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Introduction

Colorectal cancer (CRC) is the third most common cancer 
and the fourth most common cause of cancer-related death 
worldwide (1). Twenty-five percent of patients with CRC 
have metastases which in turn have a detrimental effect 
on prognosis (2,3). Patients with mCRC are often treated 
with chemotherapeutic agents, including fluoropyrimidine, 
oxaliplatin and irinotecan; which may be combined 
with targeted therapy such as bevacizumab, cetuximab/
panitumumab (4). After all standard treatments failing, 
patients may be treated with regorafenib or TAS102, 
but regorafenib was not approved in China until May 6, 
2017 and TAS102 has not approved until now. Therefore, 
there is an urgent need to develop an effective and safe 
therapeutic approach for the treatment of mCRC, especially 
for Chinese patients. 

Angiogenesis is an essential step in tumor growth and 
metastasis. Vascular endothelial growth factor (VEGF) 
signaling has an important role in angiogenesis, while 
vascular endothelial growth factor receptors (VEGFRs) 
function as key regulators in this process (5). The VEGFR 
family of proteins consist of VEGFR-1 [FMS-like tyrosine 
kinase (FLT)-1], VEGFR-2 (KDR/Flk-1), and VEGFR-3 
(FLT-4). VEGFR-2 is the principal mediator of VEGF-
induced angiogenic signaling (6), and thus targeting 
VEGFR-2 represents a promising strategy for inhibiting 
tumor-induced angiogenesis and tumor growth.

As a small-molecule tyrosine kinase inhibitor (TKI), 
apatinib binds to VEGFR-2, inhibiting VEGF binding 
and subsequent VEGFR-2 auto-phosphorylation (7). In 
addition, apatinib-mediated VEGFR-2 inhibition leads to 
the inhibition of downstream phosphorylated extracellular 
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signal-regulated kinase (p-ERK), resulting in antiangiogenic 
and antitumor effects (7). Apatinib also targets c-Kit, Ret, 
and c-Src (7).  

Apatinib was approved and launched in China in 2014 as 
a third- or fourth-line treatment for patients with advanced 
gastric cancer (8). Existing clinical experiments have also 
indicated that apatinib has potential as a therapeutic agent 
for the treatment of non-small cell lung cancer, and breast 
cancer (9,10). In the present study, we evaluated the efficacy 
and safety of apatinib in patients with refractory mCRC. 
We hoped that our results would help to develop a novel 
targeted therapy for mCRC. 

Methods

Patient eligibility

Patients with pathologically confirmed metastatic or 
recurrent colorectal adenocarcinoma were treated 
with apatinib between August 2015 and April 2017. All 
patients were resistant or intolerable to conventional 
chemotherapeutic agents, including fluoropyrimidines, 
oxaliplatin, or irinotecan with or without anti-VEGFs or 
anti-EGFRs agents. The performance status of patients 
ranged within 0–2 at the time of starting the apatinib 
treatment. 

Treatment methods

With a treatment cycle of 28 days (4 weeks), each patient 
orally received 500 mg of apatinib once a day until disease 
progression, death, unacceptable toxic effects, withdrawal of 
consent by the patient, or decision by the treating physician 
that discontinuation would be in the best interest of the 
patient. One dose reduction (to 250 mg) for drug-related 
grade 3 or 4 toxicity was allowed. 

Responses and toxicity

Tumor response and progression were initially assessed 
every four weeks, and after two or three cycles, they were 
assessed at 8-week interval using RECIST version 1.1 (11).  
Overall response rate (ORR) and disease control rate 
(DCR) were defined as the proportion of patients with 
complete response (CR) and partial response (PR), and the 
sum of patients with CR, PR and stable disease (SD) in the 
population, respectively. Progression-free survival (PFS) 
was defined as the interval from the initiation of apatinib 

to the date of tumor progression or death from any cause. 
Overall survival (OS) was defined as the time from the 
first day of apatinib treatment to death or last follow-up. 
Adverse events (AE) were graded using the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
version 4.0 (CTC4.0) (12). 

Statistical analysis

Statistical analysis was performed using SPSS version 
21.0 (SPSS Inc., Chicago, Illinois, USA). The survival 
analysis was conducted by the Kaplan-Meier analysis 
and comparison analysis by the log-rank test. P<0.05 was 
regarded as statistically significant. 

Results

Patient characteristics

Forty-one patients were included in this retrospective study; 
among these, 26 were male and 15 were female with a median 
age of 55 years. Twenty-eight patients had a PS of 1. Twenty-
two patients had primary tumor sites at the colon and 19 
at the rectum. Thirty-four patients had the operation of 
primary tumors. Eleven patients had more than three organs 
with metastatic diseases. KRAS wide-type was present in 21 
patients. Prior to the treatment with apatinib, all patients 
received at least two lines of chemotherapy, consisting of 
fluoropyrimidine (41/41, 100%), irinotecan (40/41, 97.6%), 
or oxaliplatin (40/41, 97.6%). Moreover, the treatments for 
the 30 patients were combined with target therapies. The 
patient characteristics are listed in Table 1.

Efficacy

The best objective response to apatinib was PR in 4 (9.8%) 
patients and SD in 27 (65.9%) patients, respectively. The 
ORR was 9.8% and DCR was 75.6%. The median PFS 
(mPFS) was 2.9 months (95% CI, 2.4–3.5) while median 
OS (mOS) was 8.9 months (95% CI, 8.0–9.8) (Figure 1).

Thirty-one patients were never treated with anti-
angiogenesis before using apatinib. The median PFS and 
OS in these patients were 3.2 months (95% CI, 2.3–4.1) and 
9.1 months (95% CI, 7.5–10.6), respectively. The ORR was 
9.7% and the DCR was 77.4%.

There was no significant association between PFS or 
OS and age, gender, PS, tumor site, operation history, 
metastases organ numbers and lines of therapy (Table 2). 
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Efficacies in Kras wild-type group compared to the 
group with Kras mutant were mPFS of 3.4 vs. 2.4 months 
(HR =0.54; 95% CI, 0.52–1.80; P=035), and mOS of 8.9 
vs. 8.2 months (HR =0.62; 95% CI, 0.32–1.54; P=0.41), 
respectively (Figure 2).

Safety

All patients initially received a daily oral dose of 500 mg 
of apatinib. However, the dose was reduced to 250 mg 
in one patient due to recurrent grade 3 hypertension. 
The common hematologic AEs caused by apatinib 
among these patients were leukopenia (12/41, 29.3%), 
neutropenia (9/41, 22.0%), anemia (6/41, 14.6%), and 
thrombocytopenia (7/41, 17.1%). The common non-
hematologic toxicities were hypertension (16/41, 39.0%), 
hand-foot syndrome (HFS; 18/41, 43.9%), proteinuria 
(12/41, 29.3%) and fatigue (9/41, 22.0%). The grade 3/4 

Table 1 Patient characteristics

Characteristics Value (n=41)

Age, years 55 [29–70]

Gender, n (%)

Female 15 (36.6)

Male 26 (63.4)

Performance status, n (%)

0 7 (17.1)

1 28 (68.3)

2 6 (14.6)

Primary site, n (%)

Colon 22 (53.7)

Rectum 19 (46.3)

Prior enterectomy, n (%)

Yes 34 (82.9)

No 7 (17.1)

Number of organs with metastases, n (%)

≤2 16 (39.0)

>2 25 (61.0)

Prior treatments, n (%)

Fluoropyrimidine 41 (100.0)

Oxaliplatin 40 (97.6)

Irinotecan 40 (97.6)

Bevacizumab 10 (24.4)

Cetuximab 20 (48.8)

Number of therapy lines, n (%)

2 30 (73.2)

≥3 11 (26.8)

KRAS status, n (%)

Wild-type 21 (51.2)

Mutant 13 (31.7)

Unknown 7 (17.1)

Figure 1 Kaplan-Meier plots of PFS (A) and OS (B) after apatinib 
treatment.
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toxicities were HFS (6/41, 14.6%), hypertension (5/41, 
12.2%), leukopenia (5/41, 12.2%), proteinuria (4/41, 
9.8%), neutropenia (4/41, 9.8%), diarrhea (2/41, 4.9%), 
fatigue (1/41, 2.4%) and hyperbilirubinemia (1/41, 2.4%) 
(Table 3). There was no statistically significant PFS or OS 
with apatinib-related common AEs: HFS, hypertension, 
proteinuria and leukopenia (Table 4).

Discussion

To the best of our knowledge, this is the first study to report 
the efficacy and safety of apatinib as salvage therapy in mCRC.

Fluorouracil-based chemotherapy, which is widely used 
in routine mCRC treatment and targeted therapy, including 
anti-EGFR and anti-VEGF therapy, has demonstrated 

Table 2 Univariate analysis of PFS and OS

Characteristics
PFS OS

Months 95% CI P value Months 95% CI P value

Age, years 0.63 0.07

<65 3.4 2.7–4.1 9.4 8.6–10.1

≥65 2.0 0.8–3.2 7.6 6.7–8.5

Gender 0.85 0.94

Male 3.0 1.8–4.2 9.1 8.0–10.2

Female 2.7 1.9–3.4 8.6 7.7–9.6

PS 0.12 0.82

0–1 3.0 2.4–3.8 8.9 8.0–9.8

2 1.2 0.4–2.0 6.2 5.0–7.5

Primary site 0.68 0.09

Colon 3.3 2.7–3.9 9.1 8.0–10.3

Rectum 2.4 0.7–4.0 7.4 7.4–9.0

Prior enterectomy 0.25 0.06

Yes 2.9 2.0–3.9 8.9 7.8–10.0

No 2.4 1.4–3.3 7.4 4.5–10.5

Number of organs 
with metastases

0.31 0.18

≤2 3.3 2.5–4.2 9.1 8.2–10.0

>2 2.3 1.3–3.5 8.2 6.7–9.7

Number of  
therapy lines

0.23 0.28

2 2.3 1.9–2.8 8.1 6.9–9.5

≥3 3.4 2.9–4.0 10.2 8.6–11.6

Kras status 0.61 0.69

Wild-type 3.4 2.4–4.4 8.9 8.2–9.6

Mutant 2.4 1.0–3.7 8.2 6.0–10.4

Unknown 2.7 1.9–3.5 9.1 6.5–11.7
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improved outcomes for mCRC (13,14). Nevertheless, these 
patients had very limited options if the abovementioned 
therapies failed. Regorafenib has been approved for the 
salvage treatment of patients with advanced and heavily 
treated CRC based on two phase III randomized controlled 
trials (15,16). Nonetheless, it was not approved in China 
until May 6, 2017. Under such circumstances, we used 
apatinib for treating patients with mCRC who were 
refractory to standard therapies.

It has been reported that a 500 mg/day dose of apatinib 

is effective in pretreated metastatic triple-negative breast 
cancer (TNBC), with encouraging rates of SD and PFS; 
and that most AEs were mild to moderate in severity  
(grades 1–2) (17). In the present study, considering that 
most of the patients had declining performance status  
(PS ≥1, 82.9%) after two or more lines of therapies, we used 
500 mg of apatinib as the starting dose.

In the present study, the median PFS and OS in patients 
was 2.9 and 8.9 months, which were observed to be similar 
to that of regorafenib (3.2 and 8.8 months) in the CONCUR 
trial (16). There were 31 patients who were never treated 
with anti-angiogenesis before using apatinib. The mOS 
of these patients seemed to be better than regorafenib 
reported by Riechelmann in 2018 ASCO GI (18).  
We think that use of anti-angiogenesis before maybe a 
factor affecting the efficacy of apatinib.

In univariate analysis, all parameters were not statistically 
significant, but we found that the mOS seemed to have a 
prolonged trend in patients younger than 65 years old or 
patients with primary site located in the colon or those 
having enterectomy. We think that more cases are needed to 

Figure 2 Kaplan-Meier plots of PFS (A) and OS (B) of sub-groups 
by Kras status.
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Table 3 Analysis of safety in patients

Adverse event
Any grade,  

n (%)
Grade 3 or 4,  

n (%)

Hematologic

Leukopenia 12 (29.3) 5 (12.2)

Neutropenia 9 (22.0) 4 (9.8)

Anemia 6 (14.6) 0 (0)

Thrombocytopenia 7 (17.1) 0 (0)

Non-hematologic

Hand-foot syndrome 18 (43.9) 6 (14.6)

Hypertension 16 (39.0) 5 (12.2)

Proteinuria 12 (29.3) 4 (9.8)

Diarrhea 6 (14.6) 2 (4.9)

Fatigue 9 (22.0) 1 (2.4)

Hyperbilirubinemia 8 (19.5) 1 (2.4)

Decreased appetite 10 (24.4) 0 (0)

Catarrh 7 (17.1) 0 (0)

Constipation 7 (17.1) 0 (0)

Hoarseness 6 (14.6) 0 (0)

Elevated transaminase 6 (14.6) 0 (0)
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determine whether these factors are associated with better 
prognosis.

Numerous studies  have proved that  the tumor 
mutational status is one of the important determinants 
of the response of metastatic colorectal cancer (mCRC) 
to targeted treatments. In the present study, we did not 
find the different survival in patients treated with apatinib 
accordingly to their K-ras status (wild-type/mutation) 
which was similar to Regorafenib (15). However, the tumor 
genotype obtained at the time of diagnosis might not 
accurately represent the genotype of real-time after multiple 
lines of treatment (19). We wonder whether it is necessary 
to analyze tumor genotype in real time to predict the 
clinical activity of apatinib and assess prognosis in patients 
with mCRC.

Notably, more than 30 patients had the responses of 
SD in the study, and only four patients were PR (9.8%). 
Using RECIST version to evaluate the response of 
therapy, no change was observed in tumor size in some 
of the patients who had tumor cavitation, particularly in 
the lungs, or who had reduced central tumor density in 
the liver based on CT scan. We believe that there was 
limitation in the use of RESICIST for evaluation of the 
apatinib response. In some studies, changes have been 
made to criteria used to evaluate the tumor response of 
antiangiogenic agents. For instance, Choi was used to 

evaluate imatinib in GIST (20). In other studies, MASS 
was used to evaluate sunitinib in renal cancer (21),  
while mRECIST was used to evaluate sorafenib in 
hepatocellular carcinoma (22). Therefore, there is an urgent 
need for appropriate criteria that combines the size and 
density of tumors, to evaluate antiangiogenic agents such as 
bevacizumab and apatinib.

In this study, the most frequently observed AEs of 
apatinib for all grades were hypertension, HFS, proteinuria 
and leukopenia; which are the most common AEs of 
antiangiogenic agents (23,24). The grade 3/4 toxicities 
were HFS, hypertension, leucopenia, proteinuria and 
neutropenia; and these were mild to moderate in severity. 
Hoarseness, which has not been reported in other studies 
(8-10) was observed in six patients. It could be relieved by 
prednisone, and we estimated that hoarseness was caused 
by the edema of the vocal cords. There was no statistical 
correlation between apatinib-related AEs with PFS and 
OS though it was reported that presence of hypertension, 
proteinuria, or HFS during the first cycle of apatinib 
treatment was viable biomarkers of antitumor efficacy in 
patients with metastatic gastric cancer (25). 

Conclusions

The present results suggest that apatinib could be efficiently 

Table 4 Univariate analysis of apatinib-related common adverse events with PFS and OS

Variables
PFS OS

Months 95% CI P value Months 95% CI P value

Hand-foot 
syndrome

0.64 0.39

Grade 0–2 3.0 2.3–3.7 9.1 8.4–9.8

Grade 3–4 3.4 1.2–5.7 6.4 4.0–8.3

Hypertension 0.17 0.18

Grade 0–2 3.0 2.0–4.0 8.3 7.7–9.0

Grade 3–4 1.2 0.9–1.5 9.4 8.3–10.5

Proteinuria 0.21 0.14

Grade 0–2 2.7 1.6–3.8 9.1 8.4–9.8

Grade 3–4 4.3 1.7–6.9 8.1 7.7–8.5

Leukopenia 0.35 0.23

Grade 0–2 3.4 2.4–4.4 7.6 6.5–8.6

Grade 3–4 2.4 1.0–3.7 6.5 5.4–7.6
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used for the salvage treatment of mCRC with a manageable 
side effect profile, which needs to be further confirmed by 
prospective studies with lager numbers of patients in mCRC.
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