogenicity of
ramucirumab, where a treatment-emergent antibody-
positive response was defined as a post-baseline positive
response greater than four times increase in the antibody
titre, or a missing baseline assessment and an on-
treatment titre of at least 1:20; and safety. Disease
progression and tumour response were assessed by
investigators in accordance with RECIST 1.1.% '

Statistical analysis
We calculated that to achieve 90% power to detect an
overall difference in survival between the two treatment
groups (hazard ratio [HR] 0-75; anticipated median overall
survival 7-0 months in the placebo plus paclitaxel group vs
9-3 months in the ramucirumab plus paclitaxel group)
with a one-sided a of 0-025 {two-sided 0-05), 510 deaths
were needed, and 663 patients would need to be randomly
assigned. The results presented here are based on a two-
sided a 0of 0-05.

We used a log-rank test, stratified by geographic
region, time to progression on first-line therapy, and
disease measurability, to assess overall survival and
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progression-free survival. Estimations of time-to-event
curves were generated with the Kaplan-Meier method.
The HR was estimated with a stratified Cox proportional
hazards model. We did a pre-planned multivariate
analysis with a stepwise Cox regression model of
predefined baseline characteristics to examine the effect
of treatment on overall survival and progression-free
survival after adjustment for significant prognostic
factors. The proportion of patients achieving an objective
response and disease control were compared between
treatment groups with the Cochran-Mantel-Haenszel
test, with adjustment for the randomisation strata. All
analyses were done with SAS (version 9.2).

Efficacy analyses were based on the intention-to-treat
population and predefined subgroups. The intention-to-
treat population comprised all randomly assigned
patients, irrespective of whether the patient received
study medication. Safety analyses included all patients
who received at least one dose of any study drug.

EORTC QLQ-C30 and EQ-5D data were scored according
to developer guidelines and summarised descriptively for
the intention-to-treat population.” The EQ-5D index
score was calculated using the algorithm developed to
represent UK population preferences for health states.

This trial is registered with ClinicalTrials.gov, number
NCTO01170663.

Role of the funding source

The study funder provided the study drug and
collaborated with investigators on protocol, study
design, data gathering, analysis, and interpretation, and
writing and preparation of this report. HW prepared the
first draft in collaboration with the funder and other
coauthors. HW had full access to all patient-level study
data and all authors approved the submission for
publication.

Results

Between Dec 23, 2010, and Sept 23, 2012, 665 (84%) of
794 screened patients were randomly assigned to receive
ramucirumab plus paclitaxel (n=330) or placebo plus
paclitaxel (n=335) at 170 centres in 27 countries in North
and South America, Europe, Asia, and Australia
(appendix). Figure 1 shows the trial profile. All patients
were included in the efficacy analyses. As of data cutoff
(July 12, 2013), with a median follow-up for overall
survival of 7-9 months (IQR 4-2-13-0), 516 (78%) of
665 patients had died. 13 (4%) patients in the
ramucirumab and paclitaxel group and seven (2%) in the
placebo and paclitaxel group are still receiving treatment,
and are in the extension phase of the study.

Baseline characteristics of patients and their tumours
were generally well balanced between the groups
(table 1). 662 of 665 patients received previous treatment
with platinum-based and fluoropyrimidine-based
chemotherapy regimens, including regimens with an
anthracycline (163 [25%]); of the remaining
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Poorly differentiated 186 (56%) 186 (56%)
20(6%) 21(6%)

Unknown or missing

(Tab ”1 contmues in next co!umn)

three patients, who had protocol violations, two patients
in the placebo plus paclitaxel group had received a
platinum-based and fluoropyrimidine-based therapy in
the neoadjuvant and adjuvant setting and a fluoro-
pyrimidine-based therapy containing irinotecan and
fluorouracil in the first-line setting before enrolling on
this study, and one patient in the placebo plus paclitaxel
group had received fluoropyrimidine monotherapy in
the first-line setting and a fluoropyrimidine and
platinum combination in the second-line setting. About
two-thirds of the patients had disease progression while
still on first-line therapy (table 1). Additionally, a large
proportion of patients had other poor prognostic factors
including poorly differentiated tumours, disease
progression within 6 months after the start of the
previous therapy, at least three metastatic sites,
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e
163 (49%)

228(68%)

~ Weight loss (past 3 months)
<10% 277 (84%)

, 286 (85%)
L 210% 53 (16%)

ECCN

: HERZ EGFR orother -

: Prevsous surgery for gastric cancer

Yes 133 (40%) 126 (38%)
Total gastrectomy 52 (16%) 65 (19%)
Partial gastrectomy 80 (24%) 59 (18%)
Oth 1(

<1%) 2 (<1%)

: astern Cooperatlve -
Israél, Australia, andthe USA,

presence of primary tumour, peritoneal metastases, or
presence of ascites (table 1).

There were 256 deaths in the ramucirumab plus
paclitaxel group, and 260 in the placebo plus paclitaxel
group (figure 2A). Overall survival with ramucirumab
plus paclitaxel was significantly longer than with
placebo plus paclitaxel (median 9-6 months [95% CI
8-5-10-8] vs 7-4 months [95% CI 6-3-8-4], stratified
HR 0-807 [95% CI 0-678—0-962]; p=0-017; figure 2A).
6-month overall survival was 72% (95% CI 66-76) in the
ramucirumab plus paclitaxel group, and 57% (95% CI
51-62) in the placebo plus paclitaxel group; 12-month
overall survival was 40% (95% CI 35-45) and 30%
(95% CI 25-35), respectively (figure 2A).

Overall survival was significantly increased in the
ramucirumab plus paclitaxel group compared with the
placebo and paclitaxel group (see figure 3 for subgroup
analyses).
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Figure 2: Kaplan-Meier curves of overall survival (A) and progression-free survival (B)

HR=hazard ratio.

We did a multivariate analysis using the stepwise Cox
model with inclusion of all prespecified factors, and
identified seven significant independent predictors for
improved survival: region 3, ECOG performance status 0,
weight loss of less 10%, up to two metastatic sites, absence
of ascites, well or moderately differentiated tumour, and
previous gastrectomy. After adjustment for these factors,
the HR for overall survival with ramucirumab plus
paclitaxel compared with placebo plus paclitaxel was 0-745
(95% CI 0-626-0-888 (p=0-0010; appendix). ECOG
performance status, region, and presence of ascites were
the strongest predictors for survival (appendix). Slight
imbalances in ECOG performance status and ascites
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between the treatment groups (table 1 and appendix)
might have contributed to the difference between the
adjusted and unadjusted estimates.

Median progression-free survival with ramucirumab
plus paclitaxel was significantly longer than with placebo
plus paclitaxel (4-4 months [95% CI 4-2-5-3]vs2-9 months
[2-8-3-0]; stratified HR 0-635, [95% CI 0-536-0-752];
p<0-0001; figure 2B). 6-month progression-free survival
was 36% (95% CI 31-41) in the ramucirumab plus
paclitaxel group and 17% (13-22) in the placebo plus
paclitaxel group; 9-month progression-free survival was
22% (95% CI 17-27) and 10% (7-14; figure 2B). Progression-
free survival for the ramucirumab plus paclitaxel was

www.thelancet.com/oncology Vol 15 October 2014



Articles

( Ramucirumab+  Placebo+ HR (5% Cl) ‘
i paclitaxel paclitaxel !
|
Overall 330 335 — 0807 (0-678-0-962) |
Time to progressive disease on first-line therapy
<6 months 250 256 ——— 0-871 (0-714-1-062)
=6 months 80 79 — 0-615 (0-422-0-896)
Disease measurability
Non-measurable 63 62 b * | 1-101 (0-739-1-641)
Measurable 267 273 —— 0-750 (0-617-0-911)
Geographical region
1 198 200 —— 0-726 (0-580-0-909)
2 23 21 * { 0-797 (0-383-1-660)
3 109 114 —— 0-986 (0-727-1-337)
Sex
| Male 229 243 e ek 0-814 (0-657-1-009)
Female 101 92 —_— 0-672 (0-483-0-935)
| Age (years)
<65 204 212 i 0753 (0-604-0-939)
265 126 123 I — e S 0-861 (0-636-1-165)
ECOG performance status
0 117 144 fr——p——— 0-778 (0-578~1-048)
1 213 191 i 0771 (0-619-0-962)
Previous weight loss
<10% 277 286 —— 0797 (0-658-0-967)
>10% 53 47 ' + { 0787 (0-494-1-253)
Primary tumour location
Gastric 264 264 e 0-899 (0-736-1-096)
Gastro-oesophageal junction 66 71 e — 0-521(0-348-0-781)
Previous first-line chemotherapy
Doublets 253 246 - p—t 0-858 (0-700-1-052)
Triplets 76 87 —_— 0-685 (0-480-0-979)
Histological subtype
Intestinal 145 135 i 0705 (0-534-0-932)
Diffuse 115 133 ———— g — 0-856 (0-641-1-145)
Mixed, missing, or unknown 70 67 [ - { 0-955 (0-631-1-446)
Number of metastatic sites
<2 209 232 —— 0-749 (0-598-0-939)
23 121 103 — 0-815 (0-605-1-098)
Peritoneal metastasis
Yes 163 152 ———n 0-807 (0-627-1-038)
No 167 183 —— 0758 (0-589-0-976)
Previous gastrectomy
Yes 133 126 b 0-939 (0-697-1-263)
No 197 209 bt 0753 (0-601-0-944)
T 1
05 1 2 |
% > |
Favours ramucirumab Favours placebo

Figure 3: Forest plot for subgroup univariate analyses of overall survival

Data are stratified HR (95% Cl). The size of the diamonds is proportional to the size of the subgroup. Geographic regions are defined as region 1: Europe, Israel,
Australia, and the USA; region 2: Argentina, Brazil, Chile, and Mexico; and region 3: Japan, South Korea, Hong Kong, Singapore, and Taiwan. ECOG=Eastern

Cooperative Oncology Group. HR=hazard ratio.

longer than for the placebo plus paclitaxel group in most
subgroups (figure 4). Progression-free survival was
significantly increased in the ramucirumab plus paclitaxel
group compared with the placebo plus paclitaxel group
after adjustment for significant baseline factors (adjusted
HR 0-599; [95% CI 0-506-0-708]; p<0-0001; appendix).

A significantly greater proportion of patients achieved
an objective response in the ramucirumab plus paclitaxel
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group than in the placebo plus paclitaxel group (92 [28%,
95% CI 23-33] of 330 vs 54 [16%, 13-20] of 335,
respectively; p=0-0001, table 2). A significantly greater
proportion of patients also achieved disease control in
the ramucirumab plus paclitaxel group than in the
placebo plus paclitaxel group (264 [80%, 95% CI 75-84] vs
213 [64%, 58-69], respectively; p<0-0001). The median
duration of response was longer in the ramucirumab
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Figure 4: Forest plots for subgroup univariate analyses of progression-free survival
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Data are stratified HR (95% C1). The size of the diamonds is proportional to the size of the subgroup. Geographic regions are defined as region 1: Europe, Israel,
Australia, and the USA; region 2: Argentina, Brazil, Chile, and Mexico; and region 3: Japan, South Korea, Hong Kong, Singapore, and Taiwan. ECOG=Eastern

Cooperative Oncology Group. HR=hazard ratio.

plus paclitaxel group than in the placebo plus paclitaxel
group (4-4 months [IQR 2-8-7-5], vs 2-8 months
[1-4-4-4), respectively).

Table 3 summarises overall survival, progression-free
survival, and the proportion of patients achieving an
objective response by geographic regions, comparing
Asian with non-Asian patients. Overall survival in the
ramucirumab plus paclitaxel group compared with
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placebo plus paclitaxel was not significantly increased for
patients in region 3 compared with those in regions 1
and 2.

Baseline and end-of-treatment results for global quality
of life from the QLQ-C30 and index scores from the
EQ-5D-3L were similar in the treatment groups (table 4).
Further details for quality of life will be published
separately.
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Median duration of treatment with ramucirumab was
18-0 weeks (IQR 10-0-31-1) in the ramucirumab plus
paclitaxel group, and 12- 0 weeks (6-4-20-0) with placebo
in the placebo plus paclitaxel group. Median relative dose
intensity of ramucirumab was similar to placebo (99%
[IQR 94-101] vs 100% [97-101)) and was similar for
paclitaxel in both groups (88% [IQR 72-97] vs 93%
[85-99]). Dose reductions of ramucirumab occurred in
16 (5%) of 327 patients in the ramucirumab plus paclitaxel
group, and of placebo in three (<1%) of 329 patients in the
placebo plus paclitaxel group. Paclitaxel dose reductions
occurred in 78 (24%) patients in the ramucirumab plus
paclitaxel group, and in 24 (7%) patients in the placebo
plus paclitaxel group. Median cumulative doses and
number of infusions are provided in the appendix.

Disease progression was the most common reason for
treatment discontinuation in both treatment groups
(236 [72%)] of 330 in the ramucirumab plus paclitaxel
group vs 255 [76%)] of 335 in the placebo plus paclitaxel
group); 39 (12%) and 38 (11%) patients, respectively,
discontinued treatment because of adverse events
(appendix). One patient (who was randomly assigned to
placebo but received ramucirumab) was unmasked to the
investigator before surgery because of the occurrence of
serious adverse events (sepsis and intestinal occlusion).
After the discontinuation of study drug, the number of
patients receiving systemic anti-neoplastic treatment was
similar in both groups (appendix). Of note, a higher
percentage of patients in region 3 received treatment
after discontinuation of the study drug than in regions 1
or 2 (appendix). :

Nine randomly assigned patients did not receive study
medication and were excluded from the safety analyses
(figure 1). Hence, 656 patients were included in the safety
analyses. The patient who was randomly assigned to the
placebo plus paclitaxel group but erroneously received
ramucirumab instead of placebo discontinued treatment
after one infusion. This patient is included in the intention-
to-treat population (as randomly assigned) in the placebo
plus paclitaxel group and is included in the safety
population (as treated) in the ramucirumab plus paclitaxel
group. Consequently, the safety population consisted of
327 patients in the ramucirumab plus paclitaxel group and
329 patients in the placebo plus paclitaxel group.

The incidence of grade 3 or 4 adverse events was higher
in the ramucirumab plus paclitaxel group, including
grade 3 or 4 neutropenia, leucopenia, and grade 3
hypertension, abdominal pain, and fatigue (table 5). All
grade 3-5 adverse events are listed in the appendix.
Although the incidence of grade 3 or 4 neutropenia was
higher in the ramucirumab plus paclitaxel group, the
incidence of grade 3 or greater febrile neutropenia was
similar in both groups (ten [3%] vs eight [29]). Neuropathy,
of all grades, was more commeon in the ramucirumab plus
paclitaxel group than in the placebo plus paclitaxel group
(table 5), and was associated with a higher cumulative
paclitaxel dose (appendix).
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Grade 3 adverse events that were potentially associated
with the VEGF pathway—and thus were of special
interest—that were more common in the ramucirumab
plus paclitaxel group included hypertension, proteinuria,
and bleeding or haemorrhage (table 6). The incidences of
grade 4 and 5 adverse events of special interest were low in
both groups, with no grade 4 or 5 hypertension, a similar
incidence of gastrointestinal haemorrhage, and a higher
incidence of gastrointestinal perforation in the
ramucirumab plus paclitaxel group than the placebo plus
paclitaxel group (table 6).

Similar numbers of patients had at least one serious
adverse event (153 [47%] of 327 in the ramucirumab
plus paclitaxel group vs 139 [42%] of 329 in the placebo
plus paclitaxel group), or treatment-emergent adverse
event leading to death (39 [129%) vs 51[16%)], respectively).
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Six (2%) patients in the ramucirumab plus paclitaxel
group had adverse events leading to death with a causal
relation to any study drug, which were septic shock;
malabsorption; gastrointestinal haemorrhage; death of
unknown origin; pulmonary embolism; and sepsis.
Five (2%) patients in the placebo plus paclitaxel group
had adverse events leading to death with a causal
relation to any study drug, which were acute renal
failure; cardiac failure; febrile neutropenia, septic
shock, and pulmonary embolism; pulmonary
embolism; and cerebral haemorrhage.

Serum samples for detection of anti-ramucirumab
antibodies were available for 320 (98%) of 327 patients
receiving ramucirumab plus paclitaxel and 323 (98%) of
329 patients receiving placebo plus paclitaxel. Five (2%)
patients receiving ramucirumab plus paclitaxel and one
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(<1%) patient receiving placebo plus paclitaxel had a
positive response. No patients developed neutralising
antibodies.

Discussion

Ramucirumab plus paclitaxel significantly increased
overall survival compared with placebo plus paclitaxel in
patients with advanced gastric or gastro-oesophageal
junction adenocarcinoma that had progressed after first-
line chemotherapy. Patients treated with ramucirumab
plus paclitaxel also had significantly longer progression-
free survival, and a higher proportion of patients achieving
an overall response and disease control than did those
treated with placebo plus paclitaxel. Increased proportions
of patients achieving an overall response has been noted
previously in trials of anti-angiogenic drugs in combination
with chemotherapy, especially when there seems to be an
improvement in survival® Results of a preplanned
subgroup analysis showed a difference in treatment effect
for ramucirumab plus paclitaxel on survival between non-
Asian (region 1 and 2) and Asian (region 3) regions. We
could speculate that the higher use of post-study
discontinuation treatment in Asia (almost 70%) than in the
non-Asian regions (almost 40%) attenuated the survival
benefit in this region.

Fatigue, diarrhoea, and abdominal pain were some of
the most frequently reported non-haematological
toxicities in both groups, and were more common in the
ramucirumab plus paclitaxel group than the placebo plus
paclitaxel group. These events are common in patients
with gastric cancer; incidences reported in our trial are in
the range of what was previously reported in large
phase 3 gastric cancer trials.”*** Peripheral neuropathy, a
typical side-effect of taxanes, was more common in the
ramucirumab plus paclitaxel group and, as expected, was
associated with a higher cumulative paclitaxel dose.
Neutropenia was oune of the most frequently reported
haematological toxicities in both groups, and had a
similar incidence to that reported in other trials of the
same paclitaxel dose and schedule.**"* Although severe
neutropenia was more frequently reported for
ramucirumab plus paclitaxel, the incidence of febrile
neutropenia was low and similar in the groups. As
expected, hypertension, proteinuria, bleeding (mainly
grade 1 or 2 epistaxis), and gastrointestinal perforations,
adverse events associated with most anti-angiogenic
treatments, were more common in the ramucirumab
plus paclitaxel group. Grade 3 hypertension was
controlled with antihypertensive medication; grade 4 or
greater hypertension was not noted in this study. The
incidences of grade 3 bleeding (mainly grade 3 gastro-
intestinal haemorrhage) and grade 3 proteinuria were
higher in the ramucirumab plus paclitaxel group
(table 6). However, nephrotic syndrome was not reported,
and grade 4 or 5 bleeding events occurred with a similar
incidence in both groups. Grade 3 or greater gastro-
intestinal perforation was reported only in the
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ramucirumab plus paclitaxel group (four patients,
including one death). Importantly, the overall higher rate
of grade 3 or 4 adverse events in the ramucirumab plus
paclitaxel group did not result in a higher number of
patients discontinuing, or a higher number of deaths,
than in the placebo plus paclitaxel group. We also showed
that quality of life was maintained during treatment with
ramucirumab.

To our knowledge, RAINBOW is the largest trial in
second-line gastric cancer, and the first report of a survival
benefit with a VEGFR-2 targeted antibody in combination
with chemotherapy. REGARD, a randomised phase 3 trial
that compared ramucirumab as a single agent with best
supportive care, showed a significant median survival
benefit of 1-4 months, favouring ramucirumab treatment
(median survival 5-2 months [IQR 2-3-9-9]) versus best
supportive care (3-8 months [IQR 1.7-7-1)).® Other
recently published randomised second-line gastric cancer
trials showed an increase in median survival of about
1-5 months with single-agent chemotherapy (docetaxel or
irinotecan) relative to supportive care.’® By contrast, a trial
of everolimus versus placebo in the second-line setting did
not significantly extend overall survival,” and trials of anti-
EGFR therapy in the firstline setting adding
panitumumab” or cetuximab® to chemotherapy have also
not significantly extended overall survival or progression-
free survival, respectively.

The increased overall survival for patients treated
with ramucirumab plus paclitaxel compared with
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