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Yüksek Anjiyojenik Faktör Seviyeleri Kolorektal Kanser Karaciğer Metastazları İçin 
Transarteriyel Radyoembolizasyon Sonrası Kötü Prognozu Öngörebilir

Abstract
Objectives: To analyze the change in circulating angiogenic factor levels after transarterial radioembolization (TARE) for colorectal cancer liver 
metastases (CRCLMs) and its prognostic significance.
Methods: Blood samples immediately before TARE and on 1 day, 1 week and 6 weeks after were collected for angiogenic factor analysis in 23 
patients. 
Results: Patients with elevated serum basic fibroblast growth factor and platelet-derived growth factor levels in the 1st week and vascular 
endothelial growth factor (VEGF) levels in the 6th week after TARE had significantly shorter median overall survival (OS) times.
Conclusion: Some early increases in serum angiogenic factor levels and in serum VEGF in the 6th week after TARE for CRCLMs are related to short 
OS and progression-free survival.
Keywords: Colorectal cancer, liver metastasis, transarterial radioembolization, serum angiogenic factors

Öz
Amaç: Kolorektal kanser metastazları için transarteriyel radyoembolizasyon (TARE) sonrası dolaşımda anjiyojenik faktörlerin seviyelerindeki 
değişikliklerin analiz edilmesidir. 
Yöntem: Anjiyojenik faktör analizi için 23 hastada TARE’den hemen önce, 1. günde, 1. haftada ve 6 hafta sonra kan örnekleri toplandı.
Bulgular: TARE sonrası 1. haftada bazik fibroblast büyüme faktörü ve platelet kaynaklı büyüme faktörü seviyelerinde ve 6. haftada vasküler 
endotelyal büyüme faktörü (VEGF) seviyelerinde artış olan hastalarda medyan genel sağkalım süreleri istatistiksel olarak daha kısaydı. 
Sonuç: Bazı anjiyojenik faktör seviyelerinde erken yükselişler ve kolorektal kanser metastazları için TARE sonrası 6. haftada serum VEGF seviyelerinde 
artış olması kısa genel sağkalım ve progresyonsuz sağkalım ile ilişkilidir. 
Anahtar kelimeler: Kolorektal kanser, karaciğer metastazı, transarteriyel radyoembolizasyon, serum anjiyojenik faktörler
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Introduction 

The liver is the most common metastasis site of colorectal 
cancer (CRC) and a major cause of death (1). The only 
curative treatment choice is surgery; however, it is 
impossible for most patients, and palliative options such as 
systemic treatments may be administered instead (2). Local 
treatment options should be considered for patients for 
whom systemic treatments fail. Specifically, transarterial 
radioembolization (TARE) might be an alternative for these 
patient groups (3).

Ideal candidates for TARE for colorectal cancer liver 
metastases (CRCLMs) are those with liver-dominant, 
unresectable, and chemorefractory tumors (4,5). Resin 
microspheres with diameters of 30-40 mm embedded with 
Yttrium-90 (Y-90) are delivered to the hepatic artery via a 
catheter. The microspheres become lodged in the arteriolar 
system of the tumor and cause necrosis due to radiation and 
embolic effects (6,7,8). Despite the promising outcomes 
for CRCLM, not all patients show a good response to TARE. 
Moreover, some patients experience rapid progression of 
extrahepatic disease following TARE. One of the possible 
explanations is an increase in circulating angiogenic 
factor levels after TARE and their effects on extrahepatic 
progression. Because both radiation and embolization 
promote angiogenesis, it has been hypothesized that 
increases in proangiogenic cytokines or decreases in 
cytokines that inhibit angiogenesis may affect the response 
to TARE (9,10,11). Measuring these markers might 
therefore have predictive value for treatment response to 
TARE. If increases in circulating angiogenic factor levels can 
be proven to be related to prognosis, concomitant use of 
anti-angiogenic treatments with TARE may improve patient 
outcomes.

To date, only three studies have focused on angiogenic 
markers after TARE (9,12,13,14), and one included only 
hepatocellular cancer (HCC) patients (12). Considering the 
limited data on this topic, in our pilot study, we included 
patients with CRCLM and measured circulating angiogenic 
factors and baseline levels at different time points after 
TARE. The primary goal of this study was to determine 
whether there is a change in circulating angiogenic factor 
levels after TARE with resin microspheres and to investigate 
possible prognostic importance. We also compared the 
baseline circulating angiogenic factor levels of patients with 
and without extrahepatic disease as a secondary objective.

Materials and Methods 

This prospective study was approved by the Ankara 
University Faculty of Medicine, Local Institutional Ethical 
Committee (decision number: 01-14-16) and supported 

by a research grant from the Nevin Baykent Health and the 
Education Foundation. Inclusion criteria were as follows: 
Older than 18 years, the existence of inoperable CRCLM, fit 
the criteria for TARE, and provided informed consent for the 
trial. The exclusion criteria were as follows: Younger than 
18 years, prior history of bevacizumab therapy, coexistence 
of a secondary malignancy, and any contraindications for 
TARE. Written informed consent was obtained from all 
participants. All patients who fitted the inclusion criteria 
and received TARE between March 2016 and May 2019 
for the treatment of CRCLM were included in the analysis. 
Pretreatment tumor load of the liver was evaluated by 
computed tomography (CT) or magnetic resonance imaging 
of the liver. Pretreatment 18fluorine-fluorodeoxyglucose 
(18F-FDG) positron emission tomography (PET)/CT was 
performed to assess the extrahepatic tumor load. After the 
TARE, none of the patients received additional treatment 
until the 6th week. Treatment response and extrahepatic 
disease progression were evaluated using 18F-FDG PET/
CT using the PERCIST 1.1 criteria, which is based on the 
percent change in metabolic activity at the 6th week of 
follow-up. The outline of the study design is given in 
Figure 1.

Figure 1. Outline of the clinical evaluations and study procedures
CT: Computed tomography, MRI: Magnetic resonance imaging, 18F-FDG: 18Fluorine-
fluorodeoxyglucose, PET: Positron emission tomography, TARE: Transarterial 
radioembolization
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Transarterial Radioembolization 

The widely accepted parameters of liver reserve, bone 
marrow reserve (granulocytes >1500/µL, platelets >60000/
µL), and hepatic vascularity were used as inclusion and 
exclusion criteria for TARE. Liver reserve was assessed on 
serum bilirubin, aspartate transaminase (AST), alanine 
transaminase (ALT), gamma glutamyl transferase (GGT), and 
alkaline phosphatase (ALP) levels. For radioembolization, 
bilirubin levels below 2 mg/dL AST, ALT and ALP levels 
less than five times the standard upper limit was required. 
The candidate patient provided written informed consent. 
The Y-90 dose was adjusted according to the following 
body surface area (BSA) method: Activity (GBq) = (BSA -0.2) 
+ tumor volume/total liver volume. Tumor and liver volumes 
were calculated from CT images. The lung shunt fraction 
was calculated from hepatic artery perfusion scintigraphic 
images. Mean absorbed dose thresholds were accepted 
as 120 Gy for tumors, 50 Gy for non-tumorous liver tissue 
and 20 Gy for the lung. The Y-90 resin microspheres (Sirtex 
Medical) were injected through selective catheterization of 
the hepatic artery catheter under intermittent fluoroscopic 
visualization. A right femoral puncture was performed 
using the landmark technique, where the maximal pulse 
was palpated; left femoral puncture was performed 
if right femoral access could not be achieved because 
of underlying vascular pathology. For hepatic arterial 
catheterizations, either the celiac truncus or superior 
mesenteric artery was selectively catheterized with an 
appropriate 5 F catheter (Sim2, C2, RDC, or sim 1; Imager 
II Boston Scientific Corp., Natick, MA, USA or Terumo 
Medical Corp., Tokyo, Japan). After selective catheterization 
of the artery, a 2.7 F microcatheter set with a 0.021-inch 
guidewire (Progreat; Terumo Medical Corp., Tokyo, Japan) 
was used for superselective catheterization of the tumor 
feeders coaxial. Subsegmental, selective right, or selective 
left hepatic arterial catheterization decisions were made 
according to the vascularity patterns of the tumors on DSA 
images. If <2 hepatic segments were involved in diagnostic 
images, subsegmental catheterization was performed for 
ablative purposes. Within 1-24 hours after microsphere 
infusion, Bremsstrahlung images were obtained to confirm 
that Y-90 was deposited only in the liver. For patients 
with bilobar disease, TARE was applied in two separate 
sequences. All patients were hospitalized overnight, and 
medications (e.g., analgesics, antiemetic, H2

 antagonists) 
were administered if necessary. All patients were closely 
monitored until acute or late toxicities were resolved.

Angiogenic Factor Measurements

Blood samples immediately before TARE and on 1 day, 1 
week and 6 weeks after were collected for angiogenic 

factor analysis. Serum vascular endothelial growth factor 
(VEGF), angiopoietin-2 (Ang-2), basic fibroblast growth 
factor (bFGF), hepatocyte growth factor (HGF) and 
platelet-derived growth factor (PDGF) measurements 
were performed by ELISA using the quantitative sandwich 
enzyme immunoassay technique.

Statistical Analysis

Descriptive data are expressed as median [minimum 
(min)-maximum (max)] or mean ± standard deviation (SD) 
values. The Mann-Whitney U test was used to compare 
the difference between the two groups in terms of non-
normally distributed variables. Differences among the four 
time points for circulating angiogenic factor levels were 
evaluated by the Friedman test. When the p value from the 
Friedman test showed statistical significance, Bonferroni 
correction was applied for multiple comparisons. Nominal 
variables were tested by Fisher’s Exact test. Survival 
estimations were performed using the Kaplan-Meier 
algorithm, and comparison between groups was evaluated 
with the log-rank test. A p value less than 0.05 was 
considered significant. SPSS version 20.0 (IBM, Chicago, 
Illinois, USA) was used for the statistical analysis.

Results

Patients

Twenty-three patients (median age: 64, min-max: 45-
78; 3 female and 20 male) with inoperable CRCLM 
were included in the study. All patients had inoperable 
liver-dominant or liver-only metastases and fitted the 
inclusion criteria. While the primary tumor was operable 
in 21 patients, it was inoperable in 2 patients. All patients 
had received chemotherapy and had chemorefractory 
or recurrent disease before TARE. Primary tumors were 
located in the right, left colon and rectum in 12 (52%), 
8 (35%) and 3 (13%) patients, respectively. Surgical liver 
resection was performed in 4 (17%) patients; transarterial 
chemoembolization (TACE) was applied in 16 (70%) cases 
before the TARE. All patients had received one-line systemic 
chemotherapy for liver metastases before consideration for 
TARE; 16 (70%) patients received FOLFOX and 7 (30%) the 
FOLFIRI regimen. The median time between the last cycle 
of chemotherapy and TARE was (3 months, min-max: 1-5 
months). The number of liver tumors was 1-5 in 5 (22%), 
6-10 in 8 (35%) and >10 in 10 (43%) patients. The mean 
tumor diameter was calculated as 34.6±12.7 mm. The 
pretreatment mean levels of serum ALT, AST, GGT and ALP 
were 44.13±37.7 IU/L, 35.56±29.3 IU/L, 217.5±264.5IU/L, 
and 231.86±182.1IU/L, respectively. Before the TARE, 
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extrahepatic disease was detected in 12 (52%) patients, 
located in the lymph nodes, lungs and bones in 8 (35%), 3 
(13%) and 1 (4%), respectively. TARE was administered to 
both the right and left liver lobes in 5 (22%), 15 (65%) and 
3 (13%) patients, respectively. 

Angiogenic Factor Analyses

Baseline measurements of median serum angiogenic 
factor levels of patients with and without extrahepatic 
disease were not significant (Table 1). In the entire patient 
group, a slight increase in the median values of several 
angiogenic factors in the 1st day or in the 1st week after 
TARE was observed. While at the 1st day median values 
of all angiogenic factors except HGF were elevated, at 
the 1st week only median values of VEGF and Ang-2 were 
done. By the 6th week, serum VEGF levels were significantly 
decreased compared to on the 1st day and in the 1st week 
(Figure 2). An increase in any angiogenic factor level was 
seen in 21 (91%) patients on the 1st day, and increases were 
found in 21 (91%) and 17 (74%) patients in the 1st and 6th 
weeks. In three patients, all of the angiogenic factor levels 
were elevated on the 1st day and in the 1st week. Changes 
in the median values of serum angiogenic factor levels are 
summarized in Table 2. 

Follow-up and Survival Analyses

The survivors in this study had a minimum follow-up time of 
4 months. There was an insignificant difference between 
baseline median angiogenic factor levels of those patients 
with overall survival (OS) longer than 6 months and those 
with OS shorter than 6 months (Table 3). 

By the 6th week of follow-up, disease progression in the 
treated liver lobe was seen in 7 (30%) patients, and 

extrahepatic metastases were detected in 12 (52%). Some 
of the mean ± SD values of circulating angiogenic factor 
levels of the patients with and without progression in 
the treated liver lobe in the 6th week of follow-up were 
significantly different (Table 4, Figure 3); mean ± SD 
Ang-2 levels on the 1st day for patients with and without 
extrahepatic disease progression in the 6th week also 
differed significantly (Figure 4).

In the follow-up period, 16 (70%) patients had died by 
the median 20 months follow-up period (min: 3, max: 
43). Patients with elevated serum bFGF and PDGF levels in 
the 1st week after TARE had significantly shorter median 
OS times than those without elevated levels [for FGF; 
5.0±0.7 (95% confidance interval (CI); 3.7-6.3) months 
vs. 11.0±2.1 (95% CI; 7.0-15.0) months, p=0.004; for 

Table 1. Descriptive data of baseline angiogenic factor levels of patients with and without extrahepatic disease

Extrahepatic disease VEGF Ang-2 bFGF HGF PDGF

Absent

N 11

 
*p=0.087
 

11

*p=0.83

11

*p=0.074

11

*p=0.68

11

*p=0.95

Mean 2.30 2.70 39.17 1.76 12.96

SD 1.56 1.96 20.89 1.51 5.57

Median 2.79 2.24 34.11 1.11 10.37

Minimum 0.30 0.34 18.25 0.50 7.43

Maximum 4.26 7.24 92.46 5.64 23.34

Present

N 12 12 12 12 12

Mean 1.13 2.39 25.45 1.20 15.26

SD 1.08 1.56 10.68 0.48 11.45

Median 0.93 2.06 23.42 1.09 13.50

Minimum 0.13 0.73 10.00 0.57 2.20

Maximum 3.93 6.47 45.50 2.11 42.29

*Mann-Whitney U test, N: Number, SD: Standard deviation, VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: 
Hepatocyte growth factor, PDGF: Platelet-derived growth factor

Figure 2. Boxplots of median serum VEGF levels after transarterial 
radioembolization for different time points 
VEGF: Vascular endothelial growth factor, ng/mL: Nanogram per milliliter
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PGDF; 5.0±2.2 (95% CI; 0.8-9.2) months vs. 16.0±3.3 

(95% CI: 9.4-22.6) months, p=0.013] (Figure 5). Patients 

who had elevated serum VEGF levels in the 6th week also 

had significantly shorter median OS times than those who 

did not [11.0±0.0 months vs. 16.0±1.2 (95% CI; 13.7-

18.3) months, p=0.034] (Figure 5). Moreover, patients 

with elevations of all of the angiogenic factors in the 1st 
week had shorter median OS times than those who did not 
[5.0±0.0 months vs. 11.0±0.8 (95% CI; 9.5-12.5) months, 
p=0.007] (Figure 5). 

Disease progression occurred in 16 (70%) patients. Patients 
with elevated bFGF levels in the 1st week after TARE had 

Table 2. Change in median serum levels of different angiogenic factors at different time points

Angiogenic factor Baseline 
(median, min-max)

1st day 
(median, min-max)

1st week 
(median, min-max)

6th week 
(median, min-max) *p value

VEGF (ng/mL) 1.20 (0.13-4.26) 1.35 (0.20-4.74) 1.65 (0.20-4.58) 0.82 (0.11-3.38) 0.006

Ang-2 (ng/mL) 2.10 (0.34-7.24) 2.36 (0.63-6.83) 2.86 (0.30-7.13) 2.43 (0.06-7.26) 0.25

bFGF (ng/mL) 27.93 (10.00-92.46) 30.06 (6.5-63.38) 27.31 (8.1-64.92) 30.35 (4.86-77.81) 0.67

HGF (ng/mL) 1.11 (0.50-5.64) 1.04 (0.53-8.49) 1.09 (0.45-4.17) 1.04 (0.33-3.85) 0.79

PDGF (ng/mL) 11.34 (2.2-42.29) 12.98 (2.35-32.31) 11.37 (3.36-43.12) 10.79 (1.74-38.99) 0.53

*Bonferroni-corrected p values are given. VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: Hepatocyte growth factor, 
PDGF: Platelet-derived growth factor, N: number, min: Minimum, max: Maximum

Table 3. Descriptive data of baseline angiogenic factor levels of patients who did or did not have overall survival longer 
than 6 months

Overall survival VEGF Ang-2 bFGF HGF PDGF

<6 months

N 10

*p=0.95

10

*p=0.13

10

*p=0.75

10

p=0.44

10

*p=0.15

Mean 1.8 3.3 36 1.56 17.1

SD 1.5 2.2 23.8 0.84 10.4

Median 1.8 2.9 29.7 1.63 16

Minimum 0.1 0.7 10.3 0.5 6.12

Maximum 4.3 7.2 92.5 2.72 42.3

>6 months

N 13 13 13 13 13

Mean 1.6 1.9 28.9 1.4 11.9

SD 1.4 0.9 1.3 1.3 7.35

Median 1.1 1.9 1.04 1.04 9.93

Minimum 0.3 0.3 0.61 0.61 2.2

Maximum 3.9 3.4 5.64 5.64 30.9

*Mann-Whitney U test. VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: Hepatocyte growth factor, PDGF: Platelet-
derived growth factor, N; Number, SD: Standard deviation

Table 4. Significant difference in circulating angiogenic factor levels of patients with and without progression of the 
treated liver lobe at the 6th week of follow-up

Progression on the 
treated liver lobe 
at the 6th week 
follow-up

Circulating VEGF 
(mean ± SE, ng/
mL) level at the 6th 
week

Circulating PDFG 
(mean ± SE, ng/
mL) level at the 
baseline

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 24th 
hour

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 1th 
week

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 6th 

week

Negative 3.1±0.2 12.5±1.6 12.3±1.5 11.7±1.7 11.0±1.3

Positive 3.3±0.5 16.2±5.4 16.2±4.2 16.9±5.6 15.1±4.7

*p value 0.031 0.007 0.007 0.007 0.022

*Mann-Whitney U test, negative and positive not descriptive. VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor, SE: Standard error
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significantly shorter median progression-free survival (PFS) 
than those without elevated bFGF levels [2.0±0.1 (95% 
CI, 2.0-2.1) months vs. 5.2±1.5 (95% CI, 1.6-9.0) months, 
p=0.050].

Discussion

Angiogenesis is a complex process that is still not fully 
understood. Antiangiogenic drugs have been developed for 

cancer treatment because the activation of the angiogenic 
process responds to hypoxia. Several studies have focused 
on angiogenic factors after transarterial treatments of liver 
tumors (9,14,15,16,17,18,19). However, most of them 
have been designed to evaluate the angiogenic response 
after TACE for HCC (16,17,18,19). In contrast, data on the 
angiogenic response after TARE for CRC liver metastases 
are limited to two studies (9,13). For this reason, in this 

Figure 3. Boxplots representing significant distributions of median serum 
VEGF and PDGF levels of patients who had progression on treated liver 
lobe in the 6th week of follow-up
VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor, 
Negative: No progression, Positive: Progression

Figure 4. Boxplots representing significant distributions of mean Ang-
2 levels of patients who had extrahepatic disease progession in the 6th 

week of follow-up
Ang-2: Angiopoietin-2, Negative: No progression, Positive: Progression

Figure 5. Kaplan-Meier survival curves of patient groups with significant overall survival differences according to elevated and non-elevated levels of 
different angiogenic factors at different time points. You have studied 5 angiogenic factors, but why only 2 parameters are included. why some week 
1 and some week 6. It might be more descriptive if you elaborate more in the results section
bFGF: Basic fibroblast growth factor, VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor
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pilot study, we analyzed the angiogenic response after 
TARE in CRCLM patients.

First, we evaluated the change in circulating angiogenic 
factor levels after TARE. An increase in most of the 
angiogenic factor levels was observed on the 1st day or in 
the 1st week after TARE. Moreover, in 91% of patients, at 
least one angiogenic factor level was increased on the 1st 
day and in the 1st week after treatment. Additionally, serum 
levels of circulating VEGF and PDGF for different time points 
were significantly different among patients who responded 
and did not respond to treatment. Similarly, Rosenbaum et 
al. (13) found a significant increase in serum VEGF, HGF 
and Ang-2 levels after TARE in 42 CRCLM patients. Carpizo 
et al. (9) also reported an increase >50% over the baseline 
in serum angiogenic factor levels in patients who received 
TARE for HCC and CRCLMs. Consideration of the results of 
these three studies reveals that an angiogenic response after 
TARE is observed in at least one group of patients, and it 
seems to be related to treatment response. Antiangiogenic 
treatment combinations might be a valuable option for 
these patients. Antiangiogenic treatment may help prevent 
early progression by increasing oxygenation of the tumor 
via the normalization of the blood supply. In three large 
prospective trials, TARE was combined with antiangiogenic 
treatments in subgroups of patients (20,21). However, 
subgroup analysis of patients who received or did not 
receive bevacizumab has not yet been reported. Moreover, 
when considering the elevation of different angiogenic 
factor levels, multitarget agents might be more beneficial 
than bevacizumab.

Similar to our study, Carpizo et al. (9) evaluated the 
prognostic importance of circulating angiogenic factors in 
CRCLM patients and found that baseline cytokine levels 
in patients with OS <6 months differed significantly from 
those with longer survival. In our analysis, we did not 
find any difference between baseline angiogenic factor 
levels of patients with longer and shorter (<6 months) OS. 
In contrast to a previous report, we performed Kaplan-
Meier analysis of patient groups based on the elevation of 
angiogenic factor levels after TARE. We observed that the 
elevation of serum bFGF and PDGF levels in the 1st week 
and in serum VEGF levels in the 6th week of treatment 
has a prognostic value in the prediction of OS after TARE. 
Moreover, we performed PFS analysis and found that the 
elevation of serum bFGF levels in the 1st week seemed to 
predict PFS after TARE.

Lastly, we analyzed the difference in baseline circulating 
angiogenic factor levels of patients with and without 
extrahepatic disease. Although the finding was not 

statistically significant, some of the baseline levels of 
circulating angiogenic factors were higher in patients with 
extrahepatic disease; this difference in baseline VEGF and 
bFGF levels was nearly significant. A small number of 
patients included in our analysis might account for the low 
significance; therefore, a larger patient population may 
improve the significance of these differences.

Study Limitations

A major limitation of our study was the relatively small 
number of patients included. Some calculated values 
that did not reach the significance level may have been 
proven to be significant if applied to data for a larger 
study population. Additionally, if the frequency of blood 
samples collected was higher, the trend of the angiogenic 
response depending on time might be demonstrated 
more precisely. We cannot reach the details of the 
previously given TACE procedures. compared with the 
TARE, TACE has significant hypoxic effects, especially if 
larger particles are used; furthermore, some professionals 
attempt to achieve complete arterial blockage for success. 
Therefore, previous procedures might have affected the 
baseline levels of angiogenic factor levels. Last, additional 
different angiogenic factors should be examined to allow 
for documentation of a wide profile of angiogenic factor 
changes following TARE.

Despite its limitations; differently from previous analyses, 
our study demonstrated a relationship between elevation 
of different serum angiogenic factor levels and overall 
and progression free survival times after TARE in patients 
with CRCLMs. Based on the results of our analysis, which 
contributes to the limited data in the literature, various 
circulating angiogenic factors seem to have prognostic 
importance for patients who receive TARE for CRCLMs. An 
early elevation of circulating angiogenic factor levels was 
found in most of the patients after treatment. Some of 
these elevations seem to be related to treatment response, 
OS and PFS. Future larger prospective studies would help 
clarify the relationship between angiogenic response and 
prognosis of patients with CRCLMs. Combined treatment 
with antiangiogenic agents and TARE might be a suitable 
option to improve patient outcomes in the future.

Conclusion

Some early increases in serum PDGF, bFGF and Ang-2 levels 
and increases in serum VEGF in the 6th week after TARE are 
related to a poor treatment response and short overall and 
progression-free survival times for patients with CRCLMs. 
If outcomes of our analyses would be supported with 
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further studies, combined treatment options would be 
standardized to improve survival of patients with CRCLMs. 
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