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Introduction

Worldwide, colorectal cancer (CRC) was the third most 
common cancer and the second leading cause of cancer 
death in 2018, with over 1.8 million new cases reported (1). 
The global distribution of CRC varies greatly across low to 
high human development index countries (2), but ~52% of 
the new cases of CRC reported in 2018 occurred in Asia (1). 
At diagnosis, 25% of patients have metastatic disease and 
nearly half of all patients without metastases will develop 

metastatic CRC (mCRC) (3). 
In 2016, CRC accounted for 14.5% of all malignant 

tumors and for 12.0% of all cancer-related deaths in Taiwan. 
CRC was the most common cancer in men and the second 
most common cancer in women (4). Over 15,000 patients  
are diagnosed with CRC annually, with CRC accounting 
for 41.9% of all malignancies of the digestive organs and 
peritoneum in 2016 (4,5). In the same year, 5,722 patients  
died from a colorectal or anal malignancy, and these tumor 
types were rated as the third and fourth most common 
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causes of cancer-related death in men and women, 
respectively (4,5).

Goals of treatment for unresectable mCRC include 
prolonging survival, reducing the impact of tumor-
related symptoms and maintaining quality of life (3). 
Fluoropyrimidines (e.g., capecitabine and fluorouracil) are 
the cornerstone of conventional palliative chemotherapy 
and are used in various combinations (3). Common 
combinations used for first-line therapy in patients with 
mCRC are fluorouracil plus leucovorin in combination with 
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) (3). 

The development of new targeted agents has expanded 
the therapeutic options available for patients with  
mCRC (5). Both anti-angiogenic drugs targeting the 
vascular endothelial growth factor (VEGF) pathway and 
anti-epidermal growth factor receptor (EGFR) monoclonal 
antibodies have demonstrated antitumor activity when 
used in combination with conventional chemotherapeutic 
regimens (6,7). 

In line with global clinical guidelines (3), FOLFOX/
FOLFIRI  and  FOLFIRI/FOLFOX can  be  u sed 
interchangeably as first-/second-line therapies in patients 
with mCRC in Taiwan. Since 2010, the anti-VEGF 
monoclonal antibody bevacizumab has been reimbursed 
for the first-line treatment of mCRC in combination with 
FOLFIRI or fluorouracil/leucovorin (for a maximal cycle 
of 36 weeks) (8). Most patients with mCRC in Taiwan, 
especially those with a RAS mutation, are treated with 
bevacizumab plus FOLFIRI in the first-line setting, with the 
exception of patients in whom irinotecan is contraindicated.

Several novel targeted agents are also available 
in the second-line setting. Ramucirumab, a human 
immunoglobulin G1 (IgG1) monoclonal antibody 
antagonist of VEGF receptor (VEGFR)-2, demonstrated 
efficacy in combination with FOLFIRI in the pivotal 
RAISE trial in patients whose mCRC progressed after 
bevacizumab plus FOLFOX (7) and has been approved 
in Taiwan accordingly. The Pan-Asian-adapted European 
Society for Medical Oncology consensus guidelines 
recommend ramucirumab plus FOLFIRI as a second-line 
therapy for the management of patients with mCRC (after 
first-line oxaliplatin) (9). However, in Taiwan (and other 
Asian countries such as China and Malaysia), ramucirumab 
plus FOLFIRI is more commonly used as a third-line or 
later treatment instead of in the recommended setting, due 
to lack of reimbursement (10).

Severa l  f ac tor s ,  inc lud ing  pa t i ent  and  tumor 

characteristics, affect the efficacy of anti-angiogenic drugs 
and their suitability in certain patient populations (11-15).  
In this narrative review, we give an overview of overall 
survival (OS), progression-free survival (PFS) (see Figures 1 
and 2, respectively), and tolerability data for ramucirumab 
in important patient subgroups using data from RAISE 
and subsequent exploratory studies, and other recent 
clinical trials and real-world evidence (RWE). Our aim 
is to summarize the clinical trial literature of second-line 
ramucirumab in clinically relevant patient subgroups, with 
a view to illustrating the potential benefit of integrating 
this regimen into Taiwanese or Asian treatment practice. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tcr-20-608).

Methods

To identify exploratory and post-hoc analyses of the 
RAISE clinical trial, a literature search was conducted on 
MEDLINE (PubMed) using the following search terms 
“ramucirumab” and “colorectal cancer” and “RAISE”. Only 
studies investigating the efficacy and safety of ramucirumab 
in the RAISE study population were included. Another 
search was conducted to identify other clinical trials, 
retrospective studies, and case studies not related to the 
RAISE study using the search terms “ramucirumab” and 
“colorectal cancer”. No publication date range was set. 
Review articles, clinical trials in other advanced cancers, and 
studies of ramucirumab as a first-, fourth-, or higher-line of 
treatment were excluded. Both searches were conducted on 
July 1, 2020.

Discussion

RAISE study 

In the multicenter, randomized phase III clinical trial, 
RAISE, ramucirumab plus FOLFIRI was compared with 
placebo plus FOLFIRI as a second-line treatment for 
mCRC following first-line FOLFOX-bevacizumab (7). A 
significant increase in OS was observed in patients in the 
ramucirumab arm compared with those in the placebo arm 
[hazard ratio (HR) 0.84, P=0.0219] (7). Patients treated with 
ramucirumab/FOLFIRI also demonstrated a significant 
improvement in PFS vs. those treated with placebo/
FOLFIRI (P=0.0005) (7). 

http://dx.doi.org/10.21037/tcr-20-608
http://dx.doi.org/10.21037/tcr-20-608


5647Translational Cancer Research, Vol 9, No 9 September 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(9):5645-5654 | http://dx.doi.org/10.21037/tcr-20-608

Figure 1 Forest plot showing overall survival in the general RAISE mCRC population and in patient subgroups. HRs and 95% CIs are 
shown for subgroups as defined by baseline patient and tumor characteristics (7,12,13,16-19). a, patients were grouped into four ramucirumab 
Cmin,ss exposure quartiles: <25% (Q1), 25% to <50% (Q2), 50% to <75% (Q3), and ≥75% (Q4). Potential interactions between treatment-
group and subgroup variables were significant at a two-sided α level of 0.10. CEA, carcinoembryonic antigen; CI, confidence interval; Cmin,ss, 
minimum steady-state plasma concentration; FOLFIRI, fluorouracil/leucovorin/oxaliplatin; HR, hazard ratio; mCRC, metastatic colorectal 
cancer; OS, overall survival; PBO, placebo; RAM, ramucirumab; TTP, time to tumor progression; VEGF-D, vascular endothelial growth 
factor-D.

Figure 2 Forest plot showing progression-free survival in the general RAISE mCRC population and in patient subgroups. HRs and 95% 
CIs are shown for subgroups as defined by baseline patient and tumor characteristics (7,12,13,16-18). a, patients were grouped into four 
ramucirumab Cmin,ss exposure quartiles: <25% (Q1), 25% to <50% (Q2), 50% to <75% (Q3), and ≥75% (Q4). Potential interactions between 
treatment-group and subgroup variables were significant at a two-sided α level of 0.10. CEA, carcinoembryonic antigen; CI, confidence 
interval; Cmin,ss, minimum steady-state plasma concentration; FOLFIRI, fluorouracil/leucovorin/oxaliplatin; HR, hazard ratio; mCRC, 
metastatic colorectal cancer; PBO, placebo; PFS, progression-free survival; RAM, ramucirumab; TTP, time to tumor progression; VEGF-D, 
vascular endothelial growth factor-D.
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RAS/BRAF mutation status

The presence of KRAS mutations have been identified as 
predictors of resistance to anti-EGFR therapy in patients 
with mCRC (12,20,21). 

KRAS exon 2 mutation status was a stratification 
factor in RAISE; mutant KRAS tumors were present in 
approximately half of the patient population (12). In wild-
type patients, treatment with ramucirumab/FOLFIRI 
significantly improved OS (P=0.049) and PFS (P=0.004) 
compared with placebo/FOLFIRI (7,12). These findings 
were irrespective of post-discontinuation anti-EGFR 
therapy (12). For patients with mutant KRAS tumors, 
directional improvements in OS and PFS were seen in the 
ramucirumab arm vs. the placebo arm (12). Ramucirumab 
was effective vs. placebo regardless of KRAS mutation 
status, with no significant interaction between treatment 
effect and KRAS mutation status for either OS (interaction 
P=0.505) or PFS (interaction P=0.526) (12). 

Recent evidence suggests that other RAS mutations 
(KRAS exon 3 and 4, NRAS) and BRAF mutations may also 
reduce the benefit of anti-EGFR therapies (3,21). RAS/
BRAF mutation information was available for 85% of the 
total RAISE population (13). Directional improvements 
in OS were observed in the ramucirumab arm in all 
patients compared with the placebo arm (13). Directional 
improvements for ramucirumab vs. placebo were also 
observed for PFS in patients with the BRAF mutation. A 
significant improvement in PFS was seen with ramucirumab 
over placebo in the RAS mutation subgroup (P=0.021) (13). 
Treatment-by-mutation status interaction tests indicated 
that treatment effect did not differ significantly among the 
three mutation status subgroups for either survival outcome 
(OS interaction P=0.523; PFS interaction P=0.665) (13).

Time to tumor progression (TTP) during first-line therapy

In some cases, the aggressive nature of a disease has been 
known to impact treatment efficacy adversely, and rapid 
disease progression can act as a prognostic factor for 
survival, which may be useful when determining the nature 
of second-line or later therapy (22). Disease aggression can 
often be assessed using TTP during first-line therapy (12). 
Some clinical trials exclude patients with aggressive disease 
progression; in RAISE, however, patients with TTP <6 or 
≥6 months after the initiation of first-line treatment were 
analysed as prespecified subgroups (12). TTP on first-line 
therapy was a prognostic factor for patients on second-line 

therapy (Wald’s P<0.0001) (12). No significant differences 
in OS and PFS were observed between those with TTP  
<6 months and those with TTP ≥6 months (OS interaction 
P=0.943; PFS interaction P=0.114) (12).

Advanced age

As with any cancer treatment approach, the risk–benefit 
of a drug must be carefully considered in elderly patients 
who may be particularly vulnerable to treatment-emergent 
adverse events (TEAEs) (12,23). In a post-hoc analysis of 
RAISE study data, ramucirumab/FOLFIRI demonstrated 
similar trends in OS improvement vs. placebo/FOLFIRI 
in both patients aged <65 and those aged ≥65 years (12). 
An improvement in PFS vs. placebo was observed with 
ramucirumab in both older (P=0.051) and younger patients 
(P=0.003). However, treatment effect did not differ between 
the two subgroups (interaction P=0.952 and P=0.697, 
respectively) (12).

Tumor sidedness 

Primary tumor location (i.e., left or right colon) has been 
linked to differences in clinical and biological characteristics 
between patients and may possibly be predictive of treatment  
response, particularly for anti-EGFR therapies (14,15).

Tumor sidedness was known in 94.4% of the RAISE 
intention-to-treat population (13). Ramucirumab exhibited 
a trend for greater efficacy in patients with left-sided 
CRC than in those with right-sided disease; however, 
non-significant interaction tests meant that sidedness 
was not associated with the OS and PFS benefits of  
ramucirumab therapy (OS interaction P=0.276; PFS 
interaction P=0.578) (13).

Baseline carcinoembryonic antigen (CEA) levels 

CEA, a glycoprotein produced by the gastrointestinal 
tract that can induce tumor angiogenesis, has been seen to 
increase proportionally with disease progression and may 
correlate inversely with OS and PFS in patients undergoing 
first-line therapy (24-26). 

In the RAISE study, baseline CEA data were available 
for 93% of patients (median baseline CEA 34.1 ng/mL). 
A prespecified subanalysis indicated that baseline CEA 
(<200 vs. ≥200 µg/L) did not affect the benefit obtained 
with second-line ramucirumab plus FOLFIRI (6). In a 
post-hoc study investigating a CEA cutoff of 10 ng/mL 
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(based on 2× the upper limit of normal), 29% of patients 
had CEA levels ≤10 ng/mL at baseline. Ramucirumab/
FOLFIRI demonstrated a relatively greater magnitude 
of improvement in OS and PFS in patients with baseline 
CEA levels ≤10 mg/mL than in those with CEA levels  
>10 ng/mL (16). A significant interaction between CEA 
level and ramucirumab treatment effect was observed for 
OS at the 0.1 level (interaction P=0.088) but not for PFS 
(interaction P=0.594); therefore, a prospectively planned 
study to confirm the predictive role of baseline CEA is 
needed. 

Baseline VEGF-D levels 

Another prespecified endpoint of the RAISE study was to 
identify potential predictive biomarkers for the efficacy of 
ramucirumab (17). Using RAISE study data, Tabernero 
et al. (17) investigated a number of angiogenesis-related 
mediators as possible predictive factors through an 
adaptive signature design. Analyses focused on VEGF 
family members and their receptors, including VEGF-C, 
VEGF-D, soluble VEGFR-1, VEGFR-2, VEGFR-3 
(plasma), and vascular VEGFR-2 (17). 

Based on the findings of an exploratory subset analysis, 
in which only VEGF-D showed a strong association with 
treatment effect, patients were separated into high and low 
VEGF-D subgroups (<115 vs. ≥115 pg/mL) (17). In the 
analyses, involving over 80% of the total RAISE population, 
high VEGF-D levels were seen in 61% of patients (17). In 
this high VEGF-D group, median OS (P=0.002) and PFS 
(P<0.0001) were significantly improved in the ramucirumab 
arm compared with the placebo arm, respectively (17). In 
contrast, for the low VEGF-D group, improvements in 
median OS and PFS were in favor of placebo/FOLFIRI (16).  
Significant differences in the OS and PFS benefits of 
ramucirumab were apparent between patients with high 
and low levels of VEGF-D (interaction P=0.0005 and 
P<0.0001, respectively) (17). Significantly worse survival 
outcomes were observed in patients in the high VEGF-D 
group receiving placebo/FOLFIRI (OS P=0.003) (17). 
However, these findings were obtained using an assay that 
was developed for exploratory research purposes. Without 
a validated assay, this potential predictive factor cannot be 
utilized for clinical decision making.

Exposure–response relationship of ramucirumab 

There is a close relationship between the pharmacokinetics 

of a drug and its efficacy. For many antibody-based 
anticancer therapies, increasing concentration correlates 
with an increase in effect (known as the “exposure–
response” phenomenon) (27-29). The exposure–response 
relationship of ramucirumab has been assessed in cancers 
such as gastric and non-small-cell lung cancer, and findings 
have indicated a positive relationship between exposure and 
survival outcomes (30,31). 

An exploratory investigation of RAISE data assessed the 
minimum steady-state plasma concentration (Cmin,ss) and 
grouped patients into four ramucirumab Cmin,ss exposure 
quartiles: <25% (Q1), 25% to <50% (Q2), 50% to <75% 
(Q3), and ≥75% (Q4) (18). Approximately 85% of the total 
RAISE population was included in this analysis. A significant 
positive association was seen between increasing Cmin,ss and 
improved efficacy outcomes with ramucirumab (interaction 
P<0.0001 for both OS and PFS). This association remained 
significant after adjustment for factors associated with OS 
or PFS (18). The two highest ramucirumab exposure groups 
(Q3 and Q4) demonstrated significantly higher OS than did 
placebo (P=0.0003 and P=0.003, respectively) (18). Similar 
results were seen for PFS, with significant improvements 
seen in Q3 (P=0.0014) and Q4 (P<0.0001) but not in Q1 
and Q2 (18).

Tolerability of ramucirumab 

Ramucirumab has demonstrated acceptable tolerability 
across numerous clinical trials in other cancers (30,31). In 
RAISE, most TEAEs were manageable with supportive 
care or dose modification. Almost one-third (29%) of 
patients in the ramucirumab arm and 13% of patients in the 
placebo arm discontinued at least one treatment component 
(commonly FOLFIRI; only 4% of patients discontinued 
ramucirumab and 1% discontinued placebo). The incidence 
of grade ≥3 TEAEs was higher in the ramucirumab arm than 
in the placebo arm (79% vs. 62%). The most commonly 
occurring grade ≥3 TEAE was neutropenia (7). In general, 
the incidence of TEAEs across different patient subgroups  
were in line with observations from RAISE (7,12,17,18).

As advanced age is often associated with a higher 
frequency of TEAEs, age–subgroup analyses of RAISE data 
included not only patients aged <65 and ≥65 years but also 
an age cutoff of ≥75 years (12). The incidence of TEAEs 
was generally well-balanced between older (≥75 years) 
and younger (<75 years) patients. As expected, TEAEs 
associated with age (e.g., decreased appetite and fatigue) 
occurred more frequently in older patients; however, 



5650 Chen et al. Ramucirumab in mCRC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(9):5645-5654 | http://dx.doi.org/10.21037/tcr-20-608

incidence was similar across treatment arms. The incidence 
of TEAEs of special interest was not increased in patients 
aged ≥65 vs. ≥75 years (12).

In subgroup analyses based on VEGF-D levels (<115 vs. 
≥115 pg/mL), the incidence of TEAEs in both subgroups 
was similar to that in the overall population from RAISE, 
although grade ≥3 neutropenia was more frequent in the 
high VEGF-D group than in the low VEGF-D group (42% 
vs. 32%, respectively) (7,17). 

A post-hoc  analysis  of RAISE data explored the 
relationship between OS and treatment-emergent 
neutropenia (19). Across both treatment arms, rates of 
neutropenia increased in patients with certain baseline 
characteristics, including first-line TTP (≥6 months), 
race (Asian), and sex (female). Median time to the first 
neutropenic event was 2.6 weeks (3.0 weeks for grade ≥3) 
in the ramucirumab arm and 3.5 weeks in the placebo arm  
(3.9 weeks for grade ≥3) (19). In the ramucirumab arm, 
median OS was significantly longer in patients with 
neutropenia than in those without neutropenia (16.1 
vs. 10.7 months; P<0.0001); corresponding data for the 
placebo arm were 12.7 vs. 10.7 months (P=0.007) (19). 
Ramucirumab demonstrated significantly improved OS over 
placebo in patients with any-grade neutropenia (P=0.020) 
but not in patients without neutropenia. An interaction 
between treatment effect and the occurrence of neutropenia 
was observed for OS (interaction P=0.055). Ramucirumab/
FOLFIRI demonstrated similar efficacy in patients with 
grade ≥2 or ≥3 neutropenia (19).

The relationship between the early incidence of TEAEs 
and survival outcomes has been explored in a post-hoc 
analysis of RAISE (32). OS and PFS in patients reporting 
TEAEs within the first 42 days of receiving ramucirumab/
FOLFIRI were assessed. In line with the above-mentioned 
study (19), neutropenia was associated with improved OS 
[grade ≤2: HR 0.67, 95% confidence interval (CI): 0.49–
0.91; grade ≥3: HR 0.82, 95% CI: 0.64–1.05; P=0.022] but 
not PFS (grade ≤2: HR 0.85, 95% CI: 0.66–1.10, grade 
≥3: HR 1.03, 95% CI: 0.83–1.28; P=0.379). Interestingly, 
diarrhea was associated with both worse OS (grade ≤2: 
HR 0.96, 95% CI: 0.76–1.20; grade ≥3: HR 2.72, 95% CI: 
1.67–4.44; P=0.001) and PFS (grade ≤2: HR 1.02, 95% 
CI: 0.83–1.23; grade ≥3: HR 2.22, 95% CI: 1.43–3.45; 
P=0.005). Similar associations between neutropenia and 
diarrhea, and survival outcomes were not apparent in the 
placebo/FOLFIRI group (32).

Other clinical studies

Efficacy data from other recent clinical and real-world 
studies of second-line treatment ramucirumab in patients 
with mCRC are summarized in Table 1. 

Phase II studies have demonstrated the efficacy of 
ramucirumab in the second-line therapy of patients with 
CRC. In one study conducted in 102 patients with KRAS 
selected wild-type CRC previously treated with FOLFOX 
or capecitabine/oxaliplatin plus bevacizumab, the addition 
of ramucirumab to a combination of irinotecan and 
cetuximab improved PFS significantly vs. the combination 
alone (33). In another study of 153 patients with mCRC 
who had progressed on irinotecan-based therapy, median 
PFS in patients who had received ramucirumab plus 
modified FOLFOX-6 (mFOLFOX-6) was comparable to 
that seen in those treated with FOLFOX-6 alone (HR 1.116, 
95% CI: 0.713–1.745; P=0.0623) (34).

RWE

Very little RWE for the efficacy of ramucirumab in 
the second-line treatment of patients with mCRC was 
identified. In one retrospective study of 43 patients with 
mCRC across six health centers in Japan, ramucirumab/
FOLFIRI as second- or later-line therapy demonstrated 
a positive impact on survival outcomes, with the median 
duration of PFS on second-line ramucirumab being 
equivalent to that seen in RAISE (5.4 months). Patients 
receiving second-line therapy showed prolonged median 
OS and PFS compared with patients receiving third- or 
later-line ramucirumab (35). Another retrospective Japanese 
study investigated the impact of second-line ramucirumab/
FOLFIRI on survival outcomes in 74 patients with  
mCRC (36). Overall, median PFS and OS were 6.2 and 
17.0 months, respectively, findings in line with those from 
RAISE. Median PFS was somewhat lower in patients who 
received first-line bevacizumab (5.0 vs. 8.0 months in those 
not receiving first-line bevacizumab), but this difference 
did not reach significance (36). Finally, in two case studies 
from Japan, treatment with ramucirumab/mFOLFOX-6 
following first-line treatment with panitumumab/FOLFIRI 
was beneficial in both patients (both men aged ≥65 years) 
with mCRC. Tumor shrinkage was noted in one patient (37).

Summary and conclusions

This narrative review of evidence from the large RAISE 
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Table 1 Summary of survival data from phase II clinical trials and from real-world studies investigating the use of ramucirumab as a second- or 
later-line treatment in patients with mCRC (33-37)

Reference Study design Treatment arms N Patient population Findings

Phase II evidence 

Hochster et al. 
[2018] (33)

A randomized phase II 
trial of IC ± ramucirumab 
as 2nd-line treatment in 
patients with mCRC

IC vs. mICR 102 KRAS selected 
wild-type patients 
with advanced and 
measurable CRC

Median PFS: Overall: 5.8 months

PFS HR: mICR vs. IC: 0.65; P=0.068

Moore et al. 
[2016] (34)

A randomized phase 
II trial of mFOLFOX-6 
plus ramucirumab or 
icrucumab as a 2nd-line 
treatment in patients with 
mCRC 

mFOLFOX-6 alone 
vs. ramucirumab 
plus mFOLFOX-6 
(RAM + mFOLFOX-6) 
vs. icrucumab plus 
mFOLFOX-6 (ICR + 
mFOLFOX-6)

153 Patients with 
mCRC

Median PFS: mFOLFOX-6:  
18.4 weeks; RAM + mFOLFOX-6: 
21.4 weeks; ICR + mFOLFOX-6:  
15.9 weeks 

PFS HR: RAM + mFOLFOX-6 vs. 
mFOLFOX-6: 1.12; P=0.623; ICR + 
mFOLFOX-6 vs. mFOLFOX-6: 1.60; 
P=0.044 

Median OS: mFOLFOX-6:  
53.6 weeks; RAM + mFOLFOX-6: 
41.7 weeks; ICR + mFOLFOX-6:  
42.0 weeks 

OS HR: RAM + mFOLFOX-6 
vs. mFOLFOX-6: 1.18; ICR + 
mFOLFOX-6 vs. mFOLFOX-6: 1.23

Real world evidence 

Yoshihiro et al. 
[2019] (35)

A retrospective analysis of 
patients with mCRC who 
received ramucirumab 
plus FOLFIRI at any 
therapy line at six 
healthcare institutions in 
Japan

Ramucirumab plus 
FOLFIRI (2nd- vs. 
≥3rd-line therapy and 
high vs. low RDI)

43 Patients with 
mCRC

Median PFS: all patients: 4.8 months; 
2nd-line therapy: 5.4 months; ≥3rd-
line therapy: 2.8 months; high RDI: 
3.2 months; low RDI: 5.7 months  
(HR =2.7; P=0.004)

Median OS: all patients: 17.3 months; 
2nd-line therapy: 17.4 months; ≥3rd-
line therapy: 13.0 months; high RDI: 
18.5 months; low RDI: 14.4 months

Suzuki et al. 
[2019] (36)

A retrospective analysis 
of patients with mCRC 
who received 2nd-
line ramucirumab plus 
FOLFIRI who were 
stratified by use of 1st-
line bevacizumab 

Ramucirumab plus 
FOLFIRI 

74 Patients with 
mCRC who are 
bevacizumab-
naïve or 
bevacizumab-
experienced

Median PFS: overall: 6.2 months; 
bevacizumab-naïve: 8.0 months; 
bevacizumab-experienced:  
5.0 months (HR =0.72; P=0.28)

Median OS: Overall: 17.0 months

Hagino et al. 
[2017] (37)

Two case studies of 
patients with mCRC who 
received ramucirumab 
plus FOLFIRI as a 2nd-
line treatment

Ramucirumab plus 
FOLFIRI 

2 Older (≥65 years) 
male patients with 
mCRC

Treatment with ramucirumab was 
beneficial and was administered for 
≥7 months in both patients. Tumor 
shrinkage was observed in one 
patient

CRC, colorectal cancer; FOLFIRI, fluorouracil/leucovorin/oxaliplatin; FOLFOX, fluorouracil plus leucovorin in combination with oxaliplatin; 
HR, hazard ratio; IC, irinotecan and cetuximab; mCRC, metastatic colorectal cancer; mFOLFOX, modified FOLFOX; mICR, IC with 
ramucirumab; N, number of patients; OS, overall survival; PFS, progression-free survival; RDI, relative dose intensity.
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phase III clinical trial (7), its exploratory studies (12,16,18), 
as well as data from other clinical trials (33,34) and RWE 
(35-37) has shown that ramucirumab has consistent efficacy 
across multiple patient subpopulations and can prolong 
patient survival when administered as part of second-line 
therapy for mCRC. Although the results of exploratory 
and retrospective studies (conducted in non-randomized 
populations) should be treated with caution, those reviewed 
here provide important information that can be used to 
help identify patient subgroups that will potentially benefit 
from treatment with ramucirumab, and to indicate areas for 
further research. 

Recently, reimbursement guidelines in Taiwan have 
been revised, effective at the beginning of 2019 (38), to 
allow bevacizumab to be combined with either irinotecan 
(FOLFIRI)- or oxaliplatin (FOLFOX)-based chemotherapy. 
A recent observational study from Taiwan reported PFS 
to be higher in patients who had received second-line 
treatment with bevacizumab/aflibercept plus FOLFOX-6 
vs. FOLFOX-6 alone (39). The reimbursement of other 
anti-angiogenic drugs on the basis of demonstrated 
efficacy increases the possibility of using ramucirumab 
with FOLFIRI in the second-line setting. However, lack of 
reimbursement for ramucirumab strongly limits its use in 
clinical practice in Taiwan and other Asian countries. 
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