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Abstract

Plasma profiling of patients treated with antiangiogenic agents may identify markers that correlate 

with toxicity. Objectives were to correlate changes in cytokine and angiogenic factors as potential 

markers of toxicity to aflibercept. Circulating cytokine and angiogenic factors were measured in 

28 patients with recurrent glioblastoma in a single-arm phase II study of aflibercept. Plasma 

samples were analyzed at baseline, 24 h, and 28 days using multiplex assays or ELISA. We 

evaluated log-transformed baseline biomarker expressions with Cox proportional hazard 

regression models to assess the effect of markers on any grade II–IV (Gr II–IV) toxicity, on-target 

toxicity (hypertension, proteinuria, thromboembolism), and fatigue. All tests were two sided with 

a statistical significance level of p=0.05. Among 28 pts, there were 116 Gr II–IV events. Changes 

in IL-13 from baseline to 24 h predicted on-target toxicities. Increases in IL-1b, IL-6, and IL-10 at 

24 h were significantly associated with fatigue. Progression-free survival was 14.9 months for 

patients in the all-toxicity group and 9.0 months for patients in the on-target toxicity group 

compared to 4.3 months for those who did not develop any Gr II–IV toxicity (p=0.002 and 

p=0.045, respectively). Toxicity from antiangiogenic therapy remains an important cause of 

antiangiogenic treatment discontinuation and patient morbidity. Changes in IL6, IL10, and IL13 

were repeatedly correlated with toxicity. Profiling of IL-13 as a surrogate for endothelial 

dysfunction could individualize patients at risk during antiangiogenic therapy, as could identifying 

those at higher risk for fatigue using IL-6 and IL-10.
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Introduction

The molecular changes that underlie chemotherapeutic toxicity remain unknown. Although 

studies have begun to focus on identifying molecular markers that correlate with tumor 

response, data correlating such markers with toxicity are scarce. Baseline and treatment-

related changes in cytokines and angiogenic factors may reveal the mechanism of specific 

toxicities, permit tailored therapy, and potentially predict toxicity to antiangiogenic agents.

Angiogenesis is a prime target for glioblastoma, one of the most vascularized tumors. 

Several drugs have emerged which target the vascular endothelial growth factor (VEGF) 

pathway, including cediranib and bevacizumab. However, toxicities caused by these agents 

can result in severe adverse events and often treatment discontinuation. In the phase II trial 

of cediranib in patients with recurrent glioblastoma, 48.4 % of patients had drug 

interruptions due to toxicity [1]. Friedman and colleagues reported that 17.7 % of patients 

receiving bevacizumab and irinotecan and 4.8 % of patients receiving bevacizumab alone 

had to discontinue bevacizumab for toxicities [2]. In another study using bevacizumab for 

recurrent glioblastoma, 12.5 % of patients had a thromboembolic event, one patient had 

bowel perforation, and another 12.5 % experienced hypertension on treatment. Six of 48 

patients (12.5 %) had to be removed from the study for toxicity [3]. Thus, antiangiogenic 

agents can cause significant morbidity and may lead to discontinuation of an effective 

therapy. Identifying biomarker-specific toxicities could allow for prophylactic dose 

modification or early supportive therapy intervention.

Toxicities of vascular-targeted agents are widely recognized, but the mechanisms underlying 

these events remain elusive. Cytokines induce inflammation and mediate organ toxicity, and 

therefore may be a surrogate for these processes [4]. Similarly, cytokines have been shown 

to mediate radiation toxicity in lung [5–8] and prostate cancer [9, 10]. Lung cancer patients 

experiencing toxicity from radiation were more likely to have increased serum levels of 

proinflammatory IL-6 [11]. Cytokines and angiogenic factors have also been studied in 

patients who have had cranial irradiation, showing alterations of fibroblast growth factor 

(FGF)-2, VEGF, and IL-1 [12, 13], believed to represent early increases of tumor necrosis 

factor [14, 15]. Similarly, increases in IL-6 levels have been associated with fatigue in both 

solid and hematological malignancies with a high level of statistical significance (p=0.0005) 

[16]. Interestingly, there have been several studies suggesting that on-target toxicity is 

associated with improved outcome on antiangiogenic therapy [3, 17–22]. Together, these 

findings suggest a possible relationship between adverse events, cytokine expression, and 

patient outcome.

Aflibercept, or VEGF trap, is a soluble receptor that sequesters VEGF-A, VEGF-B, and 

placental growth factor (PlGF)-1 and PlGF-2 with an affinity greater than bevacizumab [23]. 

In phase I clinical trials, on-target toxicities were similar to those seen with bevacizumab 

including hypertension and proteinuria [24]. We previously reported on the clinical efficacy 

of aflibercept in recurrent glioblastoma [25] and circulating myeloid chemokines as 

biomarkers of efficacy [26]. Here, we describe specific toxicities and provide cytokine 

patterns that are associated with the development of all toxicity, on-target toxicities 
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(hypertension, proteinuria, and bleeding), and fatigue. The association between all toxicity 

or on-target toxicity and time to progression was determined.

Patients and methods

Study population and design

Thirty-one patients with recurrent glioblastoma received aflibercept in the multi-institutional 

North American Brain Tumor Consortium (NABTC) 0601 trial. This study was approved by 

the Cancer Treatment Experimental Program (CTEP) and the Institutional Review Board of 

each participating NABTC site, and informed consent was obtained from all the subjects 

prior to study enrollment. One patient withdrew consent prior to treatment, one did not have 

baseline samples taken, and another did not have any further samples taken after baseline. 

Those three patients were not included in the final analyses. The supplemental Table 1 

shows the patient characteristics.

Eligibility was based on histologically confirmed glioblastoma or gliosarcoma with evidence 

of progression after chemoradiation and no more than one adjuvant regimen containing 

temozolomide. Also required was available tissue from primary surgery or at relapse, 

Karnofsky performance status (KPS) of ≥60, baseline magnetic resonance imaging ≤14 days 

of registration on a stable steroid dose, and life expectancy >8 weeks. Patients had to be 

recovered from toxic effects of prior therapy and have adequate bone marrow 

(ANC≥1,500/mm3; platelets≥100,000/mm3), liver (SGPT/alk phos <2× normal, bilirubin 

<1.5 mg/dl), and renal (BUN and creatinine <1.5× normal) functions with a urine protein/

creatinine ratio <1. They had to be more than 42 days from the completion of either 

radiation therapy or prior nitrosourea, more than 28 days from cytotoxic chemotherapy or 

investigational agent, and more than 4 weeks from surgery. Patients were excluded from the 

study for pregnancy or nursing; history of intracerebral or intratumoral hemorrhage; 

treatment with prior antiangiogenic therapy; history of significant cardiovascular disease, 

prior malignancy, severe concurrent illness, and prior venous thromboembolic event; or 

other reason requiring full dose anticoagulation.

Aflibercept was provided by CTEP and administered at 4 mg/kg intravenously on day 1 of 

every 14-day cycle. Up to a 2-day window on either side of the planned treatment day was 

allowed. Patients were allowed no more than two dose reductions for grades 3 or 4 toxicity 

and were allowed to recover from treatment-related toxicities for up to 2 weeks, which could 

be extended with the permission of the principal investigator and CTEP medical director. 

The National Cancer Institute Common Terminology Criteria, version 3.0, were utilized to 

describe and grade treatment-related toxicities. All patients received treatment until tumor 

progression, toxicity, or withdrawal of consent.

Assay methods: patient blood sampling and processing

Ethylenediaminetetraacetic acid plasma samples were obtained from 28 of 31 enrolled 

patients at baseline, 24 h, and every 2–4 weeks until progression. Reporting of cytokine 

measurements was compliant with the guidelines from the National Cancer Institute and 

European Organization for Research and Treatment of cancer recommendations for 
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reporting tumor marker prognostic studies [27]. Levels of VEGF, PlGF, carbonic anhydrase 

9 (CA9), and basic FGF were measured using ELISA assays according to the 

manufacturer’s instructions (R&D Systems, Minneapolis, MN). MMP-9 and e-selectin were 

measured using a Lincoplex Assay (LINCO Research, Millipore, St. Charles, MO). Plasma 

samples from baseline and days1 and 28 were analyzed for cytokines and angiogenic factors 

using commercially available multiplex suspension arrays (BioRad Laboratories, Hercules, 

CA). Some cytokines and angiogenic factors were missing due to patient-related factors. All 

28 patients evaluated had markers at baseline, 26/28 had markers at 24 h, and 21/28 patients 

had markers at day 28 and/or later.

Statistical analysis

A total of 116 adverse events (AEs) were recorded. The time to toxicity was defined as 

interval from the date of registration to the date of toxicity. Where duplicate AEs coexisted 

for a single patient, the highest grade was used for analysis, and where duplicate AEs of the 

same grade were found, the AE occurring at the earliest point in the trial was assessed. AEs 

that were felt to be unrelated to treatment were removed using the best clinical judgment of 

the reviewers and based on data from prior studies of aflibercept. A total of 36 Gr II–IV 

events remained and were used in the final analyses. Two predominant categories emerged: 

on-target effects [hypertension, proteinuria, pericarditis (one patient), and bleeding] and 

fatigue. Those with other toxicities were included in an “all-toxicity” analysis. Figure 1 

depicts the selection process of adverse events. Descriptive statistics were used to 

summarize the baseline measurements and changes in concentration of each biomarker in 

patients who experienced toxicity and in patients who did not experience toxicity, 

separately. Log-transformed baseline expressions were used and evaluated with Cox 

proportional hazard regression models to assess the effect of biomarkers on any grade II–IV 

(GII–IV) toxicity, GII–IV on-target toxicity, and GII–IV fatigue toxicity. Missing 

observations were excluded from the analysis, and analytes below the level of detection 

were conservatively set at zero. Wilcoxon rank sum tests were used to determine the 

difference of the concentrations between toxicity patients and non-toxicity patients. Time to 

toxicity was analyzed by using the Kaplan–Meier method. A Cox PH regression model was 

used to assess the effect of biomarkers on time to develop toxicities. All tests were two sided 

with a statistical significance level of p=0.05. All analyses were conducted using the SAS 

(version 9.1; SAS Institute Inc., Cary, NC) and S-PLUS (version 8.0; Insightful Corp., 

Seattle, WA).

Results

Patient characteristics

The median patient age in the cohort of glioblastoma patients receiving aflibercept in the 

NABTC 0601 trial was 55 years and ranged from 33 to 72 years of age. Of the 28 patients, 

16 were men, and the median KPS was 90. Twenty patients experienced grade II or greater 

toxicity. Eight patients did not develop any toxicity greater than grade I. Adverse events 

including hypertension, proteinuria, pericarditis, and bleeding were grouped as “on-target” 

toxicity. Those with fatigue formed a second robust subgroup and were analyzed separately 

from other on-target toxicities. Other events included hypophosphatemia, lymphopenia, 
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leukopenia, hand–foot syndrome, and rash. One such rash was biopsied and shown in 

Supplemental Fig. 1. To strengthen our small patient sample, we compared cytokines and 

angiogenic factors of patients without toxicity with markers in the groups entitled all 

toxicity, on-target toxicity, and fatigue.

Cytokines and time to develop toxicity

Of the 20 patients who developed any toxicity, 14 were treated for greater than 28 days 

(range, 42–172). Nine of 13 patients developing on-target toxicity, and three of five patients 

who experienced fatigue were on treatment for more than 4 weeks (range, 42–161 days). In 

contrast, only one patient of eight who developed no toxicities during treatment received 

more than 28 days (56 days) of therapy.

Baseline cytokine and angiogenic factor expression associated with the development of 
toxicity

We evaluated cytokines and angiogenic factors at baseline for those without toxicity and 

compared them to those in our three subgroups. Baseline elevation of e-selectin predicted 

the development of all toxicity (p=0.012, n=19) as well as on-target toxicity (p=0.008, 

n=12), while baseline elevation of macrophage inflammatory protein 1b (MIP-1b) correlated 

with developing fatigue (p=0.030, n=4) (Fig. 2). A lower level of “regulated on activation 

normal T cell expressed and secreted” (RANTES) at baseline predicted on-target toxicity 

(p=0.028, n=7). We also found that baseline levels of TIMP2 and CA9 were elevated in 

patients experiencing all toxicity (p=0.045, n=12, and p=0.014, n=15, respectively); levels 

of GM-CSF, PDGF, and CA9 (p=0.038, n=12; p=0.020, n=12; and p=0.036, n=10, 

respectively) were associated with on-target toxicity development, and low levels of GM-

CSF (p=0.018, n=4) correlated with the development of fatigue (data not shown).

Change in cytokine and angiogenic factors during treatment correlated with the 
development of toxicity

After assessing the relationship between baseline cytokines and angiogenic factors and the 

development of adverse events, we analyzed the change for each factor during treatment and 

correlated the change with toxicity. We compared the change in each marker for the no-

toxicity group with the marker change in the all-toxicity group. At 24 h, increases in IL-6 

(p=0.031, n=17) significantly correlated with all toxicity (Fig. 3). Less decline in IL-10 and 

IL-13 correlated with all toxicity when compared to reduction of these factors in those 

without toxicity (p=0.049, 0.016; n=17). At 28 days, there was a trend toward increased 

toxicity with elevations in IL-13 and pro-inflammatory IL-18, but these were not significant 

(p=0.126 and 0.082; n=12, respectively). We did not find significant associations between 

toxicity and VEGF or PlGF, either at baseline or during therapy.

Change in cytokine and angiogenic factors during treatment also correlated with the type 
of toxicity

We also analyzed the change for each factor during treatment and correlated the change 

specifically for the two toxicity subgroups. At 24 h, IL-13 decreased by less than 20 % 

compared to a 40–60 % reduction from baseline in patients without on-target toxicity 
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(p=0.010, n=7). We also found that a decrease in bFGF at 24 h and an increase in MCP3 at 

28 days correlated with the development of on-target toxicities (p=0.016, n=8; p=0.046, 

n=5). Patients who developed fatigue had higher levels of IL-1b, IL-6, and IL-10 at 24 h 

(p=0.047, 0.030, and 0.018; n=4) (Fig. 4).

The presence of all toxicity and on-target toxicity correlated with PFS

The progression-free survival (PFS) for patients in the all-toxicity group was 14.9 months 

comparing favorably with 4.3 months in those who did not develop any Gr II–IV toxicity 

(p=0.002). Patients with toxicity received an average of 2.5 (median, 2.0) cycles prior to the 

development of toxicity, and those who did not develop any toxicity received an average of 

3.125 (median, 2.5) cycles of aflibercept. Of the eight patients without any toxicity, 75 % 

came off of the study for PD, and among the 20 patients with toxicity, a similar proportion, 

70 %, came off of the study for PD (≥25 % increase in the sum of the products of 

perpendicular diameters of enhancing lesions). Patients with on-target toxicity had a PFS of 

9.0 months compared with 4.3 months, which was also statistically significant (Fig. 5, 

p=0.045). Patients experiencing fatigue also had a PFS of 9.0 months, compared with 4.3 

months in the no-toxicity group, but this was not significant (p=0.061), likely due to the 

limited number of patients in this cohort.

Discussion

Cytokines regulate homeostasis by balancing pro-inflammatory Th1-mediated cascades with 

anti-inflammatory Th2-mediated responses. Antiangiogenic therapy is associated with 

specific toxicities including fatigue and on-target effects such as hypertension, proteinuria, 

and bleeding. Hypothesizing that patients who are most likely to develop toxicity to 

antiangiogenic treatment will have differing levels of pro-inflammatory factors, effectively 

tipping this balance, levels of cytokines and angiogenic factors were monitored throughout 

treatment with aflibercept for recurrent glioblastoma. Several factors correlated with the 

development of toxicity. Elevated levels of e-selectin, RANTES, and MIP1b at baseline 

correlated with the development of toxicity, whereas changes in IL-6, IL-10, and IL-13 

during the course of therapy were associated with general toxicity. More specifically, 

increases in IL-6, IL-10, and IL-1b correlated with fatigue, and changes in IL-13 and MCP3 

were associated with on-target toxicities (hypertension, proteinuria, and bleeding).Many of 

these significant changes occurred early—within 24 h of treatment initiation—making these 

factors more useful as predictive tools.

Ideally, predictive markers will be identified for which clinicians can screen patients and 

then intervene to limit toxicity. Baseline elevations of e-selectin, RANTES, and MIP1b 

predicted the development of toxicity. E-Selectin is a member of a family of carbohydrate-

binding proteins and is expressed on cytokine-activated endothelial cells in vivo only when 

they are activated by pro-inflammatory cytokines in the setting of inflammation or 

malignancy [28]. RANTES promotes endothelial dysfunction and was elevated at baseline 

in our patients who developed on-target toxicity. MIP-1b, which was elevated at baseline in 

those patients who developed fatigue, activates granulocytes leading to acute inflammation. 
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Together, these cytokines may be mechanistically linked to inflammatory-mediated 

toxicities related to antiangiogenic therapy observed in this trial.

Cytokines and angiogenic factors may mediate injury, and changes in those markers may 

predict toxicity. Although we cannot exclude that some patients might have an undetected 

underlying medical condition that made them more sensitive to the drug, the entry criteria 

should have prevented the enrollment of patients with significant underlying renal or 

cardiovascular disease onto this trial.

Aflibercept-mediated modulation of circulating factors may have been associated with the 

development of toxicities. Specifically, we observed that changes in IL-6, IL-10, and IL-13 

significantly correlated with all toxicity and aflibercept-specific toxicities. Importantly, 

increases in IL-6 correlated with fatigue, a well-supported phenomenon in the general 

oncology literature. In a large meta-analysis of cancer patients, elevated IL-6 correlated with 

fatigue with a high level of statistical significance (p=0.0005) [16]. We also found that 

elevations in IL-10, an immune-modulator of both B and T cells, were associated with 

fatigue. IL-13, a profibrotic cytokine which leads to fibroblast proliferation and decreased 

prostaglandin E2, was significantly elevated in both the on-target and all-toxicity groups at 

24 h compared to those without toxicity [29, 30]. Profiling of IL-6 and IL-10 could identify 

patients most likely to develop fatigue, while profiling of IL-13 as a surrogate for 

endothelial dysfunction could individualize patient risk for on-target toxicity.

Cytokines regulate highly complex functions involving immunity, inflammation, and 

carcinogenesis. Although these markers may directly cause toxicity, it is more probable that 

these cytokines serve as surrogate markers of multifaceted and complex mechanisms of 

toxicity, which have yet to be elucidated. Given the exploratory nature of our analysis, we 

were not able to adjust for other variables. We recognize the possibility that the analysis of 

multiple markers for this small group may have led to the discovery of false positive 

markers. For this reason, we focused on markers that were not only significant but also 

which had plausible biologic explanations. Correlative data, as with all limited-size single-

arm clinical trials, is not definitive. The small sample size and lack of a control group not 

receiving antiangiogenic therapy precludes our ability to confirm the predictive value of our 

findings. However, several of our findings were confirmed when the data were analyzed for 

all toxicity as well as specific on-target toxicities which increase our confidence in their 

importance. Furthermore, some of the specific cytokine changes, such as the relationship 

between increases in IL-6 and fatigue, have been reported for other malignancies. Additional 

studies are necessary to validate our findings. Our finding that patients with toxicity had a 

longer PFS than those without does not appear to be due to increased treatment duration 

since the median exposure time to develop toxicity was 2.5 cycles which is shorter than the 

median number of cycles prior to PD. Certainly, those with response were more likely to 

stay on trial longer to develop toxicity, but those coming off of the study for PD were 

equally distributed between groups. Extended PFS was not explained by superior rescue: Six 

patients received bevacizumab after progression without significant response.

Although aflibercept had only minimal efficacy for recurrent glioblastoma (GBM) [25], we 

believe that: (1) These data may be extrapolated to other VEGF-targeted agents such as 
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bevacizumab, which is FDA approved for recurrent GBM and (2) these data may provide 

guidance when using aflibercept in other malignancies. Aflibercept has recently been shown 

to improve overall survival in patients with metastatic colorectal cancer, and early studies of 

aflibercept in ovarian cancer have also shown efficacy [31–33].

To our knowledge, this is the first study to correlate profiles of cytokines and angiogenic 

factors and toxicity in patients receiving an anti-VEGF therapy in glioblastoma patients. A 

recent publication explored the non-hematologic toxicities and cytokine changes associated 

with survival in patients with hepatocellular cancer treated with sunitinib [34]. Toxicity from 

antiangiogenic therapy, particularly on-target toxicity and fatigue, remains an important 

cause of treatment discontinuation and patient morbidity and deserves further investigation.

In this study, almost 20 % of patients had to discontinue treatment due to adverse events, 

two for hypertension, one for fatigue, one for rash, and another for seizures. Cytokine levels 

did not consistently correlate with toxicity when we compared levels for patients with grade 

II toxicity versus grades III/IV toxicity. In other words, patients with grade III/IV toxicity 

did not necessarily have higher cytokine levels. In addition, the absolute cytokine level did 

not necessarily correlate with treatment discontinuation.

Of the five patients who came off of the study for toxicity, four had only grade 2 toxicities. 

This may be due to few grade III/IV events. Although our findings are primarily 

exploratory, they may be helpful toward elucidating the mechanisms underlying the 

toxicities of VEGF-targeted agents.

Our data suggest that profiling of specific cytokines, such as IL-13, IL-6, and IL-10, might 

predict those patients at greatest risk for toxicity or for developing important complications 

during treatment. Once identified, those patients at higher risk for toxicity could be placed 

under more stringent surveillance during therapy such as home blood pressure logs or more 

frequent measurements of urine protein/creatinine ratio. Early detection of toxicity or the 

identification of patients most likely to develop a specific toxicity could aid in drug dosing 

and allow for the integration of supportive measures to prevent severe toxicity that might 

otherwise require treatment discontinuation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow diagram of the selection process of adverse events. AE adverse event, Gr grade, hemor 

hemorrhage, HFS hand–foot syndrome, HTN hypertension, Hypophos hypophosphatemia, pt 

patient
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Fig. 2. 
Baseline cytokines and angiogenic factors and toxicity (Tox) by category. Expression of 

individual cytokines at baseline for patients with and without the development of all 

toxicities, on-target toxicities, or fatigue during treatment with aflibercept. Box–whisker 

plots: horizontal line in the middle portion of the box, mean. Bottom and top boundaries of 

boxes, 25th and 75th percentiles, respectively. Lower and upper whiskers, 5th and 95th 

percentiles, respectively. Log-transformed baseline expressions were used and evaluated 

with Cox proportional hazard regression models to assess the effect of biomarkers on 

toxicity. All cytokines depicted were statistically significant, p<0.05 between the toxicity 

and notoxicity groups
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Fig. 3. 
Modulation in IL-6, IL-10, and IL-13 related to the development of all toxicities. 

Relationship between proportional (in percent) cytokine change from baseline to 24 h for 

patients with and without the development of all toxicity. Data are shown as median change 

from baseline (solid diamond) with minimum and maximum values (vertical line)
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Fig. 4. 
Modulation in IL-6, IL-10, and IL-1b related to the development of fatigue and modulation 

in IL-13 related to the development of on-target toxicities. Relationship between 

proportional (in percent) cytokine change from baseline to 24 h for patients with and without 

the development of fatigue or on-target toxicity. Data are shown as median change from 

baseline (solid diamond) with minimum and maximum values (vertical line)
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Fig. 5. 
Progression-free survival by toxicity group. Kaplan–Meier curves depict the PFS for those 

in each toxicity group compared with those not experiencing toxicity. Dotted lines indicate 

toxicity and solid lines indicate no toxicity
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