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Introduction: Previous studies showed 
that high and low body mass index 
(BMI) was associated with worse 
prognosis in metastatic CRC (mCRC). 
Whether BMI is a  prognostic or pre-
dictive factor in mCRC is unclear. We 
aimed to assess efficacy outcomes 
according to BMI in patient with met-
astatic colorectal cancer treated with 
bevacizumab plus FOLFOX chemother-
apy regimen in second-line treatment.
Material and methods: The analysis of 
237 patients with metastatic colorectal 
cancer treated with bevacizumab plus 
FOLFOX in the second line (treated 
from January 2014 to August 2018) 
in 4 reference oncological centers in  
Poland.
Results: The median age of the pa-
tients was 65 years (range 34–82). The 
median overall survival (OS) and pro-
gression-free survival (PFS) of the all 
237 patient was 14.6 and 8.8 months, 
respectively. Comparison of obese pa-
tient (BMI > 30 kg/m2) vs. overweight 
patients (BMI ≥ 25 to < 30 kg/m2) vs. 
normal BMI range patients revealed 
a  significant improvement of medi-
an OS (17.5 vs. 14.3 vs. 13.1 months, 
p = 0.01) and median PFS (9.4 vs. 9.1 
vs. 7.3 months, p = 0.03). The Cox haz-
ard model showed that the BMI class 
is an important risk factor. However, 
the Cox model also showed that the 
significance of the BMI class applies 
only to patients with BMI < 25 kg/m2. 
This rule applies to both OS and PFS. 
The regression analysis also confirmed 
that there is a  statistically significant 
relationship between the length of 
OS and PFS and the BMI value. High-
er BMI was associated with a  better 
prognosis. There were no differences 
in responses to treatment bevacizum-
ab and FOLFOX chemotherapy and 
number adverse events according to 
BMI values.
Conclusions: Patients with mCRC 
treated with chemotherapy with 
bevacizumab in second-line treat-
ment with higher BMI compared with 
normal weight patients have better 
prognosis in terms of PFS and OS. In 
this group, we found no evidence of 
changes in safety profile depending 
on BMI. Nevertheless, further large 
randomized studies are needed to as-
sess the body weight on the effective-
ness of chemotherapy in combination 
with bevacizumab. 

Key words: metastatic colorectal can-
cer, obesity, bevacizumab, body mass 
index, time to progression.
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Introduction

Obesity is a known factor associated with death [1] and is a well-known 
carcinogenic factor for colorectal cancer [2–4]. Obesity can cause produc-
tion of vascular endothelial growth factor (VEGF), angiopoietin-2, and other 
growth factors that induce tumor growth [5, 6]. Cancer progression and car-
cinogenesis can be modified by chronic inflammation, insulin, leptin, endog-
enous sex steroids, plasminogen activator inhibitor-1, and adiponectin [7, 8].

However, there is evidence that there is no relationship between obesity 
and the risk of death in some patients. In addition, there are studies indicat-
ing a lower risk of death in patients with certain cancers [9]. This phenom-
enon is called “obesity paradox”. The beneficial effects of overweight and 
obesity in some group of patients are suggested [10–12]. 

BMI is an index assessing body weight and informing about normal or 
abnormal body weight (underweight, overweight, obesity). Although new 
tools for assessing overweight and obesity are being studied, for example 
visceral fat area (VFA) and subcutaneous fat area (SFA), measured with 
computed tomography, waist circumference [9]. BMI is still a basic and 
simpler tool for determining normal and abnormal body weight. For this 
reason, BMI is the most common parameter used in analyses related to 
the assessment of the effect of body weight on the treatment [9]. Whether 
body mass index (BMI) is a prognostic or predictive factor in mCRC is un-
clear. Also, the relationship between obesity and anti-angiogenic treatment 
has not yet been clearly defined. 

Bevacizumab is a humanized monoclonal antibody (mAb) against VEGF 
and in combination with chemotherapy/immunotherapy is approved for the 
treatment of advanced colorectal, renal cancer and non-small cell lung can-
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cer, as well as metastatic breast cancer [13]. Its mechanism 
of action is to selectively bind circulating VEGF and thus 
to inhibit the interaction of VEGF with its cells receptors. 
By lowering interstitial pressure in tissues and increasing 
vascular permeability, the delivery of chemotherapeutic 
agents into tumor is increase and it leads to tumor en-
dothelial cells apoptosis. On the other hand bevacizumab 
also causes a reduction in microvascular growth of tumor 
blood vessels and angiogenesis [13].

Previous studies showed that BMI was associated with 
prognosis in early-stage CRC, specially low BMI was asso-
ciated with worse prognosis in metastatic CRC (mCRC) [4]. 
Other studies have shown that overweight and obesity 
may be a negative prognostic factor in patients with mCRC 
and bevacizumab may be less effective in obese mCRC pa-
tients [14]. VEGF is a key angiogenic factor that stimulates 
growth of tumours [15]. Obese people have higher levels 
of circulating VEGF and for this reason, anti-VEGF thera-
py can be less effective. There is no consensus about the 
impact of obesity in bevacizumab-treated mCRC patients. 
We need more research to understand the relationship be-
tween bevacizumab and obesity.

Therefore, the aim of our study was assessment of the 
associations between BMI and clinical outcomes in pa-
tients administered bevacizumab-based treatments for 
metastatic CRC in the second line treatment.

Material and methods

In this retrospective study, 237 patients with metastat-
ic colorectal cancer treated from January 2014 to August 
2018 in 4 reference oncological centers in Poland were in-
cluded in the analysis. All patients had histopathologically 
confirmed colon cancer and received bevacizumab with 
FOLFOX chemotherapy (oxaliplatin, 5-Fluorouracil, leucov-
orin) as second-line treatment. In the first-line treatment, 
all patients received irinotecan based chemotherapy (XE-
LIRI or FOLFIRI). Patients who progressed after second line 
systemic therapy received panitumumab or cetuximab in 
third line only when mutation in KRAS gene was not pres-
ent. Presented regimens were standard treatment in Po-
land in those years. 

Complete data were collected on patients such as 
age, gender, type and location of primary tumor, K-RAS 
mutation, type of systemic treatment due to mCRC and 
detailed data on patients at the time of qualification for 
systemic treatment of the second line, such as fitness 
status, weight and height, location of metastases, serum 
CEA (carcinoembryonic antigen) level. All patients had 
a performance status of 0 or 1 according to ECOG (East-
ern Cooperative Oncology Group) [16, 17]. In all patients, 
imaging was performed every 12 weeks with bevacizum-
ab and FOLOFOX chemotherapy to assess effectiveness of 
the treatment. Assessments was made using RECIST (Re-
sponse Criteria in Solid Tumors) version 1.1 [18].

In all patients the BMI index was calculated before the 
start of bevacizumab treatment with FOLFOX chemother-
apy. The BMI index is numerous as the weight in kilograms 
by the height in meters squared (weight/height2). BMI cat-
egories were determined according to WHO criteria (BMI 

classification World Health Organisation. http://apps.who.
int/bmi). Categories BMI: obese BMI ≥ 30 kg/m2, over-
weight BMI ≥ 25 – <30 kg/m2, normal weight (BMI ≥ 18.5 
– < 25 kg/m2 and underweight < 18,5 kg/m2.

Statistical analysis

All statistical analyses were performed using STATIS-
TICA 12. The analysis of variance (ANOVA) was used to 
determining the significance of impact on quantitative 
variables, while for qualitative variables chi-squared tests 
were used to compare probability distributions of patient 
from different BMI groups. The statistical significance of 
differences in means for quantitative variables was tested 
by Student’s t test at the level of significance p = 0.05. 
The regression analysis (Pearson’s linear correlation co-
efficient) were used in order to analyzed the relationship 
between the length of OS and PFS and the BMI value. 
Test F (Fisher’s exact test) was used to investigate deeper 
for relationships among variables in multivariate model. 
Test F allows assessing the importance of the predictors 
involved in the model. The test value takes into account 
the sum of squared residuals (error) of the model using 
a given parameter and the reduced model – without it. In 
this way, we can determine how much a given predictor 
improves the predictive quality of the model. The objective 
of the study was to assess the correlation of BMI value and 
progression-free survival (PFS) and overall survival (OS) of 
mCRC treated in second line with bevacizumab with che-
motherapy. OS time was calculated from the date of the 
start of II line treatment to the date of the most recent fol-
low-up or death. PFS time was calculated from the date of 
the start of II line treatment to the date of the most recent 
follow-up, or progression or death due to the disease. Ra-
diological response was assessed according to RECIST in 
third month of treatment The differences were considered 
statistically significant if the p-values were < 0.05. Survival 
analyzes including truncated observations were made us-
ing Kaplan-Maier models and the Cox hazard model. Both 
models take into account (in contrast to the previously 
mentioned methods) the fact that some patients during 
the analysis are complete observations (fatal), and the re-
maining records concern living patients whose OS and PFS 
will be prolonged. 

The results of analyzes performed with different meth-
ods may differ (and differ) in the aspect of p value due to 
the different power of statistical tests used in these meth-
ods. The juxtaposition of various results was intended to 
emphasize that, regardless of the method used, the BMI 
factor is important in predicting the effectiveness of ther-
apy, and the differences may result from the method of 
discretization (division point and number of groups) or the 
number of observations in individual classes.

Results 

The median age of the patients was 65 years (range 34–
82). The cohort included 46% of females and 54% males. 
The proportion of female patients was higher in the non-
obese group (34 vs. 21%, p < 0.001). Other factors like age, 
location of the primary tumor, the type of treatment in the 
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first line, the level of CEA and the number of locations me-
tastases did not differ depending on the BMI category. Pa-
tient characteristics according to BMI are shown in Table 1. 
Only 3 patients had BMI < 18.5 kg/m2 (18.0–18.4 kg/m2), 
therefore they were included in the BMI group < 25 kg/m2. 
The median OS and PFS of the all 237 patients was 14.6 
and 8.8 months, respectively. Comparison of obese patient 
(BMI > 30 kg/m2) vs. overweight patients (BMI ≥ 25 to 
< 30 kg/m2) vs. normal BMI range patients revealed a sig-
nificant improvement of median OS (17.5 vs. 14.3 vs. 13.1 
months, p = 0.01) (Fig. 1) and median PFS (9.4 vs. 9.1 vs. 

7.3 months, p = 0.03) (Fig. 2). There were no differences in 
the responses to bevacizumab and FOLFOX chemotherapy 
treatment and number adverse events according to BMI 
values. Adverse events during treatment were evaluated 
according to Common Terminology Criteria for Adverse 
Events (CTCAE) Version 4.0 [19]. The most common serious 
adverse reactions during treatment were neutropenia (G3/
G4: 35% patients), polyneuropathy (G2: 10% and G3: 2% 
patients), diarrhea (G3/G4: 12% patient), proteinuria (G3: 
2% patients), hypertension (G3: 5% patients) and throm-
boembolic events (G3: 5 % patient), intestinal perforation 

Table 1. Correlation between body mass index level and clinical characteristics of metastatic colorectal patients treated with bevacizumab 
plus FOLFOX chemotherapy

Characteristic BMI category

< 25 kg/m2

n = 74 (31%)
≥ 25–30 kg/m2

n = 109 (46%)
≥ 30 kg/m2

n = 54 (23%)
Total

n = 237
p-value

Age Median, years 
(range)

63 (34–80) 66 (41–82) 65 (43–78) 65 (34–82) 0.115

Sex Male 27 (21) 69 (54) 32 (25) 128 (54) 0.001

Female 47 (43) 40 (37) 22 (20) 109 (46)

Location Left site 55 (30) 82 (45) 45 (25) 183 (78) 0.529

Right site 18 (35) 25 (48) 9 (17) 52 (22)

I line therapy FOLFIRI 22 (30) 31 (42) 20 (28) 73 (33) 0.079

XELIRI 49 (35) 61 (43) 32 (22) 142 (63)

XELIRI/FOLFIRI 1 (11) 8 (89) 0 (0) 9 (4)

CEA Normal 6 (20) 19 (63) 5 (17) 30 (16) 0.146

> 5 53 (33) 70 (44) 36 (23) 159 (84)

Number of 
metastatic sites

1 30 (28) 49 (45) 29 (27) 108 (46) 0.168

≥ 2 46 (36) 58 (45) 25 (19) 129 (54)

KRAS gene status Wild-type 22 (30) 29 (39) 23 (31) 22 (31) 0.178

Mutated 17 (28) 29 (48) 15 (25) 17 (26)

Not available 35 (34) 51 (50) 16 (16) 35 (43)

BMI – body mass index, FOLFOX – chemotherapy with oxaliplatin, 5-fluorouracil, leucovorin, FOLFIRI – chemotherapy with irinotecan, 5-fluorouracil, leucovorin, 
XELIRI – chemotherapy with irinotecan, capecytabine

Fig. 1. Probability of Kaplan-Meier’s progression-free survival (PFS) 
curves in patients with BMI (body mass index): < 25 kg/m2, 25–30 
kg/m2 and > 30 kg/m2 treated with bevacizumab plus chemotherapy
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Fig. 2. Probability of Kaplan-Meier’s overall survival (OS) curves in 
patients with body mass index (BMI): < 25 kg/m2, 25–30 kg/m2 and 
> 30 kg/m2 treated with bevacizumab plus chemotherapy
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Table 2. Efficacy and toxicity of bevacizumab plus chemotherapy in metastatic colorectal cancer patients according to BMI in univariate 
analysis

Parameter BMI category

< 25 kg/m2

(n = 74)
25.0–29.9 kg/m2

(n = 109)
> 30.0 kg/m2

(n =54)
Total

(n =237)
p-value

Overall survival bevacizumab-FOLFOX therapy 
(median, months)

13.1 14.3 17.5 14.6 0.01

6 month OS 89% 91% 91% 89%

1 year OS 59% 65% 74% 65%

2 years OS 14% 21% 26% 20%

Progression-free survival bevacizumab-
FOLFOX therapy (median, months)

7.3 9.1 9.4 8.8 0.033

Response to bevacizumab-FOLFOX 
therapy

CR+PR 22 (34%) 27 (41%) 16 (25%) 65 0.921

SD 37 (29%) 59 (47%) 31 (24%) 127

PD 9 (35%) 12 (46%) 5 (19%) 26

Any grade of toxicity YES 51 78 38 167 0.929

NO 23 31 16 70

BMI – body mass index, OS – overall survival, PFS – progression-free survival, FOLFOX – chemotherapy with oxaliplatin, 5-fluorouracil, leucovorin, CR – complete 
remission, PR – partial remission, SD – stable disease, PD – progression disease
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Fig. 3. Probability of Kaplan-Meier’s overall survival (OS) curves in 
patients with body mass index (BMI): < 25 kg/m2 and ≥ 25 kg/m2 
treated with bevacizumab plus chemotherapy

Fig. 4. Probability of Kaplan-Meier’s overall survival (OS) curves in 
patients with body mass index (BMI): < 30 kg/m2 and ≥ 30 kg/m2 
treated with bevacizumab plus chemotherapy

Fig. 6. Probability of Kaplan-Meier’s progression free survival (PFS) 
curves in patients with body mass index (BMI): < 30 kg/m2 and 
≥ 30 kg/m2 treated with bevacizumab plus chemotherapy

Fig. 5. Probability of Kaplan-Meier’s progression free survival (PFS) 
curves in patients with body mass index (BMI): < 25 kg/m2 and 
≥ 25 kg/m2 treated with bevacizumab plus chemotherapy
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or obstruction (G3: 2% patients). There were no treat-
ment-related deaths. Efficacy and toxicity results FOLFOX 
+ bevacizumab according to BMI are shown in Table 2.

Due to previous studies, two, not three groups of pa-
tients with a specific BMI were also compared [14, 20]. 

Table 4. Results of the multivariate Cox proportional hazards models

Parameter Category n OS PFS

HR 95% CI p-value  HR 95% CI p-value

Gender Males vs. females 130 0.85 0.59 1.22 0.375 1.02 0.73 1.42 0.906

BMI < 25 kg/m2 vs.  
≥ 30 kg/m2

74 1.83 1.12 2.99 0.015 1.79 1.13 2.84 0.047

25.0–29.9 kg/m2 vs.  
≥ 30 kg/m2

109 1.26 0.81 1.96 0.696 1.52 1.00 2.29 0.459

Age (years) ≤ 65 110 0.74 0.52 1.06 0.101 1.11 0.80 1.53 0.543

Side of primary tumor Left vs. right 185 0.58 0.39 0.86 0.007 0.69 0.47 1.03 0.071

Number of metastatic sides 1 vs. > 1 106 1.20 0.85 1.69 0.293 0.96 0.69 1.31 0.790

CEA N vs. > N ng/ml 30 1.20 0.76 1.89 0.431 0.91 0.57 1.45 0.677

Response to bevacizumab-
FOLFOX therapy after 12 weeks 

CR + PR vs. PD 66 0.19 0.11 0.33 < 0.001 0.59 0.39 0.89 0.012

SD vs. PD 127 2.07 1.36 3.15 0.565 1.69 1.12 2.55 < 0.001

KRAS gene status Wild-type 74 0.61 0.39 0.95 < 0.001 0.88 0.57 1.36 0.188

BMI – body mass index, OS – overall survival, PFS – progression-free survival, FOLFOX – chemotherapy with oxaliplatin, 5-fluorouracil, leucovorin, CR – complete 
remission, PR – partial remission, SD – stable disease, PD – progression disease, N – in the normal range

Table 3. Median progression-free survival and overall survival ac-
cording to body mass index categories

BMI category PFS (months) OS (months)

Median p-value Median p-value

< 25 kg/m2 7.3 0.075 13.1 0.061

≥ 25 kg/m2 9.1 15.6

< 30 kg/m2 8.6 0.021 13.9 0.039

≥ 30 kg/m2 9.4 17.5

Total 8.8 14.6

BMI – body mass index, PFS – progression-free survival, OS – overall survival

Fig. 7. Models of overall survival (OS) and progression-free surviv-
al (PFS) regression in metastatic colorectal cancer patients treated 
with bevacizumab plus chemotherapy depending on body mass in-
dex (BMI). Study of the significance of the correlation coefficient
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Comparison of BMI ≥ 25 kg/m2 group vs. BMI < 25 kg/m2 
group and BMI ≥ 30 kg/m2 group vs. BMI < 30 kg/m2 group 

revealed a significant improvement of median OS (p = 0.017 
and p = 0.009 respectively) (Figs. 3 and 4) and median PFS 
(p = 0.027 and p = 0.038 respectively) (Figs. 5 and 6). Results 
of treatment in specific groups are presented in Table 3.

The regression analysis (Pearson’s linear correlation co-
efficient) also confirmed that there is a statistically signif-
icant relationship between the length of OS and PFS and 
the BMI value. Higher BMI was associated with a better 
prognosis (Fig. 7). 

The Cox hazard model show that the BMI class is an 
important risk factor. However, the Cox model also shows 
that the significance of the BMI class applies only to pa-
tients with BMI < 25 kg/m2. This rule applies to both OS 
and PFS. The Cox model is shown in Table 4. 

Multivariate analysis confirmed the statistically signif-
icant prolongation of OS and PFS in the group with a BMI 
≥ 30.0 kg/m2 vs. BMI < 30.0 kg/m2 and significant prolon-
gation of PFS for patients in the group with a BMI of ≥ 25 
– < 30 kg/m2 and a BMI ≥ 30.0 kg/m2 (p = 0.042) but not 
confirmed the improved OS (p = 0.057). Multivariate anal-
ysis not confirmed statistically significant prolongation of 
OS and PFS in the group with a BMI ≥ 25.0 kg/m2 vs. BMI 
< 25.0 kg/m2 (p = 0.061 and 0,075 respectively).

Multivariate Cox proportional hazards models and mul-
tivariate analysis indicate that objective response (CR; 
complete response + PR; partial response) to bevacizumab 
with FOLFOX chemotherapy was associated with a statis-
tically significant increase in OS and PFS. KRAS mutation 
was associated with worse prognosis in OS and PFS in Cox 
analysis and only in OS in multivariate analysis. The loca-
tion of the primary lesion on the left side statistically pro-
longed OS in Cox and in multivariate analysis. Less than 
two metastatic sites and CEA within the normal range 
before the start of bevacizumab with FOLFOX chemother-
apy statistically prolonged OS only in multivariate analysis 
(Table 5). 
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Due to the fact that all patients had performance sta-
tus ECOG 0 or 1 (requirements of the national insurer), no 
comparisons were made for this factor.

Discussion

BMI is an index assessing body weight and informing 
about normal or abnormal body weight. Although new 
tools for assessing overweight and obesity are being stud-
ied: VFA, SFA, waist circumference.[9] BMI is still a basic 
and simpler tool for determining normal and abnormal 
body weight, for this reason BMI was used in our analysis. 

The role of BMI as a predictor and prognostic factor in 
mCRC is unclear and studied [9, 21]. The prognostic effect 
of BMI is beginning to be well understood in the early stag-
es of colon cancer, for which both underweight and obese 
patients have increased risk for progression or death [22, 
23]. However, to date, the prognostic and predictive rela-
tionships between patients BMI and patient outcomes 
have been poorly understood in the metastatic setting [4]. It 
may affect the efficacy of bevacizumab in the treatment of 
obese patients with mCRC. There are reports of lower effica-
cy of bevacizumab in obese patients [14, 20] and better ef-
fect of bevacizumab in patients with higher BMI [4, 24, 25].

In our study PFS was 8.8 months and the results in 
a similar study – the Eastern Cooperative Oncology Group 
Study E3200 study PFS was 7.3 months [26]. It should be 
concluded that our analysis concerned a very homoge-

neous group of patients. All patients received bevacizum-
ab with FOLFOX chemotherapy in the second line of mCRC 
treatment, and as first line treatment they received irino-
tecan based chemotherapy (XELIRI or FOLFIRI). In contrast, 
some studies the effect of BMI on the efficacy of bevaci-
zumab related to the treatment of patients in the first or 
second line due to mCRC [23], or the use of bevacizumab 
chemotherapy with oxaliplatin, irinotecan or other drug [4, 
14, 20, 24, 25, 27].

In the analysis of Artaç [14], patients are divided into 
two groups with ≥ 30.0 kg/m2 and < 30 kg/mg2 (i.e. obese 
and non-obese). The analysis of Artaç concerning treat-
ment of mCRC patients with bevacizumab in the first line 
indicates lower efficacy of bevacizumab in the PFS range 
in obese patients, however, it does not show such a cor-
relation for OS [14]. In this study, the prognosis was worse 
in patients with higher body weight only in specific sub-
groups; left-sided tumor location and the wild type K-RAS. 
Additionally, in this study, patients received different types 
of chemotherapy with bevacizumab, which could affect 
the results. We also do not know what treatment was used 
after disease progression and whether patients received 
anti-EGFR [14]. In the analysis of Aykan [20] patients are 
divided into two groups with BMI ≥ 25 kg/m2 and < 25 kg/
mg2 (with increased and normal body weight). Similarly, 
in this analysis concerning 80 mCRC patients treated with 
bevacizumab in the first line, patients with BMI < 25 had 
better PFS than patients with a weight ≥ 25 kg/m2. This 

Table 5. Multivariate analysis (analysis of the significance of predictors) in metastatic colorectal cancer patients treated with bevacizumab 
plus chemotherapy

Parameter OS PFS

F-value p-value F-value p-value

Age ≤ 65
> 65

0.97 0.325 0.07 0.788

Sex Male
Female

0.30 0.586 0.13 0.718

BMI < 25 kg/m2

25.0–29.9 kg/m2

≥ 30.0 kg/m2

2.90 0.057 3.23 0.042

BMI < 25 kg/m2

≥ 25 kg/m2

3.53 0.061 3.20 0.075

BMI < 30 kg/m2

≥ 30.0 kg/m2

4.32 0.039 5.40 0.021

Number of metastatic sites 1
> 1

6.09 0.014 0.45 0.503

CEA in the normal range
> normal range

4.00 0.047 0.27 0.604

Response to bevacizumab-FOLFOX 
therapy

CR + PR
SD
PD

17.07 <0.001 22.16 < 0.001

Location Left site
Right site

5.34 0.022 1.45 0.231

KRAS gene status Wild-type 
Mutated 

Not available

37.66 < 0.001 5.98 0.003

BMI – body mass index, OS – overall survival, PFS – progression-free survival, FOLFOX – chemotherapy with oxaliplatin, 5-fluorouracil, leucovorin, CR – complete 
remission, PR – partial remission, SD – stable disease, PD – progression disease
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study also used bevacizumab in the first or second line 
of treatment and different chemotherapy regimens which 
could affect the final results. In connection with analysis 
of Artaç and Aykan, we performed similar calculations in 
our group of patients and one of them confirmed the OS 
and PFS prolongation in the group of patients with BMI < 
25 kg/m2 or < 30 kg/m2 analysis. It should be noted that 
the analyzed our group was very homogeneous, and all 
patients received the same kind of treatment, and imag-
ing studies performed at 12 weeks. However, the division 
into two groups of patients seemed insufficient. In our 
analysis, three groups were identified, including patients 
with normal body mass < 25 kg/m2, overweight 25–30 and 
obese > 30 kg/m2. Due to the small number of patients 
(n = 3) with BMI <18.5 kg/m2, no separate group was as-
signed for patients with reduced body weight. This divi-
sion seems more precise and better reflects the impact of 
weight on bevacizumab treatment. A similar classification 
was used in a pooled analysis of FFCD trials [24] which 
included data from 2085 patients enrolled in eight FFCD 
first-line mCRC trials from 1991 to 2013 was performed 
[24]. In this trial comparisons were made according to the 
BMI cut-off: obese (BMI  > 30), overweight patients (BMI > 
25 – < 30), normal BMI patients (BMI: 18.5–24) and thin pa-
tients (BMI < 18.5) [24]. This study confirmed that low BMI 
is a strong negative prognostic factor. No differences were 
found between obesity and treatment with bevacizumab, 
which were indicated by other studies. Similar conclusions 
were from the ARCAD analysis. This study collected data 
for 18,564 patients from 21 mCRC first-line studies in 1997-
2009. In the ARCAD analysis it was also shown that higher 
BMI statistically significantly improves PFS and OS in pa-
tients with mCRC [25]. In Zafar analysis [27], it was shown 
that patients with the lowest BMI had shorter median OS, 
suggesting that low BMI could be a poor-prognostic factor. 
Simkens in his analysis [28] from the CAIRO and CAIRO 2 
study found that BMI is an independent prognostic fac-
tor for OS in mCRC receiving chemotherapy. However, this 
was not confirmed in patients receiving chemotherapy in 
combination with targeted therapy. In this study, patients 
received chemotherapy with bevacizumab and / or addi-
tional cetuximab as a first line treatment. In this group of 
patients, a non-significant trend was observed towards 
improvement of OS when the BMI was higher. This was 
not confirmed by the FFCD and ACARD analysis. FFCD and 
ACARD analysis did not show a negative impact on the 
survival of obese patients treated with bevacizumab in 
first line treatment mCRC [24, 25]. Our analysis confirms 
these results in patients with mCRC receiving chemother-
apy with bevacizumab as second-line treatment.

It should be noted that in our analyzes, the mutation 
in the KRAS gene was significantly associated with the 
overall survival of patients, but the data on the presence 
or absence of KRAS mutations were not available for 41% 
of patients. KRAS mutation is an unclear prognostic factor 
[29] and the effect of KRAS mutations on the survival of 
patients with mCRC treated with chemotherapy has not 
been confirmed in other studies [30–32]. However, there 
are studies indicating that KRAS wild-type may be associ-

ated with better prognosis in patients with mCRC receiv-
ing capecitabine-based chemotherapy [33].

Our analysis has some limitations due to its retrospec-
tive nature, and missing data, but the value of our study 
is a very homogeneous group of patients and information 
that higher BMI was associated with statistically signifi-
cantly better prognosis in patients with mCRC treated with 
chemotherapy with bevacizumab in second-line treatment 
was confirmed by several statistical analyzes. It is also one 
of the very few studies, which shows the relationship of 
BMI in the second line treatment of chemotherapy with 
bevacizumab.

Conclusions

Patients with mCRC treated with chemotherapy with 
bevacizumab in second-line treatment with higher BMI 
compared with normal weight patients have better prog-
nosis in terms of PFS and OS. In this group, we found no 
evidence of changes in safety profile depending on BMI. 
Nevertheless, further large randomized studies are needed 
to assess the body weight on the effectiveness of chemo-
therapy in combination with bevacizumab. 

The authors declare no conflict of interest.
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