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Summary

Purpose: Colorectal cancer (CRC) is a significant cause of 
cancer mortality worldwide. Survival has improved with bev-
acizumab in metastatic CRC treatment. Our purpose was to 
analyse survival and prognostic factors in metastatic CRC 
patients treated with first-line bevacizumab-based treatment.

Methods: Files of CRC patients were examined retrospec-
tively and 360 patients treated with first-line bevacizumab 
were included. Objective response rates (ORRs), median 
progression-free and overall survival (PFS and OS) of the 
patients were calculated. Survival was analyzed with the 
Kaplan-Meier method. Log-rank test and Cox regression 
model were used for univariate and multivariate analyses, 
respectively.

Results: Median age at diagnosis was 59.5 years. Of the pa-
tients 74.4% had initially stage IV disease. Median PFS was 
8.5 months, median OS 25.3 months and overall response 
rate (ORR) 51.4%. ORRs, median PFS and OS of KRAS mu-
tant and wild-type or unknown patients were statistically 

similar. In left-sided disease, median PFS and OS (9.6 and 
27.1 months) were superior compared to right-sided disease 
(7.3 and 19.4 months) (p=0.005 and 0.02, respectively). 
Primary disease location, histopathologic grade, primary 
surgery and metastasectomy affected OS significantly. His-
topathologic grade (hazard ratio=1.77, p=0.002) and metas-
tasectomy (hazard ratio=0.48, p=0.001) were independent 
prognostic factors.

Conclusions: Our study confirmed that after bevacizumab-
based treatment, KRAS status might not be a prognostic fac-
tor. We have also shown that left CRCs have more favorable 
outcomes than right CRCs in bevacizumab therapy. Addition-
ally, even in metastatic setting histopathologic grade of the 
primary CRC together with metastasectomy are independent 
prognostic factors.
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Introduction

 Colorectal cancer (CRC) is a major cause of 
cancer mortality worldwide. It is the second most 
frequent cancer in men and the third most frequent 
cancer in women, while it is the third leading cause 
of cancer-related mortality [1,2]. It is estimated that 

over 1.23 million cases are diagnosed and 600.000 
associated deaths occur in a year globally [1]. Near-
ly 30% of CRC patients have metastatic disease at 
the time of diagnosis and 25-40% of patients treat-
ed with curative intent experience recurrence or 
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progression [3,4]. The most frequent metastatic site 
of CRC is the liver, with nearly 25% of patients hav-
ing liver metastases at the time of diagnosis and 
about 50% of patients developing liver metastases 
in 3 years after primary surgery [5].
 In the 2000s, the biological agents bevacizum-
ab, cetuximab and panitumumab were approved 
and since then have been used in metastatic CRC 
treatment. Phase III trials showed that these agents 
improved objective response rates (ORRs), pro-
gression-free survival (PFS) and overall survival 
(OS) when added to combined first-line cytotoxic 
chemotherapy consisting of 5-fluorouracil (5-FU) 
or capecitabine plus oxaliplatin or irinotecan [6-
10]. Bevacizumab is a monoclonal antibody in the 
form of a humanized immunoglobulin (IgG1) that 
inhibits the activity of vascular endothelial growth 
factor receptor 2 (VEGFR-2). It interrupts the in-
teraction of all isoforms of vascular endothelial 
growth factor A (VEGF-A) with VEGFR-2, thereby 
causing microvasculature regression and inhibit-
ing angiogenesis [5]. Two randomised phase III 
trials showed that in metastatic CRC patients, add-
ing bevacizumab to first-line 5-FU plus irinote-
can therapy improved survival rates significantly
[9,10].
 In our study, we aimed to analyze response 
rates, survival and prognostic factors in metastatic 
CRC patients treated with first-line bevacizumab-
based therapy.

Methods 

Study design and patient selection

 In this retrospective and observational study, we re-
viewed the medical files of 1350 CRC patients diagnosed 
and followed up between January 1997 and December 
2014 in the Medical Oncology Clinic at Marmara Uni-
versity, Pendik Training and Research Hospital. From 
385 patients (28.5%) who were initially metastatic and 
256 patients (18.9%) who developed metastases or lo-
cal recurrence later, 360 patients treated with first-line 
bevacizumab were included in the study. An approval 
from the ethics committee was granted beforehand.
 Demographic data (age at diagnosis and gender), 
location of the primary tumor, initial disease stage, 
sites of distant metastasis, Kirsten rat sarcoma viral 
oncogene (KRAS) mutational status, history of primary 
surgical operation and metastasectomy were recorded. 
Pathology reports were also examined for histologic 
grade and existence of mucinous histology. The cyto-
toxic chemotherapy regimens administered with beva-
cizumab, dates of the first therapy cycle and responses 
to first-line treatment (according to the RECIST criteria) 
were determined. We also acquired the date of disease 
progression (according to the RECIST criteria) during or 
after completion of first-line treatment and date of death 
or last visit from the medical files of patients.

Characteristics Number of patients (%)

Gender

Female 159 (44.2)

Male 201 (55.8)

Age, years

<60 180 (50)

≥60 180 (50)

Location of primary disease

Rectum 141 (39.2)

Sigmoid colon 87 (24.2)

Ascending colon and caecum 77 (21.4)

Descending colon 31 (8.6)

Transverse colon 16 (4.4)

Rectosigmoid junction 8 (2.2)

Left side / right side 267 (74.2) / 77 (21.4)

Initial stage

Stage I 7 (1.9)

Stage II 32 (8.9)

Stage III 46 (12.8)

Stage IV 268 (74.4)

Unknown 7 (1.9)

Primary surgery

Yes 280 (77.8)

No 80 (22.2)

Histologic grade

Grade 1 15 (4.2)

Grade 2 169 (46.9)

Grade 3 36 (10)

Grade 4 19 (5.3)

Unknown 121 (33.6)

Mucinous component

Yes 82 (22.8)

No 149 (41.4)

Unknown 129 (35.8)

KRAS status

Mutant 125 (34.7)

Wild type 96 (26.7)

Unknown 139 (38.6)

Site of metastasis

Liver 232 (64.4)

Lung 85 (23.6)

Abdominal lymph nodes 75 (20.8)

Peritoneum 50 (13.9)

Bone 17 (4.7)

Other 56 (15.6)

Metastasectomy

Yes 63 (17.5)

No 297 (82.5)

Table 1. Baseline characteristics of the patients and
tumors
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Statistics

 SPSS version 21.0 software (Armonk, NY, IBM Corp) 
was used for all statistical analyses. ORR was described 
as the proportion of patients with partial and complete 
responses. PFS was defined as the time interval between 
the start of first-line treatment and disease progression 
or death or last visit in the absence of progression. OS 
was accepted as the time interval between the diagnosis 
of metastatic disease and death or last visit. Analysis 
of PFS and OS was done with Kaplan-Meier method. 
Stratified log-rank test was used in univariate analysis 
to compare survival. Prognostic factors with a p value of 
<0.05 in univariate analysis were entered in multivariate 
analysis which was done with Cox regression model and 
hazard ratio (HR) of each factor calculated. Initial stage 
and KRAS status were included in the multivariate anal-
ysis regardless of their potential of being a prognostic 
factor. For statistical purposes, initial stage was grouped 
as metastatic and non-metastatic; primary tumor loca-
tion as left-sided (from rectum to splenic flexure), right-
sided (from caecum to hepatic flexure) and transverse 
colon; KRAS mutational status as mutant and wild-type 
or unknown. Confidence interval (CI) was accepted as 
95% and p value <0.05 showed statistical significance.

Results

Patient characteristics

 Median age at diagnosis was 59.5 years (52-67). 
There was a male predominance (55.8%). Left-sided 
disease prevailed (74.2%) while 77 patients (21.4%) 
had right-sided primary tumor. Of all patients, 280 
(77.8%) were operated for primary tumor. High-
grade (grade 3 and 4) histology was detected in 55 
patients (15.3%). There was a mucinous component 
in 82 patients (22.8%). The majority of the patients 
(74.4%) had initially stage IV disease. Liver was 
the most frequent site of metastasis (64.4%), while 
lung was the second leading site (23.6%). In 45 pa-
tients (12.5%) local recurrence occurred. KRAS was 
mutant in 125 patients (34.7%) and wild-type in 
96 (26.7%). Metastasectomy was performed in 63 
patients (17.5%), with liver being the most frequent 
site (53 patients). Table 1 summarizes the baseline 
characteristics of the patients and tumors.

Chemotherapy regimens, response to treatment and 
progression-free survival

 Bevacizumab was administered with capecit-
abine plus oxaliplatin (XELOX regimen) or 5-FU 
and calcium leucovorin plus irinotecan (FOLFIRI 
regimen) mostly (Table 2). A hundred and fifty-
three patients (42.5%) had partial response, 57 
(15.8%) had stable disease and 32 (8.9%) had com-
plete response, while 84 patients (23.3%) experi-
enced progressive disease. ORR was 51.4% overall. 
KRAS mutant patients had an ORR of 62.9%, while 
patients with wild-type or unknown KRAS status 
had an ORR of 53.3%.

Chemotherapy regimens Number of patients (%)

5-FU+LV+irinotecan (FOLFIRI) 176 (48.9)
Capecitabine+oxaliplatin (XELOX) 124 (34.4)
Capecitabine+irinotecan (XELIRI) 19 (5.3)
5-FU+LV+oxaliplatin (FOLFOX) 17 (4.7)
5-FU+LV (FUFA) 12 (3.3)
Capecitabine 7 (1.9)
Irinotecan 5 (1.4)
5-FU: 5-fluorouracil, LV: calcium leucovorin

Table 2. Chemotherapy regimens administered in first-
line with bevacizumab 

Figure 1. A: Progression-free survival (PFS) stratified by location of the primary tumor. Horizontal and vertical axes 
show PFS in months and cumulative survival rate, respectively (CI: confidence interval). B: Progression-free survival 
(PFS) stratified by location of the primary tumor. Horizontal and vertical axes show PFS in months and cumulative sur-
vival rate, respectively (CI: confidence interval).
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Factors Median OS
(months)

p value
in univariate analysis

HR
in multivariate analysis (95% CI)

p value
in multivariate analysis

Gender 0.18

Male 26.9

Female 24.0

Age, years 0.8

<60 26.2

≥60 25.2

Location of primary 0.02 1.29 (0.85-1.95) 0.24

Left side 27.1

Right side 19.4

Initial stage 0.28 1.11 (0.78-1.60) 0.55

Stage I-III 29.0

Stage IV 25.2

Histologic grade <0.001 1.77 (1.24-2.53) 0.002

Low grade (1-2) 34.8

High grade (3-4) 19.0

Mucinous component 0.53

Yes 25.3

No 31.9

Primary surgery <0.001 0.51 (0.25-1.04) 0.06

Yes 29.8

No 14.8

Metastasectomy <0.001 0.48 (0.31-0.73) 0.001

Yes 49.8

No 22.5

KRAS status 0.61 0.95 (0.67-1.34) 0.76

Mutant 28.1

Wild-type or unknown 24.1
OS: overall survival, HR: hazard ratio, CI: confidence interval

Table 3. Univariate and multivariate analyses of prognostic factors for overall survival 

Figure 2. A: Overall survival (OS) of all patients. Horizontal and vertical axes show OS in months and cumulative 
survival rate, respectively (CI: confidence interval). B: Overall survival (OS) stratified by location of the primary tumor. 
Horizontal and vertical axes show OS in months and cumulative survival rate, respectively (CI: confidence interval).
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 Median PFS was 8.5 months (95% CI, 7.6-9.5) 
in all patients (Figure 1A). Patients with left-sided 
disease had a median PFS of 9.6 months (95% CI, 
8.6-10.6), while in the group with right-sided dis-
ease the median PFS was 7.3 months (95% CI, 6.6-
8.0) (p=0.005) (Figure 1B). Patients with mutant 
KRAS status had a median PFS of 9.5 months (95% 
CI, 7.9-11.1), whereas patients with wild-type or 
unknown KRAS status had a median PFS of 8.3 
months (95% CI, 7.1-9.5) (p=0.75).

Overall survival and prognostic factors

 Median OS was 25.3 months (95% CI, 22.5-
28.1) in all patients (Figure 2A). In patients with 
left- and right-sided disease, the median OS was 
27.1 months (95% CI, 23.7-30.5) and 19.4 months 
(95% CI, 13.5-25.4), respectively (p=0.02, Figure 
2B). Patients with mutant KRAS status had a me-
dian OS of 28.1 months (95% CI, 22.9-33.3), while 
patients with wild-type or unknown KRAS had 
a median OS of 24.1 months (95% CI, 20.6-27.7) 
(p=0.61). Location of the primary tumor, histologic 
grade, history of primary surgery and metastasec-
tomy were the prognostic factors for OS. In the 
Cox regression analysis, higher histologic grade 
(HR=1.77, p=0.002) and history of metastasectomy 
(HR=0.48, p=0.001) independently predicted OS. 
Analysis of prognostic factors is shown in Table 3. 

Discussion

 Survival of metastatic CRC patients has sig-
nificantly improved in recent years after the in-
troduction of bevacizumab, the efficacy of which 
in the first-line setting was demonstrated in vari-
ous clinical trials [9,10]. However, there are several 
well-known prognostic factors implicated in CRC. 
Our study revealed that metastatic CRC patients 
treated with first-line bevacizumab in addition to 
cytotoxic chemotherapy had favorable outcomes 
regardless of KRAS status. Moreover, we deter-
mined that among all patients, left-sided CRC had 
superior PFS and OS compared to right-sided CRC. 
On the other hand, histologic grade and metasta-
sectomy were independently associated with long-
term outcomes.
 Location of the primary disease in CRC can 
affect prognosis. This can be in part explained by 
the fact that right-sided colon cancers tend to have 
larger tumor size, poorly differentiated histology 
and are more frequently associated with BRAF 
mutation [11,12]. The impact of tumor sidedness 
on survival was demonstrated in a recent study 
which showed that left-sided CRC patients treated 
with bevacizumab had superior PFS and OS to 

right-sided CRC patients [13]. On the contrary, it 
was previously shown that in stage I-III CRC, there 
wasn’t a significant difference in mortality between 
left- and right-sided cancers for all stages combined 
[14]. Thus, the prognostic value of tumor location 
seems arguable and further studies are necessary 
at least for early stage CRC. Our study supports the 
findings that left-sided CRC has favorable outcomes 
with first-line bevacizumab treatment. However, 
not being an independent prognostic factor after 
adjusting for other factors, emphasizes that disease 
location has a low prognostic value in CRC.
 The KRAS proto-oncogene is mutated in ap-
proximately 35-45% of CRCs [15]. In metastatic 
CRC, it is performed as a routine test and deter-
mines treatment decisions. Some of the previous 
studies suggest that KRAS mutations in CRC are 
associated with poor prognosis, while other studies 
imply that they are not of prognostic value [16-18]. 
For instance, the prognostic value of KRAS status 
could not be confirmed in both early and advanced 
disease stage in a study which included 1096 CRC 
patients of whom 401 had KRAS mutation [19]. 
According to other studies, KRAS mutations are 
neither predictive nor prognostic in CRC patients 
receiving anti-VEGF therapy and bevacizumab is 
effective independent of KRAS status [20,21]. These 
findings may support the thought that KRAS muta-
tions are rather predictive for the inefficacy of anti-
EGFR therapy, which was not evaluated here. In our 
study, KRAS mutant patients had a better median 
OS (28.1 vs. 24.1 months), but this did not turn into 
a statistical superiority either (p=0.61). Addition-
ally, patients with mutant or wild type KRAS status 
had similar ORRs and PFS, further reflecting the 
efficacy of bevacizumab in both groups.
 The initial stage is one of the most important 
factors that determines the course of CRC, espe-
cially in the postoperative period [22]. Literature 
data are currently inadequate to compare long-
term outcomes of bevacizumab-receiving CRC pa-
tients who were initially metastatic or initially at 
early-stage but relapsed later. The OS advantage 
of initially early-stage patients (3.8 months) did 
not reach statistical significance in our analysis 
(p=0.28). This may be attributed to the rather low 
number of patient in both groups and also the 
imbalance between their sizes. In addition to the 
initial stage, histologic grade reflects tumor dif-
ferentiation and it is clearly of prognostic value 
independent of stage [23]. Our findings are in line 
with this, showing that patients with high grade 
histology had worse OS and it was independently 
associated with approximately 1.8-fold increased 
risk of death. Beside intracellular mucin production 
which can lead to signet ring cell carcinoma and is 
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associated with a poor prognosis in CRC, it is de-
bated whether extracellular mucinous component 
is a prognostic factor or not [24]. In our study, it 
was not a significant predictor of survival despite 
an OS difference of 6.6 months (p=0.53). This may 
be associated with the underrepresentation of cases 
with mucinous component and unavailability of 
information about it in nearly 36% of the patients.
 Operation of the primary tumor in metastatic 
CRC is controversial, but literature data suggests 
that it could be a favorable prognostic factor [25]. 
Several studies are comparing OS of metastatic 
CRC patients with primary tumor resection (PTR) 
and intact primary tumor. One of them reported 
that the median OS was 27.4 months in operated 
patients while it was 18.3 months in the no-surgery 
group, and this showed a high statistical signifi-
cance [26]. Other studies also highlight the sig-
nificant survival advantage in PTR patients, with 
a median OS up to 30.7 months [27]. In our study, 
the majority of patients had stage IV initially, and 
most of them had PTR. Median OS of patients with 
PTR was 29.8 months, showing proximity to the 
values mentioned above. Despite providing a 49% 
risk reduction for death, PTR was not an independ-
ent prognostic factor but had a trend toward sta-
tistical significance (p=0.06). The heterogeneity of 
our patients can elucidate this because a portion 
of them was in early-stage in the time of diagnosis 
and primary surgery, which may have confounded 
the evaluation of PTR as a prognostic indicator in 
metastatic CRC.
 In CRC with limited metastases (especially in 
the liver and the lungs) metastasectomy can im-
prove long-term outcomes, with a 5-year overall 
survival up to 58% [28]. It may be particularly un-
suitable to numerically compare the median OS 
(49.8 months) of 63 metastasectomy patients in 
our study with literature because it encompasses 
various metastatic sites that were operated. Nev-
ertheless, this study indicates that patients with 
metastasectomy have a statistically significant im-
provement in OS and a 52% decrease in the risk of 

death. Therefore, we suggest that all patients with 
favorable response to bevacizumab therapy should 
be evaluated for metastasectomy.
 The impact of age on the prognosis of CRC 
is controversial, and many studies have shown no 
significant difference between younger and older 
patients [29]. We determined that OS in patients 
younger than 60 years and 60 years or older was 
similar. Gender also was not a significant prognos-
tic factor in many studies [30]. Likewise, female and 
male patients had comparable OS in our analysis.
 Due to the nature of this study, it has all the 
handicaps of retrospective studies such as selection 
or observation biases. Patients were heterogeneous 
in some features, and data were collected incom-
pletely. We did not evaluate the contribution of 
second or later lines of therapies. Also, in a remark-
able portion of the patients, even KRAS status was 
unknown. Moreover, NRAS and BRAF status, which 
are of prognostic value but were not included in 
our study, could be further confounding. Patients 
were not tested for these parameters since at the 
time of treatment, these tests were not evaluated 
routinely in daily practice. 
 In conclusion, this study has shown that KRAS 
status may not have prognostic importance in met-
astatic CRC patients treated with bevacizumab. Our 
study also confirmed that left colon cancers have 
more favorable outcomes than right colon can-
cers in a relatively small group of metastatic CRC 
patients. Finally, even in metastatic CRC patients 
treated with biological agents, the histopathologic 
grade of the primary tumor and metastasectomy 
continue to be independent prognostic factors.
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