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STUDY QUESTION: What is the cumulative delivery rate (CDR) per aspiration IVF/ICSI cycle in low-prognosis patients as defined by
the Patient-Oriented Strategies Encompassing IndividualizeD Oocyte Number (POSEIDON) criteria?

SUMMARY ANSWER: The CDR of POSEIDON patients was on average �50% lower than in normal responders and varied across
POSEIDON groups; differences were primarily determined by female age, number of embryos obtained, number of embryo transfer (ET)
cycles per patient, number of oocytes retrieved, duration of infertility, and BMI.

WHAT IS KNOWN ALREADY: The POSEIDON criteria aim to underline differences related to a poor or suboptimal treatment out-
come in terms of oocyte quality and quantity among patients undergoing IVF/ICSI, and thus, create more homogenous groups for the clini-
cal management of infertility and research. POSEIDON patients are presumed to be at a higher risk of failing to achieve a live birth after
IVF/ICSI treatment than normal responders with an adequate ovarian reserve. The CDR per initiated/aspiration cycle after the transfer of
all fresh and frozen–thawed/warmed embryos has been suggested to be the critical endpoint that sets these groups apart. However, no
multicenter study has yet substantiated the validity of the POSEIDON classification in identifying relevant subpopulations of patients with
low-prognosis in IVF/ICSI treatment using real-world data.

STUDY DESIGN, SIZE, DURATION: Multicenter population-based retrospective cohort study involving 9073 patients treated in three
fertility clinics in Brazil, Turkey and Vietnam between 2015 and 2017.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Participants were women with infertility between 22 and 42 years old in their
first IVF/ICSI cycle of standard ovarian stimulation whose fresh and/or frozen embryos were transferred until delivery of a live born or until all
embryos were used. Patients were retrospectively classified according to the POSEIDON criteria into four groups based on female age, antral
follicle count (AFC), and the number of oocytes retrieved or into a control group of normal responders (non-POSEIDON). POSEIDON patients
encompassed younger (<35 years) and older (35 years or above) women with an AFC �5 and an unexpected poor (<4 retrieved oocytes) or
suboptimal (4–9 retrieved oocytes) response to stimulation, and respective younger and older counterparts with an impaired ovarian reserve
(i.e. expected poor responders; AFC<5). Non-POSEIDON patients were those with AFC �5 and >9 oocytes retrieved. CDR was computed
per one aspirated cycle. Logistic regression analysis was carried out to examine the association between patient classification and CDR.

MAIN RESULTS AND ROLE OF CHANCE: The CDR was lower in the POSEIDON patients than in the non-POSEIDON patients
(33.7% vs 50.6%; P< 0.001) and differed across POSEIDON groups (younger unexpected poor responder [Group 1a; n¼ 212]: 27.8%,
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younger unexpected suboptimal responder [Group 1b; n¼ 1785]: 47.8%, older unexpected poor responder [Group 2a; n¼ 293]: 14.0%,
older unexpected suboptimal responder [Group 2b; n¼ 1275]: 30.5%, younger expected poor responder [Group 3; n¼ 245]: 29.4%, and
older expected poor responder [Group 4; n¼ 623]: 12.5%. Among unexpected suboptimal/poor responders (POSEIDON Groups 1 and
2), the CDR was twice as high in suboptimal responders (4–9 oocytes retrieved) as in poor responders (<4 oocytes) (P¼ 0.0004).
Logistic regression analysis revealed that the POSEIDON grouping, number of embryos obtained, number of ET cycles per patient, number
of oocytes collected, female age, duration of infertility and BMI were relevant predictors for CDR (P< 0.001).

LIMITATIONS, REASONS FOR CAUTION: Our study relied on the antral follicle count as the biomarker used for patient classifica-
tion. Ovarian stimulation protocols varied across study centers, potentially affecting patient classification.

WIDER IMPLICATIONS OF THE FINDINGS: POSEIDON patients exhibit lower CDR per aspirated IVF/ICSI cycle than normal res-
ponders; the differences are mainly determined by female age and number of oocytes retrieved, thereby reflecting the importance of oo-
cyte quality and quantity. Our data substantiate the validity of the POSEIDON criteria in identifying relevant subpopulations of patients
with low-prognosis in IVF/ICSI treatment. Efforts in terms of early diagnosis, prevention, and identification of specific interventions that
might benefit POSEIDON patients are warranted.
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Introduction
The Patient-Oriented Strategies Encompassing IndividualizeD Oocyte
Number (POSEIDON) criteria identify and classify the so-called ‘low-
prognosis’ patients undergoing ART (Humaidan et al., 2016; Poseidon
Group et al., 2016). Under this system, patients are classified into four
groups based on female age, ovarian reserve markers (antral follicle
count (AFC) and/or anti-Müllerian hormone (AMH)), and the number
of oocytes retrieved if the patient previously underwent a standard
ovarian stimulation. Accordingly, POSEIDON patients encompass
women with a sufficient ovarian reserve and a poor or suboptimal re-
sponse to standard stimulation (i.e. unexpected poor responders (<4
retrieved oocytes) or unexpected suboptimal responders (4–9 re-
trieved oocytes)), and women with an impaired ovarian reserve (i.e.
expected poor responders). These patients are further stratified
according to age using a threshold of 35 years. The POSEIDON classi-
fication aims to underline differences related to a poor or suboptimal
treatment outcome in terms of oocyte quality and quantity, and, thus,
create more homogenous groups for the clinical management of infer-
tility and research (Esteves et al., 2019a).

POSEIDON patients are presumed to be at a higher risk of failing
to achieve a live birth after IVF/ICSI treatment than normal respond-
ers with an adequate ovarian reserve. The cumulative delivery rate
(CDR) per initiated/aspiration cycle after the transfer of all fresh and
frozen–thawed/warmed embryos has been suggested to be the critical
endpoint that sets these groups apart (Esteves et al., 2021a). This met-
ric is increasingly being recognized to be an appropriate way to report
ART success (Moragianni and Penzias, 2010; Maheshwari et al., 2015)
and has been selected as a critical efficacy outcome in the ESHRE

2019 guideline on ovarian stimulation for IVF/ICSI (Ovarian
Stimulation TEGGO et al., 2020). Moreover, it is considered the most
meaningful outcome from the patients’ perspective because it ade-
quately reflects the prognosis of achieving a live birth after one initi-
ated/aspirated ART cycle (Malizia et al., 2009).

As ART may involve multiple embryo transfers (ETs), the CDR cap-
tures the role of oocyte quality and quantity that are the pillars of the
POSEIDON criteria. Female age is a surrogate for oocyte competence
given its well-established association with oocyte/embryo ploidy
(Cimadomo et al., 2018; Esteves et al., 2019b). In addition, ovarian re-
serve markers, particularly AFC and AMH, predict the ovarian re-
sponse to gonadotropin stimulation and, therefore, the expected
number of oocytes retrieved (Tal and Seifer, 2017). The latter is
closely associated with CDR because each oocyte has pregnancy po-
tential (Drakopoulos et al., 2016; Polyzos et al., 2018). An increased
oocyte yield may increase the number of embryos potentially
obtained, thereby enhancing the possibility of a live birth delivery with
the transfer of fresh or cryopreserved embryos generated from a sin-
gle stimulation cycle (Vermey et al., 2019).

Accurate reporting of CDR is an essential step in the validation of
the POSEIDON criteria. However, as only minimal data on the re-
productive prospects of low-prognosis patients are available
(Leijdekkers et al., 2019; Li et al., 2019; Yang et al., 2020), we inves-
tigated the CDR per aspiration cycle of POSEIDON patients using
large data analytics. Our primary objectives were (i) to compare
CDR among POSEIDON (sub)groups using a control group of nor-
mal responders as the reference population, and (ii) to assess the
impact of patient and treatment factors on the CDR of POSEIDON
patients.

2158 Esteves et al.
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Materials and methods
This is an institutional review board-approved study based on retro-
spective data collected from patients with infertility who underwent
IVF-ICSI treatment between 2015 and 2017 in three fertility centers
(ANDROFERT, Campinas, Brazil; Anatolia IVF and Women’s
Health Center, Ankara, Turkey; and My Duc Hospital, Ho Chi
Minh City, Vietnam). The study complies with the standards for
reporting observational studies (STROBE) (Vandenbroucke et al.,
2007).

Study population
Eligible patients were consecutively enrolled women with infertility
between the ages of 22 and 42 years who had their first IVF/ICSI
cycle in the study centers. Included were all patients who (i) had
been treated using a standard ovarian stimulation protocol, (ii) had
undergone oocyte pick-up regardless of whether or not oocytes
were retrieved, and (iii) had either delivered a live-born infant after
a fresh or frozen–thawed ET (FET) or had not had a live birth deliv-
ery after the transfer of all embryos obtained. Only one cycle per
patient was analyzed. Patients undergoing preimplantation genetic
testing and those who had undergone IVF/ICSI for purposes other
than infertility were excluded. Also excluded were patients treated
with mild or minimal stimulation protocols (Nargund et al., 2007)
because ovarian stimulation using gonadotropin starting doses of
150 IU or higher is a precondition to classify a patient according to
the POSEIDON criteria.

Assessment of ovarian reserve
Ovarian reserve assessment was carried out during a natural menstrual
cycle 1–3 months before starting the stimulation. Antral follicle count
was measured during the early follicular phase using 2-dimensional
transvaginal ultrasonography according to the practical recommenda-
tions for the standardized use of AFC (Broekmans et al., 2010). AMH
serum values were determined using the modified Beckman Coulter
Generation II enzyme-linked immunosorbent assay (Craciunas et al.,
2015). Ovarian biomarker results were available before any treatment
decision was made concerning the ovarian stimulation regimen of
choice (Lan et al., 2013).

Treatment characteristics
The protocols used for standard ovarian stimulation were either the
GnRH antagonist protocol or the long GnRH agonist protocol, as pre-
viously described (Bozdag et al., 2017; Vuong et al., 2018; Fischer
et al., 2019; Esteves et al., 2020). Patients received 150–450 IU daily
subcutaneous injections of (i) recombinant FSH (rec-FSH), (ii) highly
purified human menopausal gonadotropin (hMG), (iii) rec-FSH com-
bined with hMG, or (iv) recombinant FSH combined with recombinant
LH (rec-FSH þ rec-LH 2:1 ratio). The ovarian stimulation regimen
was mainly based on ovarian reserve, age of the woman and, if appli-
cable, previous ovarian stimulation history. Ovarian response was
monitored using transvaginal ultrasonography and serum estradiol
measurements, and gonadotropin doses were adjusted as needed.
Both fixed and flexible GnRH antagonist protocols were used.

Final oocyte maturation was carried out with either hCG or GnRH
agonist. The oocytes collected were inseminated via IVF or ICSI, and
zygotes were cultured until Day 3 or the blastocyst stage. ET was per-
formed under ultrasound guidance and surplus embryos (or all viable
embryos in case of elective embryo freezing) were vitrified. Elective
freezing of all embryos was carried out in patients at risk of ovarian
hyperstimulation syndrome, in those with a premature increase in pro-
gesterone level on the hCG day (i.e. >1.5 ng/ml), a thin endometrium,
accumulation of intrauterine fluid, and endometrial polyps. FET was
performed in a hormone replacement treatment cycle without GnRH
down-regulation. The number of embryos transferred was based on
shared decision-making in compliance with national regulations. In fresh
ET cycles, luteal phase support was provided by daily administration of
intravaginal progesterone starting on the oocyte pick-up day or one
day after and continued until the seventh week of gestation. In FET
cycles, ET was scheduled on the 4th and the 6th day after the start of
progesterone for the cleavage and blastocyst stage transfers, respec-
tively, and luteal phase support was continued until 10–12 weeks of
gestation. Pregnancy was monitored up to live birth delivery according
to established practices. No other analyses concerning obstetric and
neonatal outcomes were carried out.

Data input
Demographic data consisted of female age, BMI, infertility duration,
infertility factor, and AFC and AMH values. The following treatment
data were also collected: type of GnRH analogue, gonadotropin
type, total gonadotropin dose, duration of stimulation, and trigger
type. Embryo data included the numbers of oocytes retrieved,
Metaphase II oocytes, embryos obtained, embryos transferred, cry-
opreserved embryos and ET cycles. Each individual-level input data
was processed to produce the indicator of interest, that is, the pa-
tient classification (see below). Patients with incomplete data were
excluded.

Patient classification
Patients were retrospectively classified into five groups based on the
POSEIDON criteria as described below. Patients who did not meet
any of the four POSEIDON groups were classified into a fifth group
designated ‘non-POSEIDON’. The latter group was constituted by our
control group of normal responders who had adequate ovarian re-
serve markers. We used AFC as the biomarker for classification be-
cause this parameter was available in 95.7% (n¼ 9073) of patients,
whereas AMH levels were available in only 60.7% (n¼ 5750) of cases.

i. POSEIDON Group 1 (Group 1): Age <35 years, AFC �5, and a previ-

ous standard ovarian stimulation with <10 oocytes retrieved. This

group was further separated into Subgroup 1a, consisting of patients

with fewer than 4 oocytes retrieved, and Subgroup 1b, consisting of

patients with 4–9 oocytes.
ii. POSEIDON Group 2 (Group 2): Age �35 years, AFC �5, and a previ-

ous standard ovarian stimulation with <10 oocytes retrieved. This

group was further separated into Subgroup 2a, consisting of patients

with fewer than 4 oocytes retrieved, and Subgroup 2b, consisting of

patients with 4–9 oocytes.
iii. POSEIDON Group 3 (Group 3): Age <35 years and AFC <5.
iv. POSEIDON Group 4 (Group 4): Age �35 years and AFC <5.

Cumulative delivery rate in POSEIDON patients 2159
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.v. Non-POSEIDON (Group 5): Patients with AFC �5 and >9 oocytes

retrieved. This group was further separated into Subgroup 5a, consist-

ing of patients aged <35 years; and Subgroup 5b, consisting of patients

aged 35 years and older.

Main outcome measures
The primary outcome was the CDR per aspiration IVF/ICSI cycle with
at least one live birth, defined according to the International Committee
for Monitoring Assisted Reproductive Technologies (ICMART) as
‘. . .the number of deliveries with at least one live birth resulting from one initi-
ated/aspiration ART cycle expressed per 100 patients, including all cycles in
which fresh and/or frozen embryos were transferred, until one delivery with a
live birth occurred or until all embryos were used, whichever occurred first’
(Zegers-Hochschild et al., 2017). The delivery of a singleton or multiples
was recorded as one delivery. Patients with no oocytes retrieved or
embryos available for transfer were computed as failures.

Statistical analysis
Continuous data are presented as median and 25–75% interquartile
range. Categorical data are described by the number of cases and
percentages. Categorical and continuous data were analyzed using
the Pearson Chi-square and Kruskal–Wallis or Wilcoxon test, re-
spectively. The CDR survival functions were calculated using the
non-parametric Kaplan–Meier method and non-censored values.
The ‘time’ response in the model was the order of ETs; the patient
was the observational unit, whereas live birth delivery was the
event. Time-to-event plots and their correspondent tables were
generated using three approaches. First, a time-to-event analysis of
all POSEIDON patients, combined into a single group, and the con-
trol group of non-POSEIDON patients. Second, a similar analysis
that included the four POSEIDON groups and the control group of
non-POSEIDON patients. Third, a time-to-event analysis that in-
cluded the above POSEIDON groups in which Groups 1 and 2
were further stratified into Subgroups ‘a’ and ‘b’, and non-
POSEIDON patients stratified by age using the 35-year threshold.
To verify whether the estimated survival functions differed across
the groups, we used the pairwise log-rank statistics (Mantel 1966).
P-values were adjusted using the Benjamini–Hochberg correction
False Discovery Rate for multiple testing (Benjamini and Hochberg
1995). P-values of <0.05 were considered indicative of a statistically
significant difference. Logistic regression analyses were conducted to
examine the association between patient covariates and the CDR.
Patient’s demographic data, treatment characteristics, embryonic
data, and POSEIDON groups were the independent variables,
whereas the CDR was the dependent variable. Only AMH was ex-
cluded from the list of patient covariates (see section ‘Data input’)
because of the high frequency of missing values. The independent
variables were simultaneously entered into the model. The center
effect was also considered. Overfitting was not a concern because
the nature of our regression analysis was explanatory, primarily
intended to illuminate possible associations between covariates and
CDR rather than to form a model to predict CDR for new data. In
particular, we aimed to determine a supposed relationship between
the POSEIDON groups and CDR, adjusting for the effects of any
other covariates. The likelihood of CDR according to POSEIDON
groups is reported as odds ratios (OR) with SE and a 95% CI.

Computations were carried out using JMPVR PRO 13 and SAS 9.3
(SAS Institute, Cary, NC, USA).

Results
A total of 9073 patients were included in the study. Among these,
4433 (48.9%) patients met the POSEIDON criteria and were classi-
fied in one of the ‘low-prognosis’ groups (Fig. 1). Within the overall
population, 6722 fresh and 3010 FET cycles were performed during
the study. Of these, 3429 fresh ETs and 784 FETs were performed
in POSEIDON patients. No oocytes were retrieved in 143 patients
(1.6% of total studied population) (Group 1a ¼ 14/212 (6.6%));
Group 2a ¼ 30/293 (10.2%); Group 3¼ 19/245 (7.7%); and
Group 4¼ 80/623 (12.8%)).

Patient and treatment characteristics
Table I shows the baseline and treatment characteristics of the
patients studied. Patients in POSEIDON Groups 1 and 3 were
younger, had higher AFC values and a shorter infertility duration, re-
spectively, than those in Groups 2 and 4. The aforementioned char-
acteristics are expected because they are related to the attributes
that define each POSEIDON group. By contrast, the non-
POSEIDON group consisted predominantly of young patients with
optimal AFC values.

Infertility due to male factor occurred more frequently in younger
POSEIDON patients (Groups 1 and 3) and their non-POSEIDON
counterparts, whereas a female infertility factor was commonly
found in older POSEIDON patients (Groups 2 and 4). The most
common ovarian stimulation regimen across all POSEIDON groups
consisted of a GnRH antagonist, the association between rec-FSH
and hMG, and an hCG trigger. Non-POSEIDON patients were
more frequently treated with rec-FSH monotherapy. Among these
patients, GnRH agonist trigger and elective frozen ET were relatively
common.

IVF/ICSI outcomes are reported in Table II. Overall, the numbers
of oocytes retrieved and embryos obtained were ~2-fold lower in
POSEIDON patients than in their non-POSEIDON counterparts. In
addition, the percent in whom ET was cancelled because of a lack of
oocytes/embryos was higher in POSEIDON patients (11.1%) than in
non-POSEIDON patients (1.2%). The frequency of patients who had
undergone more than one ET cycle due to the availability of supernu-
merary frozen embryos was lower in POSEIDON patients (8.7%) than
non-POSEIDON patients (28.2%). Within the POSEIDON groups, the
numbers of frozen embryos and ET cycles were higher in unexpected
suboptimal responders (Groups 1b and 2b) than in unexpected poor
responders (Groups 1a and 2a).

Cumulative delivery rate per aspiration cycle
A total of 3840 (42.3%) patients achieved a live birth delivery after one
or more ET(s) from one aspirated cycle (Table II). Figure 2 shows the
CDR survival plots for each patient group, and Table III shows the
results of pairwise group comparisons. The CDR was lower in
POSEIDON patients than in non-POSEIDON patients (33.7% vs
50.6%, P< 0.001). Among POSEIDON groups, those including the
younger population had the highest CDRs per aspirated cycle

2160 Esteves et al.
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..(Group 1: 45.7%; Group 3: 29.4%). Within the groups of unex-
pected responders (Groups 1 and 2), CDRs were significantly higher
in suboptimal responders (Group 1b: 47.8%; Group 2b: 30.5%) than
in poor responders (Group 1a: 27.8%; Group 2a: 14.0%;

P¼ 0.0004). CDR was lowest in older POSEIDON patients with an
expected poor response (Group 4: 12.5%). Within the non-
POSEIDON group, CDR was lower in older (�35 years) than in
their younger (<35 years) counterparts (56.4% vs 34.8%,

Figure 1. Flow diagram showing total patient breakdown. POSEIDON (Patient-Oriented Strategies Encompassing IndividualizeD Oocyte
Number) Group 1: younger (<35 years) unexpected poor or suboptimal responders; Subgroup 1a (poor): <4 oocytes retrieved, Subgroup 1b
(suboptimal): 4–9 oocytes. POSEIDON Group 2: older (�35 years) unexpected poor or suboptimal older responders; Subgroup 2a (poor): <4
oocytes retrieved; Subgroup 2b (suboptimal): 4–9 oocytes. POSEIDON Group 3: younger (<35 years) expected poor responder. POSEIDON
Group 4: older (�35 years) expected poor responders. Non-POSEIDON (Group 5): normal responders (>9 oocytes retrieved) with an adequate
AFC (�5).

Cumulative delivery rate in POSEIDON patients 2161
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..P¼ 0.004). However, CDR in older (�35 years) non-POSEIDON
patients was higher than that of POSEIDON suboptimal responders
of a similar age stratum (Group 2b: 30.5%; P¼ 0.03)
(Supplementary Table S1).

Logistic regression analysis
A significant regression equation was found between patient
co-variates and CDR (Chi-square¼ 2196.09; degrees of

freedom¼ 22; P< 0.0001) with an R-square of 0.215. POSEIDON
(sub)groups, number of embryos obtained, number of ET per pa-
tient, number of oocytes retrieved, female age, duration of infertil-
ity and BMI were the relevant predictors for CDR (P< 0.001).
A study center effect was not observed in the model. Infertility
factor, AFC, GnRH analogue, gonadotropin type, total gonadotro-
pin dose, duration of stimulation, trigger type, and type of transfer
(fresh or frozen–thawed) were not significantly associated with
CDR.

............................................................................................................................................................................................................................

Table I Baseline and treatment characteristics of patients stratified according to the POSEIDON criteria.

POSEIDON Groups

Group 1
n 5 1997

Group 2
n 5 1568

Group 3
n 5 245

Group 4
n 5 623

Total
n 5 4433

Group 5
(Non-POSEIDON)

n 5 4640
1a

n 5 212
1b

n 5 1785
2a

n 5 293
2b

n 5 1275

Baseline characteristics:

Female Age (years) 31 [28; 33] 31 [28; 34] 39 [37–41] 38 [36; 40] 32 [30; 33] 39 [37; 42] 34 [31; 38] 31 [28; 35]

BMI (kg/m2) 22 [20–25] 22 [20–26] 22 [20–25] 22 [21; 25] 21 [20; 23] 22 [20; 24] 22 [20; 25] 22 [20; 25]

Infertility duration (months) 48 [24–72] 48 [24–72] 48 [24–96] 60 [24; 102] 48 [24–72] 60 [24; 108] 48 [24–84] 48 [24–72]

Infertility cause, n (%):

Male factor 47 (29.4) 515 (28.9) 43 (10.2) 281 (22.0) 26 (10.6) 77 (12.4) 989 (22.3) 1771 (38.1)

Tubal 13 (5.7) 176 (9.8) 30 (6.8) 143 (11.2) 22 (9.0) 42 (6.7) 426 (9.6) 523 (11.2)

Endometriosis 13 (5.7) 91 (5.1) 17 (5.8) 44 (3.4) 14 (5.7) 61 (9.8) 240 (5.4) 152 (3.3)

Ovulatory 17 (8.0) 104 (5.8) 10 (3.4) 35 (2.7) 5 (2.0) 7 (1.1) 178 (4.0) 649 (14.0)

Unexplained 49 (23.1) 492 (27.6) 71 (24.2) 287 (22.5) 86 (35.1) 182 (29.2) 1167 (26.3) 1089 (23.6)

Combined* 73 (34.4) 407 (22.8) 122 (41.6) 485 (38.2) 92 (37.6) 254 (40.8) 1433 (32.4) 456 (9.8)

AFC (n) 7 [6–12] 11 [8–16] 6 [5–8] 8 [6; 11] 3 [2; 4] 3 [2; 4] 8 [5; 12] 17 [13; 22]

AMH (ng/mL)! 1.2 [0.7–2.8] 2.5 [1.4–4.5] 1.1 [0.6–1.9] 1.6 [1.1; 2.8] 0.7 [0.3; 1.2] 0.7 [0.3; 1.1] 1.4 [0.8; 2.8] 4.8 [2.9; 7.7]

Treatment characteristics:

Stimulation duration (days) 9 [8–10] 9 [8–10] 9 [8–10] 9 [8–10] 10 [8–11] 9.5 [8–11] 9 [8–10] 9 [8–10]

GnRH analogue:

Antagonist 149 (70.3) 1261 (70.6) 238 (81.2) 927 (72.7) 207 (84.5) 574 (92.1) 3356 (75.7) 3817 (82.3)

Agonist 63 (29.7) 524 (29.4) 55 (18.8) 348 (27.3) 38 (15.5) 49 (7.9) 1077 (24.3) 823 (17.7)

Total gonadotropin dose (IU) 2700

[2025–3450]

2200

[1575–3000]

3000

[2325–3450]

2700

[2250–3450]

3075

[2700–4050]

3075

[2480–3900]

2700

[2000–3450]

2025

[1455–2700]

Gonadotropin type:

rFSH 56 (26.4) 755 (42.3) 56 (19.1) 351 (27.5) 55 (22.5) 101 (16.2) 1374 (31.0) 2451 (52.8)

rFSHþhMG 134 (63.2) 864 (48.4) 160 (54.6) 706 (55.4) 156 (63.7) 395 (63.4) 2415 (54.5) 1865 (40.2)

rFSHþrLH 11 (5.2) 92 (5.1) 71 (24.2) 179 (14.1) 24 (9.8) 110 (17.7) 487 (11.0) 259 (5.6)

hMG 11 (5.2) 74 (4.1) 6 (2.0) 39 (3.0) 10 (4.0) 17 (2.7) 157 (3.5) 65 (1.4)

Trigger type:

hCG 208 (98.1) 1719 (96.3) 262 (89.4) 1213 (95.1) 234 (95.5) 577 (92.6) 4213 (95.0) 3712 (80.0)

GnRH agonist 4 (1.9) 66 (3.7) 31 (10.6) 62 (4.9) 11 (4.5) 46 (7.4) 220 (5.0) 928 (20.0)

Elective embryo freezing 16 (7.5) 180 (10.1) 36 (12.3) 208 (16.3) 17 (6.9) 69 (11.0) 526 (11.9) 1083 (23.3)

Values are median and interquartile range or number and percentage. AFC, antral follicle count; AMH, anti-Müllerian hormone; rFSH, recombinant follicle-stimulating hormone; HMG,
human menopausal gonadotropin; rLH, recombinant luteinizing hormone.
Group 1a: Younger (<35 years) unexpected poor responder (<4 oocytes retrieved); Group 1b: Younger (<35 years) unexpected suboptimal responder (4–9 oocytes retrieved);
POSEIDON group 2a: Older (�35 years) unexpected poor responder; Group 2b: Older unexpected suboptimal responder; Group 3: Younger expected poor responder; Group 4:
Older expected poor responder; Group 5: Non-POSEIDON: normal responders (>9 oocytes retrieved) with an adequate AFC (�5).
!Based on data of 5750 patients.
*Presence of both a male and a female factor.
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..Table IV shows the adjusted ORs with their 95% CI for CDRs
among patient groups. Non-POSEIDON patients were used as the
reference category. Overall, our model indicated that the classification
‘POSEIDON’ was an independent negative predictor for CDR per as-
piration cycle.

Discussion
This multicenter, multinational observational cohort study demon-
strates that CDR per aspirated IVF/ICSI cycle is �50% lower in
women who meet the POSEIDON criteria than in normal responders
who have adequate ovarian reserve markers. This finding substantiates
the concept that POSEIDON patients have a lower prognosis after
ART treatment than normal responders. The effect size varied across
POSEIDON groups, and the differences were primarily related to fe-
male age and number of oocytes retrieved, which underline the impor-
tance of oocyte quality and quantity. Younger POSEIDON patients

(Groups 1 and 3) were less affected than their older counterparts
(Groups 2 and 4); the former achieved a CDR of �44% after one
stimulated IVF/ICSI cycle. By contrast, the CDR was the lowest
(�12%) in older women with an abnormal ovarian reserve (Group 4).
Within the unexpected poor/suboptimal responder women (Groups
1 and 2), the CDR was twice higher in suboptimal responders (4–9
oocytes; Subgroups 1b and 2b) than in poor responder counterparts
(<4 oocytes retrieved; Subgroups 1a and 2a).

Interpretation of findings
To the best of our knowledge, this is the first multicenter study to as-
sess the CDR from one aspiration cycle in POSEIDON patients
according to the ICMART terminology. We included a control group
of normal prognosis patients for comparison and evaluated CDRs in
POSEIDON patients both overall and by group. We also evaluated
the CDR in unexpected poor/suboptimal POSEIDON patients
(Groups 1 and 2) based on the number of oocytes retrieved. Lastly,

............................................................................................................................................................................................................................

Table II IVF/ICSI outcomes of studied patients stratified according to the POSEIDON criteria.

POSEIDON Groups

Group 1
n 5 1997

Group 2
n 5 1568

Group 3
n 5 245

Group 4
n 5 623

Total
n 5 4433

Group 5
(Non-POSEIDON)

n 5 4640
1a

n 5 212
1b

n 5 1785
2a

n 5 293
2b

n 5 1275

N. Oocytes retrieved 3 [2; 3] 7 [6; 8] 2 [2; 3] 7 [5; 8] 3 [2; 5] 3 [1; 4] 6 [4; 8] 14 [12; 18]

N. Metaphase II oocytes 2 [1; 3] 5 [4; 7] 2 [1; 2] 5 [4; 7] 2 [1; 4] 2 [1; 3] 4 [3; 6] 11 [9; 14]

N. Embryos obtained 1.5 [1; 2] 2 [2; 4] 1 [1; 2] 2 [2; 3] 2 [1; 3] 1 [1; 2] 2 [2; 3] 5 [2; 8]

N. Embryos transferred 1 [1; 2] 2 [2; 2] 1 [1; 2] 2 [2; 2] 2 [1; 2] 2 [1; 2] 2 [2; 2] 2 [2; 2]

N. (%) Patients with surplus frozen
embryos after first ET

3 (1.4) 252 (14.1) 1 (0.3) 180 (14.1) 15 (6.1) 15 (2.4) 466 (10.5) 1716 (37.0)

N. Frozen embryos 0 [0; 0] 1 [0; 2] 0 [0; 0] 1 [0; 2] 0 [0; 0] 0 [0; 0] 0 [0; 1] 2 [1; 4]

Type of transfer, n (%)

Fresh only 157 (74.1) 1417 (79.4) 162 (55.3) 901 (70.7) 154 (62.9) 365 (58.6) 3156 (71.2) 2355 (50.8)

FET only 15 (7.1) 180 (10.1) 33 (11.3) 195 (15.3) 17 (6.9) 69 (11.1) 511 (11.5) 1288 (27.8)

Fresh and FET 2 (0.9) 142 (7.9) 1 (0.3) 119 (9.3) 4 (1.6) 7 (1.1) 273 (6.2) 938 (20.2)

No transfer! 38 (17.9) 46 (2.6) 97 (33.1) 60 (4.7) 70 (28.6) 182 (29.2) 493 (11.1) 59 (1.2)

N. (%) Patients >1 ET cycle 2 (0.9) 202 (11.3) 1 (0.3) 155 (12.2) 12 (4.9) 13 (2.1) 385 (8.7) 1309 (28.2)

Pregnancy outcome:

CDR*, n (%) 59 (27.8) 854 (47.8) 41 (14.0) 389 (30.5) 72 (29.4) 78 (12.5) 1493 (33.7) 2347 (50.6)

Conception mode1, n (%) IVF/ICSI fresh 53 (89.8) 692 (77.3) 33 (78.5) 299 (76.9) 63 (87.5) 62 (79.5) 1202 (80.5) 1352 (57.6)

Conception mode1, n (%) IVF/ICSI FET 6 (10.2) 162 (22.7) 8 (19.5) 90 (23.1) 9 (12.5) 16 (20.5) 291 (19.5) 995 (42.4)

LBR per transfer fresh (%) 33.3 44.4 20.2 293 39.9 16.7 35.1 41.0

LBR per transfer FET (%) 35.3 50.3 23.5 28.7 42.8 23.2 37.1 44.7

N. ET/patient 1 [1; 1] 1 [1; 1] 1 [0; 1] 1 [1; 1] 1 [0; 1] 1 [0; 1] 1 [1; 1] 2 [1; 3]

Values are median and interquartile range or number and percentage. ET, embryo transfer; FET, frozen-thawed ET; LBR, live birth rate.
*CDR: cumulative delivery rate from one aspiration IVF/ICSI cycle, considering the number of deliveries with at least one live birth, expressed per 100 patients, including all cycles in
which fresh and/or frozen embryos were transferred, until one delivery with a live birth occurred or all embryos were used.
!Include patients with no oocytes retrieved, no zygote or embryo developed, or no post-warming viable embryo.
1Among patients who achieved a live birth delivery.
Group 1a: Younger (<35 years) unexpected poor responder (<4 oocytes retrieved); Group 1b: Younger (<35 years) unexpected suboptimal responder (4–9 oocytes retrieved);
POSEIDON Group 2a: Older (�35 years) unexpected poor responder; Group 2b: Older unexpected suboptimal responder; Group 3: Younger expected poor responder; Group 4:
Older expected poor responder; Group 5: Non-POSEIDON: normal responders (>9 oocytes retrieved) with an adequate AFC (�5).

Cumulative delivery rate in POSEIDON patients 2163



Figure 2. Cumulative delivery plots and their correspondent tables. Patients were stratified according to the POSEIDON criteria, and
the time-to-event plots were generated by (A) all POSEIDON patients—combined into a single group—and the control group of non-POSEIDON
patients, (B) the four POSEIDON groups and the control group of non-POSEIDON patients, and (C) the four POSEIDON groups, in which Groups
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we assessed the impact of patient covariates on the CDR using logistic
regression analysis.

Our findings indicate that in POSEIDON patients, the inverse rela-
tionship between female age and CDR after one aspiration cycle is
likely due to oocyte quality. Moreover, the CDR ultimately obtained
was also affected by oocyte quantity. Using a large cohort of normal
responders with an adequate ovarian reserve as a comparator, we
found a remarkable difference in the CDR between POSEIDON and
non-POSEIDON groups. The lower CDR in POSEIDON patients is
not surprising because fewer oocytes were retrieved and fewer em-
bryos were obtained in these patients after one stimulation cycle,
thereby limiting the number of supernumerary cryopreserved embryos
for subsequent transfers. Yet, the impact of the POSEIDON classifica-
tion on CDR was attenuated in younger POSEIDON patients by the
well-known protective age-related effect exerted on oocyte/embryo
quality in these women (Cimadomo et al., 2018; Esteves et al.,
2019b). In addition, an increased number of oocytes retrieved was

associated with a better CDR. However, the effect of oocyte number
on the CDR of POSEIDON patients was age-dependent. Indeed,
younger (<35 years) unexpected suboptimal responders (4–9 oocytes)
achieved �1.5� higher CDRs than their older (�35 years) counter-
parts. While genetic and treatment factors may be involved in the
pathophysiology of poor/suboptimal response in women with ade-
quate ovarian reserve markers (Alviggi et al., 2018), oocyte quality
does not seem to be affected.

We also found that the number of oocytes obtained was associated
with the number of embryos generated and cryopreserved. Our data
show that 37% of non-POSEIDON patients had supernumerary vitri-
fied embryos. In addition, 14% of suboptimal responders (Subgroups
1b and 2b) had supernumerary vitrified embryos, i.e. four times higher
(vs 3.4%) than that observed in expected poor responders (Groups 3
and 4) and ~17x higher (vs 0.8%) than in unexpected poor responders
(Subgroups 1a and 2a). Consequently, more suboptimal responder
patients than poor responder patients received a subsequent ET after

Figure 2. Continued
1 and 2 were further stratified in Subgroups ‘a’ and ‘b’, and non-POSEIDON patients further stratified by age using the 35-year threshold.
Cumulative delivery rate survival functions were calculated using the nonparametric Kaplan–Meier method and non-censored values. The
‘time’ response was the order of embryo transfers (ETs); the patient was the observational unit, and live birth delivery was the event. The sur-
vival tables detail the number of patients who failed to achieve a live birth delivery (number at risk). The tables are sectioned (columns) by
each ET from one aspirated IVF/ICSI cycle (see ET order, 1, 2., 3. . . on the ‘x’ axis of correspondent survival plots), and each group occupies
its own row in the tables. The start of the tables (left column) indicates the number of patients who commenced treatment and had an oo-
cyte pick-up. The lines in each plot represent the cumulative proportion of patients achieving a live born from the start of treatment until the
‘time’ response.

............................................................................................................................................................................................................................

Table III Pairwise log-rank comparisons of the cumulative delivery plots.

Adjusted P-values (Benjamini-Hochberg False Discovery Rate)

Group
1a

Group
1b

Group
2a

Group
2b

Group
3

Group
4

Group 1
(1a and 1b
combined)

Group 2
(2a and 2b
combined)

All POSEIDON
groups

combined

Group 5
(Non-

POSEIDON)

Group 1a – – – – – – – – – –

Group 1b 0.0004* – – – – – – – – –

Group 2a 0.0004* 0.0004* – – – – – – – –

Group 2b 0.94 0.0004* 0.0004* – – – – – – –

Group 3 0.94 0.0004* 0.0004* 0.73 – – 0.0004* 0.61 – –

Group 4 0.0004* 0.0004* 0.71 0.0004* 0.0004* – 0.0004* 0.0004* – –

Group 1 (1a and 1b
combined)

– – – – – – – – – –

Group 2 (2a and 2b
combined)

– – – – 0.0004* – – –

All POSEIDON groups
combined

– – – – – – – – – 0.0004*

Group 5
(Non-POSEIDON)

0.0004* 0.0444* 0.0004* 0.0004* 0.0004* 0.0004* 0.0004* 0.0004* – –

Group 1a: Younger (<35 years) unexpected poor responder (<4 oocytes retrieved); Group 1b: Younger (<35 years) unexpected suboptimal responder (4–9 oocytes retrieved);
POSEIDON Group 2a: Older (�35 years) unexpected poor responder; Group 2b: Older unexpected suboptimal responder; Group 3: Younger expected poor responder; Group 4:
Older expected poor responder; Group 5: Non-POSEIDON: normal responders (>9 oocytes retrieved) with an adequate AFC (�5); All POSEIDON groups: Groups 1–4.
Adjusted P-values using the Benjamini-Hochberg correction False Discovery Rate. *P-values <0.05 indicate a statistically significant difference in cumulative delivery rate from one aspi-
ration IVF/ICSI cycle.
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the first failed cycle, thereby increasing the CDR in this patient subset.
Our findings are consistent with studies showing that female age and
number of oocytes retrieved play a critical role in cumulative preg-
nancy estimations (Ji et al., 2013; Drakopoulos et al., 2016; McLernon
et al., 2016). While the positive impact of supernumerary embryos on
the CDR depends on the availability of efficient cryopreservation pro-
tocols, embryo vitrification results in optimal success rates and is
widely available (Sciorio and Esteves, 2020).

Previous trials have reported CDRs in POSEIDON patients
(Leijdekkers et al., 2019; Li et al., 2019; Shi et al., 2019; Yang et al.,
2020), but various CDR definitions used in these studies hampers data
comparison. Leijdekkers et al. (2019) published landmark work on this
matter using data from the OPTIMIST Dutch multicenter observational
cohort study. They used AMH for patient classification and reported a
CDR of 56% in POSEIDON patients, markedly higher than in our
study (�34%). They also reported that young POSEIDON patients
achieved CDRs similar to normal responders, suggesting that oocyte
quantity had limited importance for reproductive outcomes in younger
POSEIDON patients. (Leijdekkers et al., 2019). However, the authors
reported cumulative live birth rates over multiple complete IVF/ICSI
cycles during 18 months of treatment which might inflate cumulative
pregnancy estimations due to cycles’ repetition (Brandes et al., 2009;
Esteves et al., 2019c).

Along these lines, Li et al. (2019) in a large single-center retrospec-
tive analysis, reported a CDR of 43% per initiated cycle in POSEIDON
patients. However, no control group of normal responders was avail-
able for comparisons, and the effect of oocyte number on unexpected
poor/suboptimal responders was not evaluated. Moreover, a recent
sizeable single-center study showed that CDRs per started cycle varied
across POSEIDON groups and were lower overall than in non-
POSEIDON controls (Yang et al., 2020). In this study, Yang et al.
reported that both female age and oocyte quantity affected the CDR
of POSEIDON patients. Nevertheless, the authors used various ovar-
ian stimulation protocols and it is unclear whether AMH, AFC, or
both markers were used for patient classification. Moreover, they did
not report the number of POSEIDON patients with supernumerary

embryos for freezing, nor the outcomes of FET cycles, thus, limiting
the interpretation of the effect of oocyte quantity on cumulative preg-
nancy data.

Clinical implications
The reporting of cumulative delivery rates after one stimulation cycle
in real-world settings using a standardized classification system such as
the POSEIDON criteria has important clinical implications. First, it may
provide useful counseling tools regarding pregnancy prospects for ART
patients and, thus, help to establish realistic expectations. Second, it
may reveal causal associations between patient characteristics and the
‘low-prognosis’ condition, which may have implications for research
and clinical practice. Moreover, the present findings may help policy-
makers and healthcare professionals implement measures to attenuate
the risk of ‘low-prognosis’ and potentially refine reproductive planning.
Awareness campaigns emphasizing the adverse effects of advanced
maternal age and diminished ovarian reserve have been explored, as
has the potential positive impact of lifestyle changes on pregnancy
(Vause et al., 2009; Deatsman et al., 2016; Revelli et al., 2016; Kudesia
et al., 2018; Salih et al., 2019; Mintziori et al., 2020).

Furthermore, specific interventions might be beneficial in relevant
subpopulations. Although the medical management of low-prognosis
patients remains incredibly challenging, recent reports suggest that
these patients may be managed more efficiently. In fact, in a retrospec-
tive study that included POSEIDON Group 4 patients, Chen et al.
found that patients pre-treated with dehydroepiandrosterone for
12 weeks achieved higher oocyte yields and embryo numbers than
those who were not, and these improvements were associated with
higher pregnancy rates (Chen et al., 2020). Pretreatment with coen-
zyme Q10 for 60 days has also been shown to increase the number of
high-quality embryos in a randomized controlled trial including 186
POSEIDON Group 3 patients (Xu et al. 2018). Chern et al. reported
that the dual trigger (vs hCG trigger) was associated with a higher
number of oocytes retrieved and embryos obtained, ultimately result-
ing in increased live birth rates in POSEIDON Group 4 patients

............................................................................................................................................................................................................................

Table IV Adjusted odds ratio for cumulative delivery rates from one aspiration IVF/ICSI cycle according to POSEIDON
groups.

Patient category Odds ratio 95% CI P-value

Non-POSEIDON (Group 5)* 1 – –

POSEIDON Group 1a 0.623 0.471-0.782 0.031

POSEIDON Group 1b 0.812 0.566-1.070 0.110

POSEIDON Group 1 (aþ b combined) 0.742 0.571-0.922 0.037

POSEIDON Group 2a 0.514 0.343-0.894 0.015

POSEIDON Group 2b 0.594 0.453-0.871 0.001

POSEIDON Group 2 (aþ b combined) 0.688 0.547-0.866 0.001

POSEIDON Group 3 0.709 0.534-0.952 0.031

POSEIDON Group 4 0.378 0.259-0.550 <0.001

All POSEIDON groups combined 0.407 0.282-0.535 <0.001

*Reference category.
Group 1a: Younger (<35 years) unexpected poor responder (<4 oocytes retrieved); Group 1b: Younger (<35 years) unexpected suboptimal responder (4–9 oocytes retrieved);
POSEIDON group 2a: Older (�35 years) unexpected poor responder; Group 2b: Older unexpected suboptimal responder; Group 3: Younger expected poor responder; Group 4:
Older expected poor responder; Group 5: Non-POSEIDON: normal responders (>9 oocytes retrieved) with an adequate AFC (�5).
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(Chern et al., 2020). Similarly, Li et al. (2020) showed that the long ag-
onist protocol was associated with better clinical outcomes in younger
patients (POSEIDON Groups 1 and 3) than the GnRH antagonist pro-
tocol. Lastly, Berker et al. (2021) retrospectively evaluated the clinical
utility of providing LH-activity supplementation to recombinant FSH
stimulation in a cohort of 558 women, consisting mainly of
POSEIDON Groups 3 and 4. In the latter study, the addition of hMG
to recombinant FSH from the early follicular phase was associated
with higher live birth rates (21.9% vs 11.6%, P¼ 0.03) per initiated cy-
cle than with recombinant FSH alone.

Limitations
This report is observational with the inherent limitations of studies of
this nature. Efforts were made to check for confounders by selecting
study centers sharing similar patient evaluation and treatment practi-
ces. However, POSEIDON patients were classified based solely on
AFC values, obtained using 2-dimension transvaginal ultrasound and
assessed by different operators and with different machines. Although
this technique may yield different results even when used by experi-
enced operators (Deb et al., 2009), its agreement with AMH to clas-
sify POSEIDON patients was shown to be adequate (Esteves et al.,
2021b). In this latter study, we showed that the degree of agreement
between AFC and AMH in classifying patients according to
POSEIDON groups was strong (kappa ¼ 0.802), and nearly 74% of
individuals were classified under the same group using both bio-
markers. Despite that, we cannot exclude the possibility that variations
in AFC technique and reporting may have influenced the proportion of
patients allocated to each category. While the three-dimension tech-
nique and the offline analysis of stored images have been advocated to
increase AFC reproducibility (Deb et al., 2009), their clinical use to in-
crease the accuracy of the POSEIDON classification remains
unknown.

Another limitation relates to the fact that patients were classified
into POSEIDON groups a posteriori and therefore treatment regimens
were not tailored accordingly. Thus, we cannot exclude that the go-
nadotropin dose influenced patient classification. Although our data
support the finding that the CDR is increased in patients with a high
oocyte yield, we cannot provide any guidance on regimens to increase
oocyte quantity because patients were treated according to the practi-
ces prevailing in each center. Notably, our patient population was
overwhelmingly treated with the GnRH antagonist protocol and all
patients received at least 150 IU of gonadotropins daily. Moreover,
patients with a high oocyte yield are those most likely to have an in-
trinsically better prognosis. In this context, prospective interventional
trials are needed to assess whether treatment regimens might increase
both oocyte yield and the CDR in POSEIDON patients.
Notwithstanding the above limitations, we are confident that the pre-
sent data provide a righteous representation of real-world IVF
practices.

Conclusion
The CDR per aspiration IVF/ICSI cycle of low-prognosis patients un-
dergoing standard ovarian stimulation is on average �50% lower than
that of normal responders and varies across POSEIDON groups.

Differences were primarily determined by female age and number of
oocytes retrieved, reflecting the importance of oocyte quality and
quantity. Our data substantiate the validity of the POSEIDON criteria
in identifying relevant subpopulations of patients with a low-prognosis
in IVF/ICSI treatment. The POSEIDON criteria may be helpful for
counseling, clinical management and research. Efforts in terms of early
diagnosis, prevention and identification of specific interventions that
might benefit POSEIDON patients are warranted.

Supplementary data
Supplementary data are available at Human Reproduction online.
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and its supplementary material.
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