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Abstract: Axitinib, as a novel, selective vascular endothelial growth factor receptor (VEGFR) inhibitor, is associated 
with overall incidence and risk of gastrointestinal (GI) events. We conducted an up-to-date meta-analysis to evalu-
ate the incidence and relative risk (RR) in patients treated with axitinib. Pubmed and Embase were searched to 
identify relevant clinical trials. A total of 2890 patients from 17 clinical trials were included. The use of axitinib was 
associated with increased risk of all-grade (RR 1.27 95% CI, 1.21-1.35) and high-grade GI events (RR, 1.73 95% 
CI, 1.40-2.13). The risk of axitinib associated high-grade GI events was significant for diarrhea (RR 1.78, 95% CI, 
1.28-2.48) and anorexia (RR 2.55, 95% CI, 1.55-4.19). When stratified by tumor type (renal cell carcinoma (RCC) 
and. non-RCC), the risk of high-grade GI events was significant for anorexia in RCC patients and was significant for 
diarrhea and anorexia in non RCC patients. Additionally, the risk of all-grade and high-grade GI events with axitinib 
was substantially higher than sorafenib and a statistically significant increase in the risk of anorexia was found for 
axitinib comparing studies with sunitinib and pazopanib. Treatment with axitinib is associated with a significant 
increase in the risk of GI events, and frequent clinical monitoring and appropriate management for GI events should 
be emphasized during clinical treatment.
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Introduction

Angiogenesis, mediated by signaling through a 
number of tyrosine kinases receptor, plays a 
critical role in the progression of malignant 
tumor growth, invasion and metastasis. 
Tyrosine kinases inhibitors that target vascular 
endothelial growth factor receptors (VEGFRs) 
may actually induce hypoxia and decrease 
blood flow to the tumour, slowing tumor cell 
division and impeding delivery of cytotoxic 
agents [1]. Axitinib is an oral potent, second-
generation inhibitor of VEGFRs 1, 2, and 3, 
which is approved in many countries as sec-
ond-line treatment of advanced renal cell carci-
noma after failure of one prior systemic therapy 
[2]. This approval was based on the results of 
AXIS trial that compared the effects of axitinib 
5 mg twice daily (BID) versus sorafenib 400 mg 
twice daily as second-line treatment in patients 
with advanced RCC. Its results suggested 
axitinib gained the benefit in PFS and delaying 
symptoms of advanced RCC [3, 4]. As a single 
agent or in combination with chemotherapy, 
axitinib is undergoing wide investigation in 

advanced non-small-cell lung cancer (NSCLC) 
[5, 6] colorectal cancer [7, 8] advanced thyroid 
cancer [9, 10] and pancreatic cancer [11, 12]. 
Previous meta-analyses have demonstrated 
that the use of VEGFR-TKIs (sorafenib, sunitinib, 
and pazopanib) was associated with an 
increased risk of developing GI events [13]. 
Diarrhea, anorexia, nausea and vomiting are 
common GI events associated with the use of 
tyrosine kinases inhibitors (TKIs) in daily clinical 
practice, thus early and appropriate manage-
ments were required to avoid transitory or 
definitive treatment discontinuations and 
unnecessary dose reduction.

Axitinib is delivered orally, for relatively long 
durations, and due to the extended treatment 
period, GI events are detrimental for achieving 
full dosage of this agent, but the contribution of 
axitinib to GI events remains poorly defined. 
Therefore, we conducted this meta-analysis of 
all published trials to full investigate the inci-
dence and the relative risk of GI events in can-
cer patients receiving axitinib.
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Materials and methods

Data sources and search strategy

This meta-analysis was performed in accor-
dance with the PRISMA (Preferred Reporting 
Items for Systemic Reviews and Meta-Analyses) 
recommendations. To identify relevant clinical 
trials, we reviewed the Pubmed and Embase up 
to Jan 2015. The search was conducted using 
the keywords ‘axitinib’ or ‘Inlyta’ or ‘AG-
013736’. The search was limited to prospective 
clinical trials published in English. Additionally, 
the clinical trial registration website (http://
www.ClinicalTrials. gov) was also be retrieved to 
obtain information on the registered prospec-
tive trials. Each publication was reviewed, and 
in cases of multiple publications of the same 
clinical trial were encountered, only the most 
complete, recent, and updated report of clinical 
trials was included in the meta-analysis.

Study selection

The primary objective of this study was to deter-
mine the relative risk and overall incidence of 
GI events associated with axitinib. Axitinib is 
approved for treatment in patients with 
advanced RCC at a recommended starting 
dose of 5 mg twice daily with food in 4-week 
cycles. Axitinib doses could be increased first 
to 7 mg twice daily, and subsequently to 10 mg 
twice daily, for patients who had not had any 
above grade 2 adverse events (as defined by 
Common Terminology Criteria for Adverse 
Events, or CTCAE, version 3.0). According to 
adverse events or laboratory abnormalities, 
axitinib dose could be reduced to 3 mg twice 
daily, and then 2 mg twice daily [3]. Clinical tri-
als were included if they met the following crite-
ria: (1) prospective phase II and III clinical trials 
in cancer patients, (2) patients assigned to 
treatment with axitinib at a starting dosage of 5 
mg orally twice daily, (3) available data regard-
ing events or event rate and sample size of GI 
events. Articles were excluded based on the fol-
lowing criteria: (1) phase I trials, letters, editori-
als, review articles, case reports or case series, 
studies on cancer cell and animal model (2) 
missing key information such as data on GI 
events (3) literature written in language other 
than English.

Data extraction and clinical end points

Two investigators independently evaluated and 
extracted the data, and discrepancies were 

resolved by consensus. The following adverse 
outcomes were regarded as GI events and 
included in our analyses: diarrhea, anorexia, 
nausea and vomiting. The following information 
was extracted for each study: first authors’ 
names, year of publication, underlying malig-
nancy, trial phase, treatment and controlled 
arms. The study quality of nine randomized 
controlled trials was assessed according to the 
Jadad scale including randomization, blinding, 
and withdrawals. Adverse events were defined 
according to version three or four of the 
Common Terminology Criteria for Adverse 
Events (CTCAE) of National Cancer Institute.

Statistical analysis

For calculation of GI events incidence, the num-
ber of patients with all-grade and high-grade GI 
events and the number of patients receiving 
axitinib were extracted from the adverse events 
outcomes. We calculated the incidence and 
corresponding 95% CIs of patients with GI 
events. Studies that had a control group were 
used to calculate RRs of GI events in the same 
trial. The classic half-integer correction was 
applied to calculate the RR and variance for 
studies with zero GI events [14]. Cochran’s Q 
test was used to assess the heterogeneity of 
the included trials [15]. For p value less than 
0.05, heterogeneity was considered statistical-
ly significant and data were analyzed using a 
random effects model. The fixed effects model 
was applied in the absence of heterogeneity. 
An inverse variance statistical method was 
used to calculate the pooled incidence. 
Publication bias of literature was evaluated 
using Begg’s funnel plot and the Egger’s linear 
regression test and a P<0.05 was considered 
significant [16, 17]. All statistical analyses were 
performed by using Stata version 12.0 soft-
ware (Stata Corporation, College Station, Texas, 
USA) and Open Meta-Analyst software version 
4.16.12 (Tufts University, URL http://tuftscaes.
org/open_meta/).

Results

Search results

Of the 273 potentially relevant human clinical 
studies evaluating axitinib, two hundred and 
forty six citations were immediately rejected 
after screening for at least one of the following 
reasons: review articles, pharmacokinetic, 
phase I trials, case reports or case series, com-
mentaries, letters and meta-analysis. As a 
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result of further investigation, eight studies 
were excluded as replicates and two studies 
were excluded as they didn’t have sufficient 
data on GI events (Figure 1). At the end of this 
meta-analysis process, a total of 2890 patients 
from 17 clinical trials [4-12, 18-25] were avail-
able for analysis. Three of these studies were 
phase III trials and fourteen trials were phase II. 
The baseline characteristics in the 17 trials are 
summarized in Table 1.

Incidence of all-grade and high-grade GI 
events

A total of 1702 patients from 17 trials were 
enrolled for this analysis, all-grade and high-
grade GI events were reported in patients treat-
ed with axitinib. Diarrhea was the most com-
mon GI event. For all grade GI events, we found 
a pooled incidence of diarrhea 51.4% (45.7-
57.1%), a pooled incidence of vomiting 28.2% 
(22.8-34.2%), a pooled incidence of nausea 
39.8% (33.8-46.2%) and a pooled incidence of 
anorexia 36.3% (32.4-40.3%). As regard to 
high-grade GI events, we observed a pooled 
incidence of diarrhea 8.0% (5.7-11.1%), a 
pooled incidence of vomiting 4.6% (3.5-6.1%), 
a pooled incidence of nausea 3.6% (2.2-5.9%) 
and a pooled incidence of anorexia 5.0% 
(4.0-6.3%).

Relative risk of all-grade and high-grade GI 
events

In order to investigate the specific contribution 
of axitinib to GI events, we further analyzed the 

of diarrhea of 1.78 (95% CI, 1.28-2.48), a RR of 
anorexia of 2.55 (95% CI, 1.55-4.19), a RR of 
nausea of 1.50 (95% CI, 0.95-2.35) and a RR of 
vomiting of 1.43 (95% CI, 0.87-2.36) (Figure 2).

Relative risk of GI events in patients with RCC 
and non-RCC malignancy

To explore the correlation of axitinib associated 
GI events with tumor types, the relative risk of 
GI events were further analyzed by RCC and 
non-RCC. Two randomized studies used 
sorafenib as the control arm evaluating patients 
with RCC, we observed a significantly increased 
risk of all-grade anorexia (RR 1.26: 95% CI, 
1.02-1.55), nausea (RR 1.55: 95% CI, 1.22-
1.97) and high-grade anorexia (RR 2.50: 95% 
CI, 1.04-6.03). For seven randomized con-
trolled studies with non-RCC patients, the RR 
was significant for all-grade diarrhea (RR 1.52: 
95% CI, 1.32-1.76), nausea (RR 1.15: 95% CI, 
1.03-1.29), anorexia (RR 1.40: 95% CI, 1.20-
1.63) and high-grade diarrhea (RR 2.26: 95% 
CI, 1.30-3.91) and anorexia (RR 2.57: 95%CI, 
1.41-4.70) (Table 2).

Relative risk of GI events between axitinib and 
other VEGFR-TKIs

We further explored the differences in inci-
dence of GI events to axitinib as compared with 
sorafenib, sunitinib and pazopanib (incidences 
reported previously) [13]. The risk of developing 
all-grade and high-grade GI events was signifi-
cantly higher for axitinib than sorafenib, and a 

Figure 1. Flow chart of selection process for trials included in meta-analysis.

relative risk for all-grade and 
high-grade GI events of axi- 
tinib. The summary RR of 
developing all-grade and high-
grade GI events with axitinib 
versus controls were 1.27 
(95% CI, 1.21-1.35) and 1.73 
(95% CI, 1.40-2.13) with no 
significant heterogeneity (I2= 
20.7%, P=0.141 and I2=0%, 
P=0.636) respectively. More- 
over, as for all-grade GI 
events, we observed a pooled 
RR of diarrhea of 1.39 (95% 
CI, 1.18-1.64), a RR of anorex-
ia of 1.34 (95% CI, 1.19-1.52), 
a RR of nausea of 1.24 (95% 
CI, 1.12-1.38) and a RR of 
vomiting of 1.19 (95% CI, 
1.03-1.37). In high-grade GI 
events, we found a pooled RR 
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Table 1. Baseline characteristics of 17 trials included in the meta-analysis

Author Type of disease Phase Treatment arms Control arms Patients included 
for analysis

CTC  
version

Jadad 
scale

Eto et al., 2014 Renal cell carcinoma II Axitinib - 64 3.0 -

Karam et al., 2014 Renal cell carcinoma II Axitinib - 24 4.0 -

Hutson et al., 2013 Renal cell carcinoma III Axitinib Sorafenib 285 3.0 3

Motzer et al., 2013 Renal cell carcinoma III Axitinib Sorafenib 714 3.0 3

Rixe et al., 2007 Renal cell carcinoma II Axitinib - 52 3.0 -

Rini et al., 2009 Renal cell carcinoma II Axitinib - 62 3.0 -

Infante et al., 2013 Colorectal cancer II Axitinib plus FOLFOX Bevacizumab plus FOLFOX 123 3.0 3

Bendell et al., 2013 Colorectal cancer II Axitinib plus FOLFOX Bevacizumab plus FOLFOX 168 3.0 2

Axitinib plus FOLFIRI Bevacizumab plus FOLFIRI

Cohen et al., 2014 Thyroid cancer II Axitinib - 60 3.0 -

Locati et al., 2014 Thyroid cancer II Axitinib - 52 3.0 -

Belani et al., 2014 Lung cancer II Axitinib (Continuous) plus pemetrexed/cisplatin pemetrexed/cisplatin 170 3.0 3

Axitinib (Modified) plus pemetrexed/cisplatin

Twelves et al., 2014 Lung cancer II Axitinib plus paclitaxel and carboplatin Bevacizumab plus paclitaxel and carboplatin 117 3.0 2

Schiller et al., 2009 Lung cancer II Axitinib - 32 -

Kindler et al., 2011 Pancreatic cancer III Axitinib plus gemcitabine Placebo plus gemcitabine 613 3.0 4

Spano et al., 2008 Pancreatic cancer II Gemcitabine plus axitinib Gemcitabine alone 103 3.0 3

Fruehauf et al., 2011 Melanoma II Axitinib - 32 3.0 -

Rugo et al., 2014 Breast cancer II Axitinib plus docetaxel Placebo plus docetaxel 167 3.0 3
CTC, common toxicity criteria; FOLFIRI: combined therapies containing irinotecan and 5-FU; FOLFOX: combined therapies containing oxaliplatin and 5-FU.
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statistically significant increase in the risk of 
anorexia was found comparing axitinib with 
sunitinib and pazopanib. Concerning the RR of 

diarrhea, incidence of all-grade diarrohea was 
lower but high-grade diarrhea was higher for 
axitinib compared with pazopanib (Table 3).

Figure 2. Relative risk of high-grade GI events (A) diarrhea, (B) nausea, (C) vomiting, (D) anorexia.
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Publication bias

No evidence of publication bias was detected 
for the incidence or the RR of all-grade and 
high-grade GI events in this study by either 
Begg test or Egger test (RR of all-grade GI 
events: Begg test P=0.32 and Egger test P= 
0.633; RR of high-grade GI events: Begg test 
P=0.316 and Egger test P=0.126).

Discussion

Our analysis was able to demonstrate that 
treatment with axitinib was associated with a 
significantly increased risk of GI events in can-
cer patients. The most frequent treatment-
related all-grade GI event was diarrhea, while 
nausea was the less common. Moreover, com-
paring with control group, the relative risk of 

axitinib showed that high-grade GI events were 
more common for diarrhea and and anorexia. 
We further performed a sub-group analysis by 
tumor types, the risk of high-grade GI events 
was significant for anorexia in RCC patients and 
was significant for diarrhea and anorexia in 
non-RCC patients. Lastly, the risk of developing 
all-grade and high-grade GI events was signifi-
cantly higher for patients treated with axitinib 
than patients treated with sorafenib.

Recently, Motzer reported updated efficacy and 
safety results from the ongoing large phase III 
randomized AXIS trial. This study showed simi-
lar rates of incidence of GI toxicities with our 
results. Treatment-related GI events occurring 
in more than 30% of axitinib-treated patients 
were diarrhoea (54%), decreased appetite 
(31%), and nausea (30%). Moreover, the most 

Table 2. Relative risk of GI events in patients with RCC and non-RCC malignancy 
Renal carcinoma Non-renal carcinoma

Relative risk (95% CI) P value Relative risk (95% CI) P value
All-grade GI events
    Diarrhea 1.09 (0.92-1.30) 0.323 1.52 (1.32-1.76) <0.001
    Vomiting 1.33 (0.94-1.88) NA 1.16 (0.99-1.35) 0.068
    Nausea 1.55 (1.22-1.97) <0.001 1.15 (1.03-1.29) 0.017
    Anorexia 1.26 (1.02-1.55) 0.031 1.40 (1.20-1.63) <0.001
High-grade GI events
    Diarrhea 1.52 (0.99-2.31) 0.052 2.26 (1.30-3.91) 0.004
    Vomiting 10.88 (0.60-195.99) NA 1.24 (0.74-2.07) 0.410
    Nausea 1.68 (0.52-5.49) 0.387 1.46 (0.89-2.39) 0.131
    Anorexia 2.50 (1.04-6.03) 0.041 2.57 (1.41-4.70) 0.002
GI: gastrointestinal; NA: Not available.

Table 3. Comparison of the risk of GI events between axitinib and other VEGFR-TKI

Risk subset Relative risk (95% CI) 
(Axitinib Vs Sorafenib) P value Relative risk (95% CI) 

(Axitinib Vs Sunitinib ) P value Relative risk (95% CI) 
(Axitinib Vs Pazopanib) P value

Diarrhea
    All grade 1.32 (1.22-1.42) <0.001 0.97 (0.90-1.04) 0.428 0.82 (0.67-0.99) 0.041
    High grade 1.90 (1.44-2.52) <0.001 1.11 (0.86-1.44) 0.477 2.03 (1.28-3.22) 0.002
Vomiting
    All grade 2.93 (2.48-3.47) <0.001 1.12 (0.98-1.27) 0.091 1.07 (0.86-1.34) 0.569
    High grade 4.56 (2.48-8.39) <0.001 1.67 (1.04-2.70) 0.041 1.24 (0.69-2.24) 0.566
Nausea
    All grade 2.20 (1.95-2.48) <0.001 0.98 (0.89-1.07) 0.643 1.03 (0.84-1.25) 0.838
    High grade 5.77 (2.95-11.27) <0.001 1.51 (0.96-2.37) 0.090 1.83 (0.93-3.61) 0.081
Anorexia
    All grade 2.90 (2.51-3.34) <0.001 1.28 (1.14-1.43) <0.001 1.27 (1.03-1.57) 0.028
    High grade 3.88 (2.28-6.59) <0.001 1.93 (1.22-3.08) 0.004 1.03 (0.62-1.72) 0.907
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common grade 3 or higher treatment-related GI 
events was diarrhoea (11%) in the axitinib 
group. Treatment-related nausea was more 
common with axitinib than it was with sorafenib 
[4]. Additionally, a phase 3 trial was performed 
to compare axitinib with sorafenib in patients 
with treatment-naive metastatic renal-cell car-
cinoma. The most frequent all grade GI events 
were diarrhea (50%) and decreased appetite 
(29%) in axitinib group. Diarrhea and decreased 
appetite were more frequent GI events (10% or 
greater difference) with axitinib than sorafenib. 
These data confirm axitinib play a major role in 
inducing all-grade and high-grade GI events in 
cancer patients [18].

In order to optimize patient outcome and quali-
ty of life (QoL), it is important to educate 
patients’ side effect management before treat-
ment initiation. Dietary and medication inter-
ventions are two essential parts for manage-
ment of axitinib associated gastrointestinal 
side effects. Instructions regarding dietary 
management of diarrhea should be given to the 
patient prior to the initiation of therapy, such 
as, consumption of brat diet (bananas, rice, 
applesauce, toast) and the avoidance of greasy, 
spicy, and fried foods. Information about phar-
macologic interventions, including loperamide, 
diphenoxylate hydrochloride and atropine sul-
fate, tincture of opium, probiotics, and psyllium 
fiber supplements, should also inform the 
patient prior to the initiation of axitinib therapy 
[26]. Increasing fluid intake and avoiding caf-
feinated beverages can reduce the occurrence 
of diarrhea, dehydration, and renal dysfunction. 
Frequent meals, increasing calorie intake, 
nutritional supplements, and consultation with 
a nutritionist can minimize the negative impact 
of anorexia [27].

Up to now, there are currently no proposed 
mechanisms for VEGFR inhibitor-related GI 
events. Diarrhea is one of the most common 
adverse events for patients receiving treatment 
with TKIs, however, very little is known about its 
mechanisms. Firstly, one of reasons may be 
local irritation by metabolites in the feces, and 
transient lactose intolerance, a phenomenon 
occasionally seen with chemotherapy [28]. 
TKIs are predominantly excreted with the feces 
and only a minor fraction is eliminated with the 
urine, due to poor bioavailability, much of the 
drug are non-absorbed, therefore, the intesti-

nal mucosa is exposed to large amounts of 
potentially toxic drug. Secondly, VEGFR inhibi-
tion may lead to diarrhea perhaps by relative 
inhibition of the microcirculation in the GI tract, 
as impaired healing of anastomoses in colorec-
tal patients treated with VEGF inhibitors is a 
rare but serious complication highlighting 
effects on vessel formation [29]. Thirdly, diar-
rhea may caused by target effects on kinases 
within the gut, for example, the interstitial cell 
of Cajal (ICC) is a type of interstitial cell found in 
the gastrointestinal tract. They are now estab-
lished as critical elements in the regulation of 
gastrointestinal (GI) motility, having been impli-
cated in playing crucial roles as pacemakers 
[30, 31] and as mediators of enteric motor 
neuro transmission [32, 33]. Development and 
maintenance of ICC networks is dependent on 
c-Kit/stem cell factor signaling which can be 
inhibited by TKIs [34]. Fourthly, TKIs and che-
motherapy combination treatment may cause 
worsened diarrhea, it is known that some TKIs 
and chemotherapy drugs share metabolic and 
drug efflux pathways. For example, co-adminis-
tration of lapatinib and paclitaxel results in a 
20% increased exposure to both agents, sug-
gested to be through down regulation of 
CYP3A4 [35].

Our study has the following limitations. First, 
this is a meta-analysis at study level and not on 
the patients’ data, then confounding factors at 
the patient level such as previous chemothera-
peutic exposure and concomitant treatments 
cannot be assessed properly and incorporated 
into the analysis. Second, patients included in 
this study were treated with axitinib-based 
combination therapy or axitinib alone, so the 
treatment design is not the same in all arms, 
which might be a source of heterogeneity. 
Thirdly, all those included studies were con-
ducted in patients with generally adequate 
renal, hematological, and hepatic functions at 
study entry, so the incidence and severity of GI 
events could be higher in daily clinical work. 
Finally, studies included in this meta-analysis 
were conducted at various international institu-
tions and they may have varying expertise and 
abilities to detect GI events.

In conclusion, this study has demonstrated that 
axitinib is associated with an increased risk of 
all-grade and high-grade GI toxicities. In order 
to improve patient outcome and QoL, physi-
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cians and patients should be aware of these 
risks and frequent monitoring and careful man-
agement should be emphasized when manag-
ing this newer VEGFR-TKI.
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