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Abstract
Letrozole, an aromatase inhibitor, has recently been introduced as a favorable medical treatment for ectopic pregnancy. We 
aimed at evaluating the effects of different doses of letrozole for termination of ectopic pregnancy and study their effects on 
villous trophoblastic tissue. Sixty patients with undisturbed ectopic pregnancy were classified into three equal groups. Group 
I: the control group that contained women who underwent laparoscopic salpingectomy, Group II: patients who received 
letrozole (5 mg  day−1) for 10 days, and Group III: patients who received letrozole (10 mg  day−1) for 10 days. Subsequently, 
the β-hCG levels were determined on the first day and after 11 days of treatment. Group IV consisted of patients of GII and 
GIII; their β-hCG did not drop below 100 mIU/ml within 11 days, and underwent salpingectomy. Placental tissues from 
patients undergoing salpingectomy either from the control group or GIV were processed for the evaluation of estrogen (ER) 
and progesterone (PR) receptors, vascular endothelial growth factor (VEGF), and cleaved caspase 3 (CC-3) expression. 
Cases exposed to high dose letrozole 10 mg  day−1 resulted in a higher ectopic pregnancy resolution rate of 85% (17/20), 
while the resolution rate of the low dose letrozole-treated group (5 mg  day−1) was 65% (13/20), and also showed a significant 
reduction in β-hCG levels on the 11th day, 25.63 ± 4.29 compared to the low dose letrozole group 37.91 ± 7.18 (P < 0.001), 
Meanwhile, the letrozole-treated group GIV showed markedly reduced expression of ER, PR, and VEGF and a significant 
increase in the apoptotic index cleaved caspase-3 compared to the control group (P < 0.001). The utilization of letrozole at 
a dose of 10 mg  day−1 for medical treatment of ectopic pregnancy results in a high-successful rate without any severe side 
effects. Letrozole depriving the placenta of estrogen that had vascular supporting signals resulted in destroying the vascular 
network with marked apoptosis.
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Introduction

Ectopic pregnancy is the implantation and growth of the 
embryo outside the uterine cavity, which accounts for mater-
nal morbidity and mortality [1]. Ectopic pregnancy affects 
around 1–2% of all pregnancies [2]. Although ectopic preg-
nancy–related mortality was recently reduced, ruptured 
ectopic pregnancies represent approximately 6% of all 
maternal deaths [3]. Although some ectopic pregnancies 

resolve spontaneously and need only conservative treatment, 
others continue to grow and lead to tubal rupture that results 
in severe or persistent abdominal pain and life-threatening 
intraabdominal hemorrhage that required further interfer-
ence. Medical and surgical treatment are two methods for the 
management of growing ectopic pregnancy [4, 5]. Recently, 
medical treatment has been used as the first choice to treat 
the early discovered ectopic pregnancy. While using metho-
trexate as a medical treatment for ectopic pregnancy was 
associated with terrible adverse effects on different body 
systems, as well as high proportions of failure in ectopic 
pregnancy termination [6]. Therefore, it is necessary to find 
more cost-effective and safe alternatives. Letrozole, a non-
steroidal competitive aromatase inhibitor, is approved for the 
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management of estrogen-sensitive breast cancer. Letrozole 
inhibits estrogen production from androgen aromatization 
via inhibition of the electron transfer chain of cytochrome 
P450 (CYP19A1) [7]. Letrozole is also used in the treat-
ment of many gynecological disorders, mainly due to its 
high tolerability, low cost, and low side effects, including 
the reduction of the size of uterine myomas [8, 9], induc-
tion of ovulation in cases of polycystic ovarian syndrome 
[9], and the reduction of endometriosis recurrence [10–12]. 
In humans, letrozole inhibits estrogen production during 
pregnancy and negatively affects placental, estrogen, pro-
gesterone, and VEGF expression [6, 13], with subsequent 
disruption of progesterone physiological function, which 
was required to support early pregnancy [14], and the inter-
ruption of VEGF vascular support signals, which is the 
angiogenic factor involved in implantation and placentation 
of ectopic pregnancy [15], which drew attention to how 
letrozole hinders pregnancy progression [6].

Therefore, our objective was to evaluate different doses 
of letrozole for the treatment of ectopic pregnancy to reach 
the optimal and most safe dose with the highest success rate 
of ectopic pregnancy termination, and also, to investigate 
the possible underlying mechanisms through determining 
ER and PR expression, apoptosis signaling molecules, and 
their consequence on placental angiogenesis.

Patients and Methods

This study included 60 patients with undisturbed ectopic 
pregnancy admitted to the Department of Obstetrics and 
Gynecology of the Faculty of Medicine of Zagazig Uni-
versity from October 2020 to July 2021. Inclusion cri-
teria include patients with confirmed ectopic pregnancy 
on vaginal ultrasound examination, together with β-hCG 
titers < 3000 mIU/ml, between 19 and 34 years old, with 
asymptomatic and hemodynamically stable pregnancy. 
Exclusion criteria included β-hCG levels > 3000 mIU/ml, 
hemoglobin level < 10 g/dl, platelet count < 150,000/ml, 
and elevated liver enzymes, blood urea, or serum creatinine. 
The patients were equally categorized into three groups: 
patients who were undergoing laparoscopic salpingectomy 
(the control group GI), patients who were medically treated 
with 5 mg  day−1 of letrozole using two tablets (2.5 mg of 
Femara) every day for 10 days (group II), and patients who 
medically treated with 10 mg  day−1 of letrozole using four 
tablets (2.5 mg of Femara) every day for 10 days (group 
III). Meanwhile, each woman selected her treatment, and 
all patients had no contraindications to letrozole treatment. 
The β-hCG levels, platelet count, liver enzymes, and serum 
creatinine were assessed on the 1st and 11th days of treat-
ment. Patients who had no successful response to medical 
treatment (β-hCG levels had not decreased below 100 mIU/

ml on the 11th day after treatment with letrozole) either from 
group II or III had to undergo salpingectomy and formed 
group IV. Patients with a β-hCG level below 100 mIU/ml 
on the 11th day of treatment divided by the total number of 
patients in the group refer to the success rate of abortion.

Tissue samples from laparoscopic salpingectomy either 
from control group GI or group IV were collected and fixed 
with 10% buffered formal saline and impeded in paraffin 
blocks [16], and processed for estrogen (ER), and proges-
terone (PR) isoforms, using a real-time PCR (RT-PCR) 
as previously described [17–19], and vascular endothelial 
growth factor (VEGF), and cleaved caspase-3 were detected 
by immunohistochemistry.

The Institutional Review Board of Zagazig University 
Hospital authorized this study with an approval number of 
ZU-IRB/19/N/106/13, and all patients gave their informed 
written consent.

Immunohistochemical Study

Immunohistochemical staining for VEGF in a 1/20 dilution 
(a mouse monoclonal antibody (JH121) Catalog # MA5-
13,182, Invitrogen, Thermo Fisher Scientific, USA) and 
cleaved caspase-3 1/50 dilution (a recombinant Rabbit 
Monoclonal Antibody (9H19L2), Catalog # 700,182, 
Invitrogen, Thermo Fisher Scientific, USA). Briefly, 
Paraffin blocks were cut into 4 μm cuts. Immunostaining 
was performed using an autostainer from Leica BOND-
MAXTM (Leica GmbH, Nussloch, Germany), using the 
manufacturer’s guidelines [20]. The slides were dewaxed 
in BondTM dewax solution (Leica Microsystems) and 
rehydrated in Leica Microsystems (Bond Wash Solution). 
Antigen retrieval at pH 6 was done via Bond Epitope 
Retrieval 1 Solution (Leica Microsystems) at 100 °C for 
30 min. Slides were incubated with monoclonal primary 
antibodies against (VEGF, and cleaved caspase-3) for 
20 min at RT. Biotin off-bond polymer refines recognition 
(Leica Microsystems) was used to visualize the primary 
antibody interacting with tissue slices [21]. After post-
primary amplification and recognition with the Novolink 
polymer revealing apparatus, the slides were counterstained 
with hematoxylin (Leica Microsystems). Lastly, the slides 
were dried, cleared, and fixed by DPX.

Morphometric Analysis

A Leica light microscope (DM500, Switzerland) was used 
in conjunction with a Leica digital camera (ICC50, Swit-
zerland) to obtain the images. Software “ImageJ” (version 
1.48v National Institute of Health, Bethesda, Maryland, 
USA) was utilized for image testing [22, 23]. A 10 dissimi-
lar non-overlying randomly chosen fields were observed 
from each slide to quantitatively estimate the percentage 
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of positive cells for cleaved caspase-3 with a × 40 objective 
[24], and for VEGF scoring by multiplying the mean per-
centages of positive cells and the intensity of the color, color 
intensity was measured as 1, 2, and 3 for weak, moderate, 
and strong intensity, respectively. [25]

Quantitative Real‑Time PCR

Total RNA was extracted using Trizol reagent (Invitrogen), 
according to the manufacturer’s protocol. The total RNA 
concentration was measured using a spectrophotometer. 
First-strand complementary DNA (cDNA) was prepared 
from total RNA (3 μg) by reverse transcription (RT) using 
M-MLV reverse transcriptase (Invitrogen) and random 
primers (9-mers; TaKaRa Bio). Quantitative real-time PCR 
(Q-PCR) was performed with a cDNA template (2 μL), 
and 2 × Power SYBR Green (6 μL; TOYOBO Co., Osaka, 
Japan) containing specific primers (β-actin, ERα, Erβ, PR) 
are given as follows:

Gene name Primer Sequence (5′–3′) Fragment (bp)

β-actin Forward GGA CTT CGA GCA AGA 
GAT GG

234

Reverse AGC ACT GTG TTG GCG 
TAC AG

ER α Forward AGC ACC CTG AAG TCT 
CTG GA

153

Reverse GAT GTG GGA GAG GAT 
GAG GA

ER β Forward AAG AAG ATT CCC GGC 
TTT GT

173

Reverse TCT ACG CAT TTC CCC TCA 
TC

PP14 Forward GAC CAA CAA CAT CTC CCT 
CAT 

170

Reverse AAA CGG CAC GGC TCTFC-
CATC 

PR Forward GGC GGA TCC GTC AAG 
TGG TCT AAA TCA TTG 

351

Reverse GGC GAA TTC CTG GGT TTG 
ACT TCG TAG CCC 

PCR was carried out for 40 cycles using the following 
parameters: denaturation at 95  °C for 15  s, followed by 
annealing and extension at 70 °C for 60 s. The fluorescence 
intensity was measured at the end of the extension phase of each 
cycle. The threshold value for the fluorescence intensity of all 
samples was manually set. The reaction cycle at which PCR 
products exceeded this fluorescence intensity threshold during 
the exponential phase of PCR amplification was the threshold 
cycle (CT). The expression of the target gene was quantified 
relative to that of β-actin, a ubiquitous housekeeping gene, based 
on a comparison of CTs with constant fluorescence intensity.

Statistical Analysis

Data were analyzed using SPSS software (25.0, SPSS Inc. 
Chicago, IL, USA) and were described as means and stand-
ard deviations. One-way ANOVA followed by a post hoc 
test was used to assess the significance among means, with 
P < 0.05 as the significant level.

Results

In this study, a total of 60 patients with undisturbed ectopic 
pregnancy were divided into three groups. The first group 
(G1) was subjected to laparoscopic salpingectomy and 
served as the control group, while the second and third 
groups (GII and GIII) were subjected to medical treat-
ments with 5 and 10 mg  day−1 of letrozole, respectively. 
The demographic and clinical characteristics of all patients 
were presented in Table 1. No significant differences were 
found between the three groups concerning the age, body 
mass index, parity, β-hCG levels, platelet count, ALT, AST, 
and creatinine levels on the day of treatment.

The resolution rate of ectopic pregnancy in the control 
group GI was 20/20 (100%) of patients compared to 13/20 
(65%) of patients in low-dose letrozole-treated group GII 
and 17/20 (85%) in the high-dose treated group GIII. Ten 
patients who had no successful response to medical treat-
ment within 11 days of either GII or GIII had to undergo 
salpingectomy and form GIV.

Biochemical Results

There is no statistically significant difference between the 
three groups concerning β-hCG levels, platelet count, S. 
creatinine, ALT, and AST, on the treatment day was found; 
also, there is no statistically significant difference between 
the three groups concerning platelet count and S. creatinine 
on the 11th day of treatment.

While high-dose letrozole-treated group GIII exhibited a 
significant decrease in β-hCG levels on the 11th day of treat-
ment 25.63 ± 4.29 compared to low-dose letrozole group GII 
37.91 ± 7.18 (P < 0.001), also high-dose letrozole-treated 
group GIII exhibited a significant increment in the serum 
ALT and AST levels (54.680 ± 10.86 and 49.09 ± 4.14 U/L) 
when compared with the control group (29.92 ± 4.33 and 
20.63 ± 2.59 U/L), respectively (P < 0.001) (Table 1).

Immunohistochemistry Results

The sections of the control group had low expression of 
cleaved caspase-3 (Figs. 1 and 2), compared to the GIV 
group treated with letrozole, which demonstrated numer-
ous positive cells (Figs.  3 and 4). The morphometric 
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examination of the mean percentage of cleaved caspase-3 
positive cells of the control group GI showed (18 ± 2, 
SD), which was significantly decreased than the letrozole-
treated group GIV (38 ± 4) (P < 0.001) (Table 2).

Placental tissues immunolabelled with VEGF from the 
control group exhibited strong cytoplasmic expression in 
villous syncytiotrophoblast, cytotrophoblast, Hofbauer 
cells of the stroma, and internal fetal capillaries (Figs. 5 

Fig. 1  Immunohistochemistry 
of a few cleaved caspase-3 posi-
tive cells in villous trophoblas-
tic cells of the control group 
(400 ×)

Fig. 2  Immunohistochemistry 
of few cleaved caspase-3 posi-
tive cells in outer trophoblasts 
and inner villi mesenchymal 
core cells of the control group 
(400 ×)

2987Reproductive Sciences (2022) 29:2983–2994
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and 6). Meanwhile, the letrozole-treated group showed 
focal areas with weak expression of cytoplasmic VEGF 
(Fig. 7). The morphometrical and statistical investigation 

of the final score of VEGF expression in the letrozole-
treated group GIV showed an exceedingly significant 

Fig. 3  Immunohistochemistry 
of numerous cleaved caspase-3 
positive cells in the outer troph-
oblastic cells of the letrozole-
treated group IV (400 ×)

Fig. 4  Immunohistochemistry 
of numerous cleaved caspase-3 
positive cells in the inner villi's 
mesenchymal core cells of 
the letrozole-treated group IV 
(400 ×)
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decrease in the expression (64. 31 ± 4. 37) compared to 
the control group GI (121.27 ± 9.1) (P < 0.001) (Table 2).

Quantitative Real‑Time PCR Results:

In this study, the RT-qPCR results showed a markedly 
significant decrease in the levels of ERα, Erβ, and PR 
mRNA expression levels of the letrozole-treated group 
GIV (0.2 ± 0.1, 0.3 ± 0.1, and 0.4 ± 0.2), respectively, 
compared to the control group (0.5 ± 0.1, 0.6 ± 0.1, and 
0.9 ± 0.2) (P < 0.001).

Discussion

Ectopic pregnancy is extrauterine implantation usually in 
the fallopian tube; some ectopic pregnancies resolve spon-
taneously, but others continue to grow and lead to rupture 
of the tube, resulting in life-threatening complications. The 
medical management of ectopic pregnancy has emerged 
as an important alternative to the surgical one. Surgical 
treatment of ectopic pregnancy is an invasive method that 
carries a significant financial burden on healthcare sys-
tems and families. It can also be accompanied by serious 

Table 2  The effects of exposure 
to letrozole on trophoblastic 
tissue of control and letrozole-
treated groups

Group type

Group I (n = 20) Group IV (n = 10) P-value

ER α Mean ± SD 0.5  ± 0.1 0.2  ± 0.1  < 0.001*
Range 0.3  − 0.6 0.1  − 0.4

ER β Mean ± SD 0.6  − 0.1 0.3  − 0.1  < 0.001*
Range 0.4  ± 0.8 0.1 0.4

PR Mean ± SD 0.9 0.2 0.4  ± 0.2  < 0.001*
Range 0.6  − 1.2 0.2  − 0.7

Caspase-3C Mean ± SD 18  ± 2 38  ± 4  < 0.001*
Range 15  − 26 32  − 47

VEGF Mean ± SD 121.27  ± 9.1 64.31  ± 4.37  < 0.001*
Range 102.34  − 145.26 56.64  − 73.23

Fig. 5  Immunohistochemistry 
of strong expression of VEGF 
in outer trophoblastic cells of 
the control group villi (400 ×)
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side effects for pregnant women, such as uterine rupture, 
sepsis, and death especially when it is performed in unpre-
pared places and not under the supervision of healthcare 
professionals [26]. The improved safety profile of letrozole 
usage compared to methotrexate and its successful use to 

manage different gynecological conditions encourage fur-
ther research into its use as a medical treatment for ectopic 
pregnancy [27].

Our study showed that the resolution rate for ectopic 
pregnancy using a high dose of letrozole (10 mg  day−1) was 

Fig. 6  Immunohistochemistry 
of strong VEGF expression in 
inner villi mesenchymal core 
cells of inner villi control group 
(400 ×)

Fig. 7  Immunohistochemistry 
of weak VEGF expression in 
outer trophoblasts and inner 
core cells of the villi of the 
letrozole-treated group IV 
(400 ×)

2990 Reproductive Sciences (2022) 29:2983–2994
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85%, while the resolution rate for a low dose of letrozole 
of 5 mg  day−1 was 65%, which was nearly in agreement 
with a recent study by Mitwally et al. (2020) [27] found 
that the human resolution rate for ectopic pregnancy using 
5 mg  day−1 of letrozole was 86%. This difference may be 
attributed to the relatively small number of participants in 
both studies. On the other hand, these results were in agree-
ment with the experimental study by Tiboni et al. 2009 [7], 
who reported similar findings in rats treated with letrozole 
(0.04 mg  kg−1) equivalent to a 2.5-mg daily human dose.

There was a difference in the resolution rate between the 
high-dose administered letrozole group GIII 85% and the 
low-dose administered letrozole group 65%, but statisti-
cally, these differences did not appear P = 0.144 due to the 
small number of participants in this study, but the resolution 
rate of the high-dose group 85% was very close to the ideal 
results of the control group 100% to the extent that there was 
no statistical difference between them P = 0.230, while the 
resolution rat of the low-dose group 65% could not get close 
enough to the optimal results of the control group 100% to 
dissolve the significant statistical difference between them, 
where the results between them were statistically significant 
difference P = 0.008*, also, the higher dose letrozole group 
was able to reduce the β-hCG in a way that is close to the 
total removal of the ectopic pregnancy by surgery (control 
group), where there was no statistically significant differ-
ence between them P = 0.2779., while there was a significant 
statistical difference between the low-dose group and the 
control group < 0.001* regarding the reduction of β-hCG.

In this study, the Letrozole-treated group IV showed a 
significant reduction in ER and PR expression, which play 
a major role in maintaining pregnancy. Low estrogen levels 
caused by the aromatase inhibitor letrozole can cause inhibi-
tion of progesterone receptors that disrupt the physiological 
functions of progesterone, which are necessary to maintain 
early pregnancy. [27].

Vascularization occurs in the human placenta by the for-
mation of new blood vessels from pluripotent precursor cells 
in the mesenchymal core of the villi, rather than starting 
from fetal blood cells; the placental villi begin to vascular-
ize on day 21 after conception. [25]. Our results showed that 
the trophoblastic tissues of the letrozole-treated group IV 
showed a marked reduction in vascular endothelial growth 
factor (VEGF) compared to the expression of VEGF in the 
trophoblastic tissue of the control group. VEGF is a power-
ful mitogenic agent that promotes the formation of blood 
vessels in the fetoplacental unit that keeps the fetus alive. 
[28]. Estrogen is a primary stimulatory factor for VEGF, pro-
moting the development of the vascular network and uterine 
permeability; therefore, antiestrogenic drugs, such as aro-
matase inhibitors, are angiogenesis inhibitors and can result 
in complete failure of fetal expansion by interfering with pla-
centa formation and embryonic vascular development.[13, 

29–35]. Additionally, in ectopic pregnancy, maternal cells 
at the implantation site usually show very limited decidual 
differentiation, if any [30, 31], which markedly attenuates 
the secretion of placental growth factor PIGF, in addition to 
the unfavorable environment represented by hypoxia, added 
further inhibition of PIGF expression [36]; at the same time, 
as a compensatory mechanism, ectopic trophoblastic tissue 
increases VEGF expression more than normal intrauterine 
conception responding to hypoxia, and other stimulators 
including estrogen [37–41], which enables it to continue to 
grow, while tubal implantation that cannot overcome these 
unfavorable conditions of implantation undergoes spontane-
ous resolution [42–44]

Apoptosis, or cell death, is a process that occurs naturally 
during the growth and development of tissues (such as the 
placenta). Preeclampsia and intrauterine growth restriction 
are two clinical obstetrics pathologies that have enhanced 
placental apoptosis [7].

In our study, the placental apoptotic index was measured 
using the cleaved caspase-3 expression which was found to 
be higher in trophoblast cells of the letrozole-treated group 
GIV in comparison to the trophoblastic tissue of the con-
trol group that showed lower expression. Caspase-3 is one 
of the proteases involved in the initiation and execution of 
apoptosis. Therefore, limiting caspase activity is essential 
for effective cell survival management.

Investigations of the current study found a considerable 
increase in liver enzymes (ALT and AST) in the high-dose 
letrozole-treated group compared to the control and low-
dose administered group. These results were experimen-
tally observed by Aydin et al. (2011) [45], who reported 
an increase in liver function indices in female rats given 
1 mg  kg−1 letrozole. Moreover, up to 1% of women with 
prolonged letrozole administration have been associated 
with increased liver enzymes. These increases are generally 
asymptomatic and self-limited and do not require a dosage 
modification [27]. Letrozole is an inhibitor of CYP 2C19 
and is metabolized by the cytochrome P450 (CYP 3A4 and 
CYP 2A6) system in the liver; therefore, extreme doses of 
letrozole can induce liver injury by a toxic or immunogenic 
metabolite. [46]. The high dose of letrozole 10 mg/day used 
in our study and 12.5 mg/day were used safely by Pritts et al. 
(2011) [47] in human patients for induction of ovulation and 
controlled hyperstimulation of the ovary.

Conclusion

Letrozole deprives the placenta of estrogen signals, which 
have a vascular supporting effect, destroying the placental 
vascular system with marked apoptosis. This study showed 
that using 10 mg  day−1 of letrozole resulted in a considerably 
safe and high success rate of ectopic pregnancy termination 
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without imposing any serious side effects, but even with 
the higher dose of letrozole, preparation for potential 
salpingectomy is needed.

Recommendations and Limitations

The main limitation of this study was the small number of 
participants; this study draws attention to the necessity of 
determining the optimal and safe dose of letrozole to achieve 
the highest success rate in medical termination of ectopic 
pregnancy, and the results must be confirmed with a large 
number of participants, and variable studies which facilitate 
accurate statistical calculations, before being accepted as a 
standard treatment or a guideline implement.
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