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Abstract
Background: Aflibercept and fluorouracil, leucovorin, irinotecan (FOLFIRI) is commonly used as a
second-line treatment for metastatic colorectal cancer (CRC). However, the biomarkers to guide the choice of
this regimen from among treatment options remain unclear.
Patients and Methods: We performed exploratory analyses to validate potential prognostic factors for
patients receiving aflibercept plus FOLFIRI as a second-line systemic treatment for metastatic CRC between
January 2015 and July 2019. Patient characteristics, histopathologic data, laboratory and radiologic data, and
treatment outcomes were collected and reviewed.
Results: Included were 52 patients: 50 (96.2%) received bevacizumab plus fluorouracil, leucovorin, oxaliplatin
(FOLFOX) as prior first-line treatment. Among the 52 patients receiving aflibercept and FOLFIRI, four
complete responses and 21 partial responses were observed in analyzed patients for an overall response rate
of 48.1%. Median progression-free survival (PFS) was 7.0 months and overall survival (OS) was 16.8 months.
Response to first-line treatment (median PFS, 8.0 versus 4.2 months), left-side location of primary tumor (7.9
versus 4.9 months), low baseline CEA level (8.0 versus 5.9 months), and no RAS/RAF mutation (9.9 versus 6.4
months) were remained significant prognostic factors for PFS in the multivariate backward stepwise Cox
regression model, and the latter three factors were also significantly related to OS.
Conclusions: Significant prognostic factors for PFS with aflibercept plus FOLFIRI as second-line therapy were
extracted and validated in the multivariate OS model. These findings could provide useful information for
selecting patients for aflibercept plus FOLFIRI as second-line therapy.
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Introduction
Colorectal cancer (CRC) is the fourth leading
cause of cancer-related deaths in men and the third
leading cause of cancer-related deaths in women
worldwide [1]. Approximately 30% of CRC patients
present with metastatic disease at the time of
diagnosis, and 50% with localized tumors will
develop metastasis later after surgery [2]. Despite
recent advances in treatment modalities, the 5-year

survival rate for metastatic CRC is approximately 14%
[3].
Standard palliative chemotherapy for metastatic
CRC is a fluorouracil-based treatment combination
with oxaliplatin or irinotecan, and with or without
biological agents including anti-angiogenesis or antiepidermal growth factor receptor (EGFR) monoclonal
antibodies. The majority of patients are treated with a
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biological agent as first-line systemic treatment
mainly according to RAS/RAF mutation status of
tumors [4]. Current guidelines recommend
bevacizumab plus chemotherapy for KRAS/NRAS
mutated tumors and either an anti-EGFR agent or
bevacizumab for KRAS/NRAS wild-type tumors as
first-line treatment options [5]. Second-line treatment
often depends on first-line chemotherapy regimens.
Fluorouracil, leucovorin, irinotecan (FOLFIRI) with
biological agents as second-line therapy can be used
with patients with failed fluorouracil, leucovorin,
oxaliplatin (FOLFOX) or capecitabine, oxaliplatin
(CAPEOX) plus bevacizumab treatment, which are
some of the most commonly used first-line
combination treatments.
Aflibercept, a recombinant anti-angiogenic
protein, selectively blocks VEGF-A, VEGF-B, and
placental growth factor [6], precluding downstream
effects including angiogenesis and metastasis. This
effect is different from bevacizumab, which
selectively inhibits only VEGF-A. The phase III
VELOUR trial evaluated the efficacy of aflibercept
plus FOLFIRI as second-line treatment for patients
with metastatic CRC who had progression following
an oxaliplatin-based regimen, with or without
bevacizumab [7]. The study found that aflibercept
plus FOLFIRI significantly prolonged median overall
survival (OS) (13.5 versus 12.1 months) and
progression-free survival (PFS) (6.9 versus 4.7
months) compared to the control group.
Although there is a need for consideration of
some issues like molecular profile, performance
status, comorbidities, and sidedness of tumor,
bevacizumab plus oxaliplatin-based regimen is
thought to be the most commonly used combination
as front-line systemic chemotherapy for metastatic
CRC [8, 9]. It has some advantages over anti-EGFR
agents even in RAS/RAF wild type tumor; there is no
waiting turnaround time for molecular analysis, and
relatively lower toxicity was reported in several
studies [10, 11]. As aflibercept plus FOLFIRI is the
practical alternative for bevacizumab plus FOLFIRI as
second-line treatment in this setting, we analyzed the
real-world treatment outcome of second-line
aflibercept plus FOLFIRI for metastatic CRC patients,
the majority of whom received bevacizumab plus
FOLFOX previously. Additionally, exploratory
analyses to investigate potential biomarkers to predict
the clinical efficacy of the combination treatment were
performed.

regimen of aflibercept plus FOLFIRI as a second-line
therapy at Samsung Medical Center (Seoul, Korea)
and Inha University Hospital (Incheon, Korea)
between January 2015 and July 2019 were included.
Medical records of patients were retrospectively
collected for age, gender, Eastern Cooperative
Oncology Group (ECOG) performance status,
outcomes after first-line treatment, previous surgery
for CRC, location of primary tumors, metastasis sites,
number of metastatic sites, baseline carcinoembryonic
antigen (CEA) level (at time of second-line therapy
initiation), RAS/BRAF mutation status, microsatellite
instability status and treatment outcomes with
aflibercept plus FOLFIRI.
Patients were eligible when they had been
treated with second-line aflibercept plus FOLFIRI as
part of routine clinical practice. Patients who had
received prior irinotecan-containing regimens or
aflibercept plus chemotherapy other than FOLFIRI
were excluded.
Overall response was classified as complete
response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD) according to the
Response Evaluation Criteria in Solid Tumors
guidelines version 1.1. To protect the personal
information of patients and privacy of the data, all
data were handled anonymously. The trial protocol
was approved by the institutional review board of
Samsung Medical Center and Inha University
Hospital and conducted in accordance with the
Declaration of Helsinki.

Methods

Results

Patients and variables

Clinicopathological characteristics of patients

Patients with metastatic CRC who received a

Statistical analysis
Descriptive statistics were calculated as a form of
proportions and medians. Fisher’s exact test was used
to compare proportions, and Wilcoxon rank-sum test
was used to compare continuous variables. PFS was
defined as the interval from the start of treatment to
the date of disease progression or death of any cause,
and OS as the interval from the start of treatment to
the date of death due to any cause. Kaplan-Meier
curves and p-values calculated from log-rank tests
were used to compare PFS between pre-defined
subgroups. Both univariate and multivariate analyses
using the Cox proportional hazards regression model
were applied to estimate each factor’s hazard ratio
and corresponding confidence intervals. Two-sided
p-values of 0.05 or lower were considered to indicate
statistical significance. R studio software, version
1.2.1335, was used to perform all statistical analyses.

A total of 52 patients, 46 from Samsung Medical
Center and 6 from Inha University Hospital, with
http://www.jcancer.org
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metastatic CRC receiving aflibercept plus FOLFIRI as
second-line therapy were analyzed. Patient baseline
characteristics according to response to aflibercept
plus FOLFIRI are in Table 1. The median age was 59.0
years (interquartile range, 51-67 years) with 24 (46.2%)
males and 28 (53.8%) females. As prior first-line
treatment, two (3.8%) patients received CAPEOX and
all other patients received bevacizumab plus
FOLFOX. Thirty-two (61.5%) patients had surgery for
CRC and metastatic sites if possible, and 30 (57.7%)
patients had tumors with mutations in the RAS/RAF
pathway, while RAS/RAF mutational status was not

available for three (5.8%) patients.

Treatment Outcomes
All 52 patients were evaluable for tumor
response (Supplementary Table S1). Four (7.7%)
patients demonstrated a CR, and a PR was reported in
21 (40.4%) patients. The overall response rate was
48.1%, and the disease control rate was 84.6%. For
aflibercept plus FOLFIRI, median PFS was 7.0 months
(95% confidence interval [CI] 6.0-9.9 months) (Figure
1A) and median OS was 16.8 months (95% CI 10.3-not
reached) (Figure 1B).

Table 1. Baseline characteristics
Overall response
Median age, years (IQR)
Gender
Female
Male
ECOG performance
0
1
2
First-line regimen
Bevacizumab + FOLFOX
Capecitabine + oxaliplatin
Response to first-line treatment
CR/PR
SD/PD
Previous anti-angiogenic treatment
No
Yes
Previous surgery
No
Yes
Primary tumor location
Ascending colon
Descending colon
Rectosigmoid colon
Metastasis to liver
No
Yes
Metastasis to lung
No
Yes
Metastasis to bone
No
Yes
Baseline median CEA level, ng/mL (IQR)
Baseline CEA level
≥5 ng/mL
<5 ng/mL
Mutation of RAS/RAF
No
Yes
Non-available
Peritoneal seeding
No
Yes
MSI status
MSS

Responders (N=25)
57.0 (50.0;66.0)

Non-responders (N=27)
63.0 (54.0;67.0)

Total (N=52)
59.0 (51.0;67.0)

14 (56.0%)
11 (44.0%)

14 (51.9%)
13 (48.1%)

28 (53.8%)
24 (46.2%)

9 (36.0%)
15 (60.0%)
1 (4.0%)

6 (22.2%)
21 (77.8%)
0 (0.0%)

15 (28.8%)
36 (69.2%)
1 (1.9%)

24 (96.0%)
1 (4.0%)

26 (96.3%)
1 (3.7%)

50 (96.2%)
2 (3.8%)

19 (76.0%)
6 (24.0%)

14 (51.9%)
13 (48.1%)

33 (63.5%)
19 (36.5%)

1 (4.0%)
24 (96.0%)

1 (3.7%)
26 (96.3%)

2 (3.8%)
50 (96.2%)

5 (20.0%)
20 (80.0%)

15 (55.6%)
12 (44.4%)

20 (38.5%)
32 (61.5%)

6 (24.0%)
1 (4.0%)
18 (72.0%)

11 (40.7%)
0 (0.0%)
16 (59.3%)

17 (32.7%)
1 (1.9%)
34 (65.4%)

8 (32.0%)
17 (68.0%)

7 (25.9%)
20 (74.1%)

15 (28.8%)
37 (71.2%)

17 (68.0%)
8 (32.0%)

14 (51.9%)
13 (48.1%)

31 (59.6%)
21 (40.4%)

22 (88.0%)
3 (12.0%)
3.2 (1.5;5.9)

26 (96.3%)
1 (3.7%)
12.7 (5.3;129.7)

48 (92.3%)
4 (7.7%)
5.5 (2.5;40.5)

7 (28.0%)
18 (72.0%)

20 (74.1%)
7 (25.9%)

27 (51.9%)
25 (48.1%)

16 (64.0%)
8 (32.0%)
1 (4.0%)

3 (11.1%)
22 (81.5%)
2 (7.4%)

19 (36.5%)
30 (57.7%)
3 (5.8%)

17 (68.0%)
8 (32.0%)

16 (59.3%)
11 (40.7%)

33 (63.5%)
19 (36.5%)

25 (100%)

27 (100%)

52 (100%)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ECOG, Eastern Cooperative Oncology Group; FOLFOX, fluorouracil plus
leucovorin plus oxaliplatin; CEA, carcinoembryonic antigen; MSI, microsatellite instability; MSS, microsatellite stable status; IQR, interquartile range.
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Figure 1. Kaplan-Meier plot. (A) progression-free survival and (B) overall survival for total included patients.

Table 2. Univariate Cox regression analysis for PFS
Age (<65 versus ≥65 years)
Gender (Male versus female)
Response to first-line treatment (SD/PD versus
CR/PR)
Previous Surgery (Yes versus no)
Primary tumor location (right versus left)
Number of organ metastasis (≥2 versus 1)
CEA (<5 ng/mL versus ≥5 ng/mL)
RAS/RAF mutated (Yes versus no)
Peritoneal seeding (Yes versus no)

HR
0.83
0.92
1.96

95% CI
0.44-1.59
0.49-1.73
1.02-3.79

P-value
.5778
.7862
.0440

0.46
2.04
2.19
0.41
2.36
0.75

0.24-0.90
1.02-4.07
1.09-4.39
0.21-0.80
1.17-4.74
0.38-1.49

.0223
.0428
.0278
.0088
.0161
.4075

HR, hazard ratio; CI, confidence interval; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; CEA, carcinoembryonic
antigen.

Correlation between patient clinicopathological
characteristics and PFS was assessed to investigate
potential biomarkers that could predict the effects of
aflibercept plus FOLFIRI. In univariate Cox regression
analysis, response to first-line treatment (nonresponder, SD/PD versus responder, CR/PR),
previous surgery for disease (yes versus no), primary
tumor location (right versus left), number of organ
metastasis (≥2 versus 1), baseline CEA level (<5
ng/mL versus ≥5 ng/mL), and RAS/RAF mutation
(yes versus no) were significantly associated with PFS
(Table 2). In multivariate backward stepwise Cox
regression analysis including variables with p-value <
0.1 on univariate analysis showed that response to
first-line therapy (median PFS, 8.0 versus 4.2 months),
left-side location of primary tumor (7.9 versus 4.9
months), low baseline CEA level (8.0 versus 5.9
months), and no RAS/RAF mutation (9.9 versus 6.4
months) were independently correlated with PFS in
the final model (Figure 2). Kaplan-Meier survival

curves for PFS for the variables are in Supplementary
Figure S1-3.
In the univariate Cox regression model for OS,
previous surgery for the disease (yes versus no) and
baseline CEA level were significantly correlated with
OS. The multivariate backward stepwise Cox
regression model including variables with P<0.1 on
univariate analysis demonstrated that location of
primary tumor, baseline CEA level, and RAS/RAF
mutational status remained in the final model
(Supplementary Figure S4).

Discussion
This study provides clinical-pathological
biomarkers that are easily available in clinical practice
to select a CRC patient population that is likely to
benefit from aflibercept plus FOLFIRI as second-line
therapy. Response to first-line treatment (median PFS,
8.0 versus 4.2 months), left-side location of primary
tumor (left, 7.9 versus right, 4.9 months), low baseline
CEA level (8.0 versus 5.9 months), and no RAS/RAF
mutation (9.9 versus 6.4 months) were significant
prognostic factors for PFS to aflibercept plus FOLFIRI.
Furthermore, the location of the primary tumor,
baseline CEA level, and RAS/RAF mutational status
were also significantly related to OS. This finding
might be helpful for deciding among options for
second-line treatment.
CEA is highly upregulated by various cancers
and in about three-fourths of metastatic CRC patients
[12]. Baseline increased CEA levels correlate with
poor prognosis [13]. In a previous study on the
predictive role of baseline CEA level for FOLFIRI plus
cetuximab or bevacizumab as first-line therapy, high
CEA level was associated with shorter OS in patients
http://www.jcancer.org
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receiving FOLFIRI plus bevacizumab. The finding
was not inconsistent with findings for patients
receiving FOLFIFI plus cetuximab [14]. Fiala et al.
reported that baseline CEA level does not affect PFS
or OS of patients treated with chemotherapy plus an
anti-EGFR agent in combination [15]. Another study
on a proposed prognostic nomogram for FOLFIRI
plus aflibercept included baseline CEA level as a
significant influencer [16]. These observations might
be explained by that CEA exerts angiogenesispromoting effects independent of VEGF, and
increased CEA levels could achieve some angiogenic
properties even when the VEGF pathway is blocked
[17, 18]. In our study, low baseline CEA level (<5
ng/mL) was significantly associated with prolonged
median PFS with FOLFIRI plus aflibercept compared
to high CEA level (≥5 ng/mL) (8.0 versus 5.9 months),
consistent with the other studies.
Mutations in RAS and/or BRAF genes are
associated with a lack of treatment response to
anti-EGFR agents, and those mutations are also
known to be related to inferior survival of patients
with metastatic CRC [19]. According to a previous
study on the impact of KRAS, NRAS and BRAF
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mutations in tumors of patients with metastatic CRC
receiving first-line therapy, the negative prognostic
value of KRAS/BRAF mutations was observed in
both bevacizumab-treated and non-bevacizumabtreated groups. However, the prognostic impact was
more substantial in the bevacizumab-treated group
than the non-bevacizumab-treated group. The hazard
ratios for KRAS mutation versus wild type were 1.33
and 1.05, and BRAF mutation versus wild type were
2.61 versus 1.55 in the bevacizumab-treated group
and the non-bevacizumab-treated group, respectively
[19]. Similar trends were observed in the biomarkers
sub-analyses of the Velour trial [20] and a study of a
prognostic nomogram for FOLFIRI plus aflibercept
[16]. Since mutations in RAS and BRAF are usually
mutually exclusive [21] and have the same negative
predictive value for anti-EGFR antibody use, several
studies used these genes as one category of predictive
variables, as we did. In our study, having no RAS/
RAF mutation was significantly related to prolonged
median PFS compared to presence of the RAS/RAF
mutation (9.9 versus 6.4 months), so this could be a
prognostic biomarker for use of FOLFIRI plus
aflibercept.

Figure 2. Multivariate survival model after variable selection. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; CEA, carcinoembryonic
antigen.
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The location of the primary tumor is an
important prognostic factor in CRC due to distinct
biological features of right-sided and left-sided
tumors [22]. Right-sided colon cancer is associated
with defective mismatch repair genes and
KRAS/BRAF mutations. Left-sided CRC is related to
chromosomal instability and mutations in p53 and
NRAS [23]. A previous study to investigate the impact
of primary tumor location on the efficacy of adding
bevacizumab to chemotherapy for metastatic CRC
reported that PFS improved with bevacizumab plus
chemotherapy versus chemotherapy alone for
right-sided tumors (hazard ratio = 0.75; p = 0.008) and
left-sided (hazard ratio = 0.76; p < 0.001) tumors. The
study concluded that the effect of bevacizumab was
independent of tumor location [24]. However, another
study on the impact of primary tumor sidedness on
treatment
outcomes
for
patients
receiving
bevacizumab-based therapies found that the efficacy
of bevacizumab in patients with a left-sided tumor is
superior to efficacy for right-sided tumors,
particularly in a wild-type RAS/BRAF subgroup [25].
Comparable results were also reported in aflibercept
plus FOLFIRI-treated groups [16, 26]. In our study,
left-sided primary tumor location was a significant
factor for prolonged median PFS compared with
right-sided tumor location (7.9 versus 4.9 months).
Therefore, based on these results, primary tumor
location is a prognostic factor for survival with
aflibercept plus FOLFIRI.
This study has several limitations. First, a
relatively small number of patients treated with
aflibercept plus FOLFIRI as a second-line therapy
were included. Additionally, due to a few missing
observations for RAS/RAF mutation status, these
mutation profiles were handled as the same group.
Next, the retrospective characteristics of the study and
exploratory analyses are subject to potential biases
from a statistical perspective. Third, the number of
factors included in the multivariate analyses was
relatively high, considering the total number of
patients and events. Despite these inherent
limitations, our study analyzed and validated
prognostic factors for survival outcomes with
aflibercept plus FOLFIRI in the CRC patients who
received bevacizumab plus FOLFOX as first-line
therapy. These findings could provide useful
information for selecting patients for aflibercept plus
FOLFIRI as second-line therapy.

Abbreviations
CRC: colorectal cancer; EGFR: epidermal growth
factor receptor; FOLFIRI: Fluorouracil, leucovorin,
irinotecan; FOLFOX: fluorouracil, leucovorin,
oxaliplatin; CAPEOX: capecitabine, oxaliplatin; OS:

465
overall survival; PFS: progression-free survival;
ECOG: Eastern Cooperative Oncology Group; CEA:
carcinoembryonic antigen; CR: complete response;
PR: partial response; SD: stable disease; PD:
progressive disease.

Supplementary Material
Supplementary figures and tables.
http://www.jcancer.org/v12p0460s1.pdf

Competing Interests
The authors have declared that no competing
interest exists.

References
1.

2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.

13.
14.

15.

16.

17.

Global Burden of Disease Cancer C, Fitzmaurice C, Allen C, Barber RM,
Barregard L, Bhutta ZA, et al. Global, Regional, and National Cancer
Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and
Disability-Adjusted Life-years for 32 Cancer Groups, 1990 to 2015: A
Systematic Analysis for the Global Burden of Disease Study. JAMA Oncol.
2017; 3: 524-48.
Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,
et al. Colorectal cancer statistics, 2020. CA Cancer J Clin. 2020; 70(3): 145-164.
[Internet] American Cancer Society, Inc. Survival rates for colorectal cancer, by
stage.
https://www.cancer.org/cancer/colon‐rectal‐cancer/detection‐
diagnosis‐staging/survival‐rates.html. Accessed March, 2020.
Abrams TA, Meyer G, Schrag D, Meyerhardt JA, Moloney J, Fuchs CS.
Chemotherapy usage patterns in a US-wide cohort of patients with metastatic
colorectal cancer. J Natl Cancer Inst. 2014; 106: djt371.
Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
et al. ESMO consensus guidelines for the management of patients with
metastatic colorectal cancer. Ann Oncol. 2016; 27: 1386-422.
Syed YY, McKeage K. Aflibercept: A Review in Metastatic Colorectal Cancer.
Drugs. 2015; 75: 1435-45.
Van Cutsem E, Tabernero J, Lakomy R, Prenen H, Prausova J, Macarulla T, et
al. Addition of aflibercept to fluorouracil, leucovorin, and irinotecan improves
survival in a phase III randomized trial in patients with metastatic colorectal
cancer previously treated with an oxaliplatin-based regimen. J Clin Oncol.
2012; 30: 3499-506.
Hess LM, Cui ZL, Mytelka DS, Han Y, Goodloe R, Schelman W. Treatment
patterns and survival outcomes for patients receiving second-line treatment
for metastatic colorectal cancer in the USA. Int J Colorectal Dis. 2019; 34: 581-8.
Aranda E, Polo E, Camps C, Carrato A, Diaz-Rubio E, Guillem V, et al.
Treatment patterns for metastatic colorectal cancer in Spain. Clin Transl Oncol.
2020; 22(9): 1455-62.
Stintzing S, Fischer von Weikersthal L, Decker T, Vehling-Kaiser U, Jager E,
Heintges T, et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab
as first-line treatment for patients with metastatic colorectal cancer-subgroup
analysis of patients with KRAS: mutated tumours in the randomised German
AIO study KRK-0306. Ann Oncol. 2012; 23: 1693-9.
Zheng B, Wang X, Wei M, Wang Q, Li J, Bi L, et al. First-line cetuximab versus
bevacizumab for RAS and BRAF wild-type metastatic colorectal cancer: a
systematic review and meta-analysis. BMC Cancer. 2019; 19: 280.
Iwanicki-Caron I, Di Fiore F, Roque I, Astruc E, Stetiu M, Duclos A, et al.
Usefulness of the serum carcinoembryonic antigen kinetic for chemotherapy
monitoring in patients with unresectable metastasis of colorectal cancer. J Clin
Oncol. 2008; 26: 3681-6.
Louhimo J, Carpelan-Holmstrom M, Alfthan H, Stenman UH, Jarvinen HJ,
Haglund C. Serum HCG beta, CA 72-4 and CEA are independent prognostic
factors in colorectal cancer. Int J Cancer. 2002; 101: 545-8.
Holch JW, Ricard I, Stintzing S, Fischer von Weikersthal L, Decker T, Kiani A,
et al. Relevance of baseline carcinoembryonic antigen for first-line treatment
against metastatic colorectal cancer with FOLFIRI plus cetuximab or
bevacizumab (FIRE-3 trial). Eur J Cancer. 2019; 106: 115-25.
Fiala O, Hosek P, Sorejs O, Liska V, Buchler T, Poprach A, et al. The
Association of Baseline Serum Tumour Markers with Outcome of Patients
with Metastatic Colorectal Cancer Treated with Anti-EGFR Monoclonal
Antibodies in the First Line. J Cancer. 2018; 9: 4255-62.
Fernandez Montes A, Lopez Lopez C, Argiles Martinez G, Paez Lopez D,
Lopez Munoz AM, Garcia Paredes B, et al. Prognostic Nomogram and
Patterns of Use of FOLFIRI-Aflibercept in Advanced Colorectal Cancer: A
Real-World Data Analysis. Oncologist. 2019; 24: e687-e95.
Bramswig KH, Poettler M, Unseld M, Wrba F, Uhrin P, Zimmermann W, et al.
Soluble carcinoembryonic antigen activates endothelial cells and tumor
angiogenesis. Cancer Res. 2013; 73: 6584-96.

http://www.jcancer.org

Journal of Cancer 2021, Vol. 12

466

18. Prager GW, Braemswig KH, Martel A, Unseld M, Heinze G, Brodowicz T, et
al. Baseline carcinoembryonic antigen (CEA) serum levels predict
bevacizumab-based treatment response in metastatic colorectal cancer. Cancer
Sci. 2014; 105: 996-1001.
19. Modest DP, Ricard I, Heinemann V, Hegewisch-Becker S, Schmiegel W,
Porschen R, et al. Outcome according to KRAS-, NRAS- and BRAF-mutation
as well as KRAS mutation variants: pooled analysis of five randomized trials
in metastatic colorectal cancer by the AIO colorectal cancer study group. Ann
Oncol. 2016; 27: 1746-53.
20. Wirapati P, Pomella V, Vandenbosch B, Kerr P, Maiello E, Jeffery Grahame M,
et al. VELOUR trial biomarkers update: Impact of RAS, BRAF, and sidedness
on aflibercept activity. Ann Oncol. 2017; 28 Suppl 3: iii151-iii2.
21. De Roock W, Claes B, Bernasconi D, De Schutter J, Biesmans B, Fountzilas G, et
al. Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on the efficacy of
cetuximab plus chemotherapy in chemotherapy-refractory metastatic
colorectal cancer: a retrospective consortium analysis. Lancet Oncol. 2010; 11:
753-62.
22. Petrelli F, Tomasello G, Borgonovo K, Ghidini M, Turati L, Dallera P, et al.
Prognostic Survival Associated With Left-Sided vs Right-Sided Colon Cancer:
A Systematic Review and Meta-analysis. JAMA Oncol. 2017; 3: 211-9.
23. Shen H, Yang J, Huang Q, Jiang MJ, Tan YN, Fu JF, et al. Different treatment
strategies and molecular features between right-sided and left-sided colon
cancers. World J Gastroenterol. 2015; 21: 6470-8.
24. Loupakis F, Hurwitz HI, Saltz L, Arnold D, Grothey A, Nguyen QL, et al.
Impact of primary tumour location on efficacy of bevacizumab plus
chemotherapy in metastatic colorectal cancer. Br J Cancer. 2018; 119: 1451-5.
25. You XH, Wen C, Xia ZJ, Sun F, Li Y, Wang W, et al. Primary Tumor Sidedness
Predicts Bevacizumab Benefit in Metastatic Colorectal Cancer Patients. Front
Oncol. 2019; 9: 723.
26. Fernandez Montes A, Martinez Lago N, Covela Rua M, de la Camara Gomez J,
Gonzalez Villaroel P, Mendez Mendez JC, et al. Efficacy and safety of
FOLFIRI/aflibercept in second-line treatment of metastatic colorectal cancer in
a real-world population: Prognostic and predictive markers. Cancer Med.
2019; 8: 882-9.

http://www.jcancer.org

