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Introduction

Gastric and gastro-oesophageal junction adeno-
carcinoma are the fourth most common malignant
disease and second cause of cancer mortality (1).

Surgery remains the last curative choice but a
significant number of patients presents with advanced
disease or relapses after initial surgery (2-5). In this
setting, the reference treatment is represented by
chemotherapy that determines a significantly higher
survival compared to supportive care alone (6-14).
Although 5-fluorouracil and platinum-based chemo-
therapy is standard treatment for advanced gastric
cancer, the median survival is still poor, less than 1
year (6-14).

After the first line therapy, the improvement in
survival with irinotecan or taxani- based chemo-
therapy is limited with a median survival of about 3
months, so there is great interest for new agents

targeting (15-18).

Ramucirumab in gastric cancer

The family of VEGF consists of VEGF-A, B, C,
D, E, and placental growth factor (PGF). Each
member binds to different VEGF receptors
(VEGFR): VEGF-A binds to VEGFR-1 and 2,
while VEGF-B and platelet-derived growth factor
(PGF) bind to VEGFR-1, and VEGF-C and D bind
to VEGFR-2 and 3. VEGFR2 plays a critical func-
tion in physiological and pathological angiogenesis

and it is widely considered the main receptor driving
angiogenesis (19). Vascular endothelial growth factor
(VEGF) and VEGF receptor-2 (VEGFR-2) play a
crucial role in the pathogenesis of gastric cancer , in
particular in the growth and the subsequent process of
metastasis, representing, therefore, an indicator of
poor prognosis (20-29).

Ramucirumab (IMC-1121B) is a fully human, Ig
G1 monoclonal antibody blocking with high affinity
(approximately 50 pM) the extracellular VEGF-
binding domain of VEGFR-2 and inhibiting down-
stream signaling involved in the formation and main-
tenance of aberrant blood vessels that supply blood to
tumors (30). Ramucirumab is administered intra-
venously. Pharmacokinetic data support dosing every
1, 2, or 3 weeks with a Maximum Tolerated Dose
(MTD) weekly identified as 13 mg/kg; Dose-
Limiting Toxicities (DLT) observed in Cycle 1 weekly
dosing were hypertension (at 10 mg/kg/wk&16
mg/kg/wk): deep vein thrombosis (at 16 mg/kg/wk).
No DLT and no MTD were identified in every-2-
week and every-3-week study. REGARD, an interna-
tional, randomised, multicentre, placebo-controlled,
phase III trial is the first positive study with anantian-
glogenic treatment in patients with advanced GC
progressing after first line chemotherapy. A total of
355 patients were assigned, in a 2:1 ratio, to receive
ramucirumab 8 mg/kg or placebo. Median overall
survival was 5.2 months in the ramucirumab group
and 3.8 months in the placebo group (HR 0.776;
p=0°047) and median progression free survival was 2.1

with placebo (HR 0.483;

months vs 1.3 months
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p<0.0001); the duration of disease control was signif-
icantly longer in the ramucirumab group than in the
placebo group (median 4.2 months vs 2.9 months;
=0.036) (31).

Ramucirumab was well tolerated. Rate of hyper-
tension was higher in the ramucirumab group than in
the placebo group (16% vs. 8%), whereas rates of other
adverse events were mostly similar between groups.
Five (2%) deaths in the ramucirumab group and two
(2%) in the placebo group were considered to be
related to study drug (32).

RAINBOW is the largest clinical trial of second-
line therapy and its results are not only statistically
significant but clinically meaningful. It is a random-
ized, multicenter, double-blind, placebo controlled
phase III clinical trial of weekly paclitaxel (80 mg/kg
on days 1, 8, 15, every 4 weeks) with or without
Ramucirumab (8 mg/kg i.v. infusion on days 1 and 15
every 4 weeks) in patients with metastatic GC refrac-
tory or progressive after first-line therapy with plat-
inum and fluoropyrimidine. The study, which
randomized a total of 665 patients, had as primary
endpoint OS while secondary endpoints included:
PFS, time to progression (TTP), objective response
(OR), quality of life and safety (33). Median overall
survival was 9.6 months for the combination and 7.4
months for paclitaxel alone. The overall survival
curves split early, by 2 months of treatment, and
remained separated beyond 1 year. The difference
between arms ultimately translated into a 19% reduc-
tion in the risk of death (p=0.0169) with ramu-
cirumab.Median progression-free survival was 4.4
months and 2.9 months, respectively, a 27% reduction
in risk (p<0.0001). The objective response rate associ-
ated with the combination was 28% vs. 16% with
paclitaxel alone (p=0.0001). At 6 months, the progres-
sion-free survival rate was 36% vs. 17%, and at 9
months was 22% vs. 10%, respectively. In addition, the
disease control rate was much better with ramu-
cirumab, 80% vs. 64%, respectively (p<0.0001).
Ramucirumab was well tolerated, although adverse
events of grade 23 were somewhat greater with
combination treatment and included neutropenia
(40.7% vs. 18.8%), leukopenia (17.4% vs. 6.7%),
hypertension (14.1% vs. 2.4%) and fatigue (7.0% vs.

4.0%); however the incidence of febrile neutropenia

was comparable between the two treatment arms
(3.1% vs. 2.4%) . These adverse events did not lead to
increased treatment discontinuation in the ramu-
cirumab arm, nor were rates of treatment-related
deaths different between the two arms (4.0% with
ramucirumab/paclitaxel vs. 4.6% with paclitaxel
alone). Other adverse events were anaemia (9.2% vs.
10.3%), abdominal pain (5.5% vs. 3.3%) and asthenia
(5.5% vs. 3.3%) (33).

In conclusion,VEGFR-2 signaling is an impor-
tant therapeutic target in advanced gastric cancer and
ramuricumab is the first biological antiangiogenic
treatment showing efficacy in advanced gastric
cancer, particularly in pretreated patients. In this
setting, according to REGARD and RAINBOW
trials, ramucirumab improves survival compared to
best supportive care and adds a significant benefit to
the efficacy of chemotherapy.

Reference

1. Jemal A, Bray F, Center MM, e al. Global cancer statistics.
CA Cancer J Clin 2011; 61 (2): 69-90.

2. Macdonald JS, Smalley SR, Benedetti J, ez a/. Chemoradio-
therapy after surgery compared with surgery alone for
adenocarcinoma of the stomach or gastroesophageal junc-
tion. N Engl ] Med 2001; 345 (10): 725-30.

3. Cunningham D, Allum WH, Stenning SP, ez a/. Periopera-
tive chemotherapy versus surgery alone for resectablegastroe-
sophageal cancer. N Engl ] Med 2006; 355 (1): 11-20.

4. Stahl M, Walz MK, Stuschke M, ¢7 al. Phase III comparison
of preoperative chemotherapy compared with chemoradio-
therapy in patients with locally advanced adenocarcinoma of

the esophagogastric junction. ] Clin Oncol 2009; 27(6): 851-
6

5. Ychou M, Boige V, Pignon JP, ez al. Perioperative chemo-
therapy compared with surgery alone for resectable gastroe-
sophageal adenocarcinoma: an FNCLCC and FFCD multi-
center phase III trial. ] Clin Oncol 2011; 29 (13): 1715-21.

6. Wagner AD, Unverzagt S, Grothe W, ez al. Chemotherapy
for advanced gastric cancer. Cochrane Database Syst Rev
2010; 17 (3): 54-68.

7.Shah MA, Kelsen DP. Gastric cancer: a primer on the
epidemiology and biology of the disease and an overview of
the medical management of advanced disease. ] Natl Compr
Canc Netw 2010; 8 (4): 437-47.

8. Van Cutsem E, Moiseyenko VM, ez a/. V325 Study Group.
Phase III study of docetaxel and cisplatin plus fluorouracil
compared with cisplatin and fluorouracil as first-line therapy
for advanced gastric cancer: a report of the V325 Study
Group. J Clin Oncol 2006; 24 (31): 4991-7



32

F. De Vita, J. Ventriglia, M. Laterza, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

. Dank M, Zaluski J, Barone C, ez a/. Randomized phase 111

study comparing irinotecan combined with 5-fluorouracil
and folinic acid to cisplatin combined with 5-fluorouracil in
chemotherapy naive patients with advanced adenocarci-
noma of the stomach or esophagogastric junction. Ann
Oncol 2008; 19 (8): 1450-7.

Cunningham D, Starling N, Rao S, e# a/. Capecitabine and
oxaliplatin for advanced esophagogastric cancer. N Engl J
Med 2008; 358 (1): 36-46.

Kang YK, Kang WK, Shin DB, er a/ Capecitabine/
cisplatin versus 5-fluorouracil/cisplatin as first-line therapy
in patients with advanced gastric cancer: a randomised
phase III noninferiority trial. Ann Oncol 2009; 20 (4): 666-
73.

Boku N, Yamamoto S, ef a/. Fluorouracil versus combina-
tion of irinotecan plus cisplatin versus S-1 in metastatic
gastric cancer: a randomised phase 3 study. Lancet Oncol
2009; 10 (11): 1063-9.

Narahara H, Iishi H, e# a/. Randomized phase III study
comparing the efficacy and safety of irinotecan plus S-1
with S-1 alone as first-line treatment for advanced gastric
cancer (study GC0301/TOP-002). Gastric Cancer 2011,
14 (1): 72-80.

Ajani JA, Rodriguez W, ez al. Multicenter phase III
comparison of cisplatin/S-1 with cisplatin/infusional fluo-
rouracil in advanced gastric or gastroesophageal adenocar-
cinoma study: the FLAGS trial. ] Clin Oncol 2010; 28 (9):
1547-53.

Ford H, Marshall A, Wadsley ], ez a/. COUGAR-02: A
randomized phase III study of docetaxel versus active
symptom control in patients with relapsed esophagogastric
adenocarcinoma. 2013 Gastrointestinal Cancers Sympo-
stum. Abstract LBA4. Presented January 24, 2013.
Thuss-Patience PC, Kretzschmar A, Deist T, ez al.
Irinotecan versus best supportive care (BSC) as second-line
therapy in gastric cancer: A randomized phase III study of
the Arbeitsgemeninschaft Internistische Onkologie (AIO)
(abstract 4540). J Clin Oncol 2009; 27: 211s.

Park SH, Kang WK, Lee HR, et al. Docetaxel plus cisplatin
as second-line therapy in metastatic or recurrent advanced
gastric cancer progressing on 5-fluorouracil-based regimen.
Am J Clin Oncol 2004; 27: 477-80.

Orditura M, Galizia G, Sfortza V, ef al. The treatment of
gastric cancer. World J Gastroenterol, 2014 (in press).
Maeda K, Chung YS, Ogawa Y, ef al. Prognostic value of
vascular endothelial growth factor expression in gastric
carcinoma. Cancer 1996; 77 (5): 858-63.

Ferrara N, Gerber HP, LeCouter J. The biology of VEGF
and its receptors. Nat Med 2003; 9 (6): 669-76.

. Shibuya M, Claesson-Welsh L. Signal transduction by

VEGF receptors in regulation of angiogenesis and
lymphangiogenesis. Exp Cell Res 2006; 312 (5): 549-60.
Takahashi Y, Cleary KR, Mai M, ez al. Significance of

23.

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

vessel count and vascular endothelial growth factor and its
receptor (KDR) in intestinal-type gastric cancer. Clin
Cancer Res 1996; 2 (10): 1679-84.

Ren ], Dong L, Xu CB, ez al. The role of KDR in the inter-
actions between human gastric carcinoma cell and vascular
endothelial cell. World J Gastroenterol 2002; 8 (4); 596-
601.

Kolev'Y, Uetake H, Iida S, e a/. Prognostic significance of
VEGF expression in correlation with COX-2, microvessel
density, and clinicopathological characteristics in human
gastric carcinoma. Ann SurgOncol 2007; 14 (10): 2738-47.
Shi H, Xu JM, Hu NZ, Xie H]J. Prognostic significance of
expression of cyclooxygenase-2 and vascular endothelial
growth factor in human gastric carcinoma. World J
Gastroenterol 2003; 9 (7): 1421-6.

Kim SE, Shim KN, Jung SA, e al. The clinicopathological
significance of tissue levels of hypoxia-inducible factor-1
alpha and vascular endothelial growth factor in gastric
cancer. Gut Liver 2009; 3 (2): 88-94.

Song ZJ, Gong P, Wu YE. Relationship between the
expression of iNOS,VEGF,tumor angiogenesis and gastric
cancer. World J Gastroenterol 2002; 8 (4): 591-5.

. Yoshikawa T, Tsuburaya A, Kobayashi O, ez a/. Plasma

concentrations of VEGF and bFGF in patients with gastric
carcinoma. Cancer Lett 2000; 153 (1-2): 7-12.
Karayiannakis A]J, Syrigos KN, Polychronidis A, ez al.
Circulating VEGF levels in the serum of gastric cancer
patients: correlation with pathological variables, patient
survival, and tumor surgery. Ann Surg 2002; 236 (1): 37-42.
Krupitskaya Y, Wakelee HA. Ramucirumab, a fully human
mAb to the transmembrane signaling tyrosine kinase
VEGFR-2 for the potential treatment of cancer.
CurrOpinlnvestig Drugs 2009; 10 (6): 597-605.

Fuchs CS, Tomasek J,Yong CJ°, ez al. Ramucirumab
monotherapy for previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (REGARD):
an international, randomised, multicentre, placebo-
controlled, phase 3 trial. Lancet. 2014; 383 (9911): 31-9.
Chau I, Passalacqua R. Tolerability and quality-of-life
(QoL) results from the phase IIIl REGARD study: Ramu-
cirumab versus placebo in patients with previously treated
gastric or gastroesophageal junction (GE]J) adenocarci-
noma. Eur J Cancer 2011; 47 (Supplement 1) (abstract
2588).

Wilke H, Van Cutsem E, ez a/. RAINBOW: A global,
phase 3, randomized, double-blind trial of Ramucirumab
and paclitaxel (PTX) versus placebo and PTX in the treat-
ment of metastatic gastric or gastroesophageal junction
(GEJ) adenocarcinoma following disease progression on
first-line Platinum- and Fluoropyrimidine-containing
combination therapy. Gastrointestinal cancers Symposium;
San Francisco, CA; January 16-18, 2014.



