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The effect of antiangiogenic agent aflibercept on surgically 
induced endometriosis in a rat model
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Abstract

Objective: The aim of the study is to show for the first time how aflibercept affects endometriosis lesions. 
Material and methods: Surgically induced endometriosis in Wistar albino female rats. Rats with endometriosis were ran-
domly divided into three groups: control (Co), aflibercept (Af), and leuprolide acetate (Le). Then, Af, aflibercept, and Le re-
ceived leuprolide acetate. The control group was not treated. The weights and changes in intra-abdominal adhesions of the 
rats before and after treatment were recorded according to the Blauer adhesion score. Blood extracted for sacrifice was 
analyzed. Endometriotic lesions were evaluated for size, volume, histology, and immunohistochemistry (vascular endothelial 
growth factor [VEGF] and CD31). Significance level was accepted as p < 0.05. Results: Aflibercept significantly reduced 
endometrial implant volume (p = 0.002). The explant epithelial histological score showed a significant difference between 
aflibercept and leuprolide acetate (p = 0.006) and between aflibercept and control groups (p = 0.002). Aflibercept decreased 
VEGF-H and CD31 expression (p = 0.001) more than leuprolide acetate. Aflibercept improved adhesions (p = 0.006). Con‑
clusion: Aflibercept is more successful than leuprolide acetate in the treatment of endometriosis.

Keywords: Aflibercept. Leuprolide acetate. Angiogenesis. Endometriosis. Vascular endothelial growth factor.

Resumen

Objetivo: Mostrar por primera vez cómo afecta aflibercept a las lesiones de endometriosis. Material y métodos: Endometriosis 
inducida quirúrgicamente en ratas hembras albinas Wistar. Las ratas con endometriosis se dividieron aleatoriamente en tres gru-
pos: control (Co), aflibercept (Af) y acetato de leuprolida (Le). Luego, Af, aflibercept y Le recibieron acetato de leuprolida. El grupo 
de control no fue tratado. Los pesos y cambios en las adherencias intraabdominales de las ratas antes y después del tratamien-
to se registraron de acuerdo con la puntuación de adherencia de Blauer. La sangre extraída para el sacrificio fue analizada. Las 
lesiones endometriósicas se evaluaron en tamaño, volumen, histología e inmunohistoquímica (factor de crecimiento endotelial 
vascular [VEGF] y CD31). El nivel de significación se aceptó como p < 0.05. Resultados: Aflibercept redujo significativamente el 
volumen del implante endometrial (p = 0.002). La puntuación histológica epitelial (EHS) del explante mostró una diferencia signi-
ficativa entre aflibercept y acetato de leuprolida (p = 0.006) y entre los grupos de aflibercept y control (p = 0.002). Aflibercept 
disminuyó la expresión de VEGF-H y CD31 (p = 0.001) más que el acetato de leuprolida. Aflibercept mejoró las adherencias 
(p = 0.006). Conclusión: Aflibercept tiene más éxito que el acetato de leuprolide en el tratamiento de la endometriosis.

Palabras clave: Aflibercept. Acetato de leuprolida. Angiogénesis. Endometriosis. Factor de crecimiento del endotelio vascular.
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Introduction

Endometriosis is defined as the presence of a tissue 
similar to the endometrium at sites outside the uterine 
cavity1. It is difficult to determine the actual prevalence 
of endometriosis as it might be aymptomatic in some 
of the affected women and a biopsy is required for a 
definitive diagnosis. However, the prevalence among 
women of reproductive age is estimated to be 10%2. 
Endometriosis frequently presents itself with symp-
toms such as chronic pelvic pain, infertility, dysmenor-
rhea, dyspareunia, dysuria, dysgeusia, and fatigue 
and therefore might have a negative effect on physi-
cal, mental, sexual, or social life and productivity. 
Although the pathophysiology of endometriosis has 
not yet been fully understood, it is known to be closely 
related to inflammation and angiogenesis3,4.

Angiogenesis is necessary for supplying nutrients 
required for implantation and invasion of endometriotic 
implants. Vascularization of lesions is mainly regulated 
by vascular endothelial growth factor (VEGF)5. Afliber-
cept is a recombinant fusion protein containing the 
second Ig domain and the third Ig domain of the VEGF 
receptors (VEGFR1 and VEGFR2, respectively), fused 
to the Fc portion of human immunoglobulin G1 (IgG1)6-8. 
It also binds to VEGF-A, VEGF-B, placental growth 
factor (PlGF)-1, and PlGF-2. Consequently, aflibercept 
acts as a trap for VEGFR by preventing the ligands 
from binding to their respective receptors, and it binds 
to both ends of VEGF very tightly6,9. This binding in-
hibits the biological action of VEGF and prevents the 
abnormal development of blood vessels. Aflibercept is 
also referred to in the literature as “VEGF trap”7.

Aflibercept monotherapy is used in conjunction with 
chemotherapy as it significantly inhibits tumor growth 
and improves survival in various orthotropic animal 
models. It has been experimentally shown that afliber-
cept prevents and slows down the formation of cho-
roidal neovascularization10.

In this pioneering study, we aimed to evaluate the ef-
fect of aflibercept, a recombinant fusion protein that has 
an antiangiogenic effect by inhibiting VEGF on endo-
metriotic foci, and compared the effect of aflibercept 
with leuprolide acetate, a GnRH agonist currently used 
in the routine treatment and the no-treatment group.

Materials and methods

The effects of the antiangiogenic agent aflibercept 
and a gonadotropin analog, leuprolide acetate, on 

ectopic endometrial lesions were compared to the 
control group in a rat model.

Ethical approval

This experiment was conducted in accordance with 
the standards of the Local Ethics Committee Directory 
of Turkish Ministry of Health, Health Sciences Univer-
sity Gülhane animal experiments. The experimental 
animals were obtained from Gülhane Experimental 
Animals Production and Research Unit. As recom-
mended by the Gülhane Animal Studies Ethics Com-
mittee (03.03.21/ETİK-2021/07-21/09), a preliminary 
study was first conducted on two female rats for test-
ing the experimental endometriosis model and the 
experiment was started after the success of the pro-
posed model was confirmed and an approval from the 
Gülhane Animal Studies Ethics Committee was ob-
tained (25.03.21/ETİK-2021/08-21/10).

Animals

A total of 30 female Wistar albino rats were included 
in the study. The 8-week-old rats, weighing 250-
300 g, were kept in temperature-controlled cages 
throughout the study with standard rat chow and ad-
equate water. During the day, each rat was kept in 
special standard cages at 21-24°C and 50% humidity. 
The automatic 12-h light-dark cycle was maintained. 
Rats were kept in the same cage for 20 days to ensure 
estrus.

Surgical procedures

Anesthesia was administered by intraperitoneal ad-
ministration of 90 mg/kg ketamine hydrochloride (Ke-
talar; Eczacıbaşı Warner-Lambert pharmaceutical 
industry, Levent/İstanbul) and 10 mg/kg xylazine hy-
drochloride (Rompun-Bayer, Şişli/İstanbul) for the op-
erations. In immobilized rats, the surgical area was 
shaved in the dorsal position and cleaned with povi-
done-iodine solution for antisepsis.

1st operation

A rat endometriosis model was developed by the 
surgical endometriosis induction method defined by 
Vernon and Wilson11. A 3-cm median skin incision was 
made while protecting the integrity of the intra-abdom-
inal organs, and then, the uterine horns were exposed. 



Cirugía y Cirujanos. 2024;92(1)

12

The right uterine horn was excised after ligating both 
the uterotubal junction and the cervix. The endometrial 
tissue inside the excised horn section was excised to a 
5 × 5 mm piece and then implanted with 4-0 Vicryl su-
tures into the relatively vascular area on the ipsilateral 
inner lateral wall of the abdomen, with the endometrium 
facing the peritoneal surface. After the bleeding was 
controlled, 1 ml of saline was applied to the abdominal 
cavity, and the median incision was closed by continu-
ous suturing using 3-0 Vicryl and prolene sutures ac-
cording to the anatomic plan. Subsequently, all rats 
were transferred to the post-operative unit in separate 
cages. Paracetamol (Parol oral suspension; Atabay İlaç, 
Kadıköy/Istanbul) at a dosage of 100 mg/kg was given 
to the rats in 500 ml of water for pain control during the 
post-operative period. Routine daily feeding of the ani-
mals was continued during the following 3 weeks.

2nd operation

Twenty-one days after the initial surgery, rats under-
went exploratory laparotomy to evaluate endometriotic 
lesions. One rat died during this operation during an-
esthesia was given and was excluded from the study. 
In the remaining 29 rats, the development of endome-
triotic implants at the transplanted areas was con-
firmed. Then, the rats were randomly divided into three 
groups: aflibercept group (Af) n = 12, leuprolide acetate 
group (Le) n = 12, and the control group (Co) n = 5. 
The local ethics committee (25.03.21/ETIK-2021/08-
21/10) recommended recruitment of a reduced number 
of rats to the control group. The rats were numbered 
according to the intra-group tail staining method. The 
volumes (0.52 × width [mm] × length [mm] × height 
[mm]) of all tissues transplanted in the abdominal wall 
3 weeks before and changed into endometriotic struc-
ture were then measured (Fig. 1A). During the examina-
tion, intra-abdominal adhesions were scored according 
to the Blauer scoring system (0-4): 0 = no adhe-
sion, 1 = weak adhesion, 2 = dense adhesion confined 
to a single area, 3 = dense adhesion over a large area, 
and 4 = strong adhesions including internal organs12 
(Fig. 1B and C). Surgery was completed with closure 
of the abdominal cavity with 3-0 Vicryl and prolene. 
Body weights of all rats were measured and 25 mg/kg 
aflibercept (Eylea®; Regeneron, NY, USA) was admin-
istered intraperitoneally (i.p.) in the Af group, and 1 mg/
kg leuprolide acetate (Lucrin Depot; Abbott, Cedex, 
Istanbul) was administered subcutaneously (s.c.), Tur-
key, in the Le group. The doses were based on the 

studies from the literature13,14. The co-group received 
no treatment. The rats received the same post-opera-
tive pain control treatment and they were routinely fol-
lowed up for 21 days until the third operation.

3rd operation

A third laparotomy was performed 21 days after the 
exploratory laparotomy. During this operation, the diam-
eters of endometriotic lesions were measured as done 
during the previous operation. The adhesions were 
scored again according to the “Blauer scoring system” 
for comparison with the pre-treatment scores11. The 
body weights of all rats were measured again. Subse-
quently, all rats were sacrificed by exsanguination. 
Blood samples collected were sent to the laboratory in 
tubes containing ethylenediaminetetraacetic acid 
(EDTA) for analysis. Finally, all endometriotic lesions 
were excised and sent to the pathology laboratory in 
containers containing 10% formaldehyde solution.

Histopathological evaluation

The excised endometriotic tissues were stored in 
containers containing 10% formaldehyde, numbered, 
and sent to the pathology laboratory of Gülhane Train-
ing and Research Hospital, where they were examined 
by the same pathologist (F.A.) who was blinded to the 
study groups. Sections of 5 µm (microns) were taken 
by the microtome (Leica-M225-Thermo HM3555-Ther-
mo scientific). Sections stained with hematoxylin and 
eosin (H&E) were examined under a microscope 
(Nikon® ECLIPSE 80i, Japan) at ×100, ×200 and ×400 
magnifications (Supplementary Figure 1). The persis-
tence of endometrial cells within the endometrial im-
plants was assessed by semiquantitative explant 
epithelial histological scoring (EHS) (score 0-3): 3 = a 
well-preserved epithelial layer, 2 = a moderately pre-
served epithelium with leukocyte infiltration, 1 = a 
poorly preserved epithelium (containing only occasion-
al epithelial cells), and 0 = no epithelium15. The soft-
ware “NIS-Elements D Ver 5.02.03 for 64-bit edition” 
was used for photographing from the microscope.

Immunohistochemical evaluation

Immunohistochemical staining was performed automati-
cally using the Ventana BenchMark XT System (Ventana 
Medical Systems, Roche, Basel, Switzerland). Ultraview uni-
versal 3,3′-diaminobenzidine (DAB) detection kit (Ventana®) 
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was used for automatic immunohistochemistry device. The 
primary antibodies against VEGF (Flt-1/VEGFR1, 0.1 ml 
concentrate 1:501:200 antibody, GenomeME, Richmond 
BC, Canada) and CD31 (JC70, 0.1 ml concentrate 1:251:100 
antibody, Santa Kruz) were used. The slides were evalu-
ated under the microscope, with histological scoring (H-
score) for VEGF as previously described in the literature16-18: 
H-score = ∑Pi i = 0 (negatively stained cells) to i = 3 (highly 
stained cells), P = 1, 2, 3, 4, 5 values < 15%, 15-50%, 50-
85%, > 85%, and 100% positively stained cells, respec-
tively. For the CD31 antibody, the number of CD31-positive 
stained microvessels (endothelial cells/endothelial cell clus-
ters) was calculated per 1 mm2 area5.

Blood parameters

Intracardiac blood samples collected during the sac-
rifice phase by exsanguination were transferred to 
EDTA tubes. Unfortunately, clotting abnormalities oc-
curred in 4 tubes (1 tube from the Af group, 2 tubes 
from the Le group, and 1 tube from the Co group) and 
these tubes were excluded from the study. The remain-
ing 25 blood samples were sent to laboratory for analy-
sis. An automatic analyzer was used to determine the 
hemoglobin level (HGB) (gr/dL), total white blood cell 
count (WBC) (× 10^3 µL), and platelet count (PLT) 
(× 10^\mm^3), which are among the laboratory com-
plete blood count parameters (Mindray BC-6000).

Statistical analysis

The sample size of the study was calculated by 
G-power analysis, and the number of rats required for 

the study was set at 30. Normality assumptions of the 
continuous variables were tested using the Shapiro–
Wilk test. The mean ± standard deviation of the nor-
mally distributed variables and the median values 
(25th-75th percentiles) of the non-normally distributed 
variables are indicated. The Wilcoxon signed-rank test 
was used to compare the parameters of the rats be-
fore and after treatment. One-way analysis of variance 
(one-way ANOVA) was used to compare the normally 
distributed parameters between groups. In case of a 
significant difference, the post hoc Tukey or Games-
Howell test was used according to the result of Lev-
ene’s test for homogeneity of variance. The 
Kruskal–Wallis test was used to compare the param-
eters that were not normally distributed between 
groups. In the case of a significant difference, the 
Mann–Whitney test with Bonferroni correction was 
used to determine from which groups the difference 
originated. IBM SPSS 25 program was used in all 
analyses, and p < 0.05 was accepted as the signifi-
cance level.

Results

Weight of the rats and volume of the endometriotic 
tissue measured at the time of the 2nd and 3rd opera-
tions (pre and post-treatment) were compared in the 
Af, Le, and the control groups. The post-treatment 
weight of both the Co group and the Af group was 
significantly lower than that of the Le group (p < 0.001) 
(Table 1). The weight of the rats increased significantly 
in all groups; 14.89% in the Co group, 8.3% in the Af 
group, and 27.7% in the Le group (Table 1). However, 

Figure 1. Several images captured throughout the experiment. A: appearance compatible with endometriosis on exploration. B: example of 
Blauer adhesion score 1. C: example of Blauer adhesion score 4.

A B C



Cirugía y Cirujanos. 2024;92(1)

14

the increase in weight was statistically significant in 
the Af and Le groups. The endometriotic foci volume 
of the Co group was found to be increased by 333.3% 
during the 3rd operation. However, the volume of the 
endometriotic foci was found to be decreased by 
40.4% in the Le group and 79.5% in the Af group. Al-
though endometriotic foci volume regressed in both Af 
and Le groups, the reduction in the Af group was sta-
tistically significantly higher (p = 0.002) (Table 1).

Intraabdominal Blauer adhesion scores of the three 
groups recorded during the 2nd and 3rd operations 
were compared. No change in the Blauer adhesion 
score was observed in the Le and Co groups, while 
there was a statistically significant decrease in Blauer 
score after treatment with Af (p = 0.006) (Table 1).

Histology of the excised endometriotic tissue obtained 
during the 3rd operation and the immunohistochemical 

assessment of VEGF and CD31 expression in excised 
tissues were compared in the control group with the two 
intervention groups (Table 2). Explant epithelial histo-
logical scoring (EHS) difference among groups was sig-
nificant (p = 0.002) (Table 2). When the persistence of 
endometrial cells within the endometrial implants was 
assessed by semiquantitative explant EHS, none of the 
specimens in the intervention and control groups had a 
score of 0. In the control group, 40% had a score of 2 
and 60% had a score of 3. In the Le group, the distribu-
tion of the scores 1, 2, and 3 was 25.0%, 16.7%, and 
58.3%, respectively. In the Af group, none of the speci-
mens had a score of 3, 75% received a score of 1 while 
the remaining 25% had a score of 2 (Table 3). According 
to Chi-square analysis, when three groups were com-
pared, the p value was 0.07 (Table 3). When the median 
EHS scores were compared, there was a significant 

Table 1. Comparison of groups in terms of weight, endometriotic lesion width, length, height, volume, and Blauer adhesion score

Variables Group Co
(n = 5)

Group Af
(n = 12)

Group Le
(n = 12)

p value Difference 
among groups

Weight (gr)
Before treatment
Post‑treatment

235.00 (215.00‑242.50)
270.00 (245.00‑277.50) c

242.50 (235.00‑253.75)
262.50 (255.00‑273.75) a

235.00 (235.00‑247.50)
300.00 (290.00‑305.00) b

0.282†

 < 0.001†

‑
a < b; c < b

p value 0.042* 0.002* 0.002*

Endometriotic lesion width (mm)
Before treatment
Post‑treatment

6.00 (4.00‑8.00)
8.60 (6.15‑10.05)

9.00 (5.40‑9.10)
5.60 (2.95‑7.15)

5.55 (3.80‑6.68)
5.00 (3.58‑5.52)

0.153†

0.067†

‑
‑

p value 0.043* 0.002* 0.036*

Endometriotic lesion length (mm)
Before treatment
Post‑treatment

4.00 (2.15‑5.05) c
4.50 (3.05‑6.55)

7.40 (5.55‑8.00) a
4.65 (4.00‑6.30)

4.45 (2.82‑5.23) b
3.45 (2.58‑4.40)

0.004†

0.175†

b < a; c < a
‑

p value 0.042* 0.012* 0.006*

Endometriotic lesion height (mm)
Before treatment
Post‑treatment

1.50 (1.25‑2.45) c
2.50 (1.65‑5.10)

3.65 (2.90‑4.57) a
1.85 (1.55‑2.08)

2.05 (1.45‑2.88) b
1.50 (1.00‑2.50)

0.002†

0.230†

b < a; c < a
‑

p value 0.043* 0.002* 0.016*

Endometriotic lesion volume (mm3)
Before treatment
Post‑treatment

18.00 (10.00‑35.50) c
78.00 (24.50‑107.50)

134.50 (59.75‑170.25) a
27.50 (10.75‑43.00)

21.00 (15.25‑46.75) b
12.50 (7.00‑27.25)

0.013†

0.106†

b < a
‑

p value 0.043* 0.002* 0.084*

Blauer adhesion score
Before treatment
Post‑treatment

2.00 (1.00‑2.00)
2.00 (1.50‑3.50)

2.00 (2.00‑3.00)
1.00 (1.00‑2.00)

2.00 (2.00‑3.00)
2.00 (1.00‑4.00)

0.145†

0.091†

‑
‑

p value 0.102* 0.006* 1.000*

*Wilcoxon signed‑rank test.
†Kruskal–Wallis test.
gr: grams; mm: millimeters; mm3: cubic millimeters.  
Blauer adhesion score; (0‑4): 0 = no adhesion; 1 = weak adhesion; 2 = dense adhesion limited to a single area; 3 = dense adhesion over a large area; 4 = dense adhesion involving internal organs.
Parameters are expressed as mean±standard deviation or median (25th‑75th percentile) taking into account normality assumptions. Values in bold are statistically significant.
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difference between the groups, and Af group had the 
lowest median score when compared to Le and Co 
groups. (p = 0.002). The Bonferroni-corrected Mann–
Whitney test showed a significant difference between 
the Af group and the Le group (p = 0.006) and between 
the Af group and the Co group (p = 0.002) (Table 2).

When glandular, stromal, and epithelial cells were 
stained for calculation of microvessel density for the 
VEGF-H immunohistochemical score and CD31 anti-
body evaluation, Co group was found to have a stron-
ger staining in comparison to the Af and Le groups. In 
the Af group, staining for both VEGF and CD31 anti-
bodies was much weaker than that observed in the Co 
and Le groups (Fig. 2). Counting CD31 and VEGF-H 
scores revealed a significant difference between the 
groups (p < 0.001 and p = 0.002, respectively) (Table 2 
and Fig. 3). In the Bonferroni-corrected Mann–Whitney 
test, both CD31 and VEGF H scores were significantly 
lower in the Af group than the Co group (p = 0.001) 
and the Le group (p < 0.001) (Table 2).

Out of the 29 blood samples obtained during the 3rd op-
eration, four samples could not be processed due to the 
hemolysis. Analysis from the remaining samples (Co 

group: [n = 4], Af group: n = 11, Le group: n = 10) dem-
onstrated no significant difference between the three 
groups in terms of WBC counts and hemoglobin levels. 
The platelet counts in Af, Le, and Co groups (median 
[25th-75th percentile]) were 999.50 (R: 886.75-1002.25) × 
10^3 µL, 978.00 (R: 936.00-993.75) × 10^3 µL, and 
870.00 (R: 805.00-890.50) × 10^3 µL, respectively. The 
Kruskal–Wallis test revealed a significant difference in the 
platelet counts among the groups (p = 0.032) (Table 4).

Discussion

Although more than a decade passed since the 
universally accepted definition of endometriosis, 
there is not a consensus about the pathogenesis and 
a set protocol for the diagnosis and treatment of this 
disease19. Endometriosis has a negative impact on 
education, employment, and social relations of the 
women of reproductive age due to its effect on physi-
cal, sexual, and reproductive health and thus is 
called as a “social disease”20,21. The researchers 
working in this field have proposed different theories 
for the explanation of various forms of endometriosis. 

Table 3. Distribution of explant epithelial histological scores in Study Groups

Groups Score 0 Score 1 Score 2 Score 3 p value

Number of EHS
Group Af
Group Le
Group Co

‑
‑
‑

9 (75.0%)
3 (25.0%)

‑

3 (25.0%)
2 (16.7%)
2 (40.0%)

‑
7 (58.3%)
3 (60.0%)

0.007*

*Chi‑square analysis.
Group Le < group Af at score 1 (p < 0.001); group Le < group Co at score 2 (p < 0.001).
EHS: explant epithelial histological scoring “semi‑quantitative” (0‑3); 0: no epithelium, 1: poorly preserved (only occasionally) epithelium, 2: moderately preserved epithelium with 
leukocyte infiltrates, 3: well‑preserved epithelial layer.
Number of EHS: it refers to the number of rats in the score groups according to the EHS. Values in bold are statistically significant.

Table 2. Comparison of groups in terms of explant epithelial histological score, VEGF H score, and CD31 expression

Variables Group Co
(n = 5)

Group Af
(n = 12)

Group Le
(n = 12)

p value Difference among 
groups

EHS 3.00 (2.00‑3.00) c 1.00 (1.00‑1.75) a 3.00 (1.25‑3.00) b 0.002* a < b (p = 0.006)†

a < c (p = 0.002)†

CD31 154.00 (105.50‑286.50) c 75.50 (62.25‑85.00) a 144.00 (112.75‑198.25) b  < 0.001* a < b (p < 0.001)†

a < c (p = 0.001)†

VEGF 6.00 (6.00‑6.00) c 2.00 (2.00‑3.00) a 4.00 (2.00‑6.00) b 0.002* a < c (p = 0.001)†

*Kruskal–Wallis test.
†Mann–Whitney test with Bonferroni correction.
EHS: Explant epithelial histological scoring “semi‑quantitative” (0‑3); 0: no epithelium, 1: poorly preserved (only occasionally) epithelium, 2: moderately preserved epithelium with 
leukocyte infiltrates, 3: well‑preserved epithelial layer; CD31: microvessel density; The number of CD31 positive‑stained microvessels (endothelial cell/endothelial cell clump) per 1 mm2 
area; VEGF: H score  =  ∑Pi; i = 0 (stained negatively) to 3 (stained heavily), P = 1, 2, 3, 4, 5 values < 15%, 15‑50%, 50‑85%, > 85%, and 100%, respectively, positively stained cells.
Parameters are expressed as mean±standard deviation or median (25th‑75th percentile) taking into account the assumptions of normality.
a: median value for the Af group (25th‑75th percentile), b: median value for the Le group (25th‑75th percentile), c: median value for the control group (25th‑75th percentile).
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Besides lymphangiogenesis and neurogenesis, an-
giogenesis plays an important role in the pathophysi-
ology of endometriosis22. The nutrients and oxygen 
required for the development of endometriotic le-
sions are provided by angiogenesis and thus neo-
vascularization23. The presented study is a pioneering 
study that aims to investigate aflibercept, an antian-
giogenic agent in the treatment of endometriosis in 
a surgically induced rat model. In the present study, 

aflibercept was more efficient in the regression of 
endometriotic lesions and treating adhesions than 
the control group and the leuprolide acetate group.

Changes in implant volume have been reported most-
ly as a marker for treatment efficacy of induced endo-
metriotic foci in animal studies24,25. Bakacak et al. 
reported a significant reduction in the endometrial im-
plant volume after treatment with the antiangiogenic 
agent thalidomide (p = 0.001)26. Aflibercept group had 

Figure 2. Immunohistochemical examination of endometriotic lesions. Image for Group Co CD31 is at ×100 magnification. All other images are 
at ×200 magnification. VEGF: vascular endotelial growth factor.
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a significant reduction in the volume of the endometriotic 
implants (p = 0.002) (Table 1). The significant increase 
in the total body weight of the rats in all groups after 
treatment could be speculated as the rats being in their 
growth period during the experimental study. However, 
the weight gain in the group receiving leuprolide acetate 
was more significant than the other groups (Table 1).

Ozer et al. analyzed and compared the effect of two 
antiangiogenic agents – bevacizumab and sorafenib 
on the volume of the endometriotic foci5 and the 
changes in VEGF and CD31.The reported results of 
this study were similar to our results. In contrast, Ozer 
et al. observed that sorafenib cleared some endome-
triotic lesions entirely. For aflibercept, we did not meet 
such a circumstance in our research. They compared 
two anti-angiogenic drugs while in the present study, 
the efficacy of aflibercept; an antiangiogenic drug was 
compared with a GnRH agonist leuprolide acetate in 
the treatment of endometriosis. Because, in addition 
to its hypoestrogenic impact, leuprolide acetate has a 
demonstrated anti-VEGF activity27. In our study, with 

leuprolide acetate, VEGF expression decreased when 
compared with the control group but this decrease 
was not significant. In our study, aflibercept statisti-
cally significantly reduced VEGF expression. This in-
dicates that aflibercept has a stronger antiangiogenic 
effect than leuprolide acetate.

Adhesion formation was decreased with two anti-
VEGF agents bevacizumab28 and sunitinib29 in two ani-
mal studies presented by Moraloglu and Pala. According 
to the Blauer scoring system, we also found that afliber-
cept reduced adhesion after treatment. Consistent with 
the literature our study demonstrated that anti-VEGF 
agents have a reducing effect on adhesions.

Siracusa et al observed to have a significant reduc-
tion in both markers of angiogenesis – VEGF and 
CD34 expression on the endometriotic surfaces with 
another anti-VEGF agent, rapamycin30. In the present 
study, besides VEGF expression levels, another en-
dothelial marker, CD31 was also evaluated in the en-
dometriosis rat model and the findings with aflibercept 
were similar to those obtained with rapamycin.

Figure 3. Results of CD31 and vascular endothelial growth factor H score by groups. CD31: microvessel density: number of CD31-positive 
stained microvessels (endothelial cell/endothelial cell clump) per 1 mm2; VEGF: H score  = ∑Pi; i =  0 (stained negatively) to 3 (stained heavily), 
p = 1, 2, 3, 4, 5 values < 15%, 15-50%, 50-85%, > 85%, and 100, respectively, % positively stained cells.   

Table 4. Comparison of intra‑group and inter‑group blood parameters

Parameters Group Co (n = 4) Group Af (n = 11) Group Le (n = 10) p value Difference among groups

WBC (× 10^3 µL) 5196.00±930.61 6870.00±1552.26 7870.00±2531.40 0.061* ‑

HGB (gr/dL) 13.38±0.36 13.94±0.27 14.06±0.79 0.097* ‑

PLT (× 10^\mm^3) 870.00 (805.00‑890.50) c 999.50 (886.75‑1002.25) a 978.00 (936.00‑993.75) b 0.032† c < b
c < a

*One‑way ANOVA analysis. 
†Kruskal–Wallis test. 
WBC: white blood cell count; HGB: amount of hemoglobin; PLT: platelet count.
Parameters are expressed as mean±standard deviation or median (25th‑75th percentile) taking into account normality assumptions. Values in bold are statistically significant.
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Zhang et al studied rosiglitazone, an antiangiogenic 
PPARγ (peroxisome proliferator-activated receptor γ) 
agonist that acts by inhibiting macrophage activation in 
endometriotic lesions in a surgically induced rat model4. 
The expression of VEGF and caspase-3 immunohisto-
chemically in endometriotic tissue was evaluated, and 
expression of VEGF and caspase-3 was significantly 
reduced by rosiglitazone (p < 0.05, p < 0.05)4. Zhang 
et al. compared rosiglitazone with the control (no treat-
ment) and saline groups without comparing it with any 
other agent currently being used in the treatment of 
endometriosis. In the present study, the efficacy of 
aflibercept was compared with leuprolide acetate in a 
rat model, to demonstrate its potential in comparison to 
an agent that has been currently being used.

Yıldız et al. studied imatinib, a tyrosine kinase recep-
tor inhibitor, and obtained a significant improvement (p 
< 0.05) compared with the control group using VEGF-H 
score system31. However, in our study, aflibercept re-
duced VEGF expression more prominently, therefore 
it can be speculated that the antiangiogenic effect of 
aflibercept might be stronger that of imatinib (p = 0.01).

In the study performed by Ozdemir et al on ranibi-
zumab which has an antiangiogenic effect, the percent-
age of specimens with an epithelial histological score of 
0 was 33.3%. In our study, there were no specimens in 
any of the groups with a score of 0; however, the rates 
of the other scores were similar. Ozdemir et al reported 
score 1 in 66.7% of the ranibizumab-treated group32. In 
our study, 75% of the aflibercept group received a score 
of 1. This suggests that aflibercept does not completely 
eradicate endometriotic lesions but can destroy the pro-
tective epithelium of the lesion similar to ranibizumab.

It is well known that antiangiogenic agents may cause 
thromboembolic complications30. In the present study, 
the blood samples taken at the final phase of the study 
were analyzed and complete blood count results showed 
that the platelet count was higher in the aflibercept group 
than in the other groups. This result was significant when 
compared with the control group but not significant com-
pared with the leuprolide acetate group. These findings 
suggest that aflibercept may cause thrombocytosis.

Studies with experimental animals cannot be directly 
applied to humans. Therefore, acceptance of aflibercept 
as a treatment option for endometriosis depends on 
more comprehensive animal studies and clinical stud-
ies. Any results we obtained should be carefully evalu-
ated because the number of rats was restricted due to 
the regulations of the local ethics committee for animal 
studies and the parameters studied to determine the 
side effect profile were limited.

Conclusion

It is necessary to suppress the process of angio-
genesis to achieve effective results in the treatment 
of endometriosis. The anti-angiogenic agent afliber-
cept was used for the first time in the present study 
for the treatment of endometriosis. Aflibercept proved 
more successful than the control group and leuprolide 
acetate in both regression of endometriotic lesions 
and treatment of adhesions.
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