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Abstract
Background  Among the POSEIDON criteria, group 3 and group 4 have an expected low prognosis. For those 
patients with inadequate ovary reserve, embryo accumulated from consecutive oocyte retrieval cycles for multiple 
frozen-thawed embryo transfers (FET) has become more common. It is necessary to inform them of the pregnancy 
outcomes after single or multiple FET cycles before the treatment. However few studies about cumulative live birth 
rate (CLBR) for those with low prognosis have been reported.

Methods  This retrospective study included 4712 patients undergoing frozen embryo transfer cycles from July 2015 
to August 2020. Patients were stratified as POSEIDON group 3, group 4, control 1 group (< 35 years) and control 2 
group (≥ 35 years). The primary outcome is CLBRs up to six FET cycles and the secondary outcomes were LBRs per 
transfer cycle. Optimistic approach was used for the analysis of CLBRs and the depiction of cumulative incidence 
curves.

Results  Under optimistic model analyses, control 1 group exhibited the highest CLBR (93.98%, 95%CI 91.63-95.67%) 
within 6 FET cycles, followed by the CLBR from women in POSEIDON group 3(92.51%, 95%CI 77.1-97.55)was slightly 
lower than that in control 1 group. The CLBR of POSEIDON group 4(55% ,95%CI 39.34-70.66%)was the lowest and 
significantly lower than that of control 2 group(88.7%, 95%CI 80.68-96.72%). Further, patients in POSEIDON group 4 
reached a CLBR plateau after 5 FET cycles.

Conclusions  The patients of POSEIDON group 3 may not be considered as traditional “low prognosis” in clinical 
practice as extending the number of FET cycles up to 6 can archive considerably CLBR as control women. While 
for the POSEIDON group 4, a simple repeat of the FET cycle is not recommended after four failed FET cycles, some 
strategies such as PGT-A may be beneficial.
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Introduction
Since the delivery of the first IVF baby nearly 40 years 
ago, great steps forward have been made in assisted 
reproductive technology (ART). However, the live birth 
rates (LBR) per treatment cycle have stagnated over the 
past couple of decades at around 26–32% [1]. Generally, 
multiple cycles are required to achieve a live birth, espe-
cially in women with low prognosis. Compared with LBR 
per cycle, cumulative live birth rate (CLBR) of consecu-
tive cycles could provide a more accurate and individu-
alized information for clinicians and couples [2], thus, 
CLBR has been used by national registries in many coun-
tries, such as Australia, Germany, the United Kingdom, 
and the United States [3].

The emergence of POSEIDON criteria (Patient-Ori-
ented Strategies Encompassing IndividualizeD Oocyte 
Number) grouped patients based on both oocyte qual-
ity (age) and number of oocytes (ovarian reserve) [4] 
helps specialists stratify the low prognosis patients more 
effectively from the perspective of treatment. Among 
the criteria, POSEIDON group 3 and group 4 indicated 
those with inadequate ovary reserve (AMH<1.2ng/ml or 
AFC<5) which predicted poor response prior of ovary 
stimulation. It has been reported that the LBR of Posei-
don group 3 and group 4 in a single fresh embryo trans-
fer cycle are lower than that of the control groups [5]. 
However, to our knowledge, since POSEIDON criteria 
were introduced within the last decade, the estimating of 
CLBR based on multiple frozen embryo transfer (FET) 
cycles in low prognosis women is rarely explored.

Our study, therefore, aimed to quantify cumulative 
live birth rates over consecutive frozen embryo transfer 
cycles in low prognosis women belonging to POSEIDON 
group 3 and group 4 and provide new individualized 
treatment recommendations, especially after recurrent 
implantation failures.

Materials and methods
Study participants
We conducted a retrospective cohort study on patients 
undergoing frozen-thawed embryo transfer from July 
2015 to August 2020 at the reproductive center of the 
Ruijin Hospital affiliated with the medical school of 
Shanghai Jiaotong University. All included patients 
were between the age of 22 and 45 years, had a body 
mass index (BMI) of > 18  kg/m2 and < 35  kg/m2, and a 
morphologically normal uterus on salpingogram and/
or hysteroscopy. Patients undergoing egg donation or 
preimplantation genetic testing (PGT) were excluded 
from the study. In addition, women with fresh embryo 
transfer at least once or endometrium thickness < 7 mm 

after estrogenization in FET cycle were excluded. All 
enrolled data were anonymous and from those women 
who allowed the use for retrospective studies with writ-
ten informed consent. The research was approved by the 
reproductive ethics committee of Ruijin Hospital.

To investigate the impact of the decreased ovarian 
reserve on CLBRs in young and advanced age women, we 
defined women with a normal ovarian reserve (AFC ≥ 5 
and AMH ≥ 1.2ng/ml) as control groups. Control 1 group 
involved women with age < 35 years, and control 2 group 
involved women of ≥ 35 years old. Figure 1 displayed the 
flow chart of the study. We calculated the CLBR up to 
six cycles in the analysis as too few patients underwent a 
seventh cycle. For women who stopped treatment before 
achieving a LB would be considered as drop-out.

Treatment regimen
IVF treatment was monitored and managed according to 
the standardized clinical protocols as previously reported 
[6]. Briefly, ovarian stimulation was performed with 
human menopausal gonadotropin (HMG) and recombi-
nant follicle-stimulating hormone (r-FSH). Pituitary inhi-
bition was obtained by gonadotropin-releasing hormone 
(GnRH) agonist or GnRH antagonist. Oocyte retrieval 
was performed transvaginally under ultrasound guidance 
at 34–36  h after trigger. The oocytes were fertilized by 
traditional in vitro fertilization (IVF) or intra cytoplasmic 
sperm injection (ICSI). After 3 to 6 days of culture, the 
freeze-all embryo strategy was performed for all included 
patients.

The transfer of embryos was managed as our previ-
ously report [6]. The endometrial was prepared with 
hormone replacement treatment (HRT). Briefly, Estra-
diol (E2) valerate (Progynova®; Schering, Germany) was 
commenced orally on the 2nd or 3rd day of a natural or 
progesterone-induced menstrual cycle, and 10–12 days 
later, ultrasound examination was carried out to mea-
sure endometrial thickness. When the endometrial thick-
ness attained ≥ 7 mm, progesterone vaginal gel (Crinone®, 
Merck Serono, Switzerland) was administered at a dose 
of 90 mg/d. Cleavage-stage embryos or blastocysts were 
transferred 3 or 5 days after progesterone supplementa-
tion in hormone replacement treatment cycle. Warming 
protocols were conducted following traditional meth-
ods according to the instructions of the Vit Kit (Kitazato 
Biopharma, Japan). Embryos were brought progressively 
back to 37 °C and cultured for 2 h in the cleavage medium 
and the blastocyst medium after the warming procedure 
and before transfer.

Keywords  Cumulative live birth, POSEIDON criteria, Low prognosis, Age, anti-müllerian hormone
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Outcome measures
We defined live birth as an infant born showing any sign 
of life after 28 weeks gestation. The primary outcome of 
this study is CLBRs which was defined as the probabil-
ity of at least one live birth resulted from one or multiple 
frozen embryo transfer cycles. The secondary outcomes 
were LBRs per transfer cycle.

Statistical analysis
The data were analyzed using the Statistical Package 
for Social Sciences (SPSS, SPSS Inc., Chicago, IL, USA), 
MedCalc statistical software (version 12.7.5; http://
www.medcalc.org), and SAS (version 9.4, SAS Institute 
Inc., Cary, NC). The continuous data are presented as 
mean ± SD. Analysis of variance test was used to com-
pare mean values. The categorical data are represented 
as frequencies (percentage). Chi-squared test and Fisher’s 
exact test were used to compare rates among groups. The 
Kaplan–Meier method was used to report CLBR. P < 0.05 
was considered as statistically significant. The hazard 
ratio for live birth in the analysis of overall survival was 
estimated with the use of a stratified Cox proportional-
hazards model. The sample size is calculated using Med-
calc statistical software. It is found [7] that the cumulative 
pregnancy rate of Poseidon 3 and 4 groups is about 35% 
and 10% respectively after the third ET cycle. An a priori 
analysis for proportions using the difference from the 
constant model was performed, leading to a suggested 
sample size of 172 and 176.

Results
Baseline and ART characteristics
A total of 4712 women were involved in the study. They 
underwent 8156 embryo transfer cycles during the study 
period, which resulted in 3096 deliveries.

The baseline characteristics of all the cohorts are sum-
marized in Table 1. When compared with control group, 
the mean number of oocytes retrieved, cryopreserved 
embryos per cycle and proportion of cycles with oocytes 
retrieved, embryos cryopreserved was significantly lower 
and the numbers of oocyte retrieval cycles was signifi-
cantly higher in POSEIDON group 3 and POSEIDON 
group 4 respectively. Besides, there was significantly 
lower proportion of blastocyst transferred in POSEIDON 
group 3 and 4 compared to the control group.

The results presented in Table 2 provide a comprehen-
sive overview of the perinatal and neonatal outcomes of 
the four groups.

Live birth rate according to age or the POSEIDON criteria
The LBR per cycle according to maternal age through 
the six cycles are shown in Fig. 2A. During the 1st to the 
4th ET cycle, the women aged ≥ 35 years had significantly 
decreased LBRs compared with younger women(26.74% 
V.S. 43.84%, 24.77% V.S. 43.47%, 26.37% V.S. 35.38%, 
20% V.S.33.65%, ,respectively, P<0.05). However, the LBR 
in the 5th and the 6th ET cycle between the two group 
did not differ significantly (27.78% & 31.25% and 30% & 
37.5%).

The live birth rate according to POSEIDON criteria 
through the six ET cycles are shown in Fig.  2B and C. 
The LBR in the 1st, 3rd, 4th in the POSEIDON group 3 

Fig. 1  Study flow chart
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were significantly lower when compared to the control 
1 group (37.98% V.S. 44.56%, 21.28% V.S.35.83%, 16.67% 
V.S.37.63%, P<0.05). While the LBR in POSEIDON group 
4 differed significantly only in 1st and 4th FET cycle when 
compared to the control 2 group (30.69% V.S.18.84%, 
27.27% V.S. 4.76%, P<0.05 ).

CLBR according to age
The cumulative live birth rates after up to 6 ET cycles 
grouped by age are shown in Table  3; Fig.  3. The over-
all CLBR was 91.6%(95%CI 89.4-93.8%)as illustrated by 
Kaplan-Meier estimates reporting. The CLBR was 82.7% 
(95%CI 74.47-90.93%)for women ≥ 35 years and 93.8% 
(95%CI 91.85-95.75%)for women aged < 35 years. The 
log-rank test revealed a significant difference in CLBR 
across age subgroups (P < 0.0001).

CLBR according to POSEIDON criteria
The cumulative live birth rates calculated accord-
ing to POSEIDON criteria were shown in Table 4; Fig. 
4 illustrated by Kaplan-Meier estimates reporting. In 
women < 35 years old, the CLBR is 92.51% (95%CI 77.1-
97.55% )for POSEIDON group 3 and 93.98% (95%CI 
91.63–95.67%)for control 1 group. In women aged ≥ 35 
years, the CLBR is 55% (95%CI 39.34-70.66%)for POSE-
IDON group 4 and 88.7% (95%CI 80.68-96.72%)for 
control 2 group. The log-rank test revealed a signifi-
cant difference in CLBR across POSEIDON subgroups 
(P < 0.0001).

COX regression analysis
The association between probability of live birth for 
POSEIDON group 3 and 4 by cox regression model is 
presented in Table 5.

The prognosis according to the POSEIDON criteria 
was independent predictors of CLBR after adjustment for 
the stage of embryo transferred, and the aHR of POSEI-
DON group 3 was 0.835 (95%CI:0.722–0.962, P = 0.015) 
while the aHR of POSEIDON group 4 was 0.628 (95%CI: 
0.512–0.77, P < 0.001) compared to the control group of 
the same age respectively.

Discussion
Low prognosis patients of POSEIDON groups 3 and 
4 had significantly lower LBR and CLBR in multiple 
embryo transfer cycles [5]. However, almost all pub-
lished studies being focused on CLBR of low prognosis 
women included both fresh and frozen embryo transfer 
cycles. Here, we performed the cohort study to tell the 
discrepancy of CLBR up to 6 cycles of frozen embryo 
transfer in women of POSEIDON groups 3 and 4, which 
is of great significance to clinical counseling before IVF 
as the increased utility of freeze-all strategy in mod-
ern ART practice. In our study, although the LBR of 

POSEIDON group 3 was lower in the first four ET cycles, 
while its CLBR could more or less “catch up” with the 
control group 1 after six ET cycles, which means that 
patients < 35 years with low AMH can benefit from the 
multiple ET cycles. However, for patients ≥ 35 years old, 
the disparity of the CLBR between POSEIDON group 4 
and control 2 group increased with the number of FET 
cycles, and the last two cycles made little contribution to 
the CLBR for POSEIDON group 4.

Interpretation of findings
Generally, the age-related reduction of LBR is mainly 
caused by the decreased oocyte quality. Higher embryo 
aneuploidy rates in women over 35 years old resulted 
in a corresponding decrease in implantation rate and 
the increase in miscarriage rate [8]. However, for those 
women undergoing implantation failure in consecutive 
four FET cycles, age did not make means in LBR in the 
following 2 ET cycles, which suggested that uterine fac-
tors, including uterine local immune environment, may 
contribute more for repeated implantation failure (RIF) 
in younger women. The study of Chen et al. [9] can sup-
port the perspective as they found premature aging of 
the endometrium exists in young women (<35 years old) 
with recurrent implantation failure. Another evidence 
came from the data that Preimplantation Genetic Test-
ing for Aneuploidy (PGT-A) was proved to be effect in 
improving LBR in advanced age patients with RIF, but 
not in young RIF women [10].

In fresh IVF cycle, serum AMH was a predictor for 
LBR, which was mainly contributed by greater oocyte 
yield [11]. However, the role of serum AMH on LBR in 
frozen embryo transfer cycle was rarely studied. Accord-
ing to Li et al. [12], the LBR in the first FET cycle after 
oocyte retrieval was positively associated with AMH. and 
the reason may be higher chances of good quality embryo 
being selectable for transfer in the first cycle. Here, the 
comparison of LBR between POSEIDON group 3 or 
group 4 and control groups also suggested that LBR was 
higher in the first FET cycle for those with higher AMH, 
but not in all FET cycles.

Based on previous study, AMH and age were both inde-
pendent predictors for CLBR [13]. Aimed to exclude the 
interference of fresh cycles, we only enrolled FET cycles 
following “freeze all” cycles in the study and observed the 
effects of AMH and age on CLBR. From the first to the 
sixth FET cycle, the CLBR of POSEIDON group 3 kept 
rising and the disparity of CLBR between POSEIDON 
group 3 and control 1 group was stepdown. Finally, the 
CLBR of two group of women was very closed. How-
ever, the CLBR disparity between POSEIDON groups 4 
and control 2 group was increased over the course of six 
FET treatments. The CLBR of POSEIDON group 4 was 
finally much lower than control 2 group and reached 
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plateau after 5 FET cycles Thus, the negative effect of 
AMH on CLBR is compensated by repeated cycles in 
young women but augmented in advanced age of women. 
It should be noticed that the CLBR of control 2 group 
reached 88% up to six FET cycles which suggested higher 
AMH could compensated the adverse impact of age to a 
certain extent in women older than 35 years. The mecha-
nisms may be more oocytes retrieved resulted in more 
chances to select euploid embryos with good morphol-
ogy to transfer.

The COX regression analysis confirmed that in FET 
cycles, POSEIDON criteria was an independent factor 
positively associated with CLBR. Until now, only one 
large cohort study on CLBR in FET cycles was published 
which analyzed the CLBR within 5 years or 9 FET cycles 
in groups based on POSEIDON criteria [14]. The CLBR 
over 5 years estimated by optimistic analytical method 
was 0.75 (0.71–0.78) in POSEIDON group 3, almost the 
same as that of control group with 0.79 (0.78–0.80) and 
much higher than 0.41 (0.37–0.46) in POSEIDON group 
4. Interestingly, although they included up to 9 cycles, all 
patients reached a CLBR plateau after 3.5 years or 6 FET 
cycles. According to the published data and our results, 
although women of both POSEIDON group 3 and group 
4 have diminished ovarian reserve, the noticeable dif-
ferences in CLBR after 6 cycles of FET between the two 
groups indicated female age has more significant impact 
on the CLBR than the ovary reserve parameter. These 
results were in line with Hu’s study [13]. which reported 
that the age did not negative affect CLBR in those ≤ 35 
years, while in 36–38 years, 39–40 years and 41–42 years 
old group, the adjusted HR of age on cumulative live 
birth is 0.71 (0.58–0.88), 0.45 (0.35–0.60) and 0.27 (0.19–
0.38) for respectively. The higher embryos aneuploid rate 
was still the greatest factor affecting pregnant outcome 
in advanced age of women. Luo’s [15] report confirmed 
that in POSEIDON 4 group undergoing PGT-A, 61.7% 
women failed to obtain euploid embryos, while in group 
of POSEIDON 3 the rate was only 18%.

This study has some limitations. The first was the per-
centage of the patients who dropped out, which was also 
a common problem while researching cumulative out-
comes. The reason for discontinuation of treatment may 
be physical and emotional strain, financial burden, or the 
lack of informative censoring from doctors. To account 
for this, we calculated ‘optimal’ estimates, which assumes 
that the cumulative live-birth rate in women who discon-
tinue IVF had the equal chances of getting live birth to 
those who continue further treatments. Second, this was 
a single-center retrospective study and the retrospective 
nature of the study cannot exclude all biases resulted by 
uneven patients’ basic data, such as obesity, endometrio-
sis, adenomyosis and so on. Future prospective studies in 
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different. populations may be necessary to validate the 
results.

Clinical implications
The reporting of the CLBR over multiple frozen embryo 
transfer cycles of low prognosis patients has important 
clinical implications. First, we were delighted to find out 
that young women with low ovary reserve could benefit 
from extending the number of ET cycles. So, for POSEI-
DON group 3 patients, more efforts should be focused 
on increasing the number of oocytes retrieved through 
tailored controlled-ovarian-stimulation (COS). There-
fore, novel COS strategies, such as oocyte/embryo accu-
mulation in consecutive cycles [16] or double ovarian 
stimulation in the same ovarian cycle [17], have been 

proposed. Also, as the oocyte quantitative parameters 
had limited predicting value in CLBR for women younger 
than 35 years, those women with lower AMH may not be 
considered as traditional “low prognosis” in clinical prac-
tice, or they should be informed more about optimistic 
outcomes after consecutive ET cycles than a single cycle.

Second, for POSEIDON group 4, as the increased rate 
of aneuploid embryos resulted higher risk of implanta-
tion failure and miscarriages, more oocyte yield may be 
not enough to compensate the decrease in oocyte qual-
ity. Thus, moreover, consultation should be conducted to 
inform the reduction of the probability of live birth and 
preimplantation genetic testing for aneuploidies (PGT-A) 
should be recommended after 3–4 cycles of implantation 
failure.

Table 3  The CLBRs according to maternal age
FET cycle Cumulative birth rate(95%CI) P-value Overall

<35years ≥ 35years
1 43.9(42.26–45.54) 26.7(24.19–29.21) < 0.0001 39.6(38.2–41)
2 68.3(66.65–69.95) 44.4(41.21–47.59) < 0.0001 62.8(61.29–64.31)
3 79.3(77.67–80.93) 57.9(54.04–61.76) < 0.0001 74.5(72.93–76.07)
4 86.6(84.91–88.29) 66.3(61.58–71.02) < 0.0001 82.4(80.69–84.11)
5 91.02(89.23–92.81) 75.2(69.1–81.3) < 0.0001 87.9(85.99–89.81)
6 93.8(91.85–95.75) 82.7(74.47–90.93) < 0.0001 91.6(89.4–93.8)
CI = Confidence Interval

Fig. 2  The LBRs per ET cycle (A) comparisons based on age (≥ 35 years and < 35 years old). (B) comparisons between POSEIDON group 3 and control 1 
group. (C) comparisons between POSEIDON group 4 and control 2 group
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Conclusion
In conclusion, the current study suggested age is the pri-
mary decisive factor for CLBR and ovarian reserve has 
limited value in predicting CLBR, especially in young 
women. Our findings support the efficacy of extending 
the number of ET cycles up to 6 to low prognosis patients 
of POSEIDON group 3, while for the POSEIDON group 

4 PGT-A is strongly recommended after four FET cycles. 
The results of our study can help clinicians provide accu-
rate, individualized counselling to help patients build 
realistic expectations for their reproductive outcomes, 
preparing emotionally and financially for their IVF 
journey.

Table 4  The CLBRs according to POSEIDON criteria
Number of embryo transfers cycle <35 ≥ 35

Control 1 group POSEIDON group 3 P-value Control 2 
group

POSEIDON group 4 P-value

1 44.6
(42.87–46.33)

38
(32.83–43.17)

0.021 30.7
(27.49–
33.91)

18.8
(14.96–22.64)

< 0.0001

2 69
(67.29–70.71)

61.5
(55.44–67.56)

0.0074 48.9
(45.1–52.7)

34.3
(28.62–39.98)

< 0.0001

3 80.1
(78.43–81.77)

69.7
(63.13–76.27)

0.0016 62.6
(58.33–
66.87)

44.9
(36.98–52.82)

< 0.0001

4 87.6
(85.89–89.31)

74.7
(67.6–81.8)

0.0005 71.9
(66.79–
77.01)

47.5
(38.44–56.56)

< 0.0001

5 91.3
(89.51–93.09)

88.8
(80.02–97.58)

0.001 80.2
(74.18–
86.22)

55
(39.34–70.06)

< 0.0001

6 93.98
(91.63–95.67)

92.51
(77.1–97.55)

0.0011 88.7
(80.68–
96.72)

55
(39.34–70.06)

< 0.0001

CI = Confidence Interval

Fig. 3  The CLBR according to age using a standard Kaplan Meier survival model. The colored band surrounding the Kaplan Meier curve represents the 
95% CI
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