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Abstract

Objective: To investigate whether live birth rate (LBR) following frozen-thawed embryo transfer in tamoxifen -stimulated

cycles (T-FET) differs from hormone replacement treatment FET (HRT- FET) in women with thin endometrium. Design:

Retrospective cohort study. Setting: Tertiary-care academic medical center. Participant(s): A total of 671 patients with thin

endometrium who fulfilled the inclusion criteria were involved in the period from January 2016 till February 2019. Methods In

the group of T-FET, 20 mg TAM per day was giving from day 5 of the menstrual cycle for 5 days. Day-3 ET was performed

four days after ovulation while blastocyst transfer was performed six days after ovulation. In the group of HRT- FET, estradiol

val¬erate was taken 6 mg/d from menstrual cycle day 2-3. 12 to 14 days later progesterone 40 - 60 mg/d was given. Embryo

transfer was performed 3 or 5 days later for day-3 embryos or blastocysts respectively. Main Outcome Measure(s): LBR per

embryo transfer was the primary outcome. The secondary end points included ongoing and clinical pregnancy rate, cancellation

rate, endometrial thickness and pregnancy loss rate. Multivariable logistic regression analysis was performed to adjust for

potential confounders. Result(s): LBR was significantly higher in T-FET group than HRT-FET group. Moreover, the clinical

and ongoing pregnancy rate also higher in the T-FET group than in the HRT-FET group. Conclusion(s): In patients with thin

endometrium undergoing FET, tamoxifen use for endometrial preparation was associated with higher LBR compared with HRT

cycles. Funding: No external funding was used.

Introduction

Being one of the key parameters of endometrial receptivity, endometrial thickness plays an important role in
successful embryo implantation (1) .Although there has been no commonly accepted thickness below which
successful implantation would be preclude, it has been recognized by many investigators that endometrial
thickness [?]7mm on the day of luteinizing hormone(LH) surge or human chorionic gonadotrophin(HCG)
administration is preferred for embryo transfer(2-5). Thin endometrium (¡7 mm) affects about 2.4% patients
in in vitro fertilization(IVF) cycles (6).It often results in cancelation of embryo transfer and cryopreservation
of all the embryos.

Various strategies have been attempted to improve endometrial growth in these patients, including estrogen
supplementation, vasoactive measures such as vaginal sildenafil, low-dose aspirin, pentoxifylline, or tocophe-
rol, intrauterine infusion of granulocyte colony-stimulating factor, and regenerative medicine(7-11). Among
them, exogenous estrogen treatment is the most commonly used method(12). Many factors may influence
the effectiveness of estrogen treatment and the subsequent reproductive outcomes(12-14).Although high dose
estrogen treatment sustaining a long time may be effective for some of these patients(12), supraphysiologic
estrogen levels resulted from this treatment may have a negative impact on reproductive outcomes(15-19).
Moreover, a higher risk of side-effects, such as breakthrough bleeding (20), some types of tumor such as endo-
metrial cancer (21), deep venous thrombosis (22) may also be associated with this treatment. Furthermore,
after pregnancy, exogenous estrogen and progesterone should be continued until 8-10 weeks of gestation to
substitute for the absent corpus luteum. In addition, some patients were insensitive to estrogen treatment.
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Alternative methods should be considered for endometrium preparation in these women during their frozen
embryo transfer (FET) cycles.

Tamoxifen (TAM) is a selective estrogen receptor modulator (SERM) with chemical properties similar to
clomiphene citrate (CC).It has been used in clinic as a highly effective agent for the treatment of breast
cancer(23)and anovulation(24-26). In contrast to CC, whose anti-estrogenic effects at the level of the endo-
metrium sometimes result in thin endometrium(27), ovulation induction with tamoxifen improves endome-
trial thickness in women with a history of thin endometrium (28). However, little information is available
regarding its use during FET cycles in that kind of patients. To the best of our knowledge, there has been
three published study investigating the use of TAM for endometrium preparation (EP) in thin endometrium
patients. The first one is only a case report (29).The obvious weakness of the other two studies is that
there were no control groups (30, 31). Furthermore, they are limited by their small sample size. The aim
of this study is to evaluate the efficacy of TAM in women with thin endometrium during their FET cycles
through comparing it with the most commonly used protocol- hormone replacement treatment (HRT) pro-
tocol. We propose that the result of our study may contribute to the treatment of infertility patients with
thin endometrium.

Methods

Study design

This retrospective study was performed at the Reproductive Medical Center of Anhui Provincial Hospital,
involving women with thin endometrium who undergoing their FET cycles during the period from January
2016 till February 2019.

In our center, thin endometrium is diagnosed when the maximal endometrial thickness(EMT) is ¡7 mm,
dominant follicle are 18 mm in diameter in nature cycle(NC), or after 12 to 16 days of estradiol (E2)
replacement(4–6 mg, Progynova; Bayer Schering Pharma, Roubaix, France). Infertile women who met these
criteria in their 1-2 previously FET cycles were included in this study. All these women failed pregnancy
despite the treatment with oral and/or vaginal estrogen, sildenafil or aspirin. Exclusion criteria were: uterine
or endometrial abnormalities other than thin endometrium; patients with repeated implantation failures;¡20
or >40 years of age at oocyte retrieval; patients with multiple types of FET protocol following the same
fresh IVF/ICSI cycle. As there isn’t any consensus as to the ideal method of endometrium preparation
in patients with thin endometrium, endometrium was prepared with TAM or HRT at the discretion of
physicians and/or patients’ preference. The study was approved by the institutional ethics committee of
Anhui Provincial Hospital.

The FET cycle

In the group of TAM, 20 mg per day was giving from day 5 of the menstrual cycle for 5 days. Vaginal
ultrasound examinations were performed on day 10 of the cycle to monitor the number and size of devel-
oping follicles and endometrial thickness. Ovulation was induced with 10,000 I.U. hCG (human chorionic
gonadotropin, Lizhu Pharmaceutical Trading Co.) when the leading follicle reached 18–22 mm and the
endometrium thickness reached 7 mm. Day-3 ET was performed four days later while blastocyst transfer
was performed six days later. Exogenous progesterone (20 mg/d; Duphaston; Abbott Biologicals B.V.,

Netherlands) was given vaginally starting 2 days after hCG administration.If no dominant follicle developed,
a daily dosage of 75 IU hMG (human menopausal gonadotropin, Lizhu Pharmaceutical Trading Co.) was
given from day 10 up to hCG injection, with incremental doses of 37.5 IU if needed. If there was no dominant
follicle after 15 days of ovarian stimulation or if the follicle reached a diameter of maturity and endometrial
thickness did not attain 7 mm, the cycle would be cancelled. If the endometrial thickness did not attain 7
mm when follicle reached a diameter of maturity, the cycle would be cancelled either.

In the group of hormone replacement treatment cycle, oral estradiol valerate (progynova, Schering, German)
was taken 6 mg/d from menstrual cycle day 2-3. An ultrasound assessment was done 12 to 14 days later to
assess endometrium thickness. Progesterone 40 mg/d,which would be changed to 60 mg/d 2 days later, was
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given to transform the endometrium, provided the endometrial thickness exceeded 7 mm. Embryo transfer
was performed 3 days after progesterone administration for day-3 embryos or 5 days later for blastocysts. If
the endometrium thickness is not adequate, endometrial preparation continued with step-up dose of E2 or
adding vaginal estradiol (Femoston, Solvay pharmaceuticals B.V.) 1-2 mg/d till the endometrium thickness
reaching 7 mm. Cycles were canceled in patients whose endometrial thickness remained <7 mm after 21
days of continuous estradiol administration.

In both TAM-FET and HRT-FET groups, luteal support was continued to 10 weeks of gestation if a preg-
nancy achieved.

Embryo vitrification and thawing

For Day 3 embryos, our laboratory procedure of vitrification and warming was the same as the method used
for human oocytes as reported by Tong et al. previously (32). For blastocysts, a glass micro-needle was used
to collapse the blastocyst before vitrification. The following steps were the same as for the Day 3 embryos.

Embryo quality was graded as 1(good), 2(reasonable), or 3(moderate) according to the number of cells,
degree of fragmentation and renewed development of the embryo. This standard was based on the ESHRE
Istanbul consensus on embryo assessment (33).

Definition of pregnancy

A serum β-hCG assay 11-14 days after ET. Clinical pregnancy was defined as the presence of a gestational
sac on transvaginal ultrasound.

Clinical miscarriage was defined if the pregnancy terminated before 12 weeks of gestational age. Implantation
rate was defined as the number of intrauterine sacs divided by the number of embryos transferred.

Ongoing pregnancy was defined as gestations that reached 20 weeks or more. Live birth was defined as give
birth to an infant [?]24 weeks’ gestation.

Statistical analysis

All analyses have been performed using IBM Spss statistics 21.For continuous variables, Student’s t-test
and Mann–Whitney test were used for data with homogeneous variance and heterogeneous variance respec-
tively. The x2 test was used for categorical variables. Logistic regression analyses were conducted to identify
independent correlates between each possible confounding factor, especially protocols for endometrium prepa-
ration and pregnancy outcome after adjusting for other confounders that were identified in our univariate
analysis. A p-value <0.05 was considered statistically significant.

Results

Study Population

We analyzed 671women who fulfilled the inclusion criteria from our unit, with no loss to follow-up. Of all the
patients, 250 women underwent TAM treatment and 421 women underwent hormone replacement therapy
(HRT). 42 cycles in TAM group and 76 cycles in HRT group were canceled. There were 28 cycles in TAM
group and 58 cycles in HRT group been canceled due to insufficient endometrial thickness.

In the TAM group, insufficient follicle development was seen in 8 women and 4 women experienced a prema-
ture progesterone rise (¿1.5 ng/mL).No serious adverse effects were observed. The overall cancellation rate
was similar between the two study groups (p=0.753, Table 1).

Baseline Characteristics

A summary of the patients’ baseline characteristics is presented in Table 1. There were no significant
differences in duration of infertility, BMI, proportion of primary infertility, the major indication for IVF,
proportion of GnRH angonist long protocol between the two treatment groups. Statistically significant
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differences between the two groups were noted in terms of age, duration of ovarian stimulation and oocytes
retrieved.

Cycle Characteristics and Reproductive Outcomes of FET

The Cycle Characteristics and reproductive Outcomes of FET are presented in Table 2. Endometrial thick-
ness and its increase are significantly greater in TAM group (8.98±2.02vs8.15±1.11, 2.82±2.21 vs2.2±1.59).
Nonetheless, the duration of endometrium preparation was shorter in TAM group than HRT group. The dis-
tribution of best embryos transfer was comparable between the two groups (p=0.481).The clinical pregnancy
rate, implantation rate, ongoing pregnancy rate and live birth rate were significantly higher in TAM group
than HRT group. The miscarriage rate was similar between the two groups (11.8% vs.14.0%; p=0.701).

After adjusting the results for the above-mentioned potential confounders (Table 3), the CPRs, OPRs and
LBRs remained consistently higher [adjusted odds ratio (aOR), 95% CI] in TAM group compared with
HRT group[CPR(aOR1.820, 95% CI1.219-2.72), OPRs(aOR1.640, 95% CI1.090-2.467) LBRs(aOR1.570, 95%
CI1.018-2.420)].

Discussion

Although various strategies have been attempted to improve endometrial growth in women with thin endo-
metrium, the optimal means of EP in these women is yet to be determined. The aim of our study was to
evaluate the effect of TAM in patients with a thin endometrium in FET cycles. By univariate and multiva-
riate analysis, our results found a superior pregnancy outcome following FET in a TAM ovarian stimulation
cycle compared to HRT cycle in women with thin endometrium.

In our study we observed that the durations of endometrium preparation were 6 day shorter in the TAM
FET group (10 days) than in the HRT FET group (16 days). This phenomenon is interesting but hard
to explain. We hypothesize that ovarian stimulation with TAM may stimulate a faster development of the
dominant follicle(s). More prospective studies are needed to explore its clinical relevance.

The result of this study showed that endometrial lining of the current HRT cycle differ from prior cy-
cle (8.15±1.11 mm vs ¡7mm). Different from previous cycle, prolonged duration, increased dosage and
transvaginal estrogen treatment were used in the present study. The study of Liu showed that effectiveness
of estrogen treatment was significantly associated with treatment duration (12). Our study was in line with
this study.

Our results showed that endometrium thickness was much more improved in TAM group than HRT group.
TAM has been reported to improve endometrium thickness while ovulation induction. In the study of Kasey
Reynolds, endometrial thickness was improved when the OI (ovulation induction) drug been switched from
CC to TAM (34).Wang et al compared TAM and CC in ovarian stimulation cycle in combination with HMG
(human menopausal gonadotrophin) and found that TAM treated patients had a significantly increased
endometrial thickness (28).

The literature on the treatment of thin endometrium with TAM in FET cycle is rather sparse. Chen X et al
used TAM in 3 women who showed a repeated unresponsive thin endometrium and resulted in endometrium
expansion to at least 7.7mm and conception(29). Soon after, another study by the same group showed
TAM increased the endometrial thickness from 6.5 to 8.8mm in women with thin endometrium undergoing
FET(30). Ke H et al explore the effect of TAM in patients with a thin endometrium in FET cycle. Their
study included 226 women who had an EMT of less than 7.5mm in their previous cycles. After the use of
TAM, EMTs were significantly improved. When stratified by different previous endometrium preparation
protocols, EMT increased from 6.11+-0.98mm to 7.87+-1.48 in NC group, from 6.24+-1.01 to 8.22+-1.67 in
HRT group and from 6.34+-1.03 to 8.05+-1.58mm in OI group(31). In line with the previous data, our result
showed that the EMT in TAM group was 8.98+-2.02mm which was significantly thicker than the EMT in
HRT groups (8.15+-1.11mm).

Some authors found that TAM exposure promotes endometrial cell proliferation through estrogen and non-
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estrogen pathway. In estrogen signaling pathway, TAM stimulate the GPER (GPR30 Estrogen Receptor),
which in turn, activates the SF1 (Steroidogenic Factor 1), which is a transcription factor that induce aro-
matase expression in endometrial cells (35). In non-estrogen signaling pathway, a study found that TAM
up-regulates the expression of Ki67 and IGF-1,markers of proliferation(36).

Although the first studies by Chen X et al only include 3 recurrent thin endometrium patients who successfully
conceived with one miscarriage after tamoxifen treatment(29), their following studies consisting of 61 thin
endometrium women showed that the clinical pregnancy rate, early miscarriage rate and implantation rate
were 44.3(2/27)、24.2patients of recurrent thin endometrium, tamoxifen treatment may be a successful
alternative approach(30). The study of Ke H et al showed that when stratified by different etiologies of
thin endometrium, patients with PCOS obtained the highest rate of clinical pregnancy (60%) and live
birth (55.56%) per transfer. The clinical pregnancy rate and live birth rate in patients with history of
intrauterine adhesion were 6/18(33.33%) and (5/18, 27.78%) respectively, while for patients with history of
uterine curettage, the clinical pregnancy rate and live birth rate were (39/101, 38.61%) and (32/101,31.68%)
respectively(31). However, there were no control groups in the studies of Chen X et al and Ke H et al.
Furthermore, they are limited by their small sample size. Different from the previous study, our study
compared the effect of TAM with the mostly commonly used protocol- HRT protocol rather than described
the reproductive outcome only so that this effect can be analyzed precisely. Overcoming methodological
shortcomings in above-mentioned studies and adjusting for a number of important confounders, our study
demonstrated that not only the clinical pregnancy rate and the implantation rate but also the ongoing
pregnancy rate and live birth rate of TAM group were significantly higher than HRT group.

Despite the improvement of endometrium thickness, another possible mechanism for improved reproductive
outcomes with the use of TAM during FET is that TAM might potentially improve corpus luteum function.
Wu reported lower spontaneous abortion rates in patients with luteal-phase dysfunction treated with TAM
as compared with CC(37).

Cost-effectiveness is a major concern for patients during their infertility treatment. TAM is much cheaper
than estrogen agents. In China, TAM costs $42 for the whole cycle whereas estradiol valerate costs more
than $11 per day supply and cannot be withdrawn until 8-10 weeks gestation. Future studies analyzing cost
efficiency of these two regimens are needed.

Long-term safety of offspring after IVF treatment is of paramount importance. The short half-life of TAM
(86h) and administration of this agent in the early follicular phase from cycle day 5 to day 10 leave a sufficient
period of time for complete washout before embryo implantation. Furthermore, previous research suggested
that TAM administration during the first trimester did not increase the risk of major congenital anomalies
(38).

We recognize there are some important limitations of our retrospective study. First, the retrospective nature
of our analysis may subject to selection bias regarding the type of FET protocol (TAM vs.HRT). In this
regard, we exclude multiple types of FETs following the same fresh IVF/ICSI cycle. Secondly, endometrial
receptivity assay was not performed on both groups of patients. Further studies on this subject are needed
to investigate the details of the effect of TAM on the endometrium.

Our study also has some strength. First, our study is the largest in this area by far with 100% follow-up and
provides new insight into current practice patterns. Secondly, the laboratory conditions and IVF procedures
did not been changed throughout the study period.

Conclusion

The results of this study showed that beyond endometrial expansion, TAM protocol beneficially affect preg-
nancy outcome in women with thin endometrium undergoing FET.
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