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Abstract 

Purpose: We aimed to evaluate the effect of bevacizumab in metastatic CRC (colorectal cancer) 
regarding to microsatellite instability (MSI) and the sidedness of the primary tumor.  
Materials and Methods: A total of 140 CRC patients were retrospectively analyzed, who received 
bevacizumab-containing chemotherapy between April 2008 and January 2013. MSI status and Kirsten 
RSAS (KRAS) mutational status were available in all 140 patients, but BRAF (the gene for the B-type Raf 
kinase) mutational status was only available in 74 patients (52.9%). 
Results: MSI-high (MSI-H) was detected in 4.3% of analyzed patients. Characteristics of patients, with the 
exception of BRAF mutational status, were generally similar between those with right- (RC) and left-sided 
colon cancer (LC). Right-sided tumors were significantly associated with a BRAF mutation (p=0.025). In 
addition, patient characteristics with a microsatellite stable (MSS) tumor were not different from those 
with an MSI-H tumor. For all 140 patients, the most commonly used regimen with bevacizumab was 
capecitabine plus oxaliplain (XELOX), irrespective of treatment line, followed by 5-fluorouracil, 
leucovorin, and irinotecan (FOLFIRI), 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX), intravenous 
5-fluorouracil (5-FU) and capecitabine plus irinotecan (XELIRI). There was no significant difference 
between the MSI-H and MSS groups in treatment efficacy, including response rate (RR) and disease 
control rate (DCR). There was also no difference in RR and DCR according to the sidedness of the 
primary tumor. No significant difference in progression-free survival (PFS) was observed between MSI-H 
and MSS groups (5.93 months vs. 7.37 months; p=0.801) or between LC and RC groups (7.37 months vs. 
5.83 months; p=0.801). 
Conclusions: The effect of bevacizumab was not different between LC and RC and between MSS and the 
MSI-H tumors. 
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Introduction 
Colorectal cancer (CRC) is the fourth most 

common cancer in males and third in females 
worldwide[1]. Although gains remain modest, 

survival has improved in metastatic CRC during the 
last two decades, partly as a result of the introduction 
of newly developed molecularly targeted agents such 
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as bevacizumab, which targets vascular endothelial 
growth factor (VEGF-A), and cetuximab and 
panitumumab, which target epithelial growth factor 
receptor (EGFR) [2-4]. The Food and Drug 
Administration (FDA) approved bevacizumab for 
first-line treatment of metastatic CRC when combined 
with conventional chemotherapy based on the 
survival benefit which was shown in a landmark trial 
[3]. VEGF is an important regulator of physiologic 
and pathologic angiogenesis and is overexpressed in 
many cancer types [5]. Angiogenesis is also linked to 
the immune system and anti-angiogenesis treatment 
can stimulate the immune system. VEGF secreted by 
mouse tumor cells prevents dendritic cells from 
maturing, hampering the presentation of tumor 
antigen and blocking the anti-tumor immune 
response. 

CRC occurs either sporadic cases (85%), as part 
of a hereditary cancer syndrome (less than 10%), or on 
the grounds of inflammatory bowel disease. It is 
widely accepted that adenoma-carcinoma sequence 
underlies the development of colorectal cancer in 
most patients, and two specific pathways have been 
identified based on microsatellite instability (MSI) 
and chromosomal instability (CIN) [6,7]. The MSI 
pathway as one form of genomic instability, which 
affects the nucleotide mismatch recognition and 
repair system [8,9]. 10 to 15% of all sporadic CRC 
shows mismatch repair deficiency[10]. MSI in 
sporadic CRC often associated with the loss of 
expression of a mismatch repair gene (most 
commonly MLH1 and MSH2) which caused by 
epigenetic silencing [11,12]. MSI-High (MSI-H) 
colorectal cancers are known to have poor prognostic 
feature such as deep tumor invasion and poor 
histologic differentiation. However, patients with 
MSI-H tumors have longer overall and cancer-specific 
survival than stage-matched patients with tumors 
exhibiting CIN, implying that the pronounced genetic 
instability of tumor cells with MSI may increase 
susceptibility to apoptosis[13,14]. MSI-H colorectal 
cancers are more commonly located on the right side 
[9,15]. Accordingly, cancer of the left and right sides 
of the colon differs with respect to epidemiology, 
biology, microenvironment and clinical outcomes 
[16,17]. In addition to MSI status, there are many 
differences in molecular features between left and 
right-sided colon cancer. Recently, the sidedness of 
the primary tumor (right versus left side) has been 
investigated for its role in helping to prognosticate 
and predict outcomes [18,19]. 

Herein, we evaluated the effect of bevacizumab 
according to MSI status and the sidedness of the 
primary tumor in metastatic CRC patients.  

Material and Methods 
Patients 

We analyzed 140 CRC patients who were 
available for evaluation of MSI status and had been 
treated with bevacizumab-containing chemotherapy 
at Samsung Medical Center, Seoul, Korea between 
April 2008 and January 2013. The following 
clinicopathologic characteristics were collected for all 
140 patients: age, gender, primary site, number of 
metastatic sites, Kirsten-ras (KRAS) mutational status, 
BRAF mutation status and information on 
chemotherapy. All patients had pathologically or 
cytologically proven metastatic or recurrent CRC. The 
left side of the colon was defined as the descending 
colon, sigmoid colon, and rectum and the right side of 
the colon was defined as the cecum and ascending 
colon. 

Analysis of MSI 
Primary tissue specimens were obtained during 

surgery or endoscopic procedures. Laboratory 
analysis was conducted at Samsung Medical Center. 
MSI was analyzed by polymerase chain reaction 
(PCR) amplification using fluorescent dye-labeled 
primers for the Bethesda markers (BAT-26, BAT-25, 
D5S346, D2S123 and D17S250) specific for micro-
satellite loci, as recommended by the National Cancer 
Institute Workshop on MSI [9]. MSI was defined as a 
band shift in either of the two alleles or as the 
appearance of a differently sized band in the tumor 
sample. Tumors were classified by MSI-H if instability 
was found at all of the loci screened, MSI-low (MSI-L) 
if at least one but not all of the loci showed instability, 
and microsatellite stable (MSS or MSI-S) if all loci 
were stable. 

Chemotherapy regimens combined with 
bevacizumab 

The chemotherapy regimen to be used with 
bevacizumab was determined by the physician. 
Typical combinations included oxaliplatin plus 
intravenous or oral 5-fluorouracil (5-FU) (fluorouracil, 
leucovorin, and oxaliplatin; [FOLFOX] or capecitabine 
plus oxaliplain [XELOX]), and irinotecan plus 
intravenous or oral 5-fluorouracil (5-FU) (5-fluoro-
uracil, leucovorin, and irinotecan [FOLFIRI]) or 
capecitabine plus irinotecan [XELIRI]). As a single 
partner of bevacizumab, intravenous or oral 
5-fluorouracil (5-FU) was preferred. Chemotherapy 
was generally repeated every two or three weeks, 
according to protocol. All tumor measurements were 
assessed after every three or four cycles of 
chemotherapy, using computed tomography scan and 
other tests that were used initially in staging of the 
tumor.  
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Table 1. Patient characteristics 

 Rt sided tumors (n=34) Lt sided tumors (n=106) p-value MSS (%) (n=134) MSI (%) (n=6) p-value 
Gender       
Male 18 (52.9%) 57 (53.8%) 0.933 74 (55.2) 1 (16.7) 0.096 
Female 16 (47.1%) 49 (46.2%) 60 (44.8) 5 (83.3) 
Age, years        
 ≤ 65 31 (91.2%) 86 (81.1%) 0.196 112 (83.6) 5 (83.3) 1.000 
 65 < 3 (8.8%) 20 (18.9%) 22 (16.4) 1 (16.7) 
ECOG performance status       
 0 5 (14.7%) 10 (9.4%) 0.360 15 (11.2) 0 (0.0) 1.000 
 1 29 (85.3%) 96 (90.6%) 119 (88.8) 6 (100.0) 
Primary site - -     
 Left side colon  - - - 102 (76.1%) 4 (66.7%) 0.633 
 Right side colon  - - 32 (23.9%) 2 (33.3%) 
No. of metastatic sites       
 1 20 (58.8%) 53 (50.0%) 0.432 71 (53.0) 2 (33.3) 0.426 
 1 < 14 (41.2%) 53 (30.0%) 63 (47.0) 4 (66.7) 
Treatment line including bevacizumab       
 1 18 (52.9%) 64 (60.4%) 0.549 79 (59.0) 3 (50.0) 0.692 
 1 < 16 (47.1%) 42 (39.6%) 55 (41.) 3 (50.0) 
KRAS status        
 Wild 17 (50.0%) 68 (64.2%) 0.161 79 (59.0) 6 (100.0) 0.081 
 Mutant 17 (50.0%) 38 (35.8%) 55 (41.0) 0 (0.0) 
BRAF status       
 Wild 14 51 0.025 63 (47.4) 2 (33.3) 0.777 
 Mutant 5 3 8 (6.0) 0 (0.0) 
 N.E. 15 51 62 (46.6) 4 (66.7) 
MSI status    - -  
 MSI-H 2 4 0.633 - - - 
 MSS 32 102 - - 

ECOG: Eastern Cooperative Oncology Group, MSS: microsatellite stable, MSI: microsatellite instability 
 

Table 2. Chemotherapy regimens including bevacizumab 

Regimen MSS (n=134) MSI (n=6) 
FOLFIRI/bevacizumab 29 (21.6%) 2 (33.3%) 
FOLFOX/bevacizumab 17 (12.7%) 2 (33.3%) 
FL/bevacizumab 17 (12.7%) 1 (16.7%) 
XELIRI/bevacizumab 13 (9.7%)  
XELOX/bevacizumab 47 (35.1%) 1 (16.7%) 
XELODA/bevacizumab 7 (5.2%)  
S1/bevacizumab 4 (3.0%)  

FOLFIRI: fluorouracil(5-FU), folinic acid(leucovorin), irinotecan; FOLFOX: 5-FU, 
leucovorin, oxaliplatin; FL: 5-FU, leucovorin; XELIRI: capecitabine, irinotecan; 
XELOX: capecitabine, oxaliplatin; XELODA: capecitabine 

 

Statistical analyses 
Descriptive statistics were reported as 

proportions and medians. Treatment outcomes were 
response rate (RR) and progression-free survival 
(PFS). Tumor response was determined according to 
RECIST ver. 1.0. PFS was defined as the time from the 
start date of the bevacizumab-based chemotherapy to 
the date of disease progression or death from any 
cause. PFS was estimated using the Kaplan-Meier 
method with log-rank analysis. A two-sided p-value 
of less than 0.05 was considered significant. All 
analyses were performed using SPSS version 19.0 
(SPSS Inc., Chicago, IL, USA). The chi-square test or 
Fisher’s exact test was used as appropriate to compare 
categorical variables. Two-sided null hypotheses of no 
difference were rejected if p-values were less than 
0.05, or, equivalently, if the 95% confidence intervals 
(CIs) of risk point estimates excluded 1. Cox 
proportional hazards regression modeling was 

employed in univariate analyses to identify the 
significant independent prognostic factors of various 
clinical parameters for survival.  

Results 
Patient characteristics  

Among patients with metastatic CRC who were 
managed at Samsung Medical Center between June 
2013 and March 2016, 140 CRC patients with 
bevacizumab-containing therapy and the information 
for microsatellite instability were analyzed in this 
study. All patients had received bevacizumab- 
containing therapies during their treatment course. 
MSI-H was detected in 4.3% of analyzed patients. A 
summary of patient characteristics according to 
primary tumor site and MSl status is shown in Table 
1. KRAS mutational status was available in all 140 
patients, but BRAF mutational status was only 
available in 74 patients (52.9%). Characteristics of 
patients, except the BRAF mutational status, were 
generally similar between the right (RC) and the 
left-sided colon cancer (LC). Right-sided tumors were 
significantly associated with a BRAF mutation 
(p=0.025). In addition, patient characteristics did not 
differ between those with an MSS tumor compared to 
an MSI-H tumor. Among the 6 MSI-H patients, MSI-H 
tumors were more frequently observed with female 
gender, under 65 years of age, LC and the wild type of 
KRAS.  
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Treatment Efficacy 
For all 140 patients, most commonly used 

regimen with bevacizumab was XELOX irrespective 
of treatment line, followed by FOLFIRI, FOLFOX, 
intravenous 5-FU and XELIRI (Table 2). Among 
patients overall, none achieved complete response 
(CR) and 72 achieved partial response, for a response 
rate (RR) of 51.4%. Table 3 compares the treatment 
efficacy of bevacizumab-containing regimens in all 
140 patients according to the status of MSI (MSI-H vs. 
MSS). There was no significant difference in treatment 
efficacy, including RR and disease control rate (DCR), 
between the two groups. There was also no difference 
in RR or DCR according to the location of the primary 
tumor (LC vs. RC). Median PFS for bevacizumab- 
containing chemotherapy was 7.27 (95% confidence 
interval [CI], 6.35 to 8.18) (Fig. 1A). No significant 
difference in PFS was observed between MSI-H and 

MSS (5.93 months; 95% CI, 4.32 to 7.53 months vs. 7.37 
months; 95% CI, 6.09 to 8.64 months; p=0.801) or 
between LC and RC (7.37 months; 95% CI, 6.17 to 8.57 
months vs. 5.83 months; 95% CI, 4.12 to 7.54 months; 
p=0.801, respectively) (Fig. 1B and IC).  

Table 3. Treatment efficacy of bevacizumab-containing regimens 

Response Overall MSS 
(n=134) 

MSI 
(n=6) 

p-value Left side 
(n=106) 

Right 
side 
(n=34) 

p-value 

Complete 
response 

       

Partial 
response 

72 68 4  55 17  

Stable disease 44 43 1  35 9  
Progressive 
disease 

25 23 1  16 8  

Response rate 51.4% 50.8% 66.7% 0.681 51.9% 50.0% 0.848 
Disease 
control rate 

82.9% 82.8% 95.8% 0.975 84.9% 76.5% 0.297 

MSS: microsatellite stable, MSI: microsatellite instability 
 

 

 
Figure 1. Progression-free survival (PFS) to bevacizumab-containing chemotherapy in overall patients (A), according to the status of microsatellite instability (B), the 
location of the primary tumor (C), and the treatment-line of bevacizumab-containing chemotherapy (D) 
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Table 4. Univariable progression-free survival analysis with 
proportional hazard regression in CRC patients with 
bevacizumab-containing chemotherapy 

Prognostic variable Hazard ratio 95%CI p-value 
Age (≤65 yr vs. >65 yr) 1.031  0.644-1.650 0.899 
 Gender (Male vs. Female) 0.787  0.547-1.132 0.196 
 ECOG PS (0 vs. 1) 1.068 0.599-1.906 0.823 
 Primary site (left vs. right) 1.061 0.696-1.617 0.782 
 No. of metastatic site (1 vs. 1<) 0.871 0.610-1.242 0.446 
 Treatment line of bevacizumab (1 vs 1<) 0.482 0.334-0.689 0.000 
 KRAS status (Wild vs. Mutant) 0.793 0.542-1.160 0.232 
 BRAF status (Wild vs. Mutant) (n=73) 0.624 0.280-1.392 0.250 
 Microsatellite instability (MSS vs. MSI) 0.719 0.274-1.891 0.504 

ECOG: Eastern Cooperative Oncology Group 
 

Prognostic analysis 
Results of the prognostic analysis for 

bevacizumab-containing chemotherapy are shown in 
Table 4. A univariate analysis found no evidence of an 
effect of MSI status on PFS following bevacizumab- 
containing chemotherapy (hazard ratio, 0.719; 95% CI, 
0.274 to 1.891; p=0.504). Similarly, there was no 
evidence indicating that sidedness of primary tumor 
(RC vs. LC) was a prognostic factor for PFS (hazard 
ratio, 1.061; 95% CI, 0.696 to 1.617; p=0.782).  

Discussion 
The use of next generation sequencing (NGS) for 

high throughput genomic analysis has accelerated our 
understanding of the molecular characteristics of CRC 
[20,21]. Several groups have reported on the 
molecular classification of CRC using genomic data 
from NGS; in some cases, these subtypes have 
provided predictive or prognostic information. 
Recently, among advances of genomic analysis in 
CRC, the sidedness of tumors (LC vs. RC) and MSI-H 
tumors have been highlighted. The present study 
analyzed the effect of bevacizumab according to MSI 
status and sidedness of the primary tumor in 
metastatic CRC patients. Based on our analysis, the 
effect of bevacizumab was not different between 
patients with LC and RC or MSS and MSI-H tumors. 

A number of differences have been established 
between RC and LC. RC are more likely to be 
exophytic, diploid, mucinous in histology, 
predominantly MSI-H and contain RAS/RAF 
mutants, whereas LC are often infiltrating lesions, 
present with obstructive symptoms, are aneuploid 
and have predominant chromosomal instability 
[22,23]. A difference in OS between LC and RC has 
been reported inconsistently [16,24]. Some studies 
have shown that OS is significantly worse in RC 
compared to LC, while others have found no 
difference. In the present study, RC was significantly 
related to BRAF mutation as compared to the left side. 
In patients treated with bevacizumab-containing 

chemotherapy, there was no evidence of a difference 
in PFS based on different primary tumor locations. 
Tumor location within colon cancer is known as a 
strong predictor of PFS benefit from cetuximab 
therapy[18,25]. Unlike cetuximab, we found that 
bevacizumab-containing chemotherapy had a similar 
antitumor effect irrespective of primary tumor 
location. Bevacizumab targets the vascular 
endothelial growth factor (VEGF-A). Tissue 
expression of VEGF-A has also been demonstrated to 
vary depending on the location of the primary tumor, 
with higher expression observed in tumors from the 
left side than in tumors from the right side[26]. Thus, 
theoretically, bevacizumab may be more effective in 
left-sided tumors. However, we found no evidence to 
support this concept, possibly due to a heterogeneous 
patient population and other clinico-molecular 
variables. 

MSI-H tumors are more frequently observed in 
female patients and more commonly located proximal 
to the splenic flexure, and known to be associated 
with many features that generally represents poor 
prognosis, including deep tumor invasion and poor 
histologic differentiation[9,15,27]. MSI-H tumors are 
also hypermutated and express abundant frameshift 
peptides that serve as neoantigens to elicit a brisk 
immune response characterized by abundant 
tumor-infiltrating lymphocytes[28]. Previous studies 
of adjuvant chemotherapy in stage II or III colon 
cancer demonstrated that patients with MSI-H 
received no benefit from a regimen containing FU, 
unlike patients whose tumors with CIN[29,30]. 
However, the clinical impact of MSI status on 
treatment response to bevacizumab-containing 
regimen in metastatic CRC has not been evaluated. 
This analysis showed that the efficacy of 
bevacizumab-containing therapy was not statistically 
different between MSI-H and MSS tumors. Of course, 
this finding must be interpreted with caution. Due to 
inherent bias from a retrospective design with many 
confounding factors and the rather small sample size 
found in our study, prospective validation of any 
prognostic or predictive capacity of MSI status should 
be performed. 

RC and LC are now recognized to have distinct 
clinical and genomic features. Similarly, MSI-H and 
MSS tumors are also regarded as two different 
heterogeneous entities. These heterogeneities must be 
reflected to stratify patients in order to realize a 
personalized medicine approach in CRC. In 
particular, bevacizumab is considered an important 
treatment option in metastatic CRC. However, despite 
intense research efforts, no predictor has yet been 
found that can identify patients who would benefit 
from bevacizumab therapy. The cost and toxicity of 
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bevacizumab emphasize the need for predictive 
markers for both efficacy and toxicity.  

Conclusion  
In the era of personalized medicine, being able to 

establish preferred treatment strategies based on RC 
versus LC and/or MSI-H versus MSS tumors may 
improve treatment outcomes and allow for more 
effective targeted therapy among CRC patients. 
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