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Abstract

Purpose We evaluated the relationship of the pretreat-
ment serum IL-6 levels with the outcome and treatment
response in patients with advanced or metastatic colorec-
tal cancer (CRC) who underwent bevacizumab-containing
chemotherapy.

Methods In this retrospective study, the pretreatment
serum IL-6 and plasma vascular endothelial growth factor
(VEGF) levels were measured in 113 patients with meta-
static CRC. The cut-off values for these measurements,
as determined by a receiver operating characteristic curve
analysis, were 4.3 and 66 pg/mL, respectively. The median
follow-up period was 19 months (range 1-40 months).
Sixty-three patients had primary cancer, and 38 had a
metachronous recurrence. Thirty patients underwent cura-
tive resection, and 71 underwent chemotherapy, 53 of
whom received bevacizumab-containing chemotherapy.
Overall survival (OS) and progression-free survival (PFS)
were estimated using Kaplan—-Meier and multivariate Cox
proportional hazards regression analyses.

Results The plasma VEGF levels and positive KRAS muta-
tion status were not associated with the outcomes. How-
ever, high serum IL-6 levels were significantly associated
with poorer OS and PFS in comparison to low serum IL-6
levels. A Cox proportional hazards regression analysis
showed that high serum IL-6 levels were an independent
risk factor for a poor outcome.
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Conclusion In patients with metastatic CRC, high pretreat-
ment serum IL-6 levels were associated with a poor out-
come and bevacizumab resistance.
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Introduction

Angiogenesis is an essential survival mechanism for many
tumorous cancers, and antiangiogenic drugs are included in
various chemotherapy regimens. Because vascular endothe-
lial growth factor (VEGF) is a potent angiogenic factor,
bevacizumab, an anti-VEGF antibody, is a clinically bene-
ficial treatment for patients with colorectal, lung, and renal
cancer [1, 2].

Bevacizumab is widely used, and although its mecha-
nisms of action against cancer have been well established,
the mechanisms underlying resistance, such as that seen
in gastric cancers [3], remain unknown. Furthermore,
continued therapy can lead to acquired resistance, even
in patients with bevacizumab-sensitive cancer [4, 5]. At
present, there are no effective biomarkers to determine
the tumor response to bevacizumab. Although the plasma
VEGF level and KRAS mutations, which themselves exert
an upstream effect on VEGF secretion [6], have been impli-
cated, their effects on the tumor response to bevacizumab
are debatable.

Interleukin-6 (IL-6), which promotes the secretion of
hepatic C-reactive protein, is an inflammatory cytokine
secreted by immune cells and adipose tissue. Previous stud-
ies have reported that some inflammatory cytokines, includ-
ing IL-6, have an angiogenic effect [7]. Furthermore, inflam-
mation has been correlated with the prognosis, and high
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pretreatment serum IL-6 levels have been shown to influence
the response to neoadjuvant bevacizumab-containing chemo-
therapy [8]. Moreover, combination therapy with anti-VEGF
and anti-IL-6 therapies has a potent inhibiting effect on tumor
growth [7, 9, 10]. We previously demonstrated that the pres-
ence of serum IL-6 influences the recurrence of CRC [11].
Accordingly, this study aimed to investigate the relationship
between IL-6 and the prognosis of patients with advanced or
metastatic CRC by examining the effect of the pretreatment
serum IL-6 levels on the outcome and the treatment response
in patients undergoing anti-VEGF therapy with bevacizumab.

Patients and methods

One-hundred one CRC patients with either distant metas-
tasis or unresectable lesions who were treated with anti-
cancer therapies were enrolled in this retrospective study.
The inclusion criterion was the presence of either a primary
cancer with distant metastasis or metachronous metasta-
sis at the time of their diagnosis. The median patient age
was 67.0 & 9.1 years (range 45-87 years), and the male-
to-female ratio was 54:47. Sixty-three patients had primary
CRC, and 38 had metachronous recurrent cancer. Thirty
patients underwent curative resection and 71 underwent
non-curative resection with subsequent chemotherapy.
Of these 71 patients, 60 were treated with oxaliplatin-
based chemotherapy (FOLFOX, 42; XELOX, 18), and
11 received a FOLFIRI regimen. In addition, of these 71
patients, 53 received bevacizumab-containing chemother-
apy as the first-line treatment (Tables 1, 2).

The KRAS mutation status was evaluated in patients
who underwent chemotherapy. Mutations were noted in
26 (36.6 %) patients (codon 12, 20 patients; codon 13, 6
patients). The pretreatment serum carcinoembryonic anti-
gen (CEA), serum IL-6, and plasma VEGF levels were
measured in all 101 patients. The median follow-up was
19 months (range 1-40 months). The patients were evalu-
ated every 3—6 months using computed tomography (CT).

Statistical analyses

The prospectively collected data were analyzed retrospec-
tively. A univariate analysis of the IL-6 and VEGF levels
and the KRAS mutation status was performed to deter-
mine the effect of these factors on overall survival (OS).
The cut-off values for IL-6 and VEGF were determined in
185 stage I-III patients who underwent curative surgery in
our hospital between 2010 and 2013. We assumed death as
the endpoint, and determined the optimal cut-off values for
serum IL-6 and plasma VEGF as 4.3 and 66 pg/mL, respec-
tively (Fig. 1). Based on these cut-off values, 51 and 50
patients were classified into the low and high IL-6 groups,
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Table 1 The clinicopathological features of patients with colorectal
cancer

Total Percentage
Age (years)® 67.0+£9.1
Sex
Male 54 535
Female 47 46.5
Serum IL-6 (pg/mL)* 4.3 +300
Plasma VEGF (pg/mL)* 54.5 + 162
KRASP
Wild type 45 63.4
Mutation 26 36.6
Serum CEA (ng/mL)* 7.6 £ 129.8
Follow-up period (months) 190+ 11.2
Presence of primary lesion
Yes 63 62.4
No 38 37.6

IL-6 interleukin 6, VEGF vascular endothelial growth factor, CEA
carcinoembryonic antigen

% Median + SD

b Evaluated in 71 patients who underwent chemotherapy

respectively, and 62 and 39 patients were classified into the
low and high VEGF groups, respectively. The correlations
between the IL-6 and VEGF levels were estimated using
the Pearson correlation coefficient.

To evaluate the treatment response, the rate of progres-
sion-free survival (PFS) was determined in the 71 patients
who underwent chemotherapy for unresectable cancer.
Tumor progression was classified according to Response
Evaluation Criteria in Solid Tumors version 1.1. The
patients’ lesions were assessed every 3 months using CT.
To determine the predictors of the outcome and treatment
response, a multivariate analysis was performed for the 71
patients who underwent chemotherapy. The carcinoem-
bryonic antigen level, sex, age, the presence of a primary
tumor, the IL-6 and VEGF levels, and the KRAS mutation
status were evaluated.

Identical analyses were performed in the 53 patients who
were treated with bevacizumab-containing chemotherapy.

Survival was estimated using Kaplan—Meier and multivar-
iate Cox proportional hazards regression analyses. p values
of <0.05 were considered to indicate statistical significance.

Results
The measured mediator values

In the 101 patients with available data, the mean serum
IL-6 and plasma VEGF levels were 13.7 and 104.2 pg/mL,
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Table 2 The characteristics
of the patients who underwent

Chemotherapy (n = 71) Bevacizumab-containing chemotherapy (n = 53) %

chemotherapy Age (years)® 67+ 89 65.0+173

Sex (M:F) 36:35 22:31

Serum CEA (ng/mL)* 8.1 £11253 13.1 £ 12723

Serum IL-6 (pg/mL)* 52+£35.1 4.5+18.2

Plasma VEGF (pg/mL)* 59.0 & 189.3 65.0 + 146.0

KRAS (W:M) 45:26 31:22

Chemotherapy
mFOLFOX6 42 28 59.2
XELOX 18 16 254
FOLFIRI 11 9 15.5

IL-6 interleukin 6, VEGF vascular endothelial growth factor, CEA carcinoembryonic antigen, W wild type,

M mutant
4 Median &+ SD

Fig. 1 The receiver operating A 1.0 B 1.0
characteristics curve for IL-6 66.900 (0.381, 1.000)
(a) and VEGF (b) according to 08 |
the survival of 185 stage I-III '
patients. The optimal cut-off o 4300 (0.652, 0.714)
values for IL-6 and VEGF were E 06 ’ ‘?
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respectively. There was no correlation between the IL-6
and VEGEF levels (r = 0.16; p = 0.12; Fig. 2).

Overall survival

Twenty-seven patients (26.7 %) died of cancer. Among
the whole population of 101 patients, those with high
serum IL-6 levels had significantly worse 3-year OS rates
(n = 51; 21.3 %) than those with low serum IL-6 levels
(n = 50; 71.4 %; p = 0.02; Fig. 3a). The plasma VEGF
level (high VEGF, n = 39; 51.4 %; low VEGF, n = 62;
49.7 %; p = 0.8) and KRAS mutation status (KRAS
wild type, n = 45; 34 %; KRAS mutant, n = 26; 23.3 %);
p = 0.7) had no significant effect on the 3-year OS rates.

Progression-free survival

The PFS curves of the 71 patients who underwent chemo-
therapy, stratified according to the pretreatment IL-6 and
VEGF levels and the KRAS mutation status, are shown in
Fig. 4a—c. The plasma VEGF level and KRAS mutation
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Fig.2 The measured serum IL-6 and plasma VEGF values. The
Pearson correlation coefficient was 0.16, and the p value was 0.12

status did not affect PFS (high VEGF, n = 31, 19.1 months;
low VEGE, n = 40, 17.2 months; KRAS wild type, n = 45,
19.1 months; KRAS mutant, n = 26, 10.6 months). In
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Fig.3 The overall survival of 101 patients with colorectal cancer
stratified according to the KRAS mutation status (a), the serum IL-6
level (b), and the plasma VEGF level (c). Although neither the KRAS
mutation status nor the plasma VEGF level had an effect on overall

contrast, the patients with high serum IL-6 levels had a sig-
nificantly poorer median PFS [n = 31, 10.0 months; 95 %
confidence interval (CI) 6.5-19.2 months] in comparison
to those with low serum IL-6 levels (n = 40, 24.7 months;
95 % CI 10.6-26.9 months; p = 0.006).

Among the 53 patients who received bevacizumab-
containing chemotherapy as the first-line treatment, those
with high serum IL-6 levels showed a poorer median PFS
(n = 27, 9.8 months) than those with low serum IL-6 levels
(n = 26, median PFS, 24.7 months; Fig. 4d—f). In contrast,
the plasma VEGF level and KRAS mutation status had no
significant effect on the median PFS (high VEGF, n = 24,
13.6 months; low VEGF, n = 29, 11 months; KRAS
wild type, n = 31, 10.0 months; KRAS mutant, n = 22,
13.6 months; both p = 0.3).

Response to bevacizumab treatment

The PFS of the 71 patients who received chemotherapy
for unresectable lesions was analyzed as a measure of
the treatment response using a Cox proportional hazards
model. A high serum IL-6 level was a prognostic factor for
PFS (p = 0.0001), whereas the KRAS mutation status and
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survival, the serum IL-6 had a significant effect on overall survival.
Patients with high serum IL-6 levels had significantly worse out-
comes in comparison to those with low serum IL-6 levels

plasma VEGF level were not significant prognostic factors
for PFS (p = 0.2 and 0.4, respectively; Table 3).

The PFS rate of 53 patients who received a first-line
bevacizumab-containing chemotherapy was also evaluated
using a multivariate analysis in a Cox proportional hazards
model. A high serum IL-6 level was a prognostic factor for
PFS (p = 0.002), whereas the KRAS mutation status and
plasma VEGEF level were not significant prognostic factors
for PFS (p = 0.7 and 0.08, respectively; Table 4).

Discussion

Antiangiogenic therapy is a mainstay treatment for patients
with CRC [12]. However, despite the early initial responses
to bevacizumab in individual patients, the overall clini-
cal benefits, as reflected by PFS and OS, have been mod-
est. Thus, there is a growing interest in understanding the
mechanisms of acquired resistance against the antiangio-
genic effects of bevacizumab. One mechanism is thought to
be the existence of multiple alternative proangiogenic path-
ways (i.e., platelet-derived growth factors, phosphatidylin-
ositol-glycan biosynthesis class F proteins, and fibroblast
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Fig. 4 The progression-free survival (PES) of 71 patients with colo-
rectal cancer who underwent chemotherapy stratified according to the
KRAS mutation status (a), serum IL-6 level (b), and plasma VEGF
level (c¢). The PFS of 53 patients who underwent bevacizumab-con-
taining chemotherapy stratified according to KRAS mutation status
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(d), serum IL-6 level (e), and plasma VEGEF level (f). Patients with
high serum IL-6 levels had worse outcomes than those with low
serum IL-6 levels. Neither the KRAS mutation status nor the plasma
VEGEF level had an effect on progression-free survival
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Table 3 The multivariate analysis (Cox proportional hazards model)
for the 71 patients who underwent chemotherapy

Riskratio 95% CI  p value
Age (>65 years old) 0.7 0.4-1.2 0.2
Male 1.0 0.6-1.7 0.7
Primary tumor 0.6 0.4-1.2 0.1
High serum IL-6 (>4.3 pg/mL) 2.6 1.5-4.8 0.0001
High plasma VEGF (>66 pg/mL) 0.8 0.6-4.8 0.4
KRAS mutation 1.4 0.9-2.5 0.2
CEA (>5 ng/mL) 0.9 0.6-1.7 0.9

CI confidence interval, IL-6 interleukin 6, VEGF vascular endothelial
growth factor, CEA carcinoembryonic antigen

Table 4 The multivariate analysis (Cox proportional hazards model)
for the 53 patients who underwent bevacizumab-containing chemo-
therapy

Riskratio 95% CI  p value

Age (>65 years old) 0.8 04-1.3 0.3
Male 1.1 0.7-1.7 0.7
Primary tumor 0.7 04-1.2 0.1
High serum IL-6 (>4.3 pg/mL) 2.1 1.3-3.6  0.002
High plasma VEGF (>66 pg/mL) 0.9 0.6-1.4 0.7
KRAS mutation 1.5 0.9-2.6 0.08
CEA (>5 ng/mL) 1.2 0.6-2.1 0.6

ClI confidence interval, CEA carcinoembryonic antigen, /L-6 interleu-
kin 6, VEGF vascular endothelial growth factor

growth factors), which can compensate for the loss of
VEGF signaling. In addition, tumors may acquire resist-
ance because of the induction of tumor hypoxia by VEGF
signaling inhibition, which includes the upregulation of
alternative proangiogenic mediators, such as basic fibro-
blast growth factor and stromal cell-derived factor o, which
might allow for persistent neovascularization, despite con-
tinuous bevacizumab therapy.

Previous studies have attempted to demonstrate the
predictive value of serum VEGF. Some studies have sug-
gested a correlation between the plasma VEGF levels and
the prognosis [13, 14], whereas others have found no cor-
relations. Although bevacizumab is an anti-VEGF antibody,
many studies in patients with CRC have reported that the
plasma VEGEF level did not affect the efficacy of bevaci-
zumab. This study in patients with colon cancer demon-
strated that the serum IL-6 level but not the plasma VEGF
level affected the tumoral response to bevacizumab [15].
Similar to the previous reports, this study found that the
plasma VEGF level had no significant effect on the OS or
PFS of CRC patients who received bevacizumab treatment.
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KRAS mutations have been reported as indicators of the
efficacy of bevacizumab [16], because the extracellular
signal-regulated kinase levels downstream of KRAS were
correlated with the secretion of VEGF.

Willet et al. demonstrated that high serum IL-6 lev-
els were associated with a poor prognosis in patients who
received neoadjuvant chemoradiation with bevacizumab
[8]. In addition, a high serum IL-6 level has been reported
to be a biomarker of a poor response to sunitinib [17, 18].

To date, a few studies have reported that IL-6, or
the signal transducer and activator of transcription 3, a
downstream mediator of the IL-6 activation pathway,
are associated with VEGF secretion [19]. We previously
demonstrated that in the presence of cancer cells or
inflammatory factors, such as limulus anti-lipopolysac-
charide or tumor necrosis factor, cancer-associated fibro-
blasts (CAF) secrete VEGF [20-22]. Furthermore, we
clarified that tumor progression and angiogenesis were
suppressed by tocilizumab, an anti-IL-6 receptor anti-
body, which has been approved for use in the treatment
of rheumatoid arthritis [23]. The present data suggest two
hypotheses. First, the IL-6-mediated secretion of VEGF
by CAFs might be associated with angiogenesis. How-
ever, if IL-6-mediated VEGF secretion was the cause of
bevacizumab resistance, then a high plasma VEGF level
would also be expected to affect the response to bevaci-
zumab. Second, other IL-6-derived angiogenic factors
might affect the efficacy of bevacizumab. Further stud-
ies are, therefore, needed to clarify the mechanism of
IL-6-induced bevacizumab resistance. Both hypotheses
suggest a possible clinical indication for the use of toci-
lizumab in the treatment of CRC, and some experimental
reports have suggested an anticancer effect of the drug [9,
10, 24, 25]; however, there are currently no clinical data
to support the preclinical data.

This study is associated with some limitations, including
the small study population; however, we believe that this
study demonstrated meaningful results. Further studies in
a larger population of CRC patients and with the inclusion
of additional cytokine mediators will be needed to confirm
the effects of IL-6 on the outcome and response to bevaci-
zumab treatment.

Conclusions

This study demonstrated that CRC patients with who had
high serum IL-6 levels had poorer OS and PFS in compari-
son to patients with low serum IL-6 levels. The addition of
bevacizumab to chemotherapy did not provide a benefit to
patients with high serum IL-6 levels, which suggests that
these patients may be resistant to anti-VEGF therapy.
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